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About BaSIC
The Annual Basic Science International Conference (BaSIC) is an annual scientific
meeting organized by Faculty of Science, Brawijaya University, Indonesia. This meeting aimed
to promote mutual exchange between scientists and also experts, to discuss innovative ideas in
scientific research, and to tackle contemporary problems through the application of knowledge
that rise from science. The scope of this conference is fundamental and applied research in
chemistry, biology, physics, and mathematics. The origin of this conference was initiated in year
2000, by the Faculty of Science of Brawijaya University, under the name of Seminar Nasional
Kemipaan (National Science Conference). Since then, the conference has been organized
regularly on annual basis. In 2004, the conference changed its name to Basic Science Seminar
(BSS) and started to invite international speakers and participants. The conference then expands
its scope to international in 2011 and formally adopting the current name. The last Annual Basic
Science International Conference was organized successfully on March 7-8th, 2017 at Ijen Suites
Hotel Resort and Convention, Malang with participants from many countries including Australia,
Switzerland, Japan, and Germany.
Currently, the 8th Annual Basic Science International Conference 2018 (8th BaSIC 2018)
has been held on March 6-7th, 2018 at Ijen Suites Hotel Resort and Convention, Malang. The
recent theme of the 8th BaSIC was “Convergence of Basic Sciences, toward World’s
Sustainability Challenges” which covered broad range of basic science research. This particular
theme was intended to promote convergence science as a transformative trend to address the
global challenges, such as ensuring energy, health, water resources and food security in a
sustainable world. This international forum also provided a platform where national and
international academia or researchers, policy makers, and other stakeholders to translate
technology, exchange ideas, and help stimulate multidisciplinary international collaborations in a
convergent-manner for shaping a worldwide sustainable development. It was worth noting that,
the 8th BaSIC event genuinely highlights the important of convergence of basic science research
to address world’s sustainability challenges.
Objectives



To gain insights on current trends in basic science research and education, such as the
contribution of interdisciplinary approaches to solve
To enhance multidisciplinary collaborations among scientists and relevant stakeholders in
a convergent-manner for shaping a worldwide sustainable development
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Welcome Message from the Dean of Mathematics and
Natural Sciences
Assalamu’alaikum warohmatulloohi wabarokaatuh
On behalf of the Dean of Faculty of Mathematics and Natural Sciences, Universitas
Brawijaya, I would like to extend my warmest welcome to all delegates from all over the world.
Welcome to Malang, where Malang is one of the educational city in Indonesia. There are about
40 Universities in Malang, States and Privates. One of it is Universitas Brawijaya, the top ten
University in Indonesia. Malang, which is about more than 400 meters above sea level, has many
tourist destinations, highlands, mountains, some natural beaches, and other. Malang is like a
bowl, surrounded by some volcanoes in the east (Semeru and Bromo), west (Kawi and Kelud)
and north (Arjuna and Welirang Complex), and in the south are coastal areas, where we have
many beautiful new opening beaches.
We are very pleased to welcome you in the proceedings book of the 8th Annual Basic
Sciences International Conference 2018. This proceedings is one of the continuations for the
conference. Based on these papers, hopefully, more collaborations can be initiated or should be
followed up between us. I would like to express my gratitude to all of the participants, keynote
and invited speakers as well. Many thanks also go to the reviewers and the editorial team for
their big effort in supporting this proceedings book. Last but not least, my big appreciation to the
steering and organizing committees, in realizing this proceedings book.

Thank you
Wassalamu ‘alaikum wr wb.

Adi Susilo, P.hD
Dean Faculty of Mathematics and Natural Sciences,
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Welcome Message from the Chairman of BaSIC 2018
On behalf of the organizing committee, it is a great pleasure to welcome all
the participants, delegates and keynote speakers to the 8th Basic Science International
Conference (BaSIC) 2018 at the Ijen Suites Hotel Resort and Convention in Malang,
Indonesia. Taking place every year, the theme of this year’s conference is
“Convergence of Basic Science, toward World’s Sustainability Challenges” which
covers broad range of basic science research.
This particular theme is intended to promote convergence science as a
transformative trend to address the global challenges, such as ensuring energy, health,
water resources and food security in a sustainable world. This international forum also
provides a platform where national and international academia or researchers, policy
makers, and other stakeholders to translate technology, exchange ideas, and help
stimulate multidisciplinary international collaborations in a convergent-manner for
shaping a worldwide sustainable development. It is worth noting that, the 8th BaSIC
event genuinely highlights the important of convergence of basic science research to
address world’s sustainability challenges.
This conference has been participated by almost 500 participants. The
conference scientific board has accepted 380 papers to be presented either oral or
poster presentation. The organising committee is gratified to have a total of 107 fullpapers submitted to this proceedings book either from students (bachelor and
postgraduates), academic staff (lecturers) or researchers. We would like to
acknowledge the terrific support of proceedings editorial team and reviewers in
managing this proceedings book. We also would like to thank all participants who
present their academic works in the 8th BaSIC 2018, and especially to our
distinguished keynote and invited speakers for their collaboration and contribution for
the success of the 8th BaSIC 2018.

Sincerely,

Yoga Dwi Jatmiko, M.App.Sc., Ph.D
Chairman of BaSIC 2018
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Schedule
Tentative time schedule of BaSIC 2018
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1. Speech by Chairman of BaSIC 2018
2. Speech by Dean of Faculty of Mathematics and Natural Sciences
3. Welcome Dance

09.00-09.15

Coffee Break

PLENARY SESSION 1 (9.15 – 10.45), Moderator: Anna Safitri, PhD
09.15-09.35

Prof. Mikio Nishizawa, M.D., Ph.D.
Ristumeikan University, JAPAN (Plant Medicines)
"iNOS Sense Oligonucleotides to Treat Septic Shock"

09.35-09.55

Prof. James R. Ketudat-Cairns, Ph.D.
University of Technology, THAILAND (Enzymology in Plants and Humans)
"The Structural Basis for Inborn Errors of Metabolism and Development"

09.55-10.15

Prof. Senthil Natesan Ph.D.
Center of Innovation, Agricultural College and Research Institute, Madurai, Tamil Nadu
Agricultural University, INDIA (Plant Breeding Biotechnology)
"Cereal Domestication and its Impact on Crop Adaptation and Grain Nutrition"

10.15-10.45

Panel Discussion

PLENARY SESSION 2 (10.45 – 11.45), Moderator: Nurjannah, PhD

10.45-11.05

Prof. Kostas Konstantinou
National Central University, TAIWAN (Volcano Seismology Volcanic Processes and
Hazards)
"Forecasting Volcanic Eruptions by Using Permutation Entropy Variations In
AmbientSeismic Noise"

11.05-11.25

Setia Pramana, Ph.D.
Sekolah Tinggi Ilmu Statistik, INDONESIA (Biostatistic and Bioinformatics)
"Machine Learning Development to Generate New Biomedical Understanding"
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Panel Discussion
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Sponsor Presentation

12.00-13.00

Lunch Break
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Afternoon Session
Time

Program

Venue

12.45-13.15

Poster Presentation

Lobby

13.15-15.00

Parallel Session

Parallel room

15.00-15.30

Coffee Break

Lobby

15.30-17.00

Parallel Session

Parallel room

Day 2
Wednesday, March 7th, 2018 - Venue : Ballroom
Time

Program

Venue

07.30-08.00

Registration & Morning Tea

Lobby

08.00-12.15

Parallel Session

Parallel room

12.15-13.00

Lunch Break

Lobby

13.00-15.30

Parallel Session

Parallel room

15.30-16.00

Coffee Break

Lobby

16.00-16.30

Closing Ceremony

Parallel room
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Energy iNOS Sense Oligonucleotides to Treat Septic Shock
Mikio Nishizawa1, Tetsuya Okuyama1, Rich Nakatake2, and Tadayoshi Okumura2,3
1

Department of Biomedical Sciences, College of Life Sciences, Ritsumeikan University, Kusatsu, Shiga, Japan
2
3

Department of Surgery, Kansai Medical University, Hirakata, Osaka, Japan

Research Organization of Science and Technology, Ritsumeikan University, Kusatsu, Shiga, Japan

Natural antisense transcripts (also designated as antisense RNAs, asRNAs) do not encode protein and thus
are non-coding RNAs. asRNA is transcribed from the gene encoding inducible nitric oxide synthase (iNOS), which
catalyzes the production of nitric oxide (NO), an inflammatory mediator. The iNOS asRNA interacts with and
stabilizes iNOS mRNA. Sepsis is one of the major causes of death, and its mortality is high despite current
treatments. During sepsis, NO is excessively produced in hepatocytes and macrophages, resulting in hypotension
with vasodilation (septic shock) and multiple organ failure, including liver failure.
Recently, we found that single-stranded ‘sense’ oligonucleotides corresponding to the iNOS mRNA
sequence reduced iNOS mRNA levels by interfering with the mRNA–asRNA interaction in rat hepatocytes. We
optimized the sequence and modification of the iNOS sense oligonucleotides. Sepsis (endotoxemia) model rats with
liver failure, which are prepared by administration of D-galactosamine and lipopolysaccharide (LPS), died within 48
h. When an iNOS sense oligonucleotide was administered to the model rats, their survival rate significantly
increased. In the liver of the rats to which the iNOS sense oligonucleotide was administered, infiltration of
neutrophils and apoptosis in the hepatocytes markedly decreased, compared with the controls (i.e., sepsis model rats
without the iNOS sense oligonucleotide).
Our results suggest that iNOS sense oligonucleotides may be used to treat human sepsis. This method using
sense oligonucleotides is a novel application based on a distinct mechanism of action with high selectivity and
efficacy, which may be superior to other oligonucleotide therapies. Because asRNAs also transcribed from other
genes, sense oligonucleotides may be applied to the treatment of not only inflammatory disease but also cancer and
other diseases.
REFERENCE:
Okuyama T, Nakatake R., et al. Nitric Oxide. 72, 30:32-40 (2018).
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The Structural Basis for Inborn Errors of Metabolism and
Development
James R. Ketudat Cairns,1, 2, a) Lukana Ngisara,2 Salila Pengthaisong, 1 Phannee
Sawangareetrakul,2 Voraratt Champattanachai,2 Piranit Kantaputra,3 and Jisnuson
Svasti2
1

School of Chemistry, Institute of Science & Center for Biomolecular Structure, Function and Application,
Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand
2

Laboratory of Biochemistry, Chulabhorn Research Institute, Bangkok 10210, Thailand

3

Center of Excellence in Medical Genetics Research, Chiang Mai University; Division of Pediatric Dentistry,
Department of Orthodontics and Pediatric Dentistry, Faculty of Dentistry, Chiang Mai University, Chiang Mai
50200, Thailand.
a)

Corresponding author: cairns@sut.ac.th

Abstract. Inborn errors of metabolism are generally rare genetic diseases that lead to a wide range of symptoms
and are caused by familial or sporatic mutations in metabolic enzymes. Genetic defects in development include
some of these syndromes, but also include defects in various signaling pathways and structural proteins. Over the
past several years, we have investigated the causes of human genetic diseases in Thailand, especially those involved
in metabolism of glycosaminoglycans, glycolipids and amino acids, and those causing defects in development of
teeth, bones and associated tissues. The diseases that we have investigated at Chulabhorn Research Institute include
methylmalonic acidemia, mucopolysaccharidosis Type I (MPS I), MPS II, and Gaucher Disease. In some cases,
identification or confirmation of these diseases at the gene level allows effective treatment and monitoring, such as
in enzyme treatment therapy. Defects in tooth and bone development are caused by defects in a broader range of
proteins, but Wnt signaling and other hormone-signaling pathways are particularly prominent. Aside from
identifying the mutations, we have attempted to explain the effects of these various mutations on protein abundance
and structure by structural modeling and recombinant expression. The recent realizations that human lysosomal
beta-glucosidase (GBA) defects are involved in Parkinson’s disease as well as Gaucher disease, and that it interacts
through its substrate with the ER/Golgi membrane-associated glucosylceramidase GBA2 led us to investigate GBA2
structure. Due to the difficulty in producing human GBA2, we solved the X-ray crystal structure of a bacterial betaglucosidase from the same protein family (glycoside hydrolase family GH116). The Thermoanaerobacterium
xylanolyticum -glucosidase TxGH116 structure allowed us to model the human GBA2 structure and explain
several of the disease causing mutations. It is hoped that the structural knowledge of these enzymes will lead to
effective treatment of diseases involving lack or excess of their activities.
Keywords: genetic disease, metabolism, enzymes, signaling, beta-glucosidase, bone, teeth
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Cereal Domestication and Its Impact on Crop Adaptation
and Grain Nutrition
Senthil Natesan1,a)
1

Project Director, Centre of Innovation, Agricultural College and Research Institute, Madurai, Tamil Nadu
Agricultural University, India
a)

Corresponding author: senthil_natesan@tnau.ac.in

Abstract. Archaeological evidence from Adichanallur site in Tamil Nadu, India by Alexander Rea, during 1900
found several thousand objects at the burial site like Husks of rice and millet in pots which confirmed cultivation of
millets during the Magalithic period (Srinivasan et al 2016). The origins of agriculture 10 000 years ago which led to
profound changes in the biology of plants and exploited as grain crops by adapting to various growing seasons.
Genomics tools like chloroplast genome sequencing & assembly and RNAseq has provided substantial evidence of
how the domestication of crops from wild to cultivated crops happened and what kind of changes in nutritional traits
during domestication event. Study of various domestication traits will be useful for the identification of key genes
for micronutrient accumulation and climate adaptation. Over the last decade, the development of next generation
sequencing (NGS) technologies generated high quality genomes and transcriptome of model/non model plant and
animal species (Margulies et al., 2005). The leaf transcriptome of E. frumentaceae ( CO ( KV) 2 variety) is
compared with wild relative E. crus-galli and identified candidate genes for drought tolerant and higher Fe and Zn
content in E. frumentaceae (Murukarthi personal communication). The genus Echinochloa comprises the major wild
weed species, commonly found in rice paddy fields such as E. oryzicola, E. crus-galli, E. colona and domesticated
barnyard millets including E. frumentacea (Indian barnyard millet), E. esculenta (Japanese barnyard millet) (Sood et
al., 2015). Indian barnyard millet is known to be hexaploid (2n = 6x = 54) and recently diverged from wild
Echinochloa species (Perumal et al., 2016) from the chloroplast genome sequencing results of cultivated type E.
frumentaceae CO ( KV) 2 which domesticated from its wild ancestor of tropical grass weed E. colona.
Micronutrient malnutrition has turned out to be a persisting problem in developing countries such as India, and
reaching the peak in the present century (Prakash, 2008). Iron (Fe), zinc (Zn) and Vitamin A deficiency. Breeding
the staple food crop varieties with high grain Fe and Zn contents has been recognized as a promising approach to
overcome micronutrient malnutrition (Pfeiffer and McClafferty, 2007). Leaf transcriptome of Indian barnyard millet
E. frumentacea variety CO (KV) 2 using high-throughput Illumina sequencing technology is providing rich source
for novel gene discovery related to micronutrient accumulation and environmental stress adaptation and analysis
of the genetic diversity for crop improvement.
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Forecasting Volcanic Eruptions by Using Permutation
Entropy Variations in Ambient Seismic Noise
K. I. Konstantinou1
1

Dept of Earth Sciences & Institute of Geophysics, National Central University, Taiwan

Abstract. Ambient seismic noise is characterized by randomness incurred by the random position and strength of
the noise sources as well as the heterogeneous properties of the medium through which it propagates. Randomness
in seismic noise can be quantified by using a nonlinear statistical metric called permutation entropy, which
previously has been utilized extensively in biomedical research. In this talk I use ambient noise data recorded prior
to the 1996 Gjálp eruption in Iceland in order to show that a reduction of noise randomness can be a clear short-term
precursor to volcanic activity. The eruption was preceded on 29 September 1996 by a Mw ~5.6 earthquake that
occurred in the caldera rim of the Bárdarbunga volcano. A significant reduction of randomness started occurring 8
days before the earthquake and 10 days before the onset of the eruption. This reduction was observed even at
stations more than 100 km away from the eruption site. Randomness increased to its previous levels 160 minutes
after the Bárdarbunga earthquake, during which time aftershocks migrated from the Bárdarbunga caldera to a site
near the Gjálp eruption fissure. This precursory reduction of randomness can be attributed to the lack of higher
frequencies (> 1 Hz) in the noise wavefield caused by high absorption losses as hot magma ascended in the upper
crust. Permutation entropy variations from another eruption in 2009 at Redoubt volcano, Alaska, give further
evidence that these temporal variations in seismic noise randomness may be an efficient method for short-term
forecasting of volcanic eruptions.

4
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

Machine Learning Development to Generate New
Biomedical Understanding
Setia Pramana1,a)
1

a)

Institute of Statistics, Jakarta, Indonesia

Corresponding author: setia.pramana@stis.ac.id

Abstract. Rapid development of advanced biomedical technology has led to big data era in biomedical
research. Nowadays, heterogeneous and large amounts of biological and clinical data have been generated and
collected at an unprecedented speed and scale. This involves massive datasets in genomic, proteomic, transcriptomic
and other ‘omic’ measures. Dealing with this big and high dimensional data is challenging in retrieving, managing,
visualizing, analyzing, interpreting, and presenting the data. Modern machine learning methods promise to leverage
huge data sets for finding hidden structure within these large and complex datasets, and for making accurate
predictions. This article is aimed to outline the application of machine learning in the biomedical research. We first
introduce the basic concept of machine learning, followed by two paradigm in the field of machine learning:
supervised and unsupervised learning. Different approaches in both paradigm such as K-means, Fuzzy clustering, Knearest neighbor, Random Forest, Support Vector machine, and Naïve Bayes, are discussed along with the
implementation in biomedical field especially in genomics and transcriptomics. We then describe how machine
learning is carried out to extract relevant information and generate many new biomedical understanding. Finally,
current development in the field and the future development of machine learning methods and the application is
discussed.
Keywords: big data, machine learning, genomics, computational biology,
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Developing Motorcycle Particulate Filtering System Based
on Different Method
Arinto Y. P. Wardoyo1,a)
1

Laboratory of Air Quality and Astro Imaging, Department of Physics, Faculty of Mathematics and Natural Science,
University of Brawijaya, Malang, Indonesia
a)

Corresponding author : a.wardoyo@ub.ac.id

INTRODUCTION
Vehicle particulate emission in a different size distribution has significantly contributed to the air pollutants. The
emission has been identified to affect to human health. In order to reduce the particulate emissions released to the
ambient air, it is needed a filtering system. This paper presents motorcycle particulate filter developed based on
different method such as: porosity, electrostatic, and radiation. The filter was focused to reduce ultrafine particles or
PM0.1 concentration.
EXPERIMENTAL DETAILS
The porosity based filter was made of biomass materials (coconut fibers, coconut shell, and saw dust) that were
mixed by a glue and constructed a thin layer. The electrostatic filter was built up using two plates connected to an
electric voltage source. The radiation filter was designed by taking advantages the released energy as a product of fuel
burning that was changed into a radiation energy to reduce the particulates. The efficiency of the filters was calculated
by the ratio of the particulate concentration before and after passing the filter. The PM0.1 concentration was measured
using a TSI P-Trak ultrafine particle counter Model 8525.
RESULTS AND DISCUSSION
The performance of the filtering system was presented by the
efficiency of the particulate reduction after passing the filter. The
filter efficiency varied depending on the based method. The
efficiency of the biomass thin layer filter reached to 67±10% for
the porosity-based filter with the coconut shell powder filter
generated the highest efficiency among the other material. The
PM0.1 reduction efficiency of the electrostatic-based filters was
37±1% (DC). The efficiencies of radiation-based filters were in the
range of 27% to 42% (Fig 1). The efficiencies can be influenced
by the filter porosity [1], emission flow pattern, pressure drop,
emission temperature [2], electrostatic charge [3], and many
others.

REFERENCES
[1] S. Choi, K. C. Oh, and C. B. Lee, “The effects of filter porosity and
flow conditions on soot deposition/oxidation and pressure drop in
particulate filters,” Energy, vol. 77, pp. 327–337, 2014.
[2] D. Buono, A. Senatore, and M. V. Prati, “Particulate filter behaviour
of a Diesel engine fueled with biodiesel,” Appl. Therm. Eng., vol. 49,
pp. 147–153, 2012.
[3] M. V. Rodrigues, M. A. S. Barrozo, J. A. S. Goncalves, and J. R.
Coury, “Effect of particle electrostatic charge on filtration by a
fibrous filter,” Powder Technol., vol. 4, no. 4, pp. 323–331, 2017.
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The Power of Mutation: Support Sustainability by
Producing New Varieties
Estri Laras Arumingtyas1,a)
1

Department of Biology, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang,
Indonesia.
a)

Corresponding author: laras@ub.ac.id

Abstract. Mutation has been proven to be a source of variation. The emerging of new allele is the effects of
mutation. Natural mutation as the response of organism to adapt to a certain environmental changing has
been known as source of new allele. Induced mutation has become tool for breeder to produce new varieties.
By producing new varieties, more varieties can adapt to various environment. It makes species sustain and
conserved in the world. Till date induced mutation has produced 3,218 mutant varieties. Those new
varieties arises from direct mutation or a source for crossing between mutant and natural varieties and
produce new variation. Mutation can be induced using physical or chemical mutagens. Among the induced
mutation using chemical, Ethyl Methane Sulfonate (EMS) has produced many kind of mutation. Increased
branching on kenaf, Capsicum frutescens, and other mutant varieties has been reported as the result of EMS
mutation. More than 60 % of officially released mutant varieties are from Asia, mostly from China, India
and Japan. The mutant varieties developed and released in major crops have been cultivated by farmers in
large areas and have resulted in increased food production, thus contributing to food security.
Keywords: ethyl methane sulfonate, mutation, sustainability, variation
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Sustainable Chemical Sources from Pine Forest (Pinus
merkusii Jungh Et De Vriese)
Masruri1, a)
1

Department of Chemistry, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang,
Indonesia
a)

Corresponding author: masruri@ub.ac.id

Abstract. The paper discloses chemicals reported from plant of Pinus merkusii Jungh Et De Vriese and also their
transformation into industrially important material. Pine forest produces pine sap which generates turpentine oil and
oleoresin (turpentine rosin). Turpentine oil consists of some volatile monoterpenoid compounds such as alpha- and
beta-pinene, delta-carene and limonene. Meanwhile oleoresin contains di- and triterpenoid groups such as abietic
acid. All of these chemicals and their transformation supply important materials to support industrial polymer,
solvent, fragrance and cosmetics. In addition, some phenolic compounds are also isolated from hearth wood, stem
and flower. For example; flavonoid, pinosylvine. And this group have a further potent application for metal
nanoparticle preparation.
Keywords: Pinus merkusii, monoterpene, turpentine oil, oleoresin, green chemistry, catalysis
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Abstract. This research was conducted with the aim of structural modeling based on flexible model. The simple
structural model based on single exogenous variable, single intervening-endogenous variable, and single pureendogenous variable. The linearity assumption need for the classical strutural model, and this model is not flexible
for the non-linearity relationship. This research conduct the flexible structural model, based on the robust of linearity
assumption in classical structural modeling. This research reconstruct the model called Flexibility Structural
Modeling (FSM) based on the data-driven for each relationship. In classical structural modeling (called Structural
Equation Modeling), the estimation based on parameter model, in other hand, the FSM, the estimation based on the
function of each relationship. The approximation of this function based on the non-parametric regression with
smoothing spline estimation, based on Penalized Weighted Least Square (PWLS) optimation.
Keywords: Structural Modeling, SEM, FS
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Global in Time Solution to A System of Reverse Flow
Reactor
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Abstract. The purpose of the present paper is to study a mathematical model concerning. Reverse Flow
Reactor (referred to as RFR) used for catalytic oxidation of lean methane emission. Here, the main concept of
RFR is a flow, whose directions are periodically changing through the packed bed reactor. The reverse flow
reactor has been widely studied for abatement of lean methane emission from coal mining or natural gas
piping system. We show a global-in-time existence of the solution to a nonlinear system of partial differential
equations modeling RFR.
Keywords: reverse-flow reactor, methane gas, switching time, compartment, parabolic-hyperbolic system.
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Energy Sustainability Analysis on Palm Oil Industry Using
Analytic Hierarchy Process (AHP)
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Abstract. Given a problem of energy sustainability, the palm oil is beginning to figure plans to sell electricity to adress
the issue of energy sustainability. Scenarios with the potential to ultilize energy surplus motivate this research to analyze
the strategy of developing the palm oil. In this Situation like this, analytic hierarchy process (AHP), which this method is
part of multi-criteria decision analysis (MCDA). MCDA is very useful for selecting the right alternative. The analytic
hierarchy process (AHP) is an effective approach in dealing with this kind of decision problems. This study analyzes the
potential for the palm oil. There are two strategys for development palm oil industry, which the strategy A (the
development scheme of plant to a cogeneration plant) makes it possible to sell electricity and then strategy B (incorrect
development scheme one factory to become a single generator) allows to sell through the year. The results showing that
using AHP, it is found that strategy B is better than strategy A with the priority weighted, unweighted, and limit matrix
results between strategy A and strategy B for AHP which the results of this method appears that strategy A have a lower
value of ideals and normals priorites ( 0.550789 and 0.355167 for RAW 0.182211) for the alternatives than strategy B (1
and 0.644833 for RAW 0.330818). This study showing that using AHP method makes an easy decisions problem for
compares and make a decisons for many criteria and alternatives for problem of energy sustainability.

INTRODUCTION
Based on the national energy potential attached to BP-PEN 2006-2025, Indonesia oil reserves amounting to 9.1
bilion barrels with a production rate of 387 milion barrels per year will be projected for 23 years and gas is estimated
to be used up within 62 years, and 19.3 bilion tons coal reserves will be exhausted in 146 years 1. This issues
encourages all parties to seek sustainable development. Currently the palm oil industry is the big industry which
operation in Indonesia for a while periods. Most of the biomass residues from palm oill are either burnt in the open
of disposed off in waste ponds. The palm oil industry, therefore, contributes signficantly to global climate change by
emitting carbon dioxide and methane. Like a surgar mills, palm oil have a traditionally been designed to cover their
own energy needs (process heat and electricity) by utilizing low pressure boilers and back pressure (turbo
generator). Efficient energy conversion Technologies that can ultilize all palm oil residues, including EFB, for a
energy sustainable in palm oil industry. In the palm oil value chain there is an overall surpluss of by products and
their ultization rate is negligible, especially in the case of POME and EFB. For other mill by product the effiency of
the application can be increased. Presently, shells and fibers are used for in-house energy generation in mills but
empety fruit bunches is either used for mulching or dumped recklessly. Palm oil industry has the potential of
generating large amounts of electricity for captive consumption as well as export of surplus energy for
sustainabillity energy 5. Make decision for sustainable energy requires method that allow for the complexity of the
economic anf biophysical systmes and the uncertainty so see a long term consequences. For this purpose, a new
combinations of, first, methods that support the exploration of complexity and uncertainty, secondly, the method
give a governing information and decision making assistance. The multi criteria decison analysis (MCDA) can
support for energy, engineering, economic, enviromental and ethical dimensions, such as a sustainability, equity,
and democratization of the energy sector. However, the most important is policy implications for the future viability
of such a complex energy systems are fully addressed in the relation to existing regulations. MCDA is a method that
provides a systematic quantitative approach to support making decision in matters of invloving multiple criteria and
alternatives 10. The goal is help a decision making make more consistent decisions with regard to important objective
and subjective factors, especially what a user needs. In MCDA methods, there is a parts of MCDA methods, which
called the analytic hierarchy process (AHP). AHP is a multi criteria decision making approach and the AHP has
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attracted the interest of many researcher mainly due to the nice mathematical properties of the method and the fact
that required input data are rather easy to obtain 14. The AHP is a decisoin support tool which can be used to slove
complex decision problem. It uses a multi level hierarchial structure of objective, criteriam subcriteria, and
alternative. In this case, the purpose of this research is provides a new solutions 9, for determine a best soultions on
developing a palm oil industry in Indonesia, using a super discusions software with AHP method, with a two
strategys, which both of them have a any benefit and cost depends on priority for each criteria 12.

STRUCTURES OF THE DECISION PROBLEM USING AHP
The AHP and its use of pairwise comparisons has inspired the creation of many other decision making method.
Besides its wide acceptance, it also created some considerable critism both for theoritical and for partical reasons.
Since the early days it became apparent that there are some problems with the way paiwise comparasions are used
and the way the AHP evaluates alternatives.

FIGURE 1 AHP evaluates 1

The first step in the AHP is the estimation of the pertinet data. That is, the estimation of the value decision matrix.
This is describe in the next sub-section 14.
One of the most curcial steps in many decison making methods are the acurate estimation of the pertinent data. This
is a problem not bound in the AHP method only, but it is curcial in many other method, which need to elicit
ualitative information from the decision maker 3. Very often qualitative data cannot be know in terms of absolute
values. Therefore, many decision making methods attempt to determine the relative importance, or weight, of the
alternatives in terms of each criteria involved in a given decision making problem. Pairwise comparisons are used to
determine the relative importance of each alternative in terms of each criterion 14. In this approach the decision
maker has to choose his answer 10-17 discrete choices. A few of choices are linguistic phrase. The main problem
with the pairwise comparasions is how to quantify the linguistic choices selected by the decision maker during theirr
evaluation. All the methods which use the pairwise comparasions approach eventually express the qualitative answer
of a decision maker into some number which, most of time, are ratio of integers 2.

FIGURE 2. Pairwise comparisons
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This picture show a pairwise process on strategy for developing palm oil for sustainability energy. Which a
compares the part of cluster like a economy, technical, and social. AHP method can explains with this picture

FIGURE 3. Structure of AHP method 1

This picture describe about relationship between the goal and the others like a criterion and alternative. Criterion is a
node from a cluster same as alternative. The criterion give a any points and constrains for slove a problem, and then
if, data already transfer to alternative, the alternative give a best solution of this case form many consequence
between the other criterion

METHOD OF AHP
This study present a decision, making method to help evaluates the optimum selection of alternative energy
sustainability scenarios in palm oil industry. The goal of energy sustainabillity on palm oil cluster is the production
of oil produced every years, i would be achieved and expected with the existence of plant development action, it has
excess electricity that can be sold to the state power grid. To acheive it, it is necessary to evaluate the decision to be
taken in determining the action of plant development in this palm oil industry
After make a evaluation for palm oil, we can move to evaluation phase. Evaluation phase consists of steps for
sustainability energy for palm oil using alternative for some criteria on MCDA method.
1.
2.
3.
4.

Identification of selection criteria used as a references for selection of the proposed oil palm plantation
sustainability scenarios to be proposed.
Looking for an alternative selection scenarios, that can be finished by owners of palm oil mills or interested
parties.
Alternate predetermined selection scenarios are, and then analyzed using the set of criteria that have been
identified in the first step.
Alternative scenarios are rated to find out the results of the MCDA method used.

FIGURE 4. Flowchart of AHP method
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RESULTS AND DISCUSSION
On this research, used an AHP for analyze on developing a strategy of value to development palm oil industry to
reaching a target for energy sustainability on palm oil industry. Super Decision v.2.6.0-RC1 as a tools for AHP
method to find a weights priority from the another alternative, model for main problem to take a decision must be
already created. If the model already created, connecting comparasion for all criteria and alternative and then the
next step is connecting comparison from the last input data.

FIGURE 5. Model of making decision on super decision

Software super decision also appears a unweighted supermatrix, weighted supermatrix, and supermatrix limit, which
all of this solve for give a weights every each alterrnative and criteria on take a results of final decisions.
Unweighted supermatrix has found from eigenvectors coloumn from matrix paired with each cluster and sub cluster.
On this case the pairing determination is based on the relationship between sub clusters with each others with same
propotional from references.The weighted supermatrix comes out from combination of the unweighted supermatrix
and the control hierarchy. The latter scores the priority of a cluster over all the clusters to which it is connected 14.
Obtained from multiplying the weighted supermatrix by itself untuil several times. When the weight of each
coloumn has the same value, the limit matrix has stabilized and the matrix multiplication process is already stopped.

Criteria
Energy potential
Availiability of
energy generation
Type of waste
accumulation

TABLE 1. Characteristics of assessment development strategy criteria
Strategy A
Strategy B
3,61 MW (palm kernel shell, empty fruit
5,06 MW (POME, palm kernel shell, empty
bunches)
fruit bunches)
Finite on hervest season

Full years

Gathered at each plant

Collected into one a single plant and agreed
to become a power plant
7.742.844 USD
774.284,4 USD
Being one step in terms of renewable
energy sustainability and also absorb labors
to acheive the concept of independent
generation for independent power plant
Management systems

Investment costs
O & M costs
Social Effects

7.291.817 USD
729.181,7 USD
Being one step in terms of renewable
energy sustainability

Management
systems

Self governing, independent management
system for each plant
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TABLE 2. Qualitative scale of function value

Name

Ideals

Normal

Raw

Strategy A
Strategy B

0.550789
1

0.355167
0.644833

0.182211
0.330818

SUMMARY
The optimal palm oil industry development strategy is an alternative strategy B or a single generator scheme. In
addition to being energy independent, strategy B produces a better energy surplus that can generate energy with the
availability of generation throughout the year and then, strategy B more effective than strategy A, because strategy B
has a more power generation like a ultilize a more waste for generate power, but strategy B has a high operation and
maintenance for power plant and investment, but at least strategy B more effective than strategy A. Caused by
capability of palm oil industry the higher it is which the results of this method appears strategy A have a lower value
of ideals and normals priorites ( 0.550789 and 0.355167 for RAW 0.182211) for the alternatives than strategy B (1
and 0.644833 for RAW 0.330818) using AHP method on super decisions.
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Abstract. Bringing solar cooker away from an area directly exposed by the sun is very challenging. Heat is collected at a
shiny place and then transferred into a comfortable place for cooking activity. In this paper, a model to realize such
cooker is presented. Light is concentrated by Fresnel lens on an energy converter low reflectivity metal. The converted
heat is then transferred to solar cooker by a fluid flowing through a pipeline. Temperature of both converter box and solar
cooker box are measured at different times and days. At this step, our work is aimed to check if the system is working
and because of this reason we use water as the working liquid. From this experiment, it was found that the maximum
temperature of the converter box corresponding to the water boiling point was 95 oC and the time required for the solar
cooker initially at temperature of 30oC to go to 950C at various times (several different days starting from 09.00 am to
02.00 pm) is between 12 to 25 minutes. This result suggests that the system is working and may be scaled into a real solar
cooker using high boiling point liquid.

INTRODUCTION
Solar cooker is an instrument used for cooking utilizing heat converted from solar energy. Although our land is
showered with plenty of sun shine, this energy has not been effectively used for cooking. Up to now, more people get
energy for cooking from burning the wood. This way of getting energy, however, is in contradiction to the current
attempts to minimize the dangerous levels of global warming (one of the prime sources of climate change). Current
migration of getting cleaner energy from liquefied petroleum gas (LPG) does not mean that we can fully avert the
dangerous level of global warming. It is known that LPG contains a mixture of butane and propane which are derived
from crude oil distillation. In combustion process, carbon dioxide (a pollutant responsible for triggering global
warming) is released.
Although LPG is considered as a more environmentally friendly fuel, it is not free energy. People still have to spend
their money to get this greener energy. Millions of watts of solar energy showering our planet has not been effectively
used 1. The use of solar energy for cooking based on converting solar energy via solar cell into electrical energy, i.e.
using electrical cooker, is not a good solution. Many people have tried to use solar energy using solar collector which
directly converts the solar energy into a heat. There are two types of solar collectors: non-concentrating and
concentrating solar collectors 2. The working principle of both are the same. The only difference between them is in
the area of their solar absorbers, i.e. a device used to convert solar energy into heat energy.
Nowadays, the most common solar cooker is that works utilizing concentrating solar collectors. The most common
technology for this kind is based on parabolic reflection mirror. The maximum temperature that can be reached using
parabolic mirror is higher than that of solar box cooker and solar panel cooker. Using parabolic mirror based solar
cooker, a maximum temperature of 3500C can be easily obtained. Depending of the area of parabolic mirror, higher
maximum temperature of more than 1500 0C can also be obtained. In addition of parabolic mirror, at the present time
linear Fresnel reflector (LFR) is often used. Unlike parabolic mirror, LFR consist of long and thin flat mirrors
configured to reflect sunlight onto a fixed absorber 3,5,6.
Fresnel lens is another type of solar collector that collects light in the same way as the convex lens. The apparent flat
surface of the lens is formed by carving its surface to form a hundred of concentric annular sections of which each
directs the light into a common focal point. With its configuration and the advancement of milling technology,
Fresnel lens is favorable because of its cheaper price, thin and lightweight. In this paper, a model of Fresnel lens-
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based solar cooker is developed and presented. Light is focused by Fresnel lens onto an absorber. The thermal energy
thus converted was then circulated by working liquid (water) through heat radiator box we used for cooking.

EXPERIMENTAL DETAILS
Set solar cooker placed under direct sunlight at 09.00 am - 14.00 pm. Then the position of the focal point of the lens
is set to be on the receiver. Focal point setting by changing the angle of the lens and rotating lens frames. To
generate maximum heat, the position of the lens should be perpendicular to the direction of the sun. Furthermore,
2.5 liters of water is fed into the receiver and the stove. which is connected 50 cm hose. Thermocouple type K is
installed in the receiver 1 to determine the change of water heat. Then, a water-filled heat distribution circuit heated
by directing the focal point of the lens to the receiver.
The tool consists of a Fresnel lens mounted on a 156 cm long frame, 114 cm wide, and a height of 180 cm. Two iron
stoves measuring 15x15x5 cm which is connected with a 50 cm long hose. The fluid (water) is then fed into the
stove and receiver until it is full. Data collection using solar stove set Figure 1. Data retrieval is measuring the water
temperature in 2 different receivers which are cm-sized glass receivers and cm-sized steel containers made at 09.00
to 14.00 WIB with sunny weather conditions. Temperature data is taken every one minute from the ambient
temperature to boiling water. Created time graph with temperature.

Receiver 2

Fresnel lens

Receiver 1
FIGURE 1. Solar cooker set

The receiver is a 15x15x5 cm box made of ferrous metal that serves to capture the sunlight passing through the
Fresnel lens. Inside the receiver there is a fluid to be heated using a Fresnel lens. The stove is a 15x15x5 cm box
made of ferrous metal that serves for the cooking place. The 50 cm long connecting tube serves to drain the fluid
inside the receiver to the stove. The Fresnel lens used in the form of a circle with a diameter of 1 meter has a 130 cm
focal point that serves to collect sunlight that will be forwarded to the receiver. The tool consists of a Fresnel lens
mounted on a 156 cm long frame, 114 cm wide, and a height of 180 cm. Temperature was measured using K type
thermocouple.

RESULTS AND DISCUSSION
The solar stove in this study uses concentrating type by utilizing solar energy as a heat source by concentrating
sunlight at one focal point by using Fresnel lens as collector. The heat generated from the concentration of sunlight
will be channeled to a receiver or heat receiver. This study to test the resulting temperature and time required in
heating 2.5 liters of water. In this chapter will discuss the results of research that has been done, namely about the
analysis of the temperature on the solar stove with Fresnel lens as a collector.
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(a)

(b)

(c)

(d)

FIGURE 2. Measured temperature on (a) 22nd August 2017, (b) 23rd August 2017, (c) 24th August 2017, (d) 25th August 2017.

Testing of the iron material with size 15x15x4 cm. The results obtained from the data retrieval showed that heating at
different hours had different results. On August 22, 2017 shown in Figure (a). At 09:00 am the time it takes to heat the
water to boiling is 12 minutes. While at 11:00 am the required time is 10 minutes.
On August 23, 2017 shown in Figure (b). At 09.00 and 11.00 WIB indicates the time it takes water to boil is 22
minutes. The difference lies in the initial temperature of heating. At 11:00 am the starting temperature is 34 º C while
at 01:00 p.m. the initial temperature is 42 º C.
On August 24, 2017 shown in Figure (c). At 09:00 am the time it takes to heat the water to boiling is 27 minutes.
While at 11:00 pm is 11 minutes.
On August 25, 2017 shown in Figure (d). At 09.00 WIB the time it takes to heat the water to boiling is 15 minutes.
At 10.00 WIB the time it takes to heat the water to boiling is 18 minutes. At 11:00 am the time it takes to heat the
water to boiling is 15 minutes. At 01.00 pm the time it takes to heat the water to boiling is 20 minutes. Data taken
from 22-25 August 2017 showed that the average time required to heat water was 16 minutes.
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SUMMARY
Data taken from August 22-25, 2017 shows that the average time required to heat water is 16 minutes. It can be
concluded that the solar cooker set has been made capable of transferring heat to the maximum by utilizing the
fresnel lens as a light collector. Evidenced by a record time of heating the water. Another advantage of utilizing a
fresnel lens as a light collector is heat transferred directly to the receiver without any light blocking effect because of
the mirror image that often occurs when using a mirror as a light collector. water used can be replaced with other
fluids that have high boiling point. So that the heat flow in the solar cooker set remains well preserved.
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Abstract. Tip speed ratio (TSR) is an important input variable for wind turbine blade design beside the number of blades
and lift and drag coefficients of the used airfoil. Once a TSR selected in a design computation, it will define the
geometry of the blade and the performance of the wind turbine rotor. Because of the importance of the value of the TSR,
the first estimation of the TSR value that gives optimum performance need a fast and simple method. This paper presents
a TSR selection method which combines Ragheb’s method, Wilson’s formula (1976), blade element momentum theory
(BEMT) and rotor tip speed threshold. The method is hoped to yield a TSR value that gives optimum rotor performance
and free of aero-acoustic noise. A computation design example is given for small-scale rotor design with a diameter of
2.4 m. The example blade has airfoil NACA 23012 as cross-sections.
Keywords: small-scale, horizontal axis, wind turbine, tip speed ratio, performance

INTRODUCTION
Blade design of horizontal axis wind turbine (HAWT) begins by selection of airfoil, the number of blades and tip
speed ratio (TSR). Blade element method theory (BEMT) then can be used to compute the optimum geometries 1,2.
In the design process, relevant parameters of the airfoil are the ratio of maximum lift to drag coefficient and its
corresponding angle of attack (AoA), and drag also lift coefficient as a function of AoA. The number of blades will
define maximum power coefficient, and TSR will specify the optimum chord distribution and the pitch angle of the
blades.
Selection of optimal TSR characterizes gained the power of the turbine. The selection depends on the drag to lift
coefficient of the airfoil. The closer the coefficient to zero, the higher the efficiency of the airfoil and the higher the
optimal TSR 3. In the case where airfoil of the designed blade neglect drag and tip loses, for TSR of six to nine,
BEMT gives good estimations. However, for low tip speed, the method is inaccurate because of high drag about the
hub 4. Designing small wind turbine blades that only for efficient power extraction, optimum chord and twist can
produce a high cut-in wind speed. Either the load located close to the turbine or no pitch adjustment mechanism or
the both are sources of the high cut-in wind speed. The turbine will start only when torque produced by the blades
go over the resistive torque in the turbine system 5.
Optimal TSR is an essential parameter in blade design. Although wind turbine has an exact constraint of efficiency,
there is no theoretical optimum of TSR design. However, semi-empirical curves of wind turbines show maximum
efficiency values naturally 6. The optimal TSR for maximum power coefficient is related to the time taken for the
disturbed wind to reestablish itself to the time required for the next blade to move into the location of the preceding
blade. The number of blade selection will affect the optimal TSR. An excellent three-bladed rotor would have TSR
in the range of 5.24 – 5.45 7. Higher TSR design makes higher blade angular speed. If the angular speed is too low,
most of the wind pass undisturbed. If the angular speed is too high, the blades will block the wind flow. Both
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conditions reduce the power extractions 8. The number of blades characterizes maximum power coefficient. The
higher the number of blades, the lower the tip speed ratio can reach optimum power coefficient 9.
TSR influences the operational speed of the turbine. High TSR would result in high centrifugal stress. TSR
selection has to consider the using of materials of the blades. This check may lower the maximum rotational speed
and lead to reduce the power coefficient 10. The maximum speed of blade tip is designed in the range of 75-80 m/s.
The limitation is applied to avoid aero-acoustic generation from the blade tip 8.
Method for TSR selection becomes essential in wind turbine blade design. The chosen TSR will configure the
geometry of the blade and the efficiency of the wind turbine rotor. This paper discusses TSR selection, especially
for small-scale horizontal axis wind turbine design. A computation example is presented for three bladed turbine
rotor. The turbine has a rotor diameter of 2.4 m and uses airfoil NACA 23012.

TSR SELECTION
Maximum power extraction is related to the time needed by the disturbed wind to reestablish and the time needed by
the next blade to move into the location of the front blade (Eq. 1).
2
s

i)
B V
Optimum TSR then is defined in Eq. 2.
2  R 
X Opt 
ii)
 
B s
Empirically, the value of s is about half of wind turbine radius R . The optimum value can be 25 to 30 percent
above the value gained from Eq. 2 7. This method able to predict the optimum TSR value, but one still has to make
some efforts to make a decision which the TSR value will be used in the design.
Maximum power coefficient of a rotor configuration can be estimated by using formula derived by (Eq. 3) 11. The
formula is based on a fit to Glauert’s optimum actuator disk model. One can use the formula when the design
fulfills the condition, i.e., C d / Cl from 0 to 0.04, tip speed ratio from 4 to 20 and number of the blade from one to
three 9.
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Equation 6 can be manipulated becoming Eq. 7. In the form Eq. 7, the formula is more flexible. One can choose the
C
component C P , max X , B , and d as constants or variables.
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When one decides B , C P , max and  d  as constants and X as a variable, Eq. 4 then can be manipulated becoming
 Cl 





polynomial order four as in Eq. 5. The equation may be used to find TSR values for given values of B , C P , max and

 Cd

C
 l


 more precise than using Eq. 5.



Locating roots of a polynomial become next step in defining optimum TSR. There are some methods could be used
to solve the problem. Conventional methods consist of bracketing and open approaches. The lacks of this method
are the open method could be susceptible to divergence, and the bracketing cannot be applied when complex roots
might exist. An open method like Conventional Newton-Rapshon method is susceptible to convergence problems.
Solving these problems, the Müller and Bairstow could be used in locating the roots of the polynomial. Softwares
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package like Excel, MATLAB and Mathcad also could be used to find the roots of the polynomial by their particular
function 12.
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The maximum values of TSR could be estimated by three ways, i.e., Ragheb’s formula, Wilson’s formula and
maximum tip speed threshold (MTST). For rotor that formed by three blades, and airfoil NACA 23012, the
alternative optimum TSR values could be listed in TABLE 1.
TABEL 1. Alternative values of optimum TSR
𝑿
Ragheb
Wilson
MTST

𝑋𝑜𝑝𝑡,𝑙
𝑋𝑜𝑝𝑡,ℎ

5.24
5.45

7.55
-

6.25
6.27

SMALL SCALE HAWT DESIGNING
DESIGN ALGORITHM
BEMT is the fast method used in HAWT blade design. The first step in the method is defining the number of the
blade, choosing the airfoil and computing the TSR. The second step is computing the optimum blade geometries.
The last step is computing load characteristic and performances. The flowchart of the turbine rotor design is
described in FIGURE 1.

FIGURE 1. Flowchart for wind turbine blade design
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OPTIMUM GEOMETRY
Geometry and velocity definition are sketched in FIGURE 2. The optimum geometry of blade design, in this case,
is based on BEMT. Main parameters needed to be input are tip speed ratio, number of the blade, the angle of attack
𝛼 and coefficient of lift which is belonged to maximum gliding ratio of the selected airfoil. Optimal twist angle 𝜑,
pitch angle 𝛽, and relative chord length are calculated using Eq. (1), (2) and (3), respectively 1.
 1 
2

vi)
 r   atan
3
 X r 
R 

vii)
 r    r   

 

  sin 1 atan

r
c
r   16 R
R
B Cl





 
 3

1
 X r
R


 



 


2

viii)

AERODYNAMIC LOADS AND ROTOR PERFORMANCE
Optimum geometries of rotor blade are defined first. Based on BEMT, the axial force and tangential force are
computed in an iterative process. Some example of iterative processes can be found in the references below. In this
paper, the computation uses the method from Gundtoft 1.

COMPUTATION EXAMPLE
This computation example analyses all the optimum alternative values of TSR in TABLE 1. The optimum
geometries for each value are depicted in FIGURE 2. The optimum geometries values are computed using Eq. (6),
(7), and (8). Optimum Pitch distributions in spanwise are shown in FIGURE 2 (a). One could realize that a blade
has high tip speed ratio, has low pitch distribution. Therefore, the blade has high TSRD is flatter than the blade has
low TSRD. A blade has flat geometry would be easy to be produced.
The relative blade-chord length distributions in spanwise are depicted in FIGURE 2 (b). The higher the tip ratio of
the design, the lower the blade-chord length distribution, as a result, the blade has high TSRD would have small
surface area. A blade has small surface area would need minimum materials in its production.

(a)

(b)

FIGURE 2. Optimum geometries of rotor blades based on alternative optimum values of TSR-design (TSRD)
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(a)

(b)

FIGURE 3. Performances of blade designs with various alternative optimum TSR-design (TSRD)

FIGURE 3 shows the computation result of the performance of the blade designs. FIGURE 3 (a) describes
performance characteristic of the blade by their coefficient of performance (C P) based on tip speed ratio variation.
The coefficient of performance of the blade with low TSRD is higher than the high one, especially in the TSR
ranges lower than about 4. A blade has low TSRD give the lower maximum coefficient of performance than a blade
that has high TSRD.
TABLE 2 shows the CP computation results by Schmitz method and by Wilson method. Both methods give little
differences results (TABLE 2) and have the same trend. The higher the TSRD, the higher the CP. For quick
estimation of CP, Wilson method is suitable for this design.
TABLE 2. Computation results of CP from various values of TSRD
TSRD

CP (Schmitz)

CP (Wilson)

CP difference (%)

5.23
5.45
6.25
6.67
7.55

0.5295
0.5316
0.5373
0.5392
0.5416

0.4988
0.5000
0.5031
0.5039
0.5046

6.15
6.32
6.81
6.99
7.32

FIGURE 3 (a) shows the coefficients of performance characteristics of the designs. Wind turbine blade that has
low TSRD has higher CP at low TSR than one that has high TSRD. This condition shows that power produced by a
blade that has low TSRD is higher than one that has high TSRD at low TSR. The low TSRD design can generate
higher torque than high TSRD design in low TSR ranges. Therefore it has more power or more torque for starting.
On the other hand, blade design that has low TSRD has lower maximum C P than one that has high TSRD. The
condition could be seen as computed CP near TSRD values. The characteristics would help in TSRD selection. A
region which has low wind speed would be recommended to use a blade that has a low TSR design. Although the
low TSRD blade has lower maximum CP than the high one, the blade has higher CP at low TSR. Therefore it would
give light starting. A region which has high wind speed would be recommended to use high TSRD. The region
would supply enough energy for easy starting and would give high maximum C P.
The coefficient of axial force (CT) of wind turbine rotor is essential for supporting structure. The C T values of
designed blades have characteristics as shown in FIGURE 3 (b). The low TSRD give higher CT than the high
TSRD for TSR ranges lower than 10. The length of the chords of the blade produces the condition. A long chord
would result in higher Reynolds number than a short one. Therefore the long chord would generate higher drag than
the short one. Wind turbine rotor which design with low TSRD would need stronger supporting structures than with
high one. However, if the turbine would be operated in TSR higher than 10, the rotor that designed with high TSR
would need stronger supporting structures.
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SUMMARY
Wind energy potential of a region where the wind turbine will be placed strongly affects the selection of tip speed
ratio for wind turbine blade design. A region that possesses low wind speed would be suitable for TSRD designed
by Ragheb method. By the method, the blade would hold high CP in low TSR ranges operation, and the rotor would
have light starting. MTST method would be proper with a region which has high potential wind energy, but noise
generation from rotor become a dilemma. Moreover, the modified Wilson's formula would be right for TSRD
selection if the region possesses high potential wind energy but noise generation is not a problem.
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Abstract . This paper presents a comparison of electrical energy consumption of drip irrigation system using overhead
water tank and pressure controlled water pumps. Drip irrigation system is commonly used in modern agriculture systems,
which is more efficient in water and electricity usage with better quality results of crops. Drip irrigation system requires a
flow of water that has a certain pressure. Water pressure can be generated from water reservoir located at a certain height
that called overhead water tank, or using a direct pressure controlled water pump. The systems with overhead water tanks
still requires a water pump to raise water from bottom to top, so both ways require an electric water pump. In this study,
we used brushless DC motor because of its easy to control and high efficient performances. The pump for overhead tank
operates in continuous for longer time to fill the reservoir. The pump for direct pressure control is using PI controller to
meet the required pressure. This difference type of operations affects the electrical energy consumption. Simulation
results show that the irrigation systems with overhead water tank with different discharge and pressure require the similar
energy. While the drip irrigation with a direct water pump requires energy corresponding to water pressure. When the
desired water pressure is above 7 PSi, the drip irrigation system with overhead water tank is more efficient. On the other
hand, if water pressure is below 7 PSI, the drip irrigation system with direct water pump is more efficient.

INTRODUCTION
Indonesia is an agrarian country with large farmland. The extent of agricultural land requires a large and good
irrigation system for successful crop production. Irrigation becomes part of the system that plays an important role
in agriculture. Crops growth is strongly influenced by the availability of water. Crops given with enough water will
grow better. Giving water in accordance with the needs of crops will increase efficiency in energy use. Irrigation
uses about 70% of the world's freshwater supply 1. To supply water for the agriculture, the Indonesian government
have built dam and irrigation networks. However, as the number of dam and irrigation networks in Indonesia is
limited, 26% of the lands are rainfed. The rainfed lands are lands that cannot be drained of water from a certain
height and time continuously. Therefore, the irrigation of rainfed land is determined by rainfall only. Rainfed land
often experiences drought during the dry season 2. In this season, farmers use groundwater to supply water to the
crops. Groundwater retrieval is carried out using a water pump powered by a combustion engine or an electric
motor. Due to the deeper groundwater level and higher fuel prices, the use of electric water pumps is more popular.
Water pumping for irrigation uses about 23-48% of energy in crop production processes 3. One of the parameters
crops production success is if the energy used during the production process is smaller than the selling value of the
crop. Therefore, to increase profits in crop production, a low cost, reliable and efficient irrigation system is needed 4.
One way to improve the efficiency is to replace the surface irrigation systems with pressurized irrigation systems 5.
The pressurized irrigation systems can save water usage up to 30-60% compared to gravity-fed systems. Some
examples of most common pressurized irrigation are sprinkler irrigation and localized irrigation or drip irrigation.
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a)

b)

FIGURE 1. a) Equivalent circuit of BLDC motor b) Template model of the BLDC motor on Matlab Simulink.

The pressurized irrigation systems require a flow of water with a certain pressure in the pipeline irrigation network.
There are two main methods for generating a pressurized flow of water. The first method is to use a roof top tank or
overhead water tank. In this method, water from the lower reservoir is pumped into the overhead water tank. The
tank height of about 12 meters will produce a pressure of 14 PSI. This method is simple because it only uses a water
pump with On / Off control. This system has a disadvantage that requires infrastructure with a fairly expensive cost.

MODEL OF IRRIGATION SYSTEMS
BRUSHLESS DC MOTOR MODEL
Brushless DC motor consists of permanent magnet rotors and stator coils. The BLDC motor has a stator structure
similar to a 3 phase sync motor. The BLDC motor driver circuit is also similar to an inverter in a 3 phase sync
motor, but different in switching methods. The equivalent circuit of BLDC motor is a 3 phase motor circuit with star
configuration. The motor driver is a series of electronic commutations with 3 outputs connected to the BLDC motor.
The BLDC motor model and its drivers are shown in FIGURE 1. The control system on the BLDC motor requires
feedback signal as the rotor position 6. These signals are obtained from the hall sensors mounted on the stator part or
by processing the signal from the back emf.
The magnitude of line to neutral voltage is:
𝑑𝑖𝑎

𝑉𝑎 = 𝑅𝑖𝑎 + 𝐿
𝑉𝑏 = 𝑅𝑖𝑏 + 𝐿
𝑉𝑐 = 𝑅𝑖𝑐 + 𝐿

+ 𝑒𝑎

(1)

+ 𝑒𝑏

(2)

+ 𝑒𝑐

(3)

𝑑𝑡
𝑑𝑖𝑏
𝑑𝑡

𝑑𝑖𝑐
𝑑𝑡

Where, L and R are armature self-inductance (H) and armature resistace (Ω). The back EMF voltage values are:
𝑒𝑎 = 𝐾𝑒 𝑓(𝜃𝑒 ) 𝜔𝑟
𝑒𝑏 = 𝐾𝑒 𝑓(𝜃𝑒 −
𝑒𝑐 = 𝐾𝑒 𝑓(𝜃𝑒 +

(4)

2𝜋
3
2𝜋
3

) 𝜔𝑟

(5)

) 𝜔𝑟

(6)

Electromagnetic torque is obtained by:

𝑇𝑒 =

𝑒𝑎 𝑖𝑎 +𝑒𝑏 𝑖𝑏 +𝑒𝑐 𝑖𝑐

(7)

𝜔𝑟

There are several parameters included in the model template for BLDC motor and its driver in Simulink. Motor
parameters are obtained from the BLDC motor datasheet issued by manufacturer. In this study, the BLDC motor has
a resistance of 0.22Ω, an inductance of 0.29 mH, and a motor voltage constant of 4.2 V / Krpm.
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CENTRIFUGAL WATER PUMP MODEL
Centrifugal pump is a machine capable of increasing water pressure by centrifugally accelerating to volute pumps
using a pump impeller 7. The magnitude of the centrifugal pump head depends on the speed of the pump, defined as:
𝑣2

𝐻 = 2𝑔

(8)

where H is total head (m), g is gravity acceleration (m/𝑠 2 ), v is water velocity at the impeller (m/s).
The water velocity at the impeller is defined as:
𝑁𝐷

𝑣=

(9)
299
where N is the impeller revolution (RPM), D is the impeller diameter (inches).
The discharge pump output (Q) is determined by several factors of pump size, impeller speed, operating
pressure, fluid density and ambient temperature. The relationship between speed and discharge of pump is
formulated by:
𝑄 = 449 𝑣 𝐴
(10)
where Q is the water flux (m3/s), A is the water conductor area (m2).
The pump model in this study uses template models on Simulink. The type of pump used as a reference is PQ60
Pedrollo peripheral pump. Model verification is done by comparing the pump character between data from datasheet
with simulation result. The model for pump verification is shown in FIGURE 2 (a), in which the pump is connected
to a pipeline equipped with pressure sensor, flow meter sensor and adjustable water valve. The result of the
simulation shows that the pump characteristics of the model are in accordance with the manufacturer's datasheet.
FIGURE 2 (b) shows the characteristic curve of the pump head to the water flow between the Simulink model and
the datasheet.

MODEL OF DRIP IRRIGATION SYSTEM WITH OVERHEAD WATER
PUMP
The model of drip irrigation system with overhead water tank consists of BLDC motor, centrifugal water pump,
overhead water tank and lateral drip irrigation pipeline network equipped with its emitter. In this system, the BLDC
motor driven water pump raises the water from the lower reservoir to the overhead water tank until it is full. In
process of watering the crops, solenoid valve at the lateral base is active so that water from the upper tank will flow
into the lateral pipe and out through the emitter with pressure in accordance with the Bernoulli’s law. Each emitter
in this irrigation system is set to drain 2 l/h of water.

a)

b)

FIGURE 2. a) The model for pump verification on Matlab Simulink, b) characteristic of the pump.
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FIGURE 3. Diagram block of drip irrigation system with overhead water tank.

FIGURE 4. Model of drip irrigation system with overhead water tank in Simulink.

The number of crops on this system is 20 pieces, so the total discharge of the tank output is 40 l / h with the pressure
of 1 bar or 14 PSi. If the overhead water tank has a diameter of 1 m and a height of 1 m, then the tank should be
located at a minimum height of 11.8 m. The model of irrigation system is shown in FIGURE 4. The emitter port is
modeled by using a gate valve that is set at 14 PSI having discharge of 2 l/h. To change the water pressure is
implemented by adjusting the pressure regulator mounted on the lateral pipe.
The amount of electrical energy to irrigate crops is calculated by integrating the magnitude of the water pump's
electrical power during the time to fill overhead water pump by certain volume. In this study, the amount of volume
that becomes the reference in calculating energy is 40 liters of water.

MODEL OF DRIP IRRIGATION SYSTEM WITH DIRECT
CONTROLLED WATER PUMP
In this system, water from the lower reservoir is pumped directly into a lateral pipe network with multiple emitters.
Block diagram of drip irrigation system with direct pump is shown in FIGURE 5. The speed of the pump rotation is
controlled based on the desired water pressure on the irrigation network. At a fixed sprinkle load, the pump velocity
is expected to be proportional to the setpoint of water pressure. The water pressure control system uses the
proportional integral method 7. The feedback system comes from a water pressure sensor mounted on the lateral
pipe.
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FIGURE 5. Block diagram of drip irrigation system with direct water pump.

FIGURE 6. Model of drip irrigation system with direct water pump implemented in Simulink.

FIGURE 7. Electrical energy required by the irrigation systems to drain 40 liters of water.
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a)

b)

FIGURE 8. The water pressure on emitter for the irrigation with (a) overhead water tank, and (b) direct water pump.

Model of drip irrigation system with direct pump is implemented in Simulink as shown in FIGURE 6. The electrical
energy used by the system to emit water to the emitter at a certain volume is calculated by integrating the pump
power over time. The controller unit has the proportional and integral constants of 0.5, and 5 seconds, respectively.

RESULT AND DISCUSSION
The common reference in comparing the use of electrical energy between two drip irrigation methods is the volume
of water supplied to the plant. In this study, the volume of water given to the plant was 40 liters. The simulation
results show that the irrigation system with the above water tank for issuers with different discharge and pressure
requires the same energy. The amount of electrical energy used to flow 40 liters of water at different pressures and
discharges is constant at 22.61 Wh. An irrigation model with a direct water pump indicates that the amount of
energy used to drain 40 liters of water is different, depending on expected water pressure. At a pressure of 1 Psi
requires 15.4 Wh of energy and at 4 Psi requires 16.7 Wh. FIGURE 7 shows that drip irrigation with a direct water
pump requires energy corresponding to water pressure.
Irrigation methods with overhead water pump has the advantage of having energy savings in the form of potential
energy. Therefore, if the power source is off, the system can still provide water to the plants. The disadvantage of
this system is unable to produce a pressure that exceeds its own gravitational energy. In this system, the emitter
pressure will decrease as the water volume in the overhead tank declines, as shown in FIGURE 8 (a). This indicates
that the decreasing of water pressure in irrigation network is 0.017 Psi due to the decreasing of water level in the
tank of 1,415 cm.
The irrigation method with direct water pump has the advantage of generating constant pressure on the emitter even
though the irrigation load is changing, as shown in FIGURE 8 (b). The system is capable of producing low or high
pressures without any physical changes to the system. Because it does not require a tank, this system has more costeffective infrastructure than the overhead tank system. The disadvantage of this method is that the irrigation
mechanism is unable to run when the power source is off.

SUMMARY
We have simulated the models of drip irrigation systems for both with overhead water tank and with directcontrolled water pump. These systems consist of BLDC motor, centrifugal water pump, overhead water tank and
lateral drip irrigation pipeline network equipped with its emitter. Simulation results show that the irrigation systems
with overhead water tank for emitters with different discharge and pressure require similar energy. While the drip
irrigation with a direct water pump requires energy corresponding to water pressure. When the desired water
pressure is above 7 PSi, the drip irrigation system with overhead water tank is more efficient. On the other hand, if
the water pressure is below 7 PSI, the drip irrigation system with direct water pump is more efficient.
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Abstract. A flat-plate collector is one of the main components in solar heating systems that are used for collecting thermal
radiation from the sun. The most commonly used of the collector material is copper. The aim of this study is to observe the
effect of color giving to the absorption power of copper plates as the heat absorbing material of solar radiation. In this
research, copper plates were stained with 10 variations of color that spread from bright to dark color. The heat absorption
power of each copper plate is obtained by measuring the thermal capacity of the intermediary water fluid. The results show
that coloring on copper plates resulted in a change of heat absorption power compared with a neutral copper plate. Dark
colors increase the heat absorption power of the copper plate. The darkest color of the copper plates resulted in the highest
increase of heat absorbance of 0,0253 W / cm2, while the white coating reduces its thermal absorbance of 0,0276 W / cm2.
Keywords: coloring, absorption power, copper plate, solar collector

INTRODUCTION
The sun provides an abundant energy to earth every day, about 7 kWh per m2 per day. At the moment, the usage of
the energy in some sectors is growing rapidly. Generally, the usage of solar energy categorized in three pathways;
utilizing heat from the sun, converting solar energy directly into electrical energy, and using in photosynthesis and
biological processes 1.
Solar thermal energy refers to heat generated by solar radiation. When solar radiation hits a matter surface, a series
of natural conversion processes will happen which the major part would be thermal conversion 2. The solar radiation
that involved in the conversion is known as thermal radiation. The solar thermal radiation is a form of energy
produced by short-wave (visible, near-ultraviolet, and near infra-red) 3. With various methods, thermal Radiation can
produce temperatures varying from 45 oC until 300 oC 4. Solar thermal energy generators have an efficient
performance, about 80% of radiation can be converted into heat energy 5.
The Installation of solar thermal energy consists of the following components; solar collector, regulation system,
heat exchanger, and conventional heat supply system 5. Collector serves to capture solar short-wave radiation (0.3 2 𝜇m) which is then converted into thermal energy through a fluid, such as water or air. The efficiency of the
collector depends on several factors; collector surface absorption coefficient to solar radiation, collector surface
emissivity to the long wavelength, and heat loss due to conduction, convection, and radiation 1.
So far, the most popular material used as a collector is copper 3. Heat absorber plate usually is given a surface
coating, especially black, that increases the fraction of available solar radiation absorbed by the plate. Flat plate
collector with black color has high absorbance value compare to the others which makes it suitable for heat absorber
plate coating. The absorbance (α) for black paint is between 0,92 to 0.98. The black paint is applied by spraying on
the plate 6,7. However, for a particular purpose, i.e. medium and soft absorption, other colors may be used for a
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surface coating. This study aims to determine the effect of the type of coating color on the absorbance power of the
flat plate copper to the thermal radiation of sunlight.

EXPERIMENTAL DETAILS
In this study, the absorbance power of copper collectors was measured by energy conversion method. The Collector
is designed to be in a closed environment in the form of water that also functioned as a container of thermal energy.
Thus, when energy accumulates in the collector, energy transfer occurs only between the collector plate and the
water. It could occur because the collector plate has only direct contact with the water. The principle of collecting
solar radiation by the collector and the process of heat transfer to the water fluid can be explained as in the following
figure.

Figure 1. Illustration of the 1 dimension model of the design of energy conversion method. The model consists of
several layers, the top layer is cover glass, the second is water, and a collector is the third layer. Initially, the system
is in a state of thermal equilibrium at temperature To. The flux of solar thermal radiation captured by the collector
after passing the glass and water cover. The heat rate that absorbed by the collector 𝑄̇into collector , then extracted
back into the water by 𝑄̇𝑜𝑢𝑡 through a conduction and radiation mechanisms.

The quantity 𝑄̇ represents the rate of heat energy absorption on a surface which depending on the material and its
area, expressed as follows.
𝑄̇ = 𝐼(𝜏𝛼) ∙ 𝐴

(1)

Where 𝑄̇ = the rate of heat energy absorption (watt), 𝐼 =Intensity of radiation (watt/m2), 𝜏 = transmission coefficient
of layers, 𝛼 = absorption coefficient of collector, dan A= collector area (m2).
The rate of energy released by collector depends on the overall heat loss coefficient of collector, the temperature of
the collector and water 8.

𝑄̇𝑜𝑢𝑡 = 𝑈𝑐 𝐴(𝑇𝑐 − 𝑇𝑎 )

(2)
2

Where, 𝑈𝑐 = overall heat loss coefficient of collector (watt/m ), 𝑇𝑐 = temperature of collector (oC), dan 𝑇𝑎 =
temperature of water (oC).
The rate of heat energy extracted by the collector represents the rate of extraction in the steady-state process, where
the magnitude is proportional to the rate of energy absorbed by the collector. Thus, the rate of heat extraction from
the collector can also be measured by the average value of the amount of heat contained in the fluid (Nasrin, Parvin,
& Alim, 2016). With Assumption that the heat of the collector system-water is also in a balance state, the total heat
energy absorbed by the collector within a given time duration is proportional to the change in thermal energy in the
fluid and collector.
𝑡2
∫𝑡 𝑄̇into collector 𝑑𝑡 = 𝐼(𝜏𝛼) ∙ 𝐴 ∆𝑡 = 𝑚𝑤 𝑐𝑤 ∆𝑇 + 𝑚𝑐 𝑐𝑐 ∆𝑇
1

(3)

Where, 𝑚𝑤 =water mass (kg), 𝑚𝑐 =collector mass (kg), 𝑐𝑤 = specific heat capacity of water (J/kg. oC), 𝑐𝑐 =
specific heat capacity of collector (J/kg.oC), and ∆𝑇 = 𝑇𝑎𝑘ℎ𝑖𝑟 − 𝑇𝑎𝑤𝑎𝑙 (oC).
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Analytically, with define absorbance power 𝑃 = 𝐼 ∙ 𝐴𝛼, the equation (3) can be expressed in equation (4). Thus, the
thermal absorbance power of the collector per unit area (P) can be obtained from the differentiation process of the
gradient value of the line generated by the equation.
∆𝑇 =

𝑃𝜏
(𝑚𝑤 𝑐𝑤 +𝑚𝑐 𝑐𝑐 )

∆𝑡

(4)

RESULTS AND DISCUSSION
The scheme of device used in this study is shown in Figure 2. The tool parts are 100 ml glass tubes, copper plates
with dimensions of 18 × 2,5 cm which have a semicircle at one end (total of the area is 44,33 cm 2), a digital
thermometer, and holder that can be positioned.

(a)

(b)

Figure 2. (a) Sketch 1 dimension of the experimental design. The holder is made of wood that can be positioned so

that the copper plate faces the direction of the sun (b) photos of the data retrieval process
In this study, a neutral copper plate was used as a control and 10 copper plates with coating color variations to be
measured their absorbance power. The paints used are metal and copper paint with good quality branded x sold in
the market. The coloring process is done according to the metal staining standard. Color selection is categorized into
two groups of colors, which are relatively brighter and darker than the neutral copper color.

37
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018
Table 1. Colors used for copper coating

Category
Darker than neutral copper

Name of Color
Black

Name of Sample
C1

Permanent Blue

C2

Chatay Blue

C3

Golden Brown

C4

Dynasti Ped

C5

Neutral copper

Sample color

C0

Lighter than neutral cooper

Gull Yellow

C6

Light brown

C7

Spearmint

C8

Cold Diesel

C9

White

C10

The experiment was done on Saturday, 17 September 2016 at midday in the village of Tunggul Wulung,
Karangploso, Malang. The condition of weather was very sunny. The method of data retrieval was a direct position
where the copper plate was set facing straight toward the sun during data retrieval.
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Figure 3. Graph of absorption power of the 44,33 cm2 copper plate with the various color coating

Experimental results show that dark color coating provides enhanced thermal absorption of copper. The biggest
increase in absorption power is on the giving of black coating, of 0,0253 W / cm2. This is in accordance with
previous research that black has the highest absorption coefficient, α = 0.93 (Amrutkar, Ghodke, & Patil, 2012). The
data show that tends to the lighter color, the absorption power tend to decrease. The experimental graph also shows
that the brighter color than the copper neutral resulted in less thermal absorption of copper. White coatings provide
the greatest decrease in thermal absorption in the plates, -0.0276 W / cm2. It is also in accordance with reference
data from other studies that the value of white color absorbance coefficient α = 0,2. Thus, the modification of the
thermal absorption power of the copper plate can be accomplished by color coating.

SUMMARY
Based on the research results can be concluded as follows.
a) Giving color coating on copper plates can increase or decrease the thermal absorption power of copper
plate gradually exposure to sunlight radiation,
b) The black coating is able to increase the thermal absorption capacity of neutral copper, of 0,0253 W / cm2,
while the white coating reduces its thermal absorbance as much as 0,0276 W / cm2.
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Abstract. The anthocyanin from nature compounds containing colour or chromophore groups biochemically and effectively
absorbs sunlight in the visible spectrum because it has more than one benzene ring with a conjugated double bond. Super
dragon fruit (Hylocereus costaricencis) is one of the plants with the highest anthocyanin content with 1.1 mg / 100 mL of
anthocyanin solution. In this research, 400 gr of dragon fruit skin extracted with 300 mL CH 3OH for 24 hours in dark room at
room temperature. And followed by liquid-liquid extraction using n-hexane and ethyl acetate. Each of 50 mL filtrate from
extraction was synthesized with 0,5 gr FeCl3.6H2O, and 0,5 gr CoCl2.6H2O for 5 hours and get well mixture, then identified
using UV-Vis Spectrophotometer and FTIR. Spectra data’s show the different profile before and after conversion, further
characterization to determine the energy gab (Eg) and stability of the compound compared to natural sensitizers and others.
The Eg found from synthesized FeCl3.6H2O is 0.33 eV and synthesized CoCl2.6H2O 0.185 eV. The energy gab identification
and analyzation from metal complexes give much better performance photoelectric conversion than using natural
photosensitizers.
Keywords: Solar Cell, Anthocyanin, Dragon Fruit, Sensitizer

INTRODUCTION
The high number of world population growth shows a linear correlation with the need for energy. However, it is
known that reserves of oil and mineral resources belonging to non-renewable resources that have been used are
decreasing with the length of exploration and high consumption. More than 81% of the world's energy consumption
depends on fossil fuels 1. Therefore, a number of studies that utilize renewable natural resources continue to be
developed to address the high demand for these energy needs so as not to continue to depend on fossil fuel energy
sources, such as research on solar energy or known as solar energy. Approximately 4 million masses per second of
the sun's constituent material is converted to energy, with a theoretical estimate of the 275 W / m matahari sun
center 1. Recognizing the abundance of these energy sources, the development of solar cells is a highly potential
study developed as an alternative to starting a reduction in energy use with fossil fuels.
The first silicon solar cell (SiO2) developed shows high efficiency performance of about 17-25% 2. However, a
number of facts mention that the use of silicon is dangerous in its manufacturing process and costly. This is because
silicon is a raw material that is widely used as a tool in the technology industry 3. As a competitive alternative then
Michel Gratzel in 1991 developed DSSC (Dye Sensitized Solar Cell). Important components in DSSC devices are
electrolytes, sensitizers, sunlight, semiconductor materials and so on. Currently, the development of these
components is an ongoing challenge to improve the results of high energy conversion efficiency. The type of
sensitizer (dye) is divided into two types, namely the dye obtained naturally and the second by synthesis. This
natural organic dye is advantageous because the source of the material can be obtained anytime, practically and can
be obtained in large quantities and from some references indicates a low assembly cost. Natural dye sources are
often used as a natural sensitizer such as anthocyanin. The highest anthocyanin content is found in super red dragon
fruit skin (Hylocereus costaricencis). The content of anthocyanin on super red dragon fruit (Hylocereus
costaricencis) of 1.1 mg / 100 mL of anthocyanin solution 4, 45.15 ± 0.5117 gr / 100 gr Dry skin dragon fruit
Hylocerius undatus (Vargas et al., 2013). But has a deficiency of low 1-7% efficiency, cannot survive at high
temperatures or less stable, and interacts with TiO2 5.
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The first silicon solar cell (SiO2) developed shows high efficiency performance of about 17-25% 2. However, a
number of facts mention that the use of silicon is dangerous in its manufacturing process and costly. As a
competitive alternative, Michel Gratzel in 1991 developed DSSC (Dye Sensitized Solar Cell) with components are
electrolytes, sensitizers, sunlight, semiconductor materials and so on. Currently, the development of these
components is an ongoing challenge to improve the results of high energy conversion efficiency. The type of
sensitizer (dye) is divided into two types, namely the dye obtained naturally and the second by synthesis. This
natural organic dye is advantageous because the source of the ingredients can be obtained anytime, is practical and
can be obtained in large quantities and from some references indicates low assembly costs, but has a deficiency of
low 1-7% efficiency performance, unable to survive at high temperatures or less stable, and interacting with TiO2 5.
Compared to natural dye, synthetic dye has been shown high energy conversion value due to MLCT (metal to
ligand charge transfer) interaction between central metals and binding ligands such as N3, N719, YE05 compounds
6
. The presence of MLCT interactions causes the electrons in the upper state position or the state of excitation
(exited state) more, so the number of electrons to be transferred becomes more. The number of electrons transferred
to the electron collecting electrode produces PCE (power conversion energy) or a high percent efficiency (η) as well.
However, the complex synthesis sensitizer has constraints in the form of expensive and highly complex synthesis
processes 7. Answering these challenges, research on sensitizers continues, including by utilizing complex
compounds as sensitizers by reacting to ligands from natural dyes with transition metals.
This study aims to obtain complex compounds with anthocyanins as natural organic ligands which are reacted
with iron salts trichloride hexahydrate (FeCl3.6H2O), cobalt dichloride hexahydrate (CoCl2.6H2O) and form
complex compounds 8. The complex compounds of the synthesized product were further identified using UV-Vis
spectrophotometer and then the data obtained were analyzed to determine the value of energy gap (Eg) of the
organometallic compound compared to the natural sensitizer.

EXPERIMENTAL DETAILS
This research was conducted at 3 stages including: anthocyanin isolation, organometallic reaction, spectra data
analysis. Isolation of anthocyanin from super red dragon fruit skin (Hylocereus costaricencis). This anthocyanin
isolation stage begins by preparing the red dragon fruit skin sample, including cleaning equipment and materials to
be used. As many as 400 grams of super red dragon fruit skin (Hylocereus costaricencis) cut small and blend puree.
Dry the sample using the freeze drying tool Alpha 1-2 LD plus Christ for 24 hours, to reduce the water content.
Then dried samples were soaked (macerated) in 300 ml of methanol solvent for 24 hours. Use a shaker to increase
the surface area of the sample contact with the solvent and store it in the dark room. Strain the extractants obtained
using filter paper whatmann no. 42. Further filtrate / dye is evaporated using a rotary evaporator.
After that, the anthocyanin content was tested in filtrate with thin layer chromatography (TLC). The isolation
step is carried out by using liquid-liquid extraction method using n-hexane (nonpolar) solvent, ethyl acetate
(semipolar) and others. Finally, identification was done using UV-Vis spectrophotometer. Synthesis of
organometallic compounds with iron salts trichloride hexahydrate (FeCl3.6H2O), cobalt dichloride hexahydrate
(CoCl2.6H2O)
This second stage begins by weighing 0.5 grams of each of the FeCl3.6H2O salt compounds, CoCl2.6H2O.
Samples of each weighed salt were placed into a beaker and 50 mL of each anthocyanin filtrate were added each.
Then the solution was stirred using a stirrer stirrer in the tatas of the electric stove for 5 hours. After that the solution
was filtered and identified by UV-Vis spectrophotometer and FTIR.
Energy Gap Analysis (Eg), the result of the UV-Vis spectral data before and after the reaction of the
organometallic analyzed using Microcal Origin program to get the value of the energy gap (Eg) of natural
photosensitizer (filtrate before organometallic reactions) and organometallic photosensitizer (filtrate after
organometallic reactions).

RESULTS AND DISCUSSION
In this study, the synthesis of complex compounds using anthocyanin from super red dragon fruit skin
(Hylocereus costaricencis) ligand. Super red dragon fruit skin is known to have a very high antosianin. Anthocyanin
is one of the natural pigments of the flavonoid group that is easily found in large quantities in the vicinity. Based on
a literature review, the price of the PCE (power conversion energy) of a complex compound of Ru has a high value
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because it can mengabsopsi enough spectrum width, forming interaction MLCT (metal to ligand charge transfer) so
that the electrons are in a position exitasi easier and more as well as having good stability. However, to synthesize
complex Ru through reactions with synthetic organic ligands is very complex and uses high cost. Therefore, this
study used the mechanism of the synthesis of complex compounds by reacting Ru anthocyanins (natural organic
pigments) with salts of iron trichloride hexahydrate (FeCl3.6H2O), cobalt dichloride hexahydrate (CoCl2.6H2O). in
this section the energy gap (Eg) values are obtained through UV-VIS spectra analysis.
The preliminary study carried out by the process of maceration and liquid-liquid extraction using a nonpolar
solvent (n-hexane) and semipoar (ethyl acetate), which aims to reduce the other components in the filtrate was
isolated. Thus, the main component of the obtained filtrate is anthocyanin (polar). Furthermore, the anthocyanin
filtrate was measured for absorbance using a spectrophotometer in the range 400-700 nm with a methanol solvent
with a ratio of 1: 8. The following is the result of characterization of anthocyanin UV-VIS absorbance.

.
FIGURE 1. Dye antosianin absorbance
The results of identification of anthocyanin dye absorbance of red dragon fruit skin extract showed spectrum
absorbance range from 412-734 nm. The magnitude of the wavelength indicates the red sueron dragon skin absorbs
the purple light to the red on the visible spectrum and absorbs a little infrared spectrum. A fairly wide range of
absorbances in the anthocyanin spectra results show that it can absorb photons well on a wider spectrum of light.
Therefore, anthocyanin dye can also be utilized as a sensitizer on DSSC devices.
In the UV-VIS spectra for the identification of the result of iron complex compounds obtained a wider
absorbance range that is at the wavelength of 253-759 nm. The absorption range obtained is wider than the
absorbance of the anthocyanin dye.
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FIGURE 2. Iron complex absorbance
The extent of absorbance produced by iron complexes suggests that the light or energy of photons that can be
absorbed by iron complexes can be wider than anthocyanin dye. The resulting absorbance of the iron complex is in
the ultraviolet spectrum up to infrared spectrum. The wider / wider area of photon absorption produces a better
sensitizer character, as it will absorb more of the photon energy. The amount of energy absorbed photons can be
used as energy that can make the electron in the dye excited more there is a state of upper state. Thus the electrons
that can be transferred to the semiconductor and electron collecting electrode more also to produce high PCE.
The UV-VIS spectra of the cobalt complex also exhibit a wider range of absorbances than anthocyanins, which
are at wavelengths of 260-787 nm. The uptake of photons produced by the cobalt complex is highest compared to
anthocyanin and iron complexes. The absorption of the cobalt complex photon spectrum is similar to that given to
the iron complexes, ie, from the ultraviolet to infrared spectrum.

FIGURE 3. Cobalt complex absorbance
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An analysis of the anthocyanin absorbance ratio curve, iron complex, and cobalt complex is performed to obtain
an energy gap (Eg) value that can be a theoretical source whether the sensitizer has a good character as one of the
photosystem devices. Energy gap is known as the amount of energy needed by electrons to excite from down state /
HOMO to upper state / LUMO. Eg is therefore a reduction value between LUMO-HOMO. The greater the Eg, the
less electron will be in the upper state / LUMO state, because if Eg is generated then the electron needs big energy to
reach the excitation state. The UV-VIS spectra data obtained were processed and analyzed using the SPSS program
and Tauc Plot method. A good sensitizer is expressed when it has a low Eg value. Here is a comparison curve
between anthocyanins, iron complexes, and cobalt complexes:

FIGURE 4. Curva (αhγ)1/2 versus hγ for cobalt complex, iron complex and anthocyanin

A comparison curva (αhγ)1/2 versus hγ for cobalt complex, iron complex and anthocyanin for energy gap analysis
above show that complex of iron and cobalt have higher energy than anthocyanin. Eg for cobalt complex is 0.185
eV, for iron complex is 0.33 eV while Eg for anthocyanin is 1.35 eV.

SUMMARY
Based on the results of research that has been done can be seen that the complex sensitizer obtained from iron
complex and cobalt complex has a better character as a sensitizer. This is because the two complexes can absorb
photons in a wider range of spectrums in the ultraviolet to infrared region, rather than the uptake of anthocyanin
which only absorbs photons in the visible spectrum to slightly infrared. The result of energy gap analysis showed
that the value of Eg produced by the two complexes is lower than the value of Eg produced by anthocyanin.
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Abstract. Multimedia Nusantara University is one of private university in Tangerang which uses a glass facade on the
building lecture, with the aim to maximally utilize natural lighting. But the operational cost of the building is increasing
because the use of energy for air conditioner becomes more and more due to the heat of sun entering through the glass
facade. Based on that case, the second building New Media Tower Multimedia Nusantara University still use the glass
facade, but by adding the secondary skin with the material Perforated Aluminum to reduce the heat of the incoming sun
through the glass facade. The application of material Perforated Aluminum can reduce energy use for the operation of air
conditioner in buildings. To find out how effective the use of perforated aluminum as the secondary skin can reduce the
heat of the sun entering the building, so the research is done by calculating the thermal comfort value in the classroom at
New Media Tower Building. The research method used in this research is descriptive quantitative, that is by calculating
the average value of air temperature, air humidity and wind velocity in lecture room on 3rd floor have natural opener in
north, east, south and west side. Calculations for this study were conducted in the morning, afternoon and evening with
sunny outdoor conditions. The calculation results obtained an effective temperature value of 24 ° C TE when air
conditioning is turned off. Thus, this study will test the role of perforated aluminum in lowering the temperature in the
classroom.

INTRODUCTION
Universitas Multimedia Nusantara is one of Private University in Tangerang that uses glass facade for the college
building with the aim of utilizing maximum natural lighting 1. Consequently, the operational cost of the building
becomes increased due to the use of artificial air conditioning to be maximized by the heat of the sun entering
through the glass façade 2. The use of Perforated Aluminium can reduce energy use for the operation of artificial air
conditioning in buildings (FIGURE 1) 3. To know the role of Perforated Aluminium usage as secondary skin
buildings can reduce the radiation of the sun entering the building, then the research done by calculating the
Effective Temperature in the classroom’s in New Media Tower Building (FIGURE 2) 4.

EFFECTIVE TEMPERATURE
Standard thermal comfort zone is Effective Temperature in Indonesia based on SNI number T-14-1993-037 is
Uncomfortable Cold at temperatures less than 20.5°C, Cool Comfortable at temperatures between 20.5°C - 22.8°C,
Comfortably Optimal at temperatures between 22.8°C - 25.8°C, Warm Comfortable at temperatures between 25.8°C
- 27.2°C, and Uncomfortable Heat at temperatures greater than 27.2°C 5.
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EXPERIMENTAL DETAILS
This study was conducted in New Media Tower Building, Universitas Multimedia Nusantara, Tanngerang (figure 3).
New Media Tower Building is addressed at Jl. Scientia Boulevard, Gading Serpong, Tangerang, Banten, Indonesia
(figure 4). The building has 13 storeys building with 11 typical storey building and 2 top floor storey building.

FIGURE 1. Perforated Aluminium as Secondary Skin in New Media Tower building, Universitas Multimedia Nusantara

FIGURE 2. Classroom in New Media Tower building, Universitas Multimedia Nusantara

FIGURE 3. New Media Tower Building, Universitas Multimedia Nusantara, Tangerang
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FIGURE 4. Map of Universitas Multimedia Nusantara, Tangerang, Banten, Indonesia

RESULTS AND DISCUSSION
MEASUREMENT POINT
Measurement of research conducted 3rd floor at New Media Tower Building of Universitas Multimedia Nusantara,
because on the 3rd floor there is an open garden. Measurements was do it in four classrooms representing the class
with an easterly opening, a class with an open section to the east, a class with an open section to the south, a class of
open parts to the west and an a class of open parts to the north (FIGURE 5). Each classroom will be measured at
nine locations so that temperature, humidity, and velocity can be represented. Measurements are made in the
morning, afternoon and evening on sunny days towards to the temperature, humidity and velocity in the classrooms
with the condition of the air conditioner turned off and the entire open section (for example: windows and doors).

FIGURE 5. New Media Tower Building 3rd floor

MEASUREMENT RESULT
Measurements are made one day at time in the morning, afternoon and evening on sunny days. Measurements was
do it in four classrooms representing the class with an easterly opening, a class with an open section to the east, a
class with an open section to the south, a class of open parts to the west and an a class of open parts to the north.
Based on the measurement results, obtained the average temperature, humidity and velocity (TABLE 1). The
average value obtained the temperature, humidity and velocity at New Media Tower Building of Universitas
Multimedia Nusantara (TABLE 2).
Table 1. Average Temperature, Humidity and Wind Speed at New Media Tower Building of Universitas Multimedia Nusantara
No

Time : 08.00 AM

Time : 12.00 AM

Time : 04.00 PM

Outside Temperature : 26,6°C

Outside Temperature : 30,8°C

Outside Temperature : 32,2°C

Temperature

Humidity

Velocity

Temperature

Humidity

Velocity

Temperature

Humidity

Velocity

°C

% RH

m/s

°C

% RH

m/s

°C

% RH

m/s

E

26.1

68.0

0.2

29.0

70.5

0.2

29.7

72.2

0.2

S

25.5

67.0

0.3

28.7

68.2

0.4

29.2

70.0

0.4

W

25.4

67.6

0.1

29.0

70.2

0.2

30.6

73.2

0.2

N

25.7

67.8

0.2

28.8

68.7

0.3

29.4

71.5

0.3

25.7

57.8

0.2

28.8

58.8

0.3

29.4

61.5

0.3

Table 2. Temperature, Humidity and Velocity at New Media Tower Building of Universitas Multimedia Nusantara
East

South

West

North

Average

Temperature

28.2

27.8

28.4

28.0

28.1

Humidity

70.2

68.5

70.3

69.3

69.6

Velocity

0.2

0.3

0.2

0.2

0.2
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Based on the value of temperature, humidity and velocity on the east, south, west and north side of the grade,
obtained the Effective Temperature at New Media Tower Building of Universitas Multimedia Nusantara. Effective
Temperature New Media Tower Building Universitas Multimedia Nusantara is 24°C TE (FIGURE 6).

FIGURE 6. Effective Temperature at New Media Tower Building Universitas Multimedia Nusantara

EFFECTIVE TEMPERATURE
According to Psychrometric Cart Normal Temperature, the Effective Temperature Value of New Media Tower
Building of Universitas Multimedia Nusantara is 24.0°C TE. This means that Perforated Aluminum gives effect
Effective Temperature is still within the thermal comfort limit in accordance with SNI 03-6572-2001 on the standard
thermal comfort zone in Indonesia, particularly the Optimal Comfort (TE) located between 22.8°C TE to 25.8°C TE.

SUMMARY
Secondary skin technology in New Media Tower is one effort to reduce the effects of heat. Secondary skins utilize
Perforated Aluminium material that is designed with a certain pattern. This pattern is able to help reduce direct solar
heat. Energy savings in this building can reach 49%, when compared with the use of energy in buildings that are not
energy efficient.
Using secondary skin, artificial air conditioning is only channeled in the classrooms. The hallways outside the
classroom do not require air conditioning, because the wind can pass freely. In addition, secondary skin also
provides optimal lighting of classrooms.
The advantage of using a wall system with secondary skin is that there is a glass section on the wall with a thickness
of 3 mm, but on the outside of the building there is Perforated Aluminium covering the entire building. With proper
calculations, Perforated Aluminium made holes with different amounts. The purpose is that sunlight into the room
but not dazzling and air circulation can proceed well and soothing. In the end, the use of artificial lighting and air
conditioning usage can be minimized. The use of air conditioning in the classroom can be adjusted to its temperature
and can be turned off if the classroom is not used.
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Abstract. Total Ammonia Nitrogen can be toxic when the concentration of unionized ammonia is over 0,02 mg/L. The
objective of this research is to analyze the efficiency of biofilter with media LECA (Light Expanded Clay Aggregate) in
removing unionized ammonia in aquaculture effluent with nitrification process. This study observed the performance of
TF to treat synthetic aquaculture effluent in removing ammonia by using Recirculating Aquaculture Systems (RAS). The
load concentration varies based on the density of fish in the water, which is 0,4 mg/L; 0,6 mg/L; and 0,8 mg/L
respectively for 10 fish/L; 15 fish/L and 20 fish/L, operated in 72 L of water. Within 7 days of observation, TF performed
that for the first variation ±0,4 mg/L, the mean removal efficiency is 61,1% with deviation standard 30,7%, for the
second variation ±0,6 mg/L, the mean removal efficiency is 98,2% with deviation standard 1,7%, and for the third
variation ±0,4 mg/L, the mean removal efficiency is 95,2% with deviation standard 3,8%. The process is operated in 0order reaction as TF is designed to be operated in 0-order. The TAN removal rate for the smallest loading 0,4 mg/L is
0,71 gram TAN/m2 -day and VTR 126,5 gram TAN/m3 -day, and for the largest loading 0,8 mg/L, the TAN removal rate
is 0,745 gram TAN/m2 -day and VTR 154,4 gram TAN/m3 -day. The optimum loading for this biofilter based on the
nitrification rates is 0,8 mg/L.

INTRODUCTION
Aquaculture has been developing in this last decade. By 2015, aquaculture provides 47% of fish consumption needs
in the world 1. It grows due to the population growth, and will increased 5 time bigger in 20-30 years. Freshwater
aquaculture increases meanwhile fish catcheries decrease.
The common problem in aquaculture is the acumulation of TAN in the effluent as the result of fish metabolism. In
fact, ammonia can be toxic if the concentration is beyond 0,02 mg/L. Only 30% of fish pellet that is utilized for fish
growth, and the rest become residue of metablism 2. Meanwhile, the need of feed for fish based on SNI
Osphronemus gouramy is 20% of its body weight with protein level aroun 35%. This metabolism residue dissolved
in the water resulting an accumulation of unionized ammonia, that could be toxic for fish.
This research used synthetic aquaculture effluent. The calculation of ammonia concentration in the water was done
according to formula by Timmons (2002) and Colt (2006) 3,4. Ammonia concentration was determined and varied
based on the dense stock of fish in the water which is 10, 15, and 20 fish/L. The formula of ammonia calculation as
seen below:
PTAN = F X PC X 0,092
𝑵𝑯𝟑 𝑵 =

𝑻𝑨𝑵
𝟏 + 𝟏𝟎𝒑𝑲𝒂−𝒑𝑯

With PTAN is the production rate of TAN in kg/day, F is feed rate in kg/day, PC in protein level in decimal, TAN is
concentration of Total Ammonia Nitrogen in mg/L, pKa is constants of acidity and the temperature and pH used
here is the optimum condition for fish growth.
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As a result of ammonia calculation, a big amount of water exchange is needed daily to avoid fish poisoned, and the
contaminated effluent released to the river. Water recirculation is needed to minimize water exchange and reduce
pollution because of the aquaculture effluent.
This research observed the effinciencies of biofilter with media LECA (Light Expanding Clay Aggregate) in
removing ammonia in the water. The removal involved nitrification process that needed bacteria such as
Nitrosomonas and Nitrobacter. The nitrification itself converts unionized ammonia into a stabler ammonia
compound, nitrite and nitrate. Nitrosomonas converts ammonia into nitrite, continued by Nitrobacter that converts
nitrite into nitrate. The nitrification bacteria was attached on media LECA.

EXPERIMENTAL DETAILS
In this research, the reactor used is a biofilter, specifically trickling filter that was filled by media called LECA.
LECA is made of clay combined with plastic, dried and expanded, and has large surface area and light with
spherical form. The average diameter for LECA is 7-10 mm, with average specific surace area 250-500 m2/m3. This
biofilter is a type of filter that needs attached bacteria on the media to treat the water. Bacteria formed a layer named
biofilm on the surface of the media. This biofilter was designed to work under 0-order kinetic reaction 5, so the
substrate didnt give impact to the nitrification rate.
The water used in this research is synthetic aquaculture effluen that was made using groundwater from Engineering
Faculty University of Indonesia. The substance used to synthetize the aquaculture effluen is ammonia solution 25%
and acid or alkali to adjust the pH into optimum condition. The ammonia concentration desired is 0,4; 0,6 and 0,8
mg/L-day as the result of variation of dense stock of fish, respectively 10, 15 and 20 fish/L, with volume 72 L. The
reactor used in this research has 7,3 L in total volume and 5,5 L in work volume. The water flows down continuesly
with flow rate 51,1 mL/minutes.
This research is divided into 3 parts, which is seeding, feeding and kinetic reaction. The first process is seeding.
This biofilter is a type of treatment that needs attached growth bacteria. The objective of this seeding process is to
make the bacteria attached on the media. The seeding process uses 7 mL of dormant bacteria solution (358 mg/L
VSS) as the seed. The bacteria contained in the solution is specifically Nitrosomonas and Nitrobacter or known as
nitrification bacteria. This process took 13 days until reach steady state condition.
The next process is feeding. The objectives of this process to study the removal effinciencies of ammonia for
aquaculture effluent. The quality of the water was checked before and after the operational of biofilter, including
ammonia concentration, pH and dissolved oxygen concentration, to know the differences as the result of biofilter
operational. Water quality check was done daily. The kinetic reaction was also observed to know the nitrification
rate in this research using the highest and lowest ammonia loading. The ammonia concentration was checked in
certain time interval which is 0; 5; 10; 15; 20; 25; 30; 45; 60; 90; 120; 180; 240; 300 and 360. The ammonia
concentration was checked using Nessler method, pH was checked using pH meter and DO was checked using DO
meter. All of this research was done in Environmental Engineering Laboratory in University of Indonesia.

RESULTS AND DISCUSSION
The first thing done was synthetic the water until the desired condition for fish and nitrification bacteria to grow
based on EPA (2002). The final dissolved oxygen concentration was 4,92 mg/L, pH 7,6 and temperature 28 oC.
Continued to seeding process, the initial ammonia concentration after 7 mL of bacteria solution added was 2,75
mg/L, with dissolved oxygen 4,3 mg/L and pH 7,6. On the first day, the bacteria was still adapting to the water.
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FIGURE 1. Ammonia degradation for seeding process

The seeding process was done for 13 days. On these 13 days, the concentration level for both dissolved oxygen and
pH met the requirements of nitrification bacteria growth condition, where the dissolved oxygen is stable above 4
mg/L and pH is around 7,5-8,0. The ammonia concentration keep degrading, where on the initial day, the
concentratio was 2,75 mg/L, on the seventh day the ammonia concentration was 1,51 mg/L and on the last day, the
ammonia concentration was 0,45 mg/L. The total removal of ammonia in this seeding process was 2,3 mg/L.
Everyday, the ammonia degraded for around 0,13 mg/L. On the final day, the ammonia removal in this seeding
process has reached the steady state condition, where the standard deviation of each removal was below 10%. The
total removal of ammonia from the first day to the last day was 84%.
After reaching the steady state condition, the process continued to feeding process as the main process. The main
parameter observed is the ammonia removal of the biofilter. The feeding process itself was divided into three parts
based on the variation of ammonia concentration as it was mentioned before. The ammonia concentrations that were
used is 0,4; 0,6 and 0,8 mg/L-day.

FIGURE 2. The feeding result of three variation

The first variation has 0,4 mg/L-day ammonia concentration. First variation with ammonia load 0,4 mg/L/day lasts
for 8 days. On the first 4 days, the ammonia concentration contained in the effluent of the treatment didnt meet the
requirement standard which is 0,02 mg/L. It results accumulation of ammonia and reaches the highest point on day 4

55
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018
at 1,07 mg/L. On the fifth day, the degradation of ammonia concentration reach 0,57 mg/L, and the highest
degradation happened on day 6 where 0,91 mg/L ammonia reduced and stopped the accumulation. At day 6, 7 and 8
the effluent of the treatment had meet the requirement standard. The degradation was supported by high DO and
stable pH, where DO was stable above 4,9 mg/L and the average pH was 7,7. The maximum ammonia removal is
98,2% and the standard deviation is 30,7%.
The second variation has 0,6 mg/L-day. The quality of the effluent of the biofilter were stable and met the standard
requirements. The ammonia removal for this variation reached 100% and there were no ammonia remained in the
water. The degradation was supported by high DO and stable pH, where the average pH was 7,6 and most DO
concentration was above 4 mg/L, even there was one day where DO concentration dropped. The maximum
ammonia removal is 100%, the average ammonia removal is 98% with standard deviation 1,7%.
Third variation has 0,8 mg/L/day ammonia load. This variation is observed for 7 days, and only on day 3, 4 and 7
the effluent treatment meets the requirement standard. On day 5, there is a big amount of ammonia remains in the
water after the treatment. Theres also a decrease of DO on the same day, about 1,2 mg/L that caused the minimal
degradation of ammonia. The maximum removal is 100%, the average ammonia removal is 95,2% with standard
deviation 3,8%.
The kinetic reaction of this research was also observed in order to know the nitrification rate using the highest and
lowest ammonia loading. The calculation is based on journal by Eding (2006) and Ahnen (2015) 5,6.

Ammonia (mg/L)

1
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0.2
0
0
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FIGURE 3. The linear equation of kinetic reaction for highest and lowest loading

It was explained by Eding 2006, the biofilter was designed to work by 0 order reaction, which means the loading
doesnt impact on the nitrification. The ammonia concentrations were checked on certain minutes interval to find the
linear equation of ammonia degradation. The high ammonia loading resulted 𝑦 = −0,0013𝑥 + 0,7699 equation and
the low ammonia loading resulted 𝑦 = −0,0011𝑥 + 0,4674 equation. The calculation of nitrification rate used the
formula by Ahnen (2015), as seen below:
𝒌𝟎; 𝑵𝑯𝟑𝑵 =

𝒂 × 𝑽𝒐𝒍𝒖𝒎𝒆
(𝒔𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝒔𝒖𝒓𝒇𝒂𝒄𝒆 𝒂𝒓𝒆𝒂)

The nitrification rate of the smallest loading is 0,71 gram TAN/m3-day, and nitrification rate of the highest loading
is 0,745 gram TAN/m3-day. This suits with paper by Bovendeur 1989 in Eding 2006 that the nitrification rate of
biofilter is 0,71 g TAN/m3-day 7.
Since the media used was a granular-type media, it would be more precision to know the Volumetric TAN Removal
to represent the nitrification rate 8. The calculation used the formula by Diaz (2012) as seen below:
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𝑽𝑻𝑹 =

(𝑵𝑯𝟑 𝒊𝒏 − 𝑵𝑯𝟑 𝒐𝒖𝒕 ) × 𝑸
𝑽𝒎𝒆𝒅𝒊𝒂

The VTR known for the highest and lowest loading respectively were 154,4 gram TAN/m3-day and 126,5 gram
TAN/m3-day. This suited paper by Pfeiffer (2011) where VTR with different ammonia loads were checked and
resulted 92,2 gram TAN/m3-day for the low ammonia load and 186,4 gram TAN/m3-day for the high ammonia
load 9.

SUMMARY
Based on the research, it can be concluded the ammonia removal efficiency of various loadings. With 0,4 mg/L
ammonia load per day, the average efficiency removal is 61,1% with standard deviation 30,7%. With 0,6 mg/L
ammonia load per day, the average efficiency removal is 98,2% with standard deviation 1,7%. With 0,8 mg/L
ammonia load per day, the average efficiency removal is 95,2% with standard deviation 3,8%. The kinetic reaction
for the smallest and the highest load respectively is 0,71 gram TAN/m2-day and 0,74 gram TAN/m2-day. Meanwhile
the VTR of the highest and lowest ammonia loads respevtively were 154,4 gram TAN/m3-day and 126,5 gram
TAN/m3-day. Based on the kinetic reaction, the optimum load for this biofilter is 0,8 mg/L.
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Abstract. Borassus flabellifer L., one of the palm-based commodities in Indonesia which is grows in dry areas especially
around the north coast of Java Island. A fairly abundant waste of this plant is a leaf midrib and fruit fiber have an
opportunity as a source of lignocellulose for the paper industry. In this study, Kraft paper production was conducted to
know the influence of the proportion of Borassus flabellifer L. leaf midrib pulp and cardboard pulp, and the concentration
of Polyvinyl Acetate (PVAc) adhesives on the sensory and physical quality of Kraft paper. The research method used was
Randomized Block Design (RBD) with two factors. The Friedman test was used to determine the sensory quality of Kraft
paper. The physical quality of Kraft paper was used ANOVA analysis. The results showed that the treatment of raw
material proportion and PVAc adhesive concentration had significant effect on color, surface texture, yield, and tensile
resistance, but not significantly different between treatment of gramature and tear resistance. The best treatment of
sensory tests was Kraft paper with proportion of leaf midrib pulp 50% and cardboard pulp 50% and a 7.5% PVAc
adhesive concentration. It has a yield value of 72.11%, gramature of 152.31 (g/m2), tensile strength of 2.35 (kN/m), and
tear resistance of 754 (mN).

INTRODUCTION
As the times progressed, the pulp and paper industry persisted and sought to grow as indicated by the growing
demand that led to the search for new sources and hitherto unexploited sources of cellulosic fibers. Indonesia as a
megadiversity country only about 8000 species of flora are identified, less than a dozen are in commercial use for
pulp production. Most of these species, commonly found in plantation enterprises, though not always be favorable in
pulp and paper production with respect to fiber quality and wood composition 10.
Borassus flabellifer L. (Siwalan) is a palm plant with an amazing adaptation capability especially in dry area and so
assessed fertile land. This plant can grow well in low altitude area, coastal area, and mountainous area that ranged
from 0-800 m above sea level with rainfall rate around 500-5000 mm/year 1. Generally, Siwalan is used for fruit and
juice consumption resulting from the tapping process. There are 40-70 pieces of leaves midrib per tree. It was a byproduct of plants that are often encountered both for the ease of harvesting and maintenance of Siwalan trees. Due to
the cellulose content which reach 40.86%, it was likely to be alternative paper materials 15.
Today, most chemical pulps are being produced by kraft method globally. Sulphite method, a most commonly used
method for pulp production, accounts for 10% of the total production, while kraft method accounts for 80% 5. The
main aim of producing chemical pulp is to breakdown the structure of the middle lamella to separates the fibers
individually and cast off the lignin content. During this process, since huge amount of lignin and hemicelluloses in
the cell wall are being broken down, elasticity of the separated fibers increases 2. Because mechanical energy is not
being used for separating the fibers in chemical pulping methods, mechanical damage are not seen on the fiber
surfaces. However, papers made from chemical pulps make stronger bonds between fibers and gives higher paper
strength properties when compared with mechanical and semi-chemical methods 6.
In kraft paper making, to bind the inter-fiber component in the paper forming process requires the addition of an
adhesive material so that the fibers can form a strong sheet of paper. PVAc (Polyvinyl acetate) is an adhesive
suitable for paper and wood, and PVAc adhesives are considered more environmentally friendly because PVAc is a
biodegradable rubber polymer, unlimited shelf life, and resistant to microorganisms 3.
The objective of this study was to know the influence of the proportion of raw materials and the concentration of
PVAc adhesives on the sensory and physical quality of kraft paper, as well as obtaining the appropriate proportion
of raw materials and adhesive concentrations to produce the best sensory and physical of kraft paper.
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EXPERIMENTAL DETAILS
Materials
Siwalan has natural spread area on around the north coast Java island. Especially, it spreads on Situbondo,
Bangkalan, Tuban, Lamongan, and Gresik District. As the raw material for this study, Siwalan was selected from
Gresik District, East Java. The materials used in the kraft paper making process are pulp of leaves midrib, cardboard
waste pulp, wood glue brand "Rajawali" used as the research material because this glue is made from Polyvinyl
acetate (PVAc), and water. The tool used in this research is, knives, scissors, digital scales, pans, stirrer, measuring
cups, blenders, tubs / buckets, screen, filter cloth, and oven. While the tool used for physical testing of paper is
Paper Tensile Strength Tester.

Methods
The research method used was Randomized Block Design (RAK) which was arranged in a factorial consisting of
2 factors, namely: The proportion of raw material (P) consisting of 3 levels and PVAc Adhesive Concentration (L) to
the total weight of the material, consisting of 3 level. The research designs shown in TABLE 1.
TABLE 1. The research designs
P ratio
(Pulp of leaves midrib : Cardboard waste
pulp)
P1 (25:75)
P2 (50:50)
P3 (75:25)

Research Designs

(L) Adhesive
Concentration

L1 :
5%
L2 :
7.5%
L3 :
10%

P1L1

P2L1

P3L1

P1L2

P2L2

P3L2

P1L3

P2L3

P3L3

Sensory quality test is determined by hedonic scale scoring method by considering each attribute such as color and
paper surface texture. The result of kraft paper sensory quality result will be analyzed by Friedman test, then to
know the best treatment from kraft paper sensory quality result, the best treatment alternative analysis using
effectiveness index method is used. While on the result of physical quality of kraft paper will use ANOVA analysis
(Analysis of Variance) to know there is influence between treatment.

RESULTS AND DISCUSSION
Siwalan is included in the category of hardwood with blackish wood. It is hard and dense, with stringy type grain.
Approximating to siwalan rods, the siwalan midrib has similar characteristics. Main chemical composition of
siwalan midrib were determined and shown in Table 2. As shown in Table 2, lignin content of Siwalan midrib was
found as 21,48%, wich is comparable to all hardwood (20-25%). The average holocellulose content was found
73.77%; most annual plant and coniferous were 68-74%. Then, the α-cellulose in Siwalan midrib (40.86%) was on
range of α-cellulose in Hardwood (39-45%).
Some sensory quality test, shown that the research designs gives characteristic difference to sample tested. Average
score of panelist favorites on kraft paper color between 2.6 to 4.7. This indicates that the panelist's preference for the
color of the kraft paper is of sufficiently good quality. Based on the assessment results, the panelists favored the
kraft paper type with the proportion of leaf midrib pulp (50%) and the cardboard waste (50%); and the 7.5% PVAc
adhesive, indicated by the highest score of 5 (very good). Some panelists consider that the kraft paper product has a
more attractive color than kraft paper with other formulations. The kraft paper of the study has different colors
depending on the proportion of the materials used, the paper with the proportion of higher cardboard pulp tends to
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be slightly brownish yellow, whereas the paper with a higher proportion of leaf midrib pulp tends to be dark brown.
Paper made from Siwalan leaves midrib tend to be blackish due to black dominant wood and bark 14.
TABLE 2. Some chemical analysis result of Siwalan Midrib
Chemical
Compostion

Me
an%
73.7
7
40.8
6
21.4
8
0.41

Holocellulose
α-Cellulose
Lignin
Ash

Conife
rous
68-74
39-45
20-25
<1

Friedman test results on the color of kraft paper shows that the value of X2 (count) is greater than the value of X2
table (α = 5%), can be interpreted that between treatments there is a real difference. This is because the panelists
judge that the color of kraft paper tested is of varying color so that in the assessment it has a noticeable effect on the
selection of kraft paper. The result of respondent preference calculation is shown in FIGURE 1.

FIGURE 1. The result of sensory quality

The average value of the panelist preference score for the kraft paper surface texture is between 3.2 and 4.9. The
value obtained shows that the resulting kraft paper has a pretty good to very good quality. Based on the results of the
assessment it is found that the most preferred formulation for paper surface texture is the proportion of pulp leaf
(50%) and the cardboard pulp (50%), and the adhesive PVAc 7.5% with a total score of 4.9. The surface texture on
kraft paper is influenced by the type of fiber owned by medium-sized Siwalan leaves midrib and supported by PVAc
adhesives that have strong adhesion to produce a regular or solid surface texture. The regular surface texture of kraft
paper has unique properties and higher values compared to other kraft paper products 12.
The result of Friedman's test on kraft paper surface texture shows that the value of X2 (count) is bigger than X2
table value (α = 5%), which means that the combination of treatment has a significant effect on the average of kraft
paper surface texture. According to 7, surface texture is concerned with the quality of the paper surface determined
by the relative size of the fiber's dominant cells.

Yield
The result of variance analysis showed that the proportion of raw materials and the interaction of two factors used
(raw material proportion and PVAc adhesive concentration) had a significant effect on yield, but PVAc adhesive
concentration had no significant effect on the 5% level. The average value of yield on kraft paper made from raw
mixture of siwalan leaf midrib pulp and cardboard pulp ranged between 51.42% - 85.54%. The average value of yield
due to interaction of raw material proportion and PVAc adhesive concentration can be seen in TABLE 2.
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TABLE 2. The effect of raw materials proportion and PVAc concentration on yield of Kraft Paper
Research Design
P3L1
P3L2
P3L3
P2L1
P2L2
P2L3
P1L1
P1L2
P1L3

Average of Yield
51.42
55.29
63.38
68.41
72.11
74.92
80.78
84.87
85.54

Notation
a
a
b
c
c
c
d
d
d

Description: The mean with the same notation shows no significant difference (α = 0.05)

The higher proportion of siwalan leaf midrib pulp that is used, the yield of the kraft paper tends to decrease. This is
because the cellulose content of cardboard pulp (56.73%) is higher than that of Siwalan leaf midrib pulp (40.86%).
13
, states that the cellulose content in the fiber can be used to estimate the amount of yield produced, where the
greater the cellulose content in the fiber the greater the yield.

Gramature
The result of variance analysis on gramature showed that the proportion of raw materials has a real effect, but PVAc
adhesive concentration; and the interaction between material proportions and adhesive concentration has no
significant effect. The kraft paper gramatures are between 133.92 - 161.17 g/m2. Fibers that have larger diameter will
be more suspended above the screen when the filtering process, while fibers that have a smaller diameter will be
much missed and affect the decrease gramature paper 11. TABLE 3 showed the data of the effect of the raw materials
proportion on gramature.
TABLE 3. The effect of material proportion on kraft paper gramature mean
Ratio of Pulp (%)
(Pulp of leaves midrib: Cardboard waste
pulp)

Gramature
Mean
(g/m2)

75 : 25

133.92a

50 : 50

152.31b

25 : 75

161.17b

B
NT
5
%
1
1.76

Description: The mean with the same notation shows no significant difference (α = 0.05)

Tensile Strenght
The result of variance analysis showed that the proportion of raw materials, PVAc adhesive concentration, and the
interaction of two factors used had significant effect on tensile strength at 5% level. The higher proportion of siwalan
leaf midrib pulp resulted in a decrease in the mean value of tensile resistance, whereas the higher the proportion of the
cardboard pulp used resulted in the higher average kraft paper drag resistance rate. This is because the cardboard pulp
has a larger fiber diameter and cellulose content more than the leaf midrib pulp. The bond between the fibers is
influenced by the individual nature of the fiber. Higher cellulose-containing fibers will increase fiber strength 4. The
average value of tensile strenght due to the interaction of raw material proportion and PVAc adhesive concentration
can be seen in TABLE 4.
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TABLE 4. The effect of raw materials proportion and pvac concentration on kraft paper tensile strength
Research Design
P3L1
P3L2
P3L3
P2L1
P2L2
P2L3
P1L1
P1L2
P1L3

Tensile Strenght
0.98
1.12
1.27
1.86
2.35
2.61
2.92
3.31
3.73

Notation
a
a
a
b
b
b
b
b
b

Description: The mean with the same notation shows no significant difference (α = 0.05)

Tearing Resistance
The result of variance analysis to tear resistance of kraft paper showed that material proportion and concentration
of PVAc adhesive had a significant effect on tear resistance at 5% level, while the interaction of two factors used did
not give a real effect. The higher leaf midrib pulp content results in a decrease in the mean tear resistance, whereas the
higher the proportion of cardboard pulp results in a higher mean value of kraft paper tear resistance. The effect of the
materials proportion on tear resistance can be seen in TABLE 5.
TABLE 5. Effect of Material Proportion on Typical Durability of Kraft Paper Torn
Ratio of Pulp (%)
(Pulp of leaves midrib: Cardboard waste
pulp)

Tearing
Resistance
(g/m2)

75 : 25

294a

50 : 50

754b

25 : 75

891b

B
NT
5
%
23
2.76

Description: The mean with the same notation shows no significant difference (α = 0.05)

fibers with thin and large diameter cell walls have a bond between large fibers so that tensile strength and high
tear resistance are produced 8. Conversely fibers that have small diameter, tend to retain their shape during the
formation of thick sheets and pipe-like shape that is still visible on the sheet of paper. Due to the lack of extensive
inter-fiber contacts, the resulting paper has relatively low tensile and tear resistance. the widespread use of PVAc can
produce good adhesive strength so it is especially appropriate for adhesives in the manufacture of kraft paper sheets.
The strong tensile properties lead to greater binding rates so that PVAc can add tensile and tear resistance to paper 9.
The resulting bond of PVAc is very strong and not easily damaged by organic solvents, therefore the required PVAc
usage is relatively small compared to other binder types 9.

The Best Treatment
The selection of the best treatment alternatives is selected based on the value of the products obtained from the
calculation of effectiveness index. The value of kraft paper products ranged from 0.017 – 0.638. The best alternative
calculation results in TABLE 6 show the highest product value obtained at P2L2 treatment with the product value
being 1. It indicates that this alternative is most favored by the panelists. This alternative has better color and surface
texture than others.
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TABLE 6. The best treatment alternatives
Research
Design
P3L1
P3L2
P3L3
P2L1
P2L2
P2L3
P1L1
P1L2
P1L3

S
core
0.
017
0.
055
0.
082
0.
159
0.
638
0.
317
0.
217
0.
253
0.
386

Priority of
Alternatives
9
8
7
6
1
3
5
4
2

SUMMARY
The treatment of raw material proportion and PVAc adhesive concentration had significant effect on color, surface
texture, yield, and tensile resistance, but not significantly different between treatment of gramatur and tear resistance.
The best treatment of sensory tests was kraft paper with proportion of siwalan leaf midrib pulp 50% and cardboard
pulp 50% and a 7.5% PVAc adhesive concentration. It has a yield value of 72.11%, gramatures of 152.31 (g/m 2),
tensile strength of 2.35 (kN/m), and tear resistance of 754 (mN).
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Abstract. Consumptive behavior makes Indonesia as second plastic wastes contributor to the seaworld after China. The use
of microorganisms enzyme activity for plastic biodegradation is one way to solve the problem of plastic wastes. This study
tried to isolate, characterize, and test biodegradation ability of the isolated raincoat molds on LDPE (low-density
polyethylene) plastic. Three kinds of screening methods used to test whether the molds was capable of degrading the
plastics. First using the addition of plastic powder on PDA media that showed negative results on all isolates. Second
growing isolated raincoat molds in static MSM (Mineral Salt Medium) petridishes that had been filled with 6 mg of LDPE
plastic sheets and showed positive results on 13 isolates of 28 total isolates after three weeks. Third growing 15 isolated
raincoat molds on MSM medium which had been shaken for two weeks and one month which there were 50 mg sheets of
LDPE sheets that had been heated with medium during the sterilization process. This method showed a positive results of
plastic biodegradation in all isolated molds that could be observed after three days. Quantitative measurement were made
by weighing the mass of LDPE plastic sheets after being colonized by molds for two weeks and one month. The results
showed that for two weeks plastic sheets increased mass by 20-54% with an average mass of 35,71%; at one month
treatment, LDPE plastic sheets increased mass by 4-60% with an average mass of 36,14%. Identified two genera of molds
that had been isolated based on morphological characteristics, that were Aspergillus and Penicillium. To know the
characteristics of LDPE plastic sheets damaging due to colonization by those molds, SEM (Scanning Electron Microscope)
analysis has been used.
Keywords: LDPE, Biodegradation, Isolated Raincoat Molds

INTRODUCTION
Thermoplastics can be interpreted as a type of plastic that becomes soft when heated and hardened again if the
condition cools down, this can be done repeatedly. The widely known temoplastics are polyethylene (PE) used for
the manufacture of children's toys, plastic bottles, plastic bags, wire and cable insulators; PVC (polyvinylchloride)
for plastic pipe, water pipe; polypropylene (PP) for sacks, ropes, rugs, hospital appliances; polystyrene for
insulators, shoe soles, rulers and hangers, etc.
One of the hard-to-decompose plastic is polyethylene made. Polyethylene is included in a hydrocarbon polymer
comprising a long chain of ethylene monomers1. Polyethylene is difficult to decompose because there are covalent
bonds C-C and C-H, plus antioxidants and stable, as well as high molecular weight and density. All of these
ingredients are then widely used as plastic materials in which plastic is one of the most environmental harmful
pollutants. The Ministry of Environment and Forestry of Indonesia (KLHK) which mentions plastics from 100
stores or members of the Indonesian Employers Association (APRINDO) within one year alone, has reached 10, 95
million pieces of plastic bag waste. This amount is equivalent to the extent of 65.7 hectares which means 60 times
the size of the football field. Consumptive use of plastics and no choice but to throw them away, making Indonesia
the world's second largest plastic waste producer to the sea world, reached 187.2 million tons after China which
reached 2692.9 million tons. It has been estimated that up to 40,000 fur seals experienced death due to plastic trash
debris that weakened their movement in foraging and avoiding predators 2 and UNEP reveals that plastic waste
causes the death of millions of beach birds and the adverse effects of hundreds of thousands of water mammals 3.
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The demand for a more durable quality of plastic againsts physical, chemical, and biological attacks, plastics today
contain a variety of hazards including: Bishepnol A (BPA), Phtalates (diesters of 1,2 benzenedicarboxylacid),
PBDEs (Poybrominated diphenyl esters) and tetrabromobisphenol A (TBBPA). These compounds are the
carcinogenic chemics and some working like androgen hormones in women, namely estrogen. Terribly, again that
the compound is not strongly bonded with plastic molecules, so easily dissolved or washed by rain and contaminate
on the ground water 3.
Polyethylene is derived from either modifying natural gas (a methane, ethane, propane mix) under the right
conditions of temperature, pressure and catalysis, the double bond of the ethylene monomer opens up and many
monomers link up to form long chains. In commercial polyethylene, the number of monomer repeat units ranges
from 1000 to 10.000. Why LDPE plastics is hardly to be degraded? LDPE polymers is only be done by giving high
temperature 150 ˚ - 300˚ C and high pressure 1000 –3000 atm. It consumes so much energy to yield the products,
thus organisms can never recognize those in nature.
Some varieties of effective methods for dealing with plastic problems that pollute the environment espicially
polyethylene and propylene 4:
1.
2.
3.

The use and optimization of enzymatic activity of microbes present in the plastic waste itself with various
treatments and engineering.
The use of pro-oxidant radical compounds in plastic materials that can weaken the polymer C bonds so ease
the degradation process.
Adding organic compounds so that the creation of biodegradable plastic is also more quickly decomposed.

In this research, LDPE is widely used for plastic bags in biodegradation experiments of plastic materials with low
density and density considerations ranging from 0.910 to 0.9260, making it easier to decompose than LLDPE and
HDPE 5. Using molds isolated from polyethylene-made raincoats, it is hoped that the types of molds that can
potentially degrade plastics waste faster and more efficient.

EXPERIMENTAL DETAILS
Isolation and Sample Collection
The sample is a raincoat covered with molds. To grow the ranicoat molds, then the method used was direct plating.
The raincoat as the existing sample of the molds, cut into 2x2cm size and then isolated with tweezers and grown in
potato dextrose agar medium (PDA) in petridishes. Incubated for 2-3 days. All isolated colonies were re-isolated and
cultured purely on slant potato dextrose agar (PDA).

Adapt The Isolated Raincoat Molds
The isolated pure culture isolates were inoculated into an enlenymer containing 100 mL of synthetic medium of
MSM (mineral salt medium) is done by per one liter volume containing K2HPO4, 1g; KH2PO4, 0.2 g; NaCl, 1g;
CaCl2.2H2O, 0.002 g; (NH4)2SO, 1 g; MgSO4.7H2O, 0.5g; CuSO4.5H2O, 0.001 g; ZnSO4.7H2O,0.001 g;
MnSO4.H2O, 0.001g and FeSO4.7H2O,0.01g. with the addition of LDPE powder of 0.1% (w / v) concentration.
This liquid culture was incubated in shaking treatment on a shaker machine at 28 ° C for a month.

Screening Biodegradation Ability on LDPE
a.

Screening type 1
The first screening was inoculating isolated raincoatmolds had been adapted on MSM medium to the PDA
petridishes with additional of LDPE powder 1%. Incubate the isolated raincoat molds for a week. The clear
zone around the plastic powder-PDA medium would be recorded if there were.
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Screening type 2
The second screening was growing isolated raincoat molds in static MSM (Mineral Salt Medium)
petridishes that had been filled with 6 mg of LDPE plastic sheets. The cork borer was used to inoculate
isolated raincoatmolds from PDA medium to the static MSM medium containing LDPE. LDPE was
washed with alcohol 70% and sterile aquadest.

c.

Screening type 3
The third screening that the 15 chosen isolated raincoat molds on MSM medium which had been shaken for
two weeks and one month which there were 50 mg sheets of LDPE sheets that had been heated with
medium during the sterilization process.

Identifying Molds that Have LDPE Biodegradation Ability
All molds that potentially degraded LDPE, then grown through a method slide culture technique with blue lactofenol
staining, and are identified both macroscopic and macroscopic characteristic.

Determining of Colonization and Damaging Characteristic on LDPE
A Quantitative measurement were made by weighing the mass of LDPE plastic sheets after being colonized by
molds for two weeks and one month. Scaning electron microscope analysis was used to see characteristic
colonization by isolated raincoatmolds on LDPE.

RESULTS AND DISCUSSION
TABLE 1. Screening result of type 1 LDPE powder-PDA medium treatment after 2 weeks

No

Isolates

Colonization

1

JB2.S5.2.1

-

2

JB2.S5.2.2

-

3

JB2.S7.1.1

-

4

JB2.S7.1.2

-

5

JB5.S3.1.1

-

6

JB5.S3.1.2

-

7

JB5.S3.2.1

-

8

JB5.S3.2.2

-

9

JH2.S10.1.1

-

10

JH2.S10.1.2

-

11

JH2.S10.2.1

-

12

JH2.S10.2.2

-

13

JH2.S6.1.1

-

14

JH2.S6.1.2

-

15

JH2.S6.2.1

-
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16

JH2.S6.2.2

-

17

JH2.S7.2.1

-

18

JH2.S7.2.2

-

19

JH3.S1.1.1

-

20

JH3.S1.1.2

-

21

JH3.S1.2.1

-

22

JH3.S1.2.2

-

23

JH3.S2.1.1

-

24

JH3.S2.1.2

-

25

JH5.S11.1.1

-

26

JH5.S11.1.2

-

27

JH5.S11.2.1

-

28

JH5.S11.2.2

+

TABLE 2. Screening result of type 2 LDPE-MSM medium static treatment after three weeks

No

Isolates

Colonization

1

JB2.S5.2.1

+

2

JB2.S5.2.2

-

3

JB2.S7.1.1

+

4

JB2.S7.1.2

-

5

JB5.S3.1.1

-

6

JB5.S3.1.2

-

7

JB5.S3.2.1

-

8

JB5.S3.2.2

-

9

JH2.S10.1.1

+

10

JH2.S10.1.2

+

11

JH2.S10.2.1

-

12

JH2.S10.2.2

+

13

JH2.S6.1.1

+

14

JH2.S6.1.2

+

15

JH2.S6.2.1

+

16

JH2.S6.2.2

-

17

JH2.S7.2.1

-

18

JH2.S7.2.2

-

19

JH3.S1.1.1

-

20

JH3.S1.1.2

+

21

JH3.S1.2.1

-

22

JH3.S1.2.2

+

23

JH3.S2.1.1

-
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24

JH3.S2.1.2

+

25

JH5.S11.1.1

-

26

JH5.S11.1.2

-

27

JH5.S11.2.1

+

28

JH5.S11.2.2

+

The screening type 1 and 2 showed different results; which screening type 1 gave all negative result and when
screening type 2 gave positive result on 13 isolates of 28 total isolates. Positive results was determined by observing
if the isolated raincoat molds could colonize those plastics in medium. In screening type 3, the plastics were pretreated with physical attack in the form of heat, the molds rapidly colonized the LDPE plastic sheet with a time of 3
days. Differences in the characteristics of screening types 2 and 3, it can be seen that the colonization of LDPE
plastic without treatment of physical attacks, molds attached was not strong, means that the molds easily rinse with
aquadest or alcohol. In contrast to screening type 3 where colonization of the fungus was stronger so it is not easy to
rinse with alcohol, because the mycelial tissue had penetrated the plastic molecules.
TABLE 3. Screening result of type 3 LDPE-MSM medium shaking treatment after 2 weeks and a month.

No.

Isolate

Time of Treatment

Colonization

Full/Partial

1

JB2.S5.2

1 month

+

Full

2

JB2.S7.1

1 month

+

Full

3

JB5.S3.1

1 month

+

Partial

4

JB5.S3.2

1 month

+

Partial

5

JH2.S10.1

1 month

+

Full

6

JH2.S10.2

1 month

+

Full

7

JH2.S6.1

1 month

+

Full

8

JH2.S6.2

1 month

+

Full

9

JH2.S7.1

1 month

+

Full

10

JH2.S7.2

1 month

+

Partial

11

JH3.S1.1

1 month

+

Full

12

JH3.S1.2

1 month

+

Partial

13

JH3.S2.1

1 month

+

Partial

14

JH5.S11.1

1 month

+

Full

15

JH5.S11.2

1 month

+

Full

Isolate

Time of Treatment

Colonization

Full/Partial

No.
1

JB2.S5.2

2 weeks

+

Partial

2

JB2.S7.1

2 weeks

+

Full

3

JB5.S3.1

2 weeks

+

Partial

4

JB5.S3.2

2 weeks

+

Partial

5

JH2.S10.1

2 weeks

+

Full

6

JH2.S10.2

2 weeks

+

Full

7

JH2.S6.1

2 weeks

+

Full

8

JH2.S6.2

2 weeks

+

Full
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9

JH2.S7.1

2 weeks

+

Partial

10

JH2.S7.2

2 weeks

+

Partial

11

JH3.S1.1

2 weeks

+

Full

12

JH3.S1.2

2 weeks

+

Partial

13

JH3.S2.1

2 weeks

+

Partial

14

JH5.S11.1

2 weeks

+

Partial

15

JH5.S11.2

2 weeks

+

Full

In Screening type 3, it has been known as partial and full colonization phenomenon. The full colonization
phenomenon showed the overall displacement of the mycelia from a thin agar medium to the LDPE plastics; this
phenomenon was characterized by its medium became thinner and the absence of molds micelia that remain
attached to the agar medium. While the phenomenon of partial colonization showed partial displacement of the
mycelia of the thin agar media to LDPE plastic by leaving little or a lot of mycelia attached to the agar medium.
The investigation continued on the screening type 3 where there were variable used as comparator between
samples, ie the LDPE characteristic colonized by the incubation time of two weeks and the other one a month
incubation (4 weeks more). Both treatments showed positive results of mold colonization on LDPE plastics. Then a
comparison of the increase of wet weight on LDPE plastic between the two treatments also showed no significant
difference. The results showed that for two weeks plastic sheets increased mass by 20-54% with an average mass of
35,71%; at one month treatment, LDPE plastic sheets increased mass by 4-60% with an average mass of 36.14%.
Comparison of wet weight gain in LDPE plastics can also be seen through t-test comparison analysis as follows:
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FIGURE 1. Weight of LDPE plastics before and after colonization (2 weeks incubation)
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FIGURE 2. Weight of LDPE plastics before and after colonization (a month incubation)
TABLE 4. T-test of weight gaining

Time of treatment
0
2 weeks
4 weeks

Mean
50
67.8571
68.0714

Sig. (2-tailed)
0.000
0.928

From paired-sample t test that the average value is only difference 0.2134 with 5% error level where P ≥ 0.05
meaning no significance of adding wet weight between treatment two weeks and one month.
Investigation of observations to determine whether or not there was LDPE plastics damaging caused by the isolated
raincoat molds, with observing the plastics surface that have been successfully colonized using SEM analysis:

FIGURE 3. LDPE sheets suface as variable control with SEM analysis
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FIGURE 4. LDPE surface after colonized by molds with SEM analysis (2 weeks)

FIGURE 5. LDPE surface after colonized by molds with SEM analysis (4 weeks)

The idea of this research is based on that in wet raincoat conditions will be overgrown by various kinds of microbes
such as bacteria, fungi. Along with the increase in microbial metabolism, will make the raincoat substrate more
acidic due to the accumulation of organic acids and form a mucous biofilm. PH acidity will decrease with a range of
3.5 to 4.5 where this is an optimal condition for growing fungi to trigger sporulation; in experiments aided by
culturing in medium MSM medium is particularly suitable for acidophilic microorganisms. The acidic conditions
will make the lignilolitic activity of white-rot fungi mold optimally, thus the manganese enzyme and laccase will
perform plastic biodegradation 6,7.
SEM analysis showed a structural change in the plastic sheet, where in the two weeks treatment the mycelia attached
to the plastic and produced many spores. While the plastic changes in the one-month treatment showed a fusion
between mycelia and plastic, the resulting spores were not too much compared to the two-week treatment. The onemonth treatment showed the presence of biodegradation activity in the presence of space eroded by the enzyme. The
enzymes are mainly used to digest hydrocarbon bonds, and then obtain a source of carbon nutrients 4,8. The
difference in the structure of LDPE plastics on SEM results was due to the fact that at incubation time in three weeks
and above, laccase enzyme and manganese peroxidase would be active 9. Both enzymes have been known to play a
major role in degrading plastic polyhydrocarbons that would depolymerize hydrocarbons to be shorter, then
mineralizing them into CO2 and H2O compounds. It was assumed that in the two weeks treatment biodegradation has
not yet occurred it was still on going to the adaptation stage on LDPE substrate, so the use of carbon compound
from LDPE has not occurred yet 4,9.

72
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018
Positive colonization pehenomena from the molds grown on media moved to plastic sheeting were triggered by a
hydro-biodegradation mechanism, in which case the surface of the LDPE plastic sheets becomes hydrophilic after
being soaked with MSM medium so that the mycelial molds could stick to LDPE and adapted to produce various
enzymes which is responsible for degrading or breaking CH bonds on plastics 4,10. Plaque attachment to the plastic
was also increasingly supported by the physical treatment of screening type 3, which was the heat and pressure of
the autoclave. Heat attacks make long chains of polymerized ethylene polymers cut into pieces and form other
polymers may be alkanes, ketones, or alcohols, because in general in natural degradation the physical, chemical and
biological attack conditions will give more impact to the plastic itself so biodegradation runs better , rather than just
biodegradation itself 4,11.
Several genera were found to potentially in the process of LDPE plastic biodegradation ie, Penicillium, Aspergillus,
and Mucor. These three genera are also found in previous studies 8,12.

SUMMARY
This study showe that successfully isolated raincoat molds made by polyethylene and PVC has been potential in
plastic biodegradation. Through pre-treatment using heat pressure will make it easier for isolated raincoat molds to
colonize the LDPE plastics. It will need further research in biochemical pathway and genetics.
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Abstract. This study aims to (1) know about the role of Dieng Plateau tourism area in the field of education. Education
in Datran Tinggi Dieng is a huge potential especially in the current era of tourism is a necessity for society in general (2)
identify the potential of geography education in Dieng Plateau. The method used in this study is Literature Research and
Observation directly in the field. Sampling technique is using Random sampling method, that is by taking a random
tourist spot in the Dieng Plateau. Data analysis used in this research is data reduction which then data of result of
reduction done presenting data and taking SUMMARY. Research result that Dieng Plateau has a role in Education field.
Benefits obtained by visitors in addition to refreshing also science, especially in the field of Geography. Dieng Plateau
Tour provides value other than in terms of tourism, but also education at various tourist points such as Sikidang crater
that has an educational value in volcanology material.
Keywords: tourism, plateu, dieng.

INTRODUCTION
Tourism is a travel activity undertaken by a person or group of people by visiting a particular place for recreational
purposes, personal development, or studying the unique attractions of the visited tourist in the interim period. The
tourist attraction is anything that has uniqueness, beauty, and value in the form of diversity of natural wealth, culture
and man-made products become the target or purpose of tourist visit 1. Dieng Plateau is a mainstay tourist attraction
of Central Java with panoramic beauty, historical richness and potentials that allow this object to continue to grow 2.
Dieng plateau (also called the Dieng Volcanic Complex) is a volcano complex in Central Java, located in slopes of
Mount Sumbing and Mount Sindoro wich it sits at 2,093 meters (6,600 ft) above sea level 3.
Dieng Plateau is an active volcanic area in Central Java, which belongs to Banjarnegara and Wonosobo regencies.
Located in the west of the complex of Mount Sindoro and Mount Sumbing. Dieng has temperatures ranging from
12-20 ° C in the daytime and 6-10 ° C at night. In the dry season (July-August) the temperature can reach 0 ° C in
the morning and create a frost that locals call bun upas (dew poison) because it can cause damage to agricultural
crops.
Dieng plateu is one of the many highlands in Indonesia. Plateau is an active volcanology area to date. Volcanic
rocks typically exhibit large variations of lithological formations and heterogenities, with large variations in
geometry 4. Volcanology is a research field for the development of interdisciplinary collaboration, and practitioners
are actively reaching out to the social sciences and humanities 5.
Dieng plateau has complexity in geography, more specifically about volcanic matter. Studying the natural
surroundings will add more tangible new knowledge. the creation of an instrument that offers educators a practical
tool to aid in the design of learning environments that support student creativity. Based on our literature review,
classroom observations, and administrator feedback, three key areas were found to support student creativity:
Learner Engagement, Physical Environment, and Learning Climate. These three areas create the foundation of the
SCALE: Support for Creativity in a Learning Environment 6. A variety of things that can be used for instructional
materials, including the process and post-volcanic in a plateau. There are many benefits and discoveries gained from
the volcanology process, including various volcanic mineral materials. These impacts are stochastic and because the
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largest, most damaging volcanic events have not occurred in the recent past there is considerable interest in past
eruptions as an analogue for possible future events 7.

EXPERIMENTAL DETAILS
This research is study literature and observation. Study of literature is done by tracing the scientific records and
previous research results to know the condition of the Dieng plateau in general. Observations are done directly in the
field to get more real and in-depth data. Observations are conducted in the highlands of dieng by taking the points of
location commonly visited by tourists, so that can be explored more deeply about the location of these
characteristics scientifically. Sampling technique using random sampling method, that is taking a random tourist
spot in the Dieng plateau. Some of the locations used as research sites are as follows:
TABLE 1. Research Location
Number
1
2
3
4
5
6

Location
Sikidang crater
Sileri crater
Sinila crater
Timbang crater
Candradimuka crater
Sibanteng crater

RESULTS AND DISSCUSSION
Tourist sites visited by tourists have a variety of different characteristics. These characteristics make the attraction
for the tourists. In the Dieng plateau there are natural phenomena due to post-volcanic gajala namely solfatara,
mofet, furmarola, hot springs and mineral springs.
1. Solfatara
Solfatara is a sulfur gas out of the earth. Solfatara is easily recognizable because it has a foul odor and if in
high concentration it can be harmful to living things including humans.
2. Mofet
Mofet is a gas of carbonic acid (C02) coming out of the volcano
3. Furmarola
Furmarola is the water vapor that comes out of the earth's cracks.
4. Hot water source
The source of hot water is water with high temperatures located on the surface of the earth due to the volcanic
process.
5. Mineral water sources
The mineral water source is water containing minerals or other soluble ingredients that alter the taste or give
the therapeutic values. Many of the sulfur and other gases are dissolved in this mineral water.
Based on field observations dipolek characteristics of different volcanic craters. Characteristics of volcanic crater is
what can be used as learning for tourists, especially in the field of volcanology. The crater's characteristic is
presented in the following table:
TABLE 2. Characteristics of Volcanic Crater Dieng Plateau
No
Crater
Characteristic
1
Sikidang
Sikidang Crater is a long crater of Mount Pangonan that enclosed the
surrounding material and hydrothermal mud that carries gas and minerals,
especially sulfur. Minerals in the crater sikidang still popping up to now.
The age of the crater is about the time of the upper Pleistocene or about
250,000-10,000 years ago. The crater can be utilized as a geothermal
energy source for power generation. Around the crater sikidang found a lot
of fumarola field.
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2

Sileri

3

Sinila

4

Timbang

5

Candradimuka

6

Sibanteng

Sileri crater is the most active crater to remove the eruption. The eruption
in the crater of the sileri is explosive (magmatic gas pressure is very large
in the earth causing a large explosion in the event of eruption) and powered
2 Volcano Explosive Index (VEI). In 1944 the eruption of the Sileri crater
reached a radius of 2 km with a stone material eruption weight reached 1.5
kg.
Sinila is a Dangerous Crater due to the lethal content of C02 toxic gas. The
terrible tragedy of the Sinila Crater occurred in 1979 that killed 149
residents due to trapped toxic gas.
Timbang Crater and Sinila Crater are two craters that must be wary of.
These two craters have poisonous gas and are more dangerous than the
Sileri crater. Characteristics in the Timbang Crater is colorless and
odorless, but very deadly. Timbang Crater has a high gas content Hydrogen
Sulfide and Carbon Dioxide Crater Weigh contains only gas and no water
as in the craters Sileri, Sikidang and Candradimuka.
Candradimuka crater has high C02 and H2S gas content. Candradimuka
crater has three craters that are still active. Candradimuka crater is a crater
that is not derived from volcanic crater, but is a fracture of the soil that
actively produces solfatara. At Candradimuka Crater there is a hot spring
around the crater.
Sibanteng Crater is an active crater with phreatic eruption. Sibanteng
crater diameter was originally 1-2 m and increased to 50 m due to the
volcanic process.

Based on the characteristic data of volcanic crater above, it can be seen that each volcanic crater has different
characteristics. The difference of each crater is influenced by the activity and the strength and the volcanic material
produced from each crater. In Dieng plateu blood, the most dangerous crater is Timbang and Sinila. These two
craters are considered very dangerous because of toxic gas in the form of hydrogen sulfide gas and carbon dioxide
gas is high enough. Crater Weigh and Sinila Crater is a crater that does not contain water at the top of the crater, so
it is more dangerous than the crater that contains water because the gas concentration that came out much higher.
Hydrogen Sulfide gas has heavier properties than air, so it tends to congregate and stay in a low area. This results in
the ease of hydrogen sulfide gas inhaled by humans.
The Dieng Plateau area is an active volcanic area. Ongoing volcanic activity produces geothermal that can be
utilized as a power plant. The benefits of other volcanic processes are the fertile land around the volcanic area so
that it can be used as agricultural land. Other benefits are for the tourism sector.

SUMMARY
The results of the reseach is Dieng plateu an active volcanic area. In this area much used as a tourist area and has a
charm for visitors. The volcanic process that still occurs in the Dieng area can be used as a learning for tourists. This
learning can be drawn from the presence of volcanic craters and also the symptoms of post-volcanic that can be
found in dieng plateu area. The symptoms of post-volcanic as furmarola. Solfatara and mofet can be seen in the
Dieng plateu area, thus providing innovation and learning experiences from the environment.
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Abstract. Tropical cyclones occurred around the equator recently and causes a lot of extreme weather in Indonesia. On
November 28th - December 4th, 2017, there are two tropical cyclones in southern Indonesia, it was Cempaka and Dahlia
tropical cyclone. This paper uses the method of examining weather parameters including pressure, wind speed, relative
humidity, and sea surface temperatures (SST) from before, during, and after this cyclone. The reanalysis data taken from
ECMWF which is processed using ArcGis, satellite imagery analyzed by Integrated Data View and also Himawari-8
Imaging shows the growth of cluster cloud. Data analysis shows that the condition of Cempaka pre-cyclone atmosphere
in Southern Java and South West Sumatra, SST was 28.9-30.3°C, air humidity at layer 850mb, 700mb, and 500mb
ranged between 70-95%, wind speed shows a closed circulation pattern at high speed and pressure in the region shows a
drop up to 999 hPa. Based on those conditions, they support the occurrence of tropical cyclones. While at Cempaka
cyclone at about 100° E and 10° S, SST ranges from 27.5-29.5°C, air humidity in various layers tend to be still moist
around 80-95%, pressure 999-1000 hPa and wind speed reaches 35 knots around the eye of the cyclone. After Cempaka
cyclone, the atmosphere is still very supportive for the occurrence of another tropical cyclones, as evidenced by the
formation of Dahlia cyclones in the Indian Ocean. The condition of SST still warm until December 2 nd, the moisture still
tend to be moist between 70-90%, the pressure conditions reach 989 hPa and maximum wind speed 50 knots. Satellite
imagery also shows cloud cluster begin to grow as the SST begin to rise. The SST starts to cool down on 5 th December at
27-28°C, the air humidity begins to dry in layers reaches 20%, air pressure begins to rise at 1007 hPa, and the maximum
wind speed starts dropping to 10 knots. The atmospheric state identifies that the cyclone has decayed and the atmospheric
conditions begin to normalize.

INTRODUCTION
On November 28th 2017, tropical cyclone called Cempaka occurred in the southern region of Java Island that
affected the weather in the area around the cyclone. This cyclone then continues with another tropical cyclone called
Dahlia that occurred from November 29th 2017 to December 4th 2017. This tropical cyclone emerges from the
southwest of Sumatera, then continues to the south of Java. These two cyclone events occur at the end of Australia's
monsoon transition to the Asian monsoon.
Tropical cyclone defined as a synoptic-scale non-frontal low-pressure system that grows over warm ocean with
actively cloud convective areas and a maximum wind speed of at least 34 knots in more than half of the region
encircling its center, and at least six hours lasts 1. While the other definition of tropical cyclones is a large-scale
storm formed by warm ocean temperatures in the tropics area, where the vortex can reach a radius of 1000 km from
the center of the storm 2. 65% of tropical cyclones occur in regions between 10° and 20° from the equator; only 13%
appear in region 22° N, and tropical cyclones do not appear in the 4° area of the equator 3. Indonesia territory is not a
tropical cyclone formation region but its geographical position is adjacent to the tropical cyclone formation and
trajectory 4. Tropical cyclone is actually also an important part of the atmospheric circulation that plays a role in the
heat transfer from the equator to the high latitudes 5.
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There are several conditions for the occurrence of tropical cyclones such as, sea surface temperatures at least 26.5°
C, humid atmosphere until height of 5 km, there is a center of low pressure area with high-speed wind in various
layers. Changes in wind speed in various height should not too big, this supports the occurrence of circular clouds 6.
Generally these clouds are captured by satellite imagery having a regular pattern along with the growth of tropical
cyclones and the pattern begins to fade as the cyclone is completely over. Indonesia generally receives an indirect
impact from this tropical cyclone on changing weather conditions. In the dry season, the incidence will increase the
level of drought in the territory of Indonesia and result in the emergence of the hotspots number while in the wet
season can cause an increase in the amount of rainfall, especially in areas close to the location of cyclones 1.
Tropical cyclone is a massive storm with a radius of 50-1100km. Cyclone centers or commonly called cyclone eyes
will have low wind speeds and no cloud cover with diameters ranging from 10 to 100 km. This cyclone center will
be surrounded by eye walls with a thickness of 16 km. On this cyclone wall, the invention of convective clouds has
the potential to cause with high speed wind and high intensity rainfall. The lifespan of cyclones ranges from 3-18
days where it will continue to occur if the energy in the ocean are warm and will begin to weaken if it enters land
and cold waters 7.
This research will discuss about the description of some weather parameters in Indonesia which before, during, and
after the occurrence of tropical cyclones Cempaka and Dahlia. The weather parameters include sea surface
temperature (SST), relative humidity, wind speed, surface pressure patterns, and observed rainfall from automatic
stations around the southern island of Java and southwestern island of Sumatera.
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EXPERIMENTAL DETAILS

FIGURE 1. Research area is in the Indian Ocean around Indonesia and Automatic
Weather System (AWS) installed by BMKG in Southwest Sumatera and South Java.

The studied area is located at the coordinates of 85-115° East and 0-20° E, precisely in the eastern Indian Ocean
or in the southwest Sumatera Island and in the south of Java Island. This research using many data source such as,
Sea Surface Temperature (SST) data derived from JPL Mur satellite imagery with 5 km resolution
(mur.jpl.nasa.gov/DownloadDataText.php), relative humidity (RH) reanalysis data (850 mb, 700 mb, and 500 mb)
from ECMWF (apps.ecmwf.int) and gradient wind reanalysis from BOM (bom.gov.au), surface pressure and
precipitation data are taken from automatic weather station observation installed by BMKG
(http://202.90.198.212/awscenter/index.php and http://202.90.199.132/aws-new/), and also satellite cloud images
derived from Himawari-8 satellite data (ftp://202.90.199.115). All of this data were analyzed using Integrated Data
View (IDV), GrADs, and GIS applications.

RESULTS AND DISCUSSION
These two tropical cyclone events have track around southern Java Island and Southwest Sumatera. Cyclone
activity as well as areas that have potentially affected have been summarized by the Indonesian Meteorology
Climatology and Geophysics Agency (BMKG). The recorded activity, the Dahlia tropical cyclone has a wider
trajectory area as well as longer cyclone duration compared to Cempaka tropical cyclones.

(b)

(a)
FIGURE 2. Trajectory of tropical cyclone. 81
(a) is trajectory of

Cempaka cyclone and (b) is

trajectory of Dahlia Cyclone.
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ANALYZING SEA SURFACE TEMPERATURE (SST)
One of 6 Gray parameters for cyclone growth identification is the thermal parameter such as SST. Although it has
much smaller variations than dynamic parameters, but SST is one of the first predictors in determining potential
areas of tropical cyclone growth 8,9. SST data from JPL-Mur satellites are processed using Integrated Data View or
IDV and GrADs. This satellite imagery have 5 kms resolution. The results (Figure 3) of this data are found on
November 26th 2017, there are warm water areas in the south-west of Sumatra to southern Java reaching 30° C. This
qualifies for the occurrence of tropical cyclones, ie if the SST is at least 26.5° C. At Cempaka tropical cyclone
(November 28, 2017) the temperature around the warm cyclone eye is in the range of 28-30° C and precisely on the
cyclone's eye the temperature will be colder around 27-28° C. The following day, the area of warm waters is
decreasing but still tend to warm and cyclone eyes began to expand. Along with the occurrence of tropical cyclone
Dahlia which took place on November 29th 2017-December 4th 2017 cold waters began to enter the southern region
of Java so that the cyclones weaken. At the end of the Dahlia tropical cyclone (December 4 th 2017), the SST begins
to cool down, the center of the cyclone expands and the water temperature is around 27° C. Throughout November
26th 2017 to December 6th 2017, the average SST is in the range of 25-31° C. Statistics on previous studies also
show that the warm waters of eastern Indian ocean are an indication of the movement of kelvin waves that bring
low-level convergence toward the equator and even recent studies show that the variation of SST in the eastern
Indian Ocean significantly affects tropical cyclone variability 10.
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(a)

(b)

(c)

(d)

FIGURE 3. JPL-Mur Sea Surface Temperature Data Satellite (mur.jpl.nasa.gov/DownloadDataText.php) with
5 km resolution open and analysed by Integrated Data View (IDV) and GrADs. (a) Was in Nov 26 th 2017 when
the Cempaka cyclone start to form. In the Cempaka cyclone eye colder than surroundings. (b) in Nov 28 th 2017
when the eye widen. (c) in Nov 30th 2017 show the Dahlia Cyclone near Lampung Province, in the eye cyclone
colder than surroundings. (d) in Dec 6th 2017 show that there was a cold surge from south Indian ocean has
made both of the cyclone decayed.

ANALYZING SURFACE PRESSURE
Surface pressure data were taken from the Automatic Weather Station (AWS) observation located at Radin Inten II
Meteorological Station, Lampung (station elevation ± 279ft), AWS Manna Bengkulu (elevation ± 124ft), AWS
Cipasung Tasikmalaya (elevation ± 1377ft), Mlati Climatological Station Jogjakarta (station elevation ± 589ft), and
AWS Cilacap (station elevation ± 77ft). The state of air pressure observed through surface observation stations
scattered in the southwestern of Sumatera and southern Java shows a similar pattern, the pressure decrease where the
tropical cyclones begin to form and rise again as the tropical cyclones begin to decay. The lowest pressure average
was in Cipasung because Cipasung is the most distant part of the coast and highlands place with an elevation ± 1377
feet. While the highest pressure average is in Bengkulu because it is close to the coast and is an area with lowland
topography. Although the lowest elevation is in Cilacap, but Cilacap is much closer to the coast, making it more
directly affected by the Cempaka and Dahlia tropical cyclones in pressure parameters (Figure 4). Station under study
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experienced a drop in pressure on November 27 th 2017 to November 28th 2017 and rised on December4-5th 2017 as
the cyclone decayed.

FIGURE 4. Surface Pressure Conditions During Cyclone in around Southwest Sumatera and South Java. The surface pressure
was very vary because the location and elevation affect directly to the surface pressure. Cipasung’s surface pressure very low
because Cipasung was the highest place and the further from the shore. Although Cilacap was the lowest and closest to the
shore, but it have the lower surface pressure than Bengkulu because Cilacap have strongest effect from the cyclone. Elevation
data taken from google earth and surface pressure data taken from AWS center and AWS Rekayasa by BMKG
http://202.90.198.212/awscenter/index.php dan http://202.90.199.132/aws-new/

In the study of cyclone occurrence around the Indian Ocean in 2004 showed that in the final phase of the cyclone,
the air pressure increased significantly and the pressure gradient also increased to 12 mb for weak cyclones and 84
mb for strong cyclones 11. The pressure data recorded in TCWC Jakarta (BMKG) indicates that before the Cempaka
cyclone the pressure was 1003 mb then pressure dropped significantly to 998 mb. While before the Dahlia cyclone
the pressure is 1005 mb and dropped significantly reaches 987mb (Figure 5). Both cyclones are in category 1
according to Saffir-Simpson hurricane damage-potential scale 12.

FIGURE 5. Pressure historical data observed by TCWC Jakarta (BMKG) in
00.00 UTC. While Cempaka cyclone,
84 pressure drop to 998 mb and Dahlia
cyclone pressure drop to 987. Both cyclone categorized 1 based on the SaffirSimpson Hurricane Damage-Potential Scale.
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ANALYZING RELATIVE HUMIDITY

(a)

(b)

(d)

(c)

FIGURE 6. Relative Humidity in Nov 26th (a) (b) and Dec 6th (c) (d) Layer 850 and 500mb shows
the significant difference while both of the cyclone start to form and has decayed.

Relative humidity (RH) shows the amount of water vapor contained in the atmosphere layer. If the RH value is high,
it shows a high moisture content as well. The air with 50% relative humidity actually contains one and a half the
amount required for saturation. If the RH value reaches 100%, the air becomes very saturated, the humid air will rise
and form clouds 12. At the time of tropical cyclones the RH values in various layers (850 and 500 mb) show a fairly
high number, which in the south of Java and southwest Sumatera shows a value above 50% and reaching 100% at
some area. The high value of RH supports an accelerated condensation process that forms convective towering
clouds. The main source of TC formation is when latent heat is released and stored into water vapor in various layers
of the atmosphere. The humidity contained in the 850-500 mb layer is one of the most intense-storm forming
triggers 13. In figures A and B it is shown that at 850mb and 500mb layer in southern Java, the humidity value is 90100%. This indicates that the moisture content is very high up to 500mb layer supporting the occurrence of tropical
cyclones. While the differences were significantly different in post-tropical cyclones, the C and D images showed
different values, still-humid in layer 850mb with approximately values 80%, whereas in the 500mb layer decreased
up to ± 30% in the area south of Java to southwest Sumatera and this condition is the RH normal condition when it
reaches layer 500mb.
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ANALYZING STREAMLINE
Based on the gradient wind reanalysis from the Australian Bureau of Meteorology site, on November 26 th 2017 there
was a low pressure in southern Java that reached 1004 mb so that the wind tended to flow into the low pressure
areas. The next day, the pressure in this area decreases to 1002 mb so it can become a cyclone rotation area.
Cempaka Cyclones began to appear on November 28 th 2017, marked by the presence of low pressure areas up to 999
mb. This low pressure causes the maximum wind to reach 35 knots. The Cempaka Cyclone continues until
November 29th 2017 with a pressure of 1000 mb and a maximum wind speed of 35 knots. After the Cempaka
cyclone, on 30 November 2017 formed a low pressure center area in southwest Sumatra up to 998 mb and formed
Dahlia cyclone. This Dahlia cyclone moves toward a low pressure area. On December 1 st 2017, the Dahlia cyclone
was in southern Java with a pressure of 992 mb and a maximum wind speed of up to 45 knots. This pressure is
lowered the next day (985 mb), causing strong winds up to 50 knots in southern Java. These low-pressure areas with
high wind speeds form a convergence zone that forms a regular vortex and the actuation of convective cloud
formation in the region. While the shearline zone will form a fixed cyclone tail with convective clouds 9. On
December 3rd 2017 the pressure started rising to 1000 mb, signaling the Dahlia cyclone to decayed. Pressure
increased the next day until the tropical cyclone finally completely decays on December 5 th 2017, marked by
pressure rising to 1007 mb.

(a)

(b)

(c)

(d)

FIGURE 7. Streamline in Nov 26th, 28th, 30th and Dec 6th. Shows the pattern when there was low pressure area (a), then the
growth Cempaka cyclone (b) also Dahlia cyclone (c) and (d) is when the cyclone decayed. source: bom.gov.au

RAINFALL ACTIVITY
Based on the analysis of the last 10 years (2008-2017) conducted by TCWC Jakarta, 45% of tropical cyclones have
a direct impact on increasing rain intensity 9. The rainfall activity in affected areas are taken from AWS Radin Inten
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II Meteorological Station Lampung, AWS Manna Bengkulu, AWS Cipasung Tasikmalaya, AWS Mlati
Climatological Station Jogjakarta, AWS Cilacap, and AWS Kediri. At the time of the Cempaka Cyclone (November
28th 2017), there was an increase in rainfall in Kediri, Cilacap, and Jogjakarta. On November 29 th 2017, the rain in
the six stations was around 0 mm. Dahlia Cyclone began to appear on November 30 th 2017 caused an increase in
rainfall in the Kediri. While in other stations, the rainfall increased on December 2nd 2017 in Stamet Branti and
Cipasung. On the following day, rainfall in all four stations begins to subside and is only in the range of 0-2 mm per
day. This shows that the occurrence of tropical cyclones Cempaka and Dahlia caused rainfall activity in the area
around the occurrence of tropical cyclones. Another research conducted by Badan Litbang Meteorologi Puslitbang
BMKG, show that at Ringin Harjo Jogjakarta station, rainfall significantly increased up to 447mm/day and in
Pacitan area more than 150mm/day 14.

FIGURE 8. Daily Rainfall Activity during cyclone show the same pattern. Data Source:
http://202.90.198.212/awscenter/index.php dan http://202.90.199.132/aws-new/

CLOUD COVERING
Himawari-8 satellite imaging shows the growth of cloud clusters with regular patterns along with Cempaka cyclone
growth (November 26th 2017). At the time of the Cempaka cyclone the cloud pattern regularly coils with convective
clouds-belts over a large area. This high convective cloud has the potential to cause rainfall in the areas it passes.
This convective cloud is shown in red color, at the time of the occurrence of a cyclone, the convective cloud will be
on track in accordance with the occurrence of the cyclone. The same pattern is seen in the occurrence of Dahlia
tropical cyclones. Along with the normal atmospheric conditions the cloud clusters begin to spread indicating that
the cyclone has decayed. Other studies have also shown that the shape of cyclone was always visible in cyclonal
regular patterns as well as significantly as convective clouds are on the eye wall and cyclone tail 15.
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(a)

(b)

FIGURE 9. Satelite imaging while the cyclone start to form until the cyclone decayed. (a) was the growth of
Cempaka cyclone, (b) and (c) were the growth of Dahlia cyclone. (d) was the satellite imaging when both of the
cyclone decayed. This satellite imaging captured by Himawari-8 and downloaded from BMKG
(ftp://202.90.199.115)

(c)

(d)

SUMMARY







Some prior weather parameters were qualify for the occurrence of cyclones. The SST condition in the
southwestern Sumatera and southern Java reached 30° C before the occurrence of tropical cyclones and at
the center of the SST cyclone was observed cooler. Based on the surface pressure data from the cycloneaffected station, there was a significant drop in pressure before the cyclone and began to rise again as
cyclone decayed.
In the gradient wind layer analysis, the wind speed at cyclone vortex reaches 35-50 knots at a low pressure
center (998 mb). The pattern of wind and pressure returned to normal reaches 1007 mb along with the
cyclone decayed. The relative humidity condition shows a high value at the time before and during the
occurrence of cyclones of about 60-100% in various layers (850 and 500mb). While at the time of cyclone
decay RH condition at layer 500mb start to decrease and is in normal condition.
Based on the Saffir-Simpson hurricane damage-potential scale, both cyclones, Cempaka and Dahlia are in
category 1.
The area around tropical cyclone will be affected as in the Southern Java and Southwest Sumatera. Among
these are convective cloud-belt that potentially lead to strong winds and increased intensity of rainfall. The
highest increase of rainfall around Jogjakarta and Pacitan reaches 447 and more than 150 mm/day
respectively.
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Abstract. Nonylphenol Ethoxylate (NPE – 10) is a one of non ionic surfactant which made from synthesis of alkylphenol
ethoxylate. It used as additive ingredients in many industry, such as chemical, paper, paint, and agrochemical. The NPE –
10 accumulation waste in river can make pollution and damaging the water ecosystem. In this research Ce(IV) mediated
electrochemicaloxidation of NPE – 10 was carried out with silver ion catalyst. Beside that, the product after
electrodegradation process identified with voltammetry techniques. Pt was used as electrode in electro degradation
process as anode and catode. Carbon Paste Electrode (CPE) was used for analysis with voltammetry techniques. Studies
with voltammetry techniques using CPE as working electrode illustrates the current peak of the oxidation of Ce (III) / Ce
(IV) increased after added silver as a catalyst.The optimized catalyst was obtained at 0.009 M of Ag (I) for 0.04 M of Ce
(III) in 0.4 M of sulfuric acid. The electro degradation rate could be up to 80.38% after being degradation 30 minutes
with 1.5 V of applied potential for 1500 ppm of NPE – 10. The result is better than with conditions without the addition
of the catalyst (53.59 %) and with direct electrodegradation without addition of cerium (IV) and catalyst (10.02%).

INTRODUCTION
Excellence in surfactants in industrial and household cleaning products over the past four decades has led to the
concentration of alcohol ethoxylates (AEOs) and alkylphenol ethoxylates (APEO) increased in the soil surface and
air surface 1-6.AEO and APEO are nonionic surfactant types that are common components of detergent and
household and industrial cleaning products. AEO and APEO are also used as surfactants in oil and gas extraction 7.
One of the nonionic surfactant is nonylphenol ethoxylate. Nonylphenol ethoxylate (NPE – 10) is a kind of nonionic
surfactant. This surfactant is the result of the synthesis of alkylphenol ethoxylate and is widely used as an additive in
the chemical industry, paint, varnish, paper, agricultural products and industrial cleaning 8. Due to its diverse uses in
various fields, these surfactants can accumulate much in the water which can disrupt the quality of the water itself.
The European Union, for example, has tightened control over the use of this type of surfactant. The optimum
utilization limits allowed in this area are only 0.01% or 100 mg / kg of textile materials 9. And, the Environmental
Protection Agency (EPA) has developed the criteria for NPE – 10 regulations in environment. EPA made a decision,
whereby the concentration of NPE – 10 in freshwater and saltwater should not exceed 6.6 µg/l and 1.7 µg/l 10 – 11.
For humans themselves, using water contaminated by NPE – 10 can cause damage to the endocrine glands 12.
Several methods have been developed to reduce the NPE compounds present in the waste. Methods were developed
to reduce or treat these wastes start from chemical, physical and biological methods. For chemical methods
consisting of, coagulation methods, adsorption methods, and photo catalytic methods. Research Martins et al in 2006
used Fe and Al electrodes to form Al(OH)3 and Fe(OH)3 which precipitate NPE waste. Another study conducted by
Luu et al in 2007 using biodegradation method that is able to degrade 60% of NPE waste within 3 days 13. Another
method is the method of oxidation and photo degradation with the use of radical and ultraviolet light (UV) to break
the NPE molecule. All of the above methods have a disadvantage, produced of coagulant as secondary waste,
requires a relatively long time, and use enormous energy during UV light use and the use of much H 2O2 to produce
hydroxyl radicals.
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In the literature, there are some analytical method for determination of NPE in wastewater. High Performance
Liquid Chromatography (HPLC) coupled with Mass Spectrometry (MS) is a kind of analytical method for
determination NPE. NPE in wastewater must be extracted using extraction method and Solid Phase Extraction
(SPE). Supernatant from this method was used for analysis with HPLC – MS 14. Another method for determination
of NPE was used Ultra High Performance Super Critical Fluid Chromatography – tandem Mass Spectrometry
(UHPSFC – MS/MS). NPE from sample must be extracted using extraction method, and supernatant was used for
analysis with UHPSFC – MS/MS 15.
Other methods often used to solve waste problems include the adsorption and electrochemical methods. The
electrochemical method is one of the most commonly used methods for study of electron transfer mechanisms 16 – 18
organic compound degradation 19 – 20 and waste material analysis 21, in addition to the adsorption method 22 – 23.
Mediated Electrochemical Oxidation (MEO) is an alternative method that is more efficient, faster, and does not
generate new waste. The advantage of this method is the repeated use of the oxidator when the degradation process
is carried out with an ex-cell system. Moreover, this method can be carried out at room temperature and atmospheric
pressure and the optimum oxidizing power in acidic condition 24. So, the aim of the present work is to describes
electro degradation process of NPE – 10 depend of several parameter, applied potential, time, concentration of NPE
– 10, catalyst effect. Beside that, this method will be compare with previous research. Degradation with
electrochemical methods has not been published to degrade NPE – 10. Electro degradation have been widely used
for many purposes included mechanism of reaction, reactivity, micro analysis and degradation 25 – 27. MEO methods
used the electron transfer reaction for reduction / oxidation of an analyte. MEO methods can be used for degrade
many organic pollutant such as dyes, surfactant, and other pollutant with direct or indirect. The final product this
method was a product which more simple. For the perfect degradation will turn into CO2 and water 28.

EXPERIMENTAL DETAILS
Apparatus
Voltammetric measurement were conducted using BASi Epsilon Electrochemical Analyzer. A conventional three
electrode system was used for all of analysis using this instrument. Carbon paste electrode have a function as
working electrode, Ag/AgCl (NaCl 3 M) electrode as reference electrode, and a platinum (Pt) wire as auxiliary
electrode. For electro degradation process were conducted using Potensiostat/Galvanostat eDAQ 410.

Chemical
Cerium sulfate octahydrate (> 99.0%), K3Fe(CN)6 potassium hexacyanoferrate (III) (> 99.0%), K4Fe(CN)6
potassium hexacyanoferrate (II) (> 99.0%), sodium chloride, graphite and other reagents commercially available as
analytical grade (Merck or Sigma Aldrich) and used with futher purification. NPE – 10 for sample available as
technical grade from shop of textile material. Stock NPE – 10, acid and buffer solutions were prepared by using
demineralization water.

Preparation of Working Electrode and Reference Electrode
Carbon paste electrode was prepared by homogenizing mixture graphite and liquid parafin with ratio 7:3 on watch
glass while they were heated at 70oC on a hotplate. Then, the mixtures were packed into cylindrical electrode holder
and electrical contact was established with copper wire to produce carbon paste electrode. Carbon paste electrode
(CPE) have a function as working electrode.
The reference electrode was prepared by electrolysis the silver wire at the anode and the platinum wire at the
cathode in a 0.1 M NaCl solution at an applied potential 0.22 V. Silver wire will be coated by AgCl. The silver wire
coated by AgCl was inserted into a glass-made electrode body containing a 3M NaCl solution.
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Sample Preparations and Measurement Using Voltammetric Techniques.
Samples prepared by weighing as much as 0.2850 grams of Ce (III), then added with Ag (I) with varying
concentrations. Each sample was diluted in 10 mL of 0.4 M sulfuric acid solution and stir until all of the ingredients
is soluble. This solution was transferred to the electrochemical cell.
Samples was analyzed by Differential Pulse Voltammetry (DPV) technique with CPE as working electrode,
Ag/AgCl as reference electrode, and platinum as auxiliary electrode. Initial of potentials start from 0 mV until 1800
mV with scan rate 50 mV/s.

Sample Preparation for Optimization of Electro Degradation
Sample prepared by diluted 15 mg of NPE – 10, then added 0.2850 grams of Ce (III), and 15.9 mg Ag (I) into 10
mL of 0.4 M sulfuric acid solution. This solution was transferred into electro degradation cell. This solution will be
degrade with variation of applied potential starts from 1.5 V until 5.5 V. Percent of degradation will be calculated
with this formula :
I I
Percent of degradatio n  o t x 100%
I
o

(1)

The percent value of degradation is obtained by comparing the peak current of the analyte before it is degraded (Io)
with the peak current of the analyte after it has been degraded (It).

RESULTS AND DISCUSSION
Characterization of Reference Electrode
The characterization of the reference electrode was performed to determine the quality of the electrode that had been
prepared prior to use for further analysis in voltammetric techniques. The reference electrode was characterized by a
commercial reference electrode called BAS (Bio Analytical System) using a solution. This solution contains 0.01 M
of K3Fe(CN)6 and 0.01 M K4Fe(CN)6 in 0.1 M NaCl. FIGURE 1 shows the cyclic voltammograms of reference
electrode and commercial reference electrode. The mixture between K 3Fe(CN)6 and K4Fe(CN)6 was usedbecause
this solution have a stable oxidation and reduction reaction system such as the reaction below :
Oxidation : [Fe(CN)6]4Reduction : [Fe(CN)6]3- + e

[Fe(CN)6]3- + e
[Fe(CN)6]4BAS Reference Electrode
Ag/AgCl Reference Electrode

0.03

0.02

Ip (mA)

0.01

0.00

-0.01

-0.02

-0.03
-0.2

0.0

0.2

0.4

0.6

0.8

Potensial (V)

FIGURE 1. Cyclic voltammograms of reference electrode characterization. This solution contain 0.01 M of K3FE(CN)6 and 0.01
M K4FE(CN)6 in 0.1 M NACL. scan rate 100 MV/S.

92
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018
Based on voltammogram above can be seen that voltammogram from BAS and Ag / AgCl reference electrode was
overlap. TABLE 1 shows the cathodic and anodic current of Ag/AgCl reference electrode after characterization.
TABLE 1. Cathodic and anodic current from AG/AGCL and BAS reference electrode after characterization

Electrode
BAS reference electrode
Ag/AgCl reference electrode

Ea (V)
0.2700
0.2760

Ipa (μA)
24.08
23.98

Ec (V)
0.1340
0.1340

Ipc (μA)
-25.08
-24.36

This is also reinforced by the value of the formal potential difference of the two electrodes (ΔE) at a value of 0.003
V. The maximum limit of acceptance of the formal electrode potential difference is 0.02 V.

Effect of Catalyst Ag (I) for Oxidation of Ce (III)
Based on the previous research by Ahmad Fauzi et al, Sumathi et al, and Matheswaran et al, it is known that the
addition of Ag (I) in a voltammetry system containing Ce (III) solution can increase the peak current value of Ce
(III) oxidation to Ce (IV) [17],[19].According to Matheswaran et al in 2007, the effect of the addition of Ag (I) will
help the formation of Ce (IV) oxidation products. The reaction according to Matheswaran et al is as follows 29 :
Ag2+ +e−,

Ag+

Ag2+ + Ce3+  Ag+ + Ce4+
In this optimization, DPV technique was used for analysis peak current of oxidation Ce(III) to Ce (IV). The solution
contains 0.04 M of Ce (III) and added by variation of concentration Ag (I) in 0.4 M sulfuric acid solution. The
concentration of Ag (I) is made to vary from 0.004 to 0.012 M with intervals of 0.001 M. FIGURE 2 shows the
result of catalyst effect to peak current oxidation of Ce (III) to Ce (IV). The DPV technique is performed in the
measuring range 0 – 1800 mV with a scan rate of 50 mV / s.
0.6
0.5

Ip (mA)

0.4
0.3
0.2
0.1
0
0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

Konsentrasi Ag (I) / M

FIGURE 2. Graph of the effect of variation of concentration of ag (i) for peak current oxidation of CE (III) TO CE (IV).
Measurement range IS 0 – 1800 MV with a scan rare of 50 MV / S.

Ce (III) / Ce (IV) oxidation peak current increases if the concentration of Ag (I) added to the solution is increased.
At 0.01 M of Ag (I) is the maximum point for peak current oxidation of Ce (III). When the concentration of Ag (I)
was increased to 0.011 M and 0.012 M, the peak current oxidation of Ce (III) was decreased. Ag (I) with more high
concentration would be made the catalyst effect gone and Ag (I) have a function as a oxidator for NPE – 10
degradations.The unstable Ion Ag (II) tends to undergo a reduction reaction back to Ag (I). When Ag (II) have the
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reduction reaction, it pushes another ion, Ce (III) to oxidize into Ce (IV). In other words, Ag (II) is oxidator, helping
to oxidize Ce (III) ions in solution into Ce (IV) ions which will become oxidizing agents for NPE-10.

Study of Degradation with Potential Applied Optimization
In this degradation study process, the method used is electrolysis method. The electrolysis system used is a platinum
electrode (Pt) with a diameter of 0.5 mm as anode and cathode. The percent value of degradation is obtained by
comparing the peak current of the analyte before it is degraded (I o) with the peak current of the analyte after it has
been degraded (It).
Meanwhile, for optimization of potential applied, potential applied was varied using power supply with variation of
potential applied start from 1.5 V to 5.5 V. The solution for electro degradation process made in three different
condition. The first solution contain 1500 ppm of NPE – 10 in 0.4 sulfuric acid solution. The second contain 1500
ppm of NPE – 10 and added by Ce (III) 0.04 M in 0.4 M sulfuric acid solution. And the last solution contain 1500
ppm of NPE – 10, 0.04 M Ce (III), and 0.009 M Ag (I) in 0.4 M sulfuric acid solution. the degradation process is
done for 30 minutes. FIGURE 3 and TABLE 2 shows the results of electro degradation process in percent of
degradation values.
TABLE 2. The results of electro degradation process from NPE – 10 in percent of degradation values

Without Ce (III)

With Ce (III)

With Ce (III) + Ag (I)

1.5

10.02

53.59

80.38

2.5

39.14

60.40

85.03

3.5

57.18

85.02

88.47

4.5

59.90

85.47

92.23

5.5

61.44

85.93

95.12

Percent of Degradation
(%)

Potential Applied
(V)

Percent of degradation (%)

100.00
80.00
60.00
without Ce (III)
40.00

With Ce (III)

20.00

With Ce (III) + Ag (I)

0.00
0

2

4

6

Potential Applied (V)

FIGURE 3. Graph of percent of degradation values NPE – 10 on the use of potential applied for degradation of NPE – 10 1500
PPM in 0.4 sulfuric acid solution.

Based on this optimization result, it can be concluded that Ce (III) helps the degradation process to be faster
compared to NPE-10 degradation without the addition of Ce (III). Given the addition of Ag (I) catalyst, the percent
value of degradation also increased significantly when compared without the addition of the catalyst.
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SUMMARY
After the optimization process for degradation NPE – 10 using mediated electrochemical oxidation, the maximum
concentration of Ag (I) as the catalyst was 0.009 M. Percent of degradation rate could be up to 80.38% with Ag (I)
catalyst, 53.59% without Ag (I) catalyst, and only 10.02 % without addition of Ce (III) and Ag (I) catalyst. The
result is obtained by using the addition of Ce (III) 0.04 M and Ag (I) 0.009 M. The applied potential given is 1.5 V
with a degradation time of 30 minutes.
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Abstract. Rhizophora apiculata BI is one of the most mangrove plant in Indonesia. Mangrove forests have a very
important for the surrounding life, but the last half century the mangrove area decreased by 30-50% and will disappear
within 100 years. Mangrove is not easily cultivated and the growth is relatively long so it needs the provision of seeds in
vitro. In vitro technique is possible to produce uniform and high-yielding seeds. Explant, media and hormones are
important factors in in vitro because they effect the accelerate of callus induction. The media using Murashige and Skoog
(MS) with the addition of Benzil Amino Purin (BAP) and active charcoal. The purpose of this study to determine the
effect of difference explant age and add of BAP concentration on callus induction. The study used a complete
randomized design (RAL) 2x3 with 3 repetition. The factors of treatment D1 (young leaves), D2 (old leaves) and B1
(BAP 1 ppm), B3 (BAP 3 ppm), B5 (BAP 5 ppm). The research parameters were: the speed of callus initiation,
percentage of explant that produced callus, explant fresh weight, callus color and callus texture. The result showed that
appropriate explant age and BAP concentration can improve callus induction. Young leaves accelerate the induction
callus and high concentration of BAP can spur the induction of callus. Treatment of young leaf explants and BAP 5 ppm
(D1B5) resulted in the highest callus. The best result callus initiation after 9 days of culture.

INTRODUCTION
Mangroves have a special ability to adapt to extreme environmental conditions, such as inundated soil conditions,
high salt content and soil conditions that are less stable 1. The last half century of mangrove area decrease by 3050% estimated that mangrove functionally will disappear within 100 years. Sea level rise that is shifting towards
land or upstream in the 21st century has also been cited as a major threat to mangroves 2.Conservation in the
provision of mangrove seeds can be done with tissue culture. Growth of tissue culture results, more rapidly,
uniformly, can be supplied in large quantities in a short time and free of harmful pathogens 3. Plant propagation in
vitro can be through callus induction. Callus is a collection of amorphous cells that occur from cells that divide
themselves continuously in the in vitro state 4. Callus can be obtained from plant parts such as roots, stems and
leaves. Explant propagation in tissue culture, is an important determinant of success. Physiological age, autogenetic
age, explant size, and plant part taken are the things that must be considered in choosing explant that will be used as
a starting material of culture. In general, the plant part used as explant is active young tissue 5.
Mangroves have a secant metabolite content of phenolic compounds. Phenolate that serves to protect plants from
herbivores and excessive light damage 6. The production of phenolic compounds tends to increase when mangrove
plants grow and survive under stressful conditions 7. The high phenolic compounds have a challenge to cultivate in
vitro. The success of tissue culture is also highly dependent on the media used and growth regulators. Factors that
cause explants are disrupted, among others, due to inappropriate culture media with various components of
chemicals (vitamins, growth regulators, and amino acids), temperature factors, duration of irradiation and skill when
doing tissue culture techniques 8. Growth regulators are one of the most important factors in the successful growth of
cultured plants. Benzyl amino purine (BAP) is considered more stable, inexpensive and more effective than kinetin.
Benzyl amino purines are commonly used for callus induction 9. Research on mangrove in vitro is still rarely done
by researchers. High phenolic content is thought to be the cause of the difficulty of cultivating plants in vitro. Tissue

97
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018
culture can be successful because of the match between explant, media and hormones used. Based on the problems
above, research on the influence of explant age and BAP concentration on callus formation in vitro was conducted.

EXPERIMENTAL DETAILS
The research began with collecting explant from 7-year-old parent mangrove plants that grow in the mangkang area
semarang before 10 am. Explant sterilization from the field was done using detergent, bayclin which then soaked in
sterile aquades. Then sterilization of explant continued in the laminar air flow by using antibiotics, functional and
bayclin. leaves explant collected then cut into small range of 1 x 1 cm in size, cutting were conducted in ascorbic
acid solution 10mg / 100ml. Then explants were planted on the bottle culture in accordance with the treatment. The
media used Murashige and Skoog (MS) with addition of BAP (1, 3, and 5 ppm) and 12g of activated charcoal was
added, then the medium measured with pH 5.6-5.8 and dyed to 8g. The culture bottle was incubated and observed
for 30 days. Observation parameters are the speed of callus initiation, percentage of explant that produced callus,
explant fresh weight, callus color and callus texture.

RESULTS AND DISCUSSION

Speed Of Callus Initiation

Speed Of Callus Initiation
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FIGURE 1. Mean initiation of mangrove leaf callus based on explant age and BAP concentration after day 30.

The results speed of callus initiation of mangrove leaf (Rhizophora apiculata) treated with BAP hormone stated that
the addition of BAP on young leaves tend to be faster than old leaves. Speed Of Callus Initiation in the most rapid
mangroves tends to occur in the treatment of D1B5 (young leaves + BAP 5 ppm) with the average day callus
appears after 9 days of culture. The slowest initiation of callus from the young leaf group occurred in the treatment
of D1B3 (young leaves + BAP 3 ppm) with the average day callus emerged after 17.5 days of culture. High
concentrations of BAP accelerate cell division from leaf explants. BAP is one of the synthetic cytokines that have
high activity in spur cell division in tissue culture 10. Cytokinin is the name of the growing hormone group that is
very important as a driver of growth and morphogenesis in tissue culture. In addition to BAP concentrations,
initiation of callus caused by wounds or sliced explant as a response to hormones both exogenous and endogenous
11
.
Young leaf group planted showed the callus though with the initiation of different callus of the day. This indicates
that the callus initiation may occur due to the explant with the addition of ZPT with the right concentration so that
callus initiation can occur. Old leaf groups do not appear callus though with the addition of ZPT with the same
concentration. Leaf explant with meristematic tissue will be easier to form callus than the old network 12. The
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content of young leaves is dominated by phenols and terpenoid higher than the old leaves 13. The amount of phenol
and terpenoid content in young leaves indicates that there are still many compounds of active substance in the form
of pigment and other growth substances.

Explant Fresh Weight
The results of mangrove (Rhizophora apiculata) explant fresh weight observation treated with BAP hormone stated
that the addition of BAP in young leaves tend to increase explant fresh weight compared to old leaves. Explant fresh
weight measurement is done by weigthing the initial and final explant fresh weight of the study.
0.25

Explant Fresh Weight (g)
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0.11

BAP 3ppm
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0
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FIGURE 2. The difference in explant fresh weight of mangrove leaf explants based on explant age and BAP concentration after
day 30.

The highest average explant fresh weight increase occurred in the treatment of D1B5 which was 0.20 g, while the
highest mean explant fresh weight shrinkage occurred at the treatment of D2B3 of 0.05 g. The explant fresh weight
at the old leaf treatment were D2B1, D2B3, and D2B5 experienced explant fresh weight shrinkage, while the mean
of explant fresh weight on the treatment of young leaves were D1B1, D1B3, and D1B5 increased explant fresh
weight. Explant fresh weight on the treatment of old leaves was shrinking because explant did not respond to grow
and explant water loss so it dried in the culture bottle. Meanwhile, the explant fresh weight on the treatment of
young leaves increased because explant responded to grow callus so that explant fresh weight increased.
The explant fresh weight of explant shows how the explant cells respond to treatment given to the media, so that the
cell will divide until a certain time to adjust the given treatment. Explant fresh weight on the treatment of young
leaves showed an increase after being planted. This suggests a change in the weight that occured in explants, that the
existence of cytokinin can control directly on organogenesis, thus allegedly growth and development of explant
happening affected the explant fresh weight14.
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FIGURE 3. Percentage of mangrove leafy explant based on age difference of explant and BAP concentration after day 30.

The observed percentage of smooth explant (Rhizophora apiculata) treated with BAP hormone stated that the
addition of BAP in young leaves was higher in percentage compared with old leaves. The highest percentage of
Smooth Explant occurred in D1B5 treatment with 100% percentage. The treatment on D1B5 showed that all
replicates were able to produce callus, so it was obtained 100% percentage, D1B3 treatment was 66,6% and
treatment D1B1 was 33,3%. Treatment of old leaves of D2B1, D2B3, D2B5 did not show any callus so that the
percentage of smooth explant was 0%. The percentage of smooth explant indicates a response to explant so it can be
said that explant live. Callus formation is one indicator of growth in in vitro culture. Callus culture of ZPT, both
auksin and cytokonin, the use of ZPT can be single or combination with proper concentration is expected to induce
and increase callus growth so that obtained a large biomass
The percentage of callus growth in mangrove leaves showed that the greater concentration of single BAP added to
MS medium by using young leaf explant, showed good result because on each repetition appeared callus 15.
Percentage of old leaves with BAP concentration in MS medium can not grow callus. This is due to the leaf explants
used are still young where the division on the network is still high. Callus formation is strongly influenced by the
type of explant and ZPT used. Explant young leaves with high meristematic tissue will be easier to form callus than
the old tissue because explant from old leaves contain more pektat and protein compounds.

Callus Color and Texture
The observed leaf callus color and texture (Rhizophora apiculata) treated with BAP hormone was analyzed by
describing the development after 30 days. The color and texture of a plant's callus have different characteristics.
TABLE 1. leaf callus color and texture based on explant age and BAP concentration after day 30.

Perlakuan
D1B1
D1B3
D1B5
D2B3
D2B3
D2B5
Description :
D1B1: Young leaves + BAP 1 ppm
D1B3: Young leaves + BAP 3 ppm
D1B5: Young leaves + BAP 5 ppm

Warna Kalus
White
White
Yellowish White
-

Tekstur Kalus
Compact
Compact
Compact
-

D2B1: Old leaves + BAP 1 ppm
D2B3: Old leaves + BAP 3 ppm
D2B5: Old leaves + BAP 5 ppm
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Callus color produced on the treatment of D1B1 was white while in D1B5 was yellowish white (FIGURE 4). The
resulting callus had different colors. Callus color indicates the presence of chlorophyll in the tissue, the more green
the callus color the more chlorophyll content. Bright or white colors may indicate that the callus condition is still
quite good. The yellowish white color is thought to be due to phenol compounds caused by leaf explants. Phenol
compounds that form on the callus is a response of the explant to the wound17. The wound spur explants to defend
themselves by increasing the activity of secondary metabolite compounds to produce secondary metabolite
compounds, phenol.

a

b

c

FIGURE 4. The explant state of mangrove leaves on treatment (a) D1B1, (b) D1B3 and (c) D1B5 which showing callus after 30
days in the culture bottle.

Callus texture is one of the markers used to assess the quality of a callus. All treatment of leaf sequence 1 were
D1B1, D1B3, and D1B5 had compact callus (FIGURE 4). Callus texture can be divided into three kinds, namely:
compact (non friabel), intermediates and crumbs (friabel) 18. Compact callus cells visually look solid and difficult to
be separated by using tweezers19. Compact callus is a callus composed of nodular shaped cells, with a solid structure
and contains enough water20.

SUMMARY
Leaf age and BAP administration had effects on callus induction on Rhizophora apiculata. The higher the provision
of BAP on young leaves the faster callus initiation and the higher callus produced. The highest treatment resulted in
calluses were D1B5 (young leaves + BAP 5 ppm).
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Abstract. Green industry concept believed as the most proper strategy in encouraging manufacturing industries towards
using sustainable patterns of production and economic growth. Besides that, its implementation are expected to have valuable
impacts for the industry and meaningful goals nationally and globally, such as energy security promotion, greenhouse gas
(GHG) mitigation, solution for various environmental issues and natural resource depletion. In Indonesia, Green industry
concept and its standard state in Law no. 3/2014 about Industry. Green Industry Standard (GIS) was set to guiding,
monitoring, and evaluating industry easily with measureable evaluation. It is a consensus result from several stakeholders,
that the representation of government, academician, industry players, and public figure. So that there will be adjustments
within the agreed-upon standard, which will be different with other countries. Flat glass industry is an energy and resource
intensive sector. Almost 83 % of its energy consumption used for operating the high temperature furnaces as the main
production unit with operational temperature up to 1700 0C for each furnace continuously up to 15 years. This study discuss
about the analysis of Flat Glass Industry PT. X process condition, its achievement to Indonesian GIS for Flat Glass Industry,
and opportunity to solve it. The results showed that the Flat Glass Industry PT. X has not met the some important points in
existing green industry standards so that there is a need for improving the effectiveness and efficiency of sustainable
production.
Keywords: green industry, clean production, flat glass, efficiency, effectiveness, sustainable production.

INTRODUCTION
One of the objectives of industrial operation in Indonesia as stated in Law No.3/ 2014 1 on Industry is to realize an
independent, competitive, advanced, and green industry. It is certainly in line with many global agreements in order
to support greenhouse gas (GHG) mitigation, energy security promotion, and solution for various environmental
issues and natural resource depletion nationally and globally. In order to support it, Indonesia government set the
Green Industry Standard (GIS) to guiding, monitoring, and evaluating easily with measureable evaluation. It is a
result of consensus from several stakeholders, that the representative of government, academician, industry players,
and public figure.
Green industry, as stated in Law no. 3/ 2014, is industries that in the production process prioritize the efforts of
efficiency and effectiveness of resource use in a sustainable manner so as to harmonize the development of industry
with the sustainability of environmental functions and can provide benefits for the community. This paper focuses
on four points of GIS for Flat Glass Industry, that Ratio of Product to Raw Material Consumption (R PR), Specific
Electricity Consumption (EP), Specific Heat Energy Consumption (HP), Specific Make-up Water Consumption
(MWP), and Overall Equipment Effectiveness (OEE).
Flat glass industry PT. X produces flat or sheet glass with a production capacity of 612,500 tons per year. It has 3
line production units. The process technology apply is float process method which has 5 steps of process, that batch
plant, melting furnace, tin bath, annealing lehr, and cutting line. Raw material composition of glass in PT. X are
Silica sand, soda ash, dolomite, feldspar, salt cake, limestone, sodium nitrate, cobalt oxide, nickel oxide,and cullet.
Cullet is glass waste reused as raw material of glass manufacture mixed into raw material with a percentage of 25-30
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% . Its function is very important to reduce energy consumption and CO2 emissions, either due to reduced process
emissions (due to lower usage of raw materials), and from reduced energy consumption in the melting process.
2

The mixture of feedstock feeds into the furnace and melted at about 1700 oC to form molten glass using a gas/ fuel
burner.The furnace output temperature is about 1100 oC. Then the molten glass is fed to a surface of an 1100 oC
liquid tin covered in liquid called tin bath. Temperature output of Tin bath is about 600 oC. Gradually, the glass is
cooled from 600 to 100 oC, after that it is brought to the cutting area. In this area, automatic and manual defects are
identified. Glass is cut in jumbo size or as per consumer demand. The edges of the glass bands are cut and recycled
into the melting furnace as a cullet. The energy used in flat glass industry is natural gas and petroleum, as well as
electricity sourced from State Electricity Company 2.
For a CO2 emissions, about 75% of CO2 emissions from float glass process are sourced from fossil fuels used to
burn the furnace, while 25% comes from process emissions. The CO 2 source of process emissions is not a function
of efficiency, but a chemical process and therefore some emissions will remain, unless new processes are built.
However, the use of recycled glass (lower use of raw materials) is increasing, resulting in a reduction in process
emissions. There is also an indirect emissions from electricity use (melting and downstream activities). Emissions
are not directly as a whole on the sheet glass sub-sector of about 16% of total CO2 emissions per finished product 3.
The purpose of this research is to get an overview and analysis of the effectiveness and efficiency of Flat Glass
Industry PT. X production process based on green industry standard and the opportunity of implementation of green
industry concept there.

EXPERIMENTAL DETAILS
This research has begun by conducting a literature review of topics related to the research to understand the various
theories that exist in this study, to understand all the issues related to the theme raised and obtain novelty aspects, as
well as to determine methodology appropriate to the condition and availability of data in Indonesia, especially for
Flat Glass Industry. After that, field observations and interviews have been made to obtain primary and secondary
data that have been calculated manually and using spreadsheets. Energy distribution analysis made by using Sankey
diagram software with goals as follows:
-

Obtain a flow map of the energy distribution with clear and complete definition of each input and output in
the whole production process.
Know the units of processes with a large level of energy consumption and a strong influence on the level of
energy consumption in the production process.
Find out which operating units will be the main targets and have a significant impact on decision making.

The primary data are collected from measurements on measuring devices, plant observations, and interviews. The
secondary data are gotten from the energy and mass balances and actual production data. The limitation in this study
are:
a.
b.
c.

The data used in this research is taken from Flat Glass Industry PT. X in an industrial area in Indonesia.
Green industry standard used is Green Industry Standard (GIS) of Flat Glass Industry issued by The
Ministry of Industry, Republic of Indonesia.
This study limited to Ratio of Product to Raw Material Consumption (RPR), Specific Electricity
Consumption (EP), Specific Heat Energy Consumption (HP), Specific Make-up Water Consumption
(MWP), and Overall Equipment Effectiveness (OEE).

The results from the data that have been analyzed and calculated compared with Indonesian Green Industry Standard
(GIS) of Flat Glass Industry in following table.
TABLE 1. Standard Limitation of Flat Glass Industry in Indonesian Green Industry Standard
Criteria
Standard Limitation
Unit

Ratio of Product to Raw Material Consumption (RPR)
Specific Electricity Consumption (EP)
Specific Heat Energy Consumption (HP)
Specific Make-up Water Consumption (MWP)

Min 81.5
Max 0.7
Max 6
Max 1.2
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Overall Equipment Effectiveness (OEE)
Min 88
%

RESULTS AND DISCUSSION
Flat glass industry is one of the natural resources and energy intensive sectors. Almost 83 % of its energy
consumption used for operating the high temperature furnaces as the main production unit with temperature up to
1700 0C continuously up to 15 years. Besides, its energy source comes from fossil fuel or nonrenewable energy.
Flat glass industry PT. X has 3 Float Line Units. Each float produces different glass type and capacity. To get the
overall analysis and evaluation of PT. X, the data has been grouped by month in a year.

Raw Material Consumption
Efficient use of raw materials is an important aspect in applying the concept of green industry. Efficient use of raw
materials will have a positive impact on reducing production costs while reducing the negative impact on the
environment. The efficiency of the use of raw materials is indicated by the criterion of glass sheet products
(including cullet) per total raw material.

FIGURE 1. Ratio of Total Product to Raw Material Consumption by month in 2016
compared to Indonesian Green Industry Standard (GIS) of Flat Glass
Industry.

Standard ratio of glass sheet products (including cullet) to total raw materials in Green Industry Standard is
minimum 81,5%. In this case, the criteria for the use of auxiliary raw materials per product are not included as one
of the technical requirements for their non-significant use. Fig. 1 displays the RPR in PT. X, that in every month is
higher than the limitation standard. Fluctuate consumption of raw material is caused by the fluctuate of Glass
Product demand which needs adjustment strategies to keep the efficiency of energy consumption that supplied
continuously.

Energy Consumption
Energy efficiency is an important aspect in applying the concept of green industry in industry. Efficient use of
energy will have a positive impact on reducing production costs while reducing the negative impact on the
environment. The following figure displays the energy distribution of Flat Glass Industry PT. X in a Process Unit
using Sankey Diagram software.
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FIGURE 2. Energy Distribution of Flat Glass Industry PT. X in a Process Unit.

From FIGURE 2 it can be concluded that the highest energy consumer is melting furnace and the highest energy
supplier is natural gas. Energy efficiency is indicated by the criteria of electricity consumption of flat glass products
(including cullet) and heat energy consumption per glass sheet products (including cullet). The limits of the
calculation of the calculated energy consumption of heat and electricity are the consumption of thermal and
electrical energy used for the production process (including utilities), but excluding those used for the office.

Specific Electricity Consumption
The following figure shows the specific electricity consumption of Flat Glass Industry PT. X per month in 2016
compared to Indonesian Green Industry Standard (GIS).

FIGURE 3. Specific Electricity Consumption in PT. X by month in 2016
compared to Indonesian Green Industry Standard (GIS) of Flat
Glass Industry

For the consumption of electrical energy per sheet of glass products (including cullet) according to the Green
Industry standard is a maximum of 0.7 GJ/ton. Value in above figure shows that, in the first month, the electricity
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consumption is highest and higher than GIS. It is caused first time electricity boost. When operating in the next
months, the electricity consumption is lower than GIS. The average specific electricity consumption in 2016 is 0.38
MJ/Kg.

Specific Heat Energy Consumption
Specific heat energy consumption means total heat energy consumption per total glass product. The following figure
displays the specific heat energy consumption for every month in 2016 compared to GIS.

FIGURE 4. Specific Heat Energy Consumption in PT. X by month in 2016
compared to Indonesian Green Industry Standard (GIS) of Flat
Glass Industry

As for the consumption standard of heat energy per sheet of glass products (including cullet) is a maximum of 6
GJ/ton. Meanwhile the specific heat energy consumption of PT. X is fluctuate consumption. The average specific
electricity consumption in 2016 is 6.8 MJ/Kg. It means, its specific heat energy consumption is higher than the
limitation standard. The fluctuate of specific heat energy consumption is caused by the fluctuate of Glass Product
demand and heat loss to the environment.
It will have a very significant effect in the decrease the energy consumption, which leads to a reduction in the cost of
glass production and GHG emissions. Some alternatives to solve it are:
a.
b.
c.

Increasing cullet usage
Batch and cullet preheating
Repair or add the addition insulation in the melting furnace

Make-up Water Consumption
Efficient use of water will have a positive impact on reducing production costs while reducing the negative impact
on the environment. Water use efficiency is demonstrated by the use of make-up water per glass sheet products
(including cullet). Make-up water is additional water used as a replacement for lost water in the production process.
The range of use of computed make-up water is the consumption of make-up watery used for the production process
(including utilities), but excluding those used for the office. The following figure displays the specific make-up
water consumption.
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FIGURE 5. Specific Make-up Water Consumption in PT. X by month in 2016
compared to Indonesian Green Industry Standard (GIS) of Flat
Glass Industry

FIGURE 5 shows that Specific Make-up Water Consumption in PT. X by month in 2016 is unstable. The average
value is 1.14 m3/ton. That is lower than limitation standard. For the Specific Make-up Water Consumption according
to the Green Industry standard is a maximum of 1.2 m3/ton. The fluctuate consumption of make-up water also
caused by fluctuate temperature of melting furnace.

Overall Effectiveness Equipment
The performance of the production process is an important aspect in applying the concept of green industry. One of
the performances of the production process is indicated by the equipment performance criteria stated in OEE. OEE
or Overall Equipment Effectiveness is a criterion that indicates the level of perfection of the production process. The
perfect process is a process that only produces good output, in the shortest possible time, without any down time.
OEE is a matrix that identifies the percentage of productive time of the entire time spent solving production
activities consisting of:
a. Availability Index. It is the actual production time compared to the planned production time. Value
Availability Index 100% indicates that the process always runs in a time corresponding to the planned
production time (there is never down time).
b. Production Performance Index. It is actual production level compared to best production level (best
demonstrated production rate).
c. Quality Performance Index. It is the actual product quality compared to the target quality. This is related to
the number of reject products. The 100% Quality Performance Index indicates that the production process
does not produce reject products at all. Reject products are products that do not meet quality targets that
cannot be recycled or reuse in the production process. For flat glass industry, since the product that does not
meet the quality target is completely recycled or reused in the production process in the form of cullet, the
Quality Performance Index = 100%.
(GIS, 2016)
The FIGURE 6 shows OEE of PT. X per Production Unit in 2016 compared to Indonesian Green Industry Standard
(GIS) of Flat Glass Industry.
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FIGURE 6. Overall Equipment Effectiveness in PT. X per Production Unit in 2016 compared to Indonesian Green
Industry Standard (GIS) of Flat Glass Industry
Through the FIGURE 6 it can be seen that two of PT. X Production Units have proper equipment with good
performance. Their value are higher than minimum of OEE standard in Indonesian GIS, that 91.08 and 93.90 %.
But, PU 1 has bad performance, that 77.61 % of OEE. It is caused by the age of the unit. In November and
December, the engineering division rebuilt that production unit with partial rebuild. The average value of PT. X
OEE is 87.53 %. As for the minimum OEE limitation in Indonesian GIS is 88 %.

SUMMARY
Green industry concept believed as the most proper strategy in encouraging manufacturing industries towards using
sustainable patterns of production and economic growth. Green Industry Standard (GIS) was set to guiding,
monitoring, and evaluating industry easily with measureable evaluation. It is a consensus result from several
stakeholders, that the representation of government, academician, industry players, and public figure. So that there
will be adjustments within the agreed-upon standard.
The results showed that the Flat Glass Industry PT. X has not met the some important points in Indonesian Green
Industry Standards (GIS), especially in energy, both heat and electricity, and water consumption, so that there is a
need for improving the effectiveness and efficiency of sustainable production. For OEE value, there was a rebuild
program to repair the performance of the old unit.
The valuable opportunity in PT. X which is expected increase the effectiveness and efficiency of sustainable
production is by increasing the effectiveness and efficiency of the energy. It will have a very significant effect in the
decrease the energy consumption, which leads to a reduction in the cost of glass production and GHG emissions.
Some alternatives are:
a. Increasing cullet usage
b. Batch and cullet preheating (PT. X did not apply it before)
c. Repair or add the addition insulation in the melting furnace
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Finally, the implementation of green industry standards is highly feasible and rewarding, proven with the
achievements that have been achieved by PT. X as case study. It can help the industry and government to conduct
monitoring and evaluation of the industry as a whole and comprehensive way, because it has interconnected each
other. So it needs an active cooperation between industry players, academicians, the government and society in
realizing a green industry based on the best standards. This study had to be continued to be developed for the
advancement of science and expediency for other sectors.
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Abstract. This study aims to determine the potential and strategy of ecotourism development in Kelimutu National Park.
This research was conducted in Ende National Park, Ende, Province of East Nusa Tenggara. The research methods used
are survey and interview. The results showed that the potential of the Kelimutu National Park area consists of the
potential of flora and fauna. Potential flora consists of various types of plants that are divided into 78 tree species and are
grouped into 36 tribes. Some collections of endemic flora are uta onga (Begonia Kelimutuensis), turuwara
(Rhododendron renschianum), and arngoni (Vaccinium varingiaefolium). The types of fauna found there are bull (Bos
javanicus), deer (Muntiacus muntjak nainggolani), mongoose (Pardofelis marmorata), pangolin (Manis javanica),
hedgehog (Hystrix brachyuran) and mouse deer (Tragulus javanicus). In addition, Kelimutu National Park is a habitat of
19 species of birds that are threatened with extinction. In Kelimutu National Park, there are also endemic mammals. The
ecotourism development strategy in the area of Kelimutu National Park is the SO strategy (Strengths - Opportunities),
which is to optimally develop the existing potential of both flora and fauna by utilizing support from the government and
local communities. While the WO strategy (Weaknesses - Opportunities) is to utilize support from the community and the
government to improve the quality of tourism objects
Keywords: Development Strategy, Ecotourism, Kelimutu Nasional Park, Potency

INTRODUCTION
For a developing country with natural resources’ wealth and high also unique culture, the tourism industry is an
important source of foreign exchange income 1. In the economy of the country, if the tourism sector develops
systematically and integrally, it will exceed the oil and natural gas sector. Indonesia is a country with a very high
level of biodiversity, characterized by ecosystems, species in ecosystems and germplasm (genetics) in each species
and a high level of endemism (uniqueness) 2. Therefore, Indonesia has become one of the world's centers of
biodiversity and known as a mega-biodiversity country. High biological diversity is a natural wealth that can provide
multi-purpose advantages and has vital and strategic advantages as the main capital of national development, and
being the world’s lung that are absolutely necessary both in the present and in the future 3.
Conservation areas such as conservation areas, sanctuary areas or protected forest areas, are interesting destination
for tourists because they have a rich variety of flora and fauna, beautiful natural phenomena, cultural and historical
sites and unique locals life. The general attractiveness of these tourist attraction is a resource having high economic
value, as well as the education tool and environmental protection 4.
One of the efforts preventing the destruction of forests is developing ecotourism. Ecotourism is a form of tourism,
which is very closely connected with the principle of conservation. Even in the strategies in developing ecotourism
also use conservation strategies. Thus, ecotourism is very accurate and effective in maintaining the integrity and
identity of ecosystems in pristine areas 5.
Kelimutu National Park is one of the conservation areas of the East Nusa Tenggara, located in Ende Regency.
Kelimutu National Park is one of the priority directions for tourism development in Ende. This area is designated as
the tourism development area, because it has a significant potential of natural resources, consisting of biodiversity,
i.e. flora and fauna. Potential natural resources can be used as a natural attraction that can attract tourists.
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EXPERIMENTAL DETAILS
The method of obtaining data in this study is as follows:
1. The survey method (field survey), namely the data collection, conducted by using observation and
interview.
2. The literature method (library research), namely data collection, conducted by using literature study.
3. The documentation method is a method of collecting data by documenting resources in this area related to
the problems being examined or from the publication of institutions or government agencies and other
organizations
Data analysis was carried out using two methods, which are:
1. The descriptive qualitative analysis method is a method of analysis aiming to describe and to explain the
results obtained in the study of the potential of tourism objects.
2.

The SWOT analysis method (Strenghts, Opportunities, Weaknesses, Threats) is a method used to determine
the strategy for developing the strength factor, opportunities, weaknesses and threats to the existing
conditions in the Kelimutu National Park.

RESULTS AND DISCUSSION
1. The Natural Tourism Potential in the Kelimutu National Park Area
Flora and fauna potential in the Kelimutu National Park area consist of different varieties and species with diverse
composition of flora. Flora and fauna portential consist of different types of vegetation components of the National
Park and various animals living in it
Kelimutu National Park has a good biodiversity of flora and fauna and has the potential of tourist attraction and a
good prospect to be developed as a place for recreation and natural tourism that can attract tourists because they are
near to Ende city.
1) Flora and Fauna Potential
In 36 tribes, there are 78 species of trees. The tribe that has the largest number of species is Euphorbiaceae with 10
species and 7 species of Lauraceae and Fabaceae with 6 species. In addition, there is Moraceae with 5 species,
Myrtaceae and Arecaceae, each has 4 species and also Actinidiaceae, Ulmaceae and Meliaceae, each has 3 species.
There are also Melastomataceae, Ericaceae, Rubiaceae, Theaceae, Apocynaceae and Elaeocarpaceae, each of them
has 2 species. There are also two types of plants as the endemic flora of Kelimutu, namely Uta-Onga (Begonia
kelimutuensis) and Turuvara (Rhododendron renshianum).
The Kelimutu National Park is also home for about 19 bird species that are threatened with extinction. Meanwhile,
some species of endemic flores, such as the gerugiwa birds (Monarcha sp.), also inhabit the parkland. Endemic birds
with 11 different sounds of chirping are referred to as spirits, since these birds are rarely found.
Other endemic animals are: mammals (rat) lawo (Rattus hainaldi), mountain mice (Bunomys naso), deke
(Papagomys armandvillei) and wawi ndua (Sus heureni). Other wildlife species include wild cock (Gallus gallus),
ox (Bos javanicus javanicus), deer (Muntiacus muntjak nainggolani), deer (Cervus timorensis), wild boar (Sus sp.),
Eagle (Elanus sp.), Srigunting (Dicrurus antimony), mongoose (Pardofelis marmorata), pangolin (Manis javanica),
hedgehog (Hystrix brachyura brachyura), muscular deer (Tragulus javanicus javanicus), etc. Wild animals in this
area include ano, deer, couscous, civet sulavezi, hornbills, sulawesi musk , sea eagle (Haliaeetus leucogaster) and
several species of butterflies
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The facilities in the tousrist attraction are even less to meet the needs of the visitors, such as the lack of availability
of trash bins, so the visitors still throw garbage anywhere. This thing can damage the image and natural beauty of
the tourist attraction in the area of the Kelimutu National Park. In addition, the toilet was still not good enough, since
there is still toilet with no water.
2. Ecotourism development strategy in the Kelimutu National Park area
1) SWOT analysis
The ecotourism development strategy in the Kelimutu National park area has been developed using SWOT analysis,
which includes both analysis of the internal and external environment. For clearer explanation, the SWOT analysis
of ecotourism development in the Kelimutu National Park area can be described as follows:
a. Strength
The intended strengths are those which can be developed in the future. There are supporting strengths for the
development of ecotourism, they are:
 Status of the protected area of Kelimutu as the conservation area. Determination of this area is based on the
Decree of the Minister of Forestry No.679 / Kpts-II / 1997 of 10 October 1977
 In 36 tribes there are 78 species of trees. The tribe that has the largest number of species is Euphorbiaceae with
10 species and 7 species of Lauraceae and Fabaceae with 6 species. In addition, there is Moraceae with 5 species,
Myrtaceae and Arecaceae, each has 4 species and also Actinidiaceae, Ulmaceae and Meliaceae, each has 3
species. There are also Melastomataceae, Ericaceae, Rubiaceae, Theaceae, Apocynaceae and Elaeocarpaceae in
which each of them has 2 species. There are also two types of plants as the endemic flora of Kelimutu, namely
Uta-Onga (Begonia kelimutuensis) and Turuvara (Rhododendron renshianum).
 The Kelimutu National Park is also home for about 19 bird species that are threatened with extinction.
Meanwhile, some species of endemic flores, such as the gerugiwa birds (Monarcha sp), also inhabit the
parkland. Endemic birds with 11 different sounds of chirping are referred to as spirits, since these birds are rarely
found.
 Other endemic animals are: mammals (rat) lawo (Rattus hainaldi), mountain mice (Bunomys naso), deke
(Papagomys armandvillei) and wawi ndua (Sus heureni). Other wildlife species include wild cock (Gallus
gallus), ox (Bos javanicus javanicus), deer (Muntiacus muntjak nainggolani), deer (Cervus timorensis), wild
boar (Sus sp.), Eagle (Elanus sp.), Srigunting (Dicrurus antimony), mongoose (Pardofelis marmorata), pangolin
(Manis javanica), hedgehog (Hystrix brachyura brachyura), muscular deer (Tragulus javanicus javanicus), etc.
Wild animals in this area include ano, deer, couscous, civet sulavezi, hornbills, sulawesi musk , sea eagle
(Haliaeetus leucogaster) and several species of butterflies.
b. Weakness
The intended weakness is the lack or obstacle of the development of the tourism/ecotourism area in Kelimutu
National Park. They are:
 The less effective of the promotion activities
 The minimum facilities condition
 The less optimal of the community participation, in this case people are less involved in the management of the
tourist area
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c. Opportunity
The opportunities mentioned in this study are the supporting factors of the ecotourism development in the area
of the Kelimutu National Park. They are:
 Opening the opportunities for limited tourism management in the area, especially for tourists with special
interests, such as tracking, camping, outbound and others.
 Support from the community and community leaders in the area, especially in the development of tourist zones
with the hope that they involve from the plan to the use of results
d. Threat
The threats mentioned in this study are factors that hinder future development. They are:
 Pollution of the environment, especially found around the tourist zone which caused by the low awareness of
visitors about the environment, in this case visitors less keep cleanness
3. The strategy of the future development approach
The area of the Kelimutu National Park has a high biological natural resources potential for flora and fauna. The
potential, of course, is the prospect of ecotourism development. Ecotourism is the concept of sustainable tourism, in
which its development plan includes the local community to improve the prosperity.
Possible approaches that can be done to support long-term development are as follows:
 Ecology, an important environmental aspect that should be taken into account in order to make its development
does not damage the potential of natural resources.
 Economy, government together with tourist entrepreneurs work together in improving the local people prosperity
by developing the low scale trade
 Social and cultural, should be sensitive and respect the social and cultural values, the traditional wisdom of
society and preserve the culture of local communities.

SUMMARY
The potential of ecotourism in the area of the Kelimutu National Park, consisting of various species of flora and
fauna, attracts the development of ecotourism in the East Nusa Tenggara. This ecotourism development strategy can
be achieved by developing an SO strategy that optimally develops the available potential of local flora and fauna
and local wisdom, using the support of the government and local communities. In addition, the ecotourism
development strategy can also be implemented through a WO strategy that uses the support of society and
government to improve the quality of tourism facilities (facilities, facilities and infrastructure, and promotion).
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Abstract. El Niño and La Niña are two global influencers of rainfall and weather dynamics in Indonesia. The El Niño
and La Niña phenomenon influenced the inter-annual variability of weather and climate in Indonesia. The intensity of dry
season will increase if it occurs with El Niño season at the same time, and the intensity of rainy season will increase if it
occurs with La Niña season at the same time [Tjasyono, 2009]. The focal point of research on the impact of El Niño and
La Niña is in Madura. The rainfall data is taken from 1981-2011 (30 years) based on 4 rain gauge observation spots in
Madura that organized by Badan Meteorologi Klimatologi dan Geofisika (Indonesian Agency for Meteorology
Climatology and Geophysics). We are using descriptive research method from the data analysis by distinguishing the
connectivity between ENSO and the variability of rainfall in Madura using response graphs and correlation method of
Niño 3.4 index and the monthly means of the rainfall within 30 years. The results of the research show us that the ENSO
affects the weather dynamics in Madura especially on JJA and SON period.
Keywords: ENSO, El Niño, La Niña, rainfall, Madura

INTRODUCTION
ENSO stands for El Niño-Southern Oscillation. “El Niño” used here refers to the warming of the oceans in the
equatorial eastern and central Pacific; Southern Oscillation is the changes in atmospheric pressure (and climate
systems) associated with this warming (hence “Southern Oscillation Index” to measure these changes). ENSO is
used colloquially to describe the whole suite of changes associated with an “El Niño” event - to rainfall, oceans, and
atmospheric pressure 1. ENSO is also can be elaborated as a periodic passage from expected sea surface
temperatures (SSTs) in the equatorial Pacific Ocean zone. ENSO is divided into warm phase (El Niño) and cold
phase (La Niña). These anomaly of ocean temperatures (warmer or cooler than normal condition) can directly
affects the weather system around the zone by affecting the pressure systems, winds, and precipitation. It may bring
enough required moistures to a region while causing a huge load of water or or too little water in others. The passage
of this phenomenon could trigger the natural disasters becomes worse because of its extreme condition, such as
drought, forest fires, flood, and landslide. El Niño and La Niña were claimed as the triggerer of some large-scaled
natural disasters in Indonesia 2. The research is focused to find out the impact of ENSO to the amount of rainfall in
Madura in 30 years period (1981-2011).
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RESEARCH DOMAIN

FIGURE 1. Research domain in Madura Island, East Java, Indonesia.

From the astronomical point of view, Madura is located at 7° 0' 0" S, 113° 20' 0" E, according to the coordinate, the
weather dynamics in Madura is influenced by monsoon-type of rainfall patterns that has 1 peak of rainy season and
1 peak of dry season, and from the geographical point of view Madura is surrounded by Java Sea that makes the
local factor such as sea and land breeze are making a sufficient impact too in addition to the weather dynamics in
Madura. The analysis data is taken on the period of 30 years that started from 1981 until 2011.

EXPERIMENTAL DETAILS
Observation Data
The observation data were taken from the monthly rainfall data from Dam Jepun, Kebonagung, Saronggi, and
Kalianget observation spots in Madura Island in 30 years (1981-2011) from Badan Meteorologi Klimatologi dan
Geofisika (Indonesian Agency for Meteorology Climatology and Geophysics). The data were collected using obs
rain gauge type and it is using mm units. The Niño 3.4 region index (5˚N-5˚S, 120˚-170˚W) data were taken from
Earth System Research Laboratory (ESRL) of National Oceanic and Atmospheric Administration (NOAA), United
States.

Research Method
We are using descriptive research method from the data anaysis. The first analysis is determining the El Niño and La
Niña phases on the period between 1981-2011. The phase is determined by using Niño 3.4 index based on a
threshold of +/- 0.5. The El Niño is claimed to be active when the SSTs is above or equal to 0.5 and the threshold is
met for a minimum of 5 consecutive overlapping seasons. The La Niña is claimed to be active when the SSTs is
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above or equal to -0.5 and the threshold is met for a minimum of 5 consecutive overlapping seasons. The analysis is
interpreted on the “Table 1.”
The second analysis is comparing the normal rainfall monthly means in Madura within 30 years (1981-2011) and the
rainfall monthly means during the El Niño or La Niña phase. The analysis is interpreted on the figure 2 which is
based on this equation:
1
𝑋̅ = 𝑥 ∑𝑛𝑖=𝑙 𝑋𝑖

(1)

𝑛

From the equation (1) above, the 𝑋̅ is the average of monthly rainfall within 30 years or within the period of El Niño
or La Niña phase, n is the amount of monthly rainfall data over a period of 30 years or within the period of El Niño
or La Niña phase, and Xi is the value of the monthly rainfall or within the period of El Niño or La Niña phase.
The third analysis is determining the percentage of rainfall anomaly in the El Niño or La Niña phase. The analysis is
interpreted on the figure 3 which is based on this equation:
𝐴𝑛𝑜𝑚𝑎𝑙𝑦% =

(𝑥−𝑦)
𝑦

× 100%

(2)

From the equation (2) above, x is the average of monthly rainfall when the El Niño or La Niña phase and y is the
average of monthly rainfall from the 30 years period.
The fouth analysis is reviewing the seasonal rainfall. Because the main characteristic of rain pattern in Madura is
influenced by monsoon-type. As stated in Tjasyono, 2008 the review is divided into 4 periods of monsoon-type
rainfall pattern region i.e. North East Monsoon on DJF (December-January-February) period 3, Transition I on
MAM (March-April-May) period, South East Monsoon on JJA (June-July, August), and Transition II on SON
(September-October-November) period. The review is interpreted on the figure 4, 5, 6, and 7 which is based on this
equation:
(𝑎−𝑏)

𝐴𝑛𝑜𝑚𝑎𝑙𝑦% =
× 100%
(3)
𝑏
From the equation (3) above, a is the average of monthly rainfall when the El Niño or La Niña phase on each period
and b is the average of monthly rainfall from the 30 years on each period.
The fifth analysis is calculating the correlation between Niño 3.4 index and the amount of Madura monthly rainfall
within 30 years. The calculation is using Pearson coefficient that explained on this equation:
𝑟=

𝑛 ∑ 𝑋𝑌− ∑ 𝑋 ∑ 𝑌
√𝑛 ∑ 𝑋 2 −(∑ 𝑋)2 √𝑛 ∑ 𝑌 2 −(∑ 𝑌)2

(4)

From the equation (4) above, r is the Pearson correlation coefficient, n is the amount of Niño 3.4 index data within
30 years, X is the value of Madura monthly rainfall at the period from 1981 until 2011, and Y is the value of Niño
3.4 index at the period from 1981 until 2011. Sarwono, 2006 divided the r number into 5 categories 4:
1.
2.
3.
4.
5.

<0,20
(±) 0,20 – 0,40
(±) 0,40 – 0,70
(±) 0,70 – 0,90
(±) 0,90 – 1

: Neglible
: Weak correlation
: Sufficient correlation
: Strong correlation
: Very strong correlation

The correlation analysis between Niño 3.4 index and Madura monthly rainfall at the period 1981 – 2011 is
interpreted on TABLE 3.
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RESULTS AND DISCUSSION
El Niño and La Niña Phases in The Period 1981-2011
TABLE 1. Historical table of significant Niño 3.4 index

Year
1982
1983
1985
1987
1988
1991
1992
1995
1997
1998
1999
2000
2002
2004
2007
2008
2009
2010
2011

DJF
0
2.2
-1
1.2
0.8
0.4
1.7
1
-0.5
2.2
-1.5
-1.7
-0.1
0.4
0.7
-1.6
-0.8
1.5
-1.4

JFM
0.1
1.9
-0.8
1.2
0.5
0.3
1.6
0.7
-0.4
1.9
-1.3
-1.4
0
0.3
0.3
-1.4
-0.7
1.3
-1.1

FMA
0.2
1.5
-0.8
1.1
0.1
0.2
1.5
0.5
-0.1
1.4
-1.1
-1.1
0.1
0.2
0
-1.2
-0.5
0.9
-0.8

MAM
0.5
1.3
-0.8
0.9
-0.3
0.3
1.3
0.3
0.3
1
-1
-0.8
0.2
0.2
-0.2
-0.9
-0.2
0.4
-0.6

AMJ
0.7
1.1
-0.8
1
-0.9
0.5
1.1
0.1
0.8
0.5
-1
-0.7
0.4
0.2
-0.3
-0.8
0.1
-0.1
-0.5

Month Period
MJJ
JJA
0.7
0.8
0.7
0.3
-0.6
-0.5
1.2
1.5
-1.3
-1.3
0.6
0.7
0.7
0.4
0
-0.2
1.2
1.6
-0.1
-0.8
-1
-1.1
-0.6
-0.6
0.7
0.8
0.3
0.5
-0.4
-0.5
-0.5
-0.4
0.4
0.5
-0.6
-1
-0.4
-0.5

JAS
1.1
-0.1
-0.5
1.7
-1.1
0.6
0.1
-0.5
1.9
-1.1
-1.1
-0.5
0.9
0.6
-0.8
-0.3
0.5
-1.4
-0.7

ASO
1.6
-0.5
-0.4
1.6
-1.2
0.6
-0.1
-0.8
2.1
-1.3
-1.2
-0.5
1
0.7
-1.1
-0.3
0.7
-1.6
-0.9

SON
2
-0.8
-0.3
1.5
-1.5
0.8
-0.2
-1
2.3
-1.4
-1.3
-0.6
1.2
0.7
-1.4
-0.4
1
-1.7
-1.1

Table information:
DJF
: December-January-February
JFM
: January-February-March
FMA
: February-March-April
MAM
: March-April-May
AMJ
: April-May-June
MJJ
: May-June-July
JJA
: June-July-August
JAS
: July-August-September
ASO
: August-September-October
SON
: September-October-November
OND
: October-November-December
NDJ
:November-December-January

118
Copyright © The Annual Basic Science International Conference

OND
2.2
-1
-0.3
1.3
-1.8
1.2
-0.3
-1
2.4
-1.5
-1.5
-0.7
1.3
0.7
-1.5
-0.6
1.3
-1.7
-1.1

NDJ
2.2
-0.9
-0.4
1.1
-1.8
1.5
-0.1
-1
2.4
-1.6
-1.7
-0.7
1.1
0.7
-1.6
-0.7
1.6
-1.6
-1
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The TABLE 1 above explains the historical of significant Niño 3.4 index at the period 1981-2011. For historical
purposes, periods of below and above normal SSTs are colored in red and blue when the threshold is met for a
minimum of 5 consecutive overlapping seasons or more in a year. The red-colored numbers show us the year of El
Niño and the blue-colored numbers show us the year of La Niña.
According to TABLE 1 in the period from 1981 until 2011 has 10 El Niño phases consist from year 1982, 1983,
1987, 1991, 1992, 1997, 1998, 2002, 2004, and 2009 while 10 La Niña phases consist from year 1985, 1988, 1995,
1998, 1999, 2000, 2007, 2008, 2010, and 2011. This result can be the basis to calculate and analyze the impact of
ENSO on the amount of Madura rainfall.

Comparison of Monthly Rainfall Means Between the Normal, El Niño, and La Niña Phase
Based on TABLE 2 and FIGURE 2, the El Niño started to give more impact from June to December, it is indicated
by the consecutively significant decreasing of monthly rainfall amount in the range of that months, meanwhile La
Niña gives consecutive impact from March to December by the increasing of monthly rainfall amount in the range
of that months. Though from the analysis we found the case that run into the opposite that is when the El Niño phase
occurs the amount of rainfall is increased and when the La Niña phase occurs the amount of rainfall is decreased, but
the case was not dominant. This case could happen when Madden-Julian Oscilation (MJO) passes over Indonesia,
and or the monsoon also local factor are more intense in the period than the ENSO, but in the overall review over the
period of 1981-2011, the El Niño is dominating 8 out of 12 months and the El Niña is dominating 10 out of 12
months that means ENSO plays a more significant role in the weather dynamics in Madura when it occurs. The
significant percentage of rainfall anomaly is shown on FIGURE 3. The El Niño started to give significant
consecutive impact to the rainfall in June with 45% below the normal rainfall means until November with 30%
below the normal rainfall means. The highest impact from El Niño to the rainfall is in August with 73% below the
normal rainfall means. The La Niña also started to give significant consecutive impact to the rainfall in June with
25% above the normal means until November with 49% above the normal rainfall means. The highest impact from
La Niña is also in August with 135% above the normal rainfall means.
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TABLE 2. Comparison table between 30 years(normal), El Niño, and La Niña monthly rainfall means in Madura

Feb

Mar

Apr

241

197

195

156

80

39

21

3

269

215

179

187

139

20

1

211

181

215

167

101

58

49

Monthly Rainfall Mean (mm)

30 years
mean
El Niño
mean
La Niña
mean

Monthly Rainfall Means (mm)
May
Jun
Jul
Aug Sep

Jan

Oct

Nov

Dec

10

31

109

197

1

0

13

45

146

7

17

63

166

221

300
250
200
150
100
50
0
1

2

3

4

5

6

7

8

9

10

11

12

Month
LA NIÑA MEAN

30 YEARS MEAN

EL NIÑO MEAN

FIGURE 2. Madura monthly rainfall in the normal period (30 years mean), El
Niño period, and La Niña period within 1981 – 2011.
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FIGURE 3. The percentage of monthly rainfall anomaly on the El Niño and La
Niña phase in Madura (1981 – 2011).
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Seasonal Monsoon-Type Rainfall Pattern Review in Madura (1981-2011)

Rainfall Accumulation (mm)

DJF
EL NIÑO

LA NIÑA

-100%

-50%
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660
640
620
600
580
560

100%
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(a)

NORMAL

LA NIÑA

(b)

FIGURE 4. Madura rainfall pattern in the DJF (December-January-February) period. (a) Percentage of periodal rainfall anomaly.
(b) Periodal response graph between normal, El Niño, and La Niña phase.

DJF period represents the rainy season in the monsoon-type of rainfall pattern region in Indonesia. From figure 4 we
can see El Niño and La Niña give no impact to the DJF period (rainy season) moreover the rainfall pattern run into
the opposite impact. When the El Niño phase passed the amount of rainfall is increased by 5% from the normal
condition and when the La Niña phase passed the amount of rainfall is decreased by 4% from the normal condition.

MAM
Rainfall Accumulation (mm)

MAM

EL NIÑO

LA NIÑA

-100%

-50%
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100%

480
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440
420
400
380
EL NIÑO

(a)

NORMAL

LA NIÑA

(b)

FIGURE 5. Madura rainfall pattern in the MAM (March-April-May) period. (a) Percentage of periodal rainfall anomaly. (b)
Periodal response graph between normal, El Niño, and La Niña phase.

MAM period represents the transition from rainy season to dry season in the monsoon-type of rainfall pattern region
in Indonesia. From figure 5 we can see El Niño and La Niña give little impact to the MAM period. When the El
Niño phase passed the amount of rainfall is decreased by 5% from the normal condition and when the La Niña phase
passed the amount of rainfall is increased by 6% from the normal condition.
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Rainfall Accumulation (mm)
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FIGURE 6. Madura rainfall pattern in the JJA (June-July-August) period. (a) Percentage of periodal rainfall anomaly. (b)
Periodal response graph between normal, El Niño, and La Niña phase.

JJA period represents the dry season in the monsoon-type of rainfall pattern region in Indonesia. From figure 5 we
can see El Niño and La Niña give significant impact to the JJA period. When the El Niño phase passed the amount
of rainfall is decreased by 57% from the normal condition and when the La Niña phase passed the amount of rainfall
is increased by 53% from the normal condition.
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FIGURE 7. Madura rainfall pattern in the SON (September-October-November) period. (a) Percentage of periodal rainfall
anomaly. (b) Periodal response graph between normal, El Niño, and La Niña phase.

SON period represents the transition from dry season to rainy season in the monsoon-type of rainfall pattern region
in Indonesia. From figure 5 we can see El Niño and La Niña give significant impact to the SON period. When the El
Niño phase passed the amount of rainfall is decreased by 42% from the normal condition and when the La Niña
phase passed the amount of rainfall is increased by 55% from the normal condition.

Correlation Analysis
TABLE 3. Correlation table between of monthly rainfall with Niño 3.4 index in Madura at the period of 1981-2011.

Month
January
February
March
April
May
June
July

R Number
0.26
0.32
0.17
0.30
0.11
-0.18
-0.40

Correlation
Weak
Weak
Neglible
Weak
Neglible
Neglible
Sufficient
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August
September
October
November
December

-0.46
-0.38
-0.53
-0.64
-0.05

Sufficient
Weak
Sufficient
Sufficient
Neglible

From TABLE 3 we can see the ENSO activity based on Niño 3.4 index dominantly gives negative correlation to the
rainfall (7 out of 12 months), that means when the warm ENSO occurs (positive Niño 3.4 index) it significantly can
decrease the amount of the rainfall and when the cold ENSO occurs (negative Niño 3.4 index) it significantly can
increase the amount of the rainfall, specifically ENSO will have its significant role to the weather dynamics in
Madura when it occurs in October to November that have high sufficient negative correlation (-0,55 and -0,64).

SUMMARY
From the research we can conclude that ENSO plays the significant role in the weather dynamics in Madura. During
the 1981-2011 period the frequency of normal condition, El Niño, and La Niña phase is equal (10 phases each). It
means ENSO (El Niño and La Niña) has to be taken into account in the determination of the climate and weather
preddiction in Indonesia especially in Madura because it has a significant frequency of occurance in the last 30 years
in the region of Indonesia. The most significant impact of ENSO is in JJA period (dry season) and SON (transition
from dry season to rainy season) period. Because of its significant impact on dry season and the transition from dry
season to rainy season and it well-corresponded with the correlation between Niño 3.4 index that have high
sufficient negative correlation in October to November, it could be concluded if the El Niño occurs on that period it
would make the dry season worse, moreover it could trigger the long drought and forest fires and if La Niña occurs
in the dry season it would make a benifical effect that could shorten the period of drought or dry season, but if La
Niña occurs in the transition from dry season to rainy season it would extend the rainy season (the rainy season
would come early and end lately), according to the condition it would increase the intensity of rainfall and if it is
occured with bad mitigation management and with the critical topography of the land it wolud plump the natural
disaster like floods and landslides. The condition could be worse when the La Niña occurs and it is supported by
Madden Julian Oscillation, monsoon, and local factor that could make the increasing from the amount of rainfall
more intense. Hopefully this research will enrich the references in addition to the natural disasters mitigation and
development planning from the local government of Madura and other related institution and moreover it will help
to develop the study of ENSO activities in Indonesia in general.
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Abstract. The high yielding soybean plants are able to produce large quantities of soybean seeds. However, currently,
soybean production is influenced by the CpMMV virus attack carried by Bemisia tabaci. The improvement of soybean
production has a relationship with phosphate which can be absorbed by the plants. This study aims to determine the
appropriate dose of phosphate to improve soybean crop conditions due to B. tabaci attack. The study design was
randomized complete block design, with two factors. The first factor was four different doses of phosphate and the
second factor was seven soybean genotypes. The results showed that the genotypes affected agronomic characters on
plant height, pod width and number of pods per plant. The most significant doses of phosphate were 250 kg/ha and 300
kg/ha SP36, where at this dose the Gumitir variety had the highest seed length and seed width, while the UM 6-2 line had
the highest seed thickness and the highest number of reproductive nodes. The interaction between doses of phosphate and
genotype affected the number of reproductive nodes. The reproductive nodes seem related to the number of pods and
seeds per plant. The more number of reproductive nodes per plant, the number of pods and seeds were more as well.
Keywords: Agronomy, B. tabaci, Phosphate, Soybean

INTRODUCTION
Soybean production in Indonesia is not sufficient yet for fulfilling soybean demand so that Indonesia still imports 1.
This is due to plant conditions, growing conditions and environmental conditions. One of the causal factors that
affect the environmental condition is the attack of plant pest organisms. The process undertaken by B. tabaci in
damaging the plant is to poison the plant vessels that result in weakened plant defenses and leaves covered with
honeydew which is the place to grow sooty fungi 2. As a result, photosynthesis activity is hampered followed by a
decrease in the quality of crops resulting in less than optimal yield 3. Beside, Bemisia tabaci carries CpMMV
(Cowpea Mild Mottle Virus) and serves as a vector of CpMMV 4.
Research on efforts to improve the resistance of soybean to CpMMV virus has been done through plant breeding 5.
However, resistance to CpMMV virus carried by B. tabaci still needs to be done because some soybean lines still
have necrosis, black spots appear, the number of unfilled pods increases, plant roots are not solid, and plant
dwarfing 6. The plant resistance to virus attack is one of the determinants whether the harvest will be maximal or
not. Another way that can be taken in addition to plant breeding is to consider the adequacy of nutrient uptake for
plants 7. Other factors that need to be considered are soil pH, soil's ability to absorb nutrients, organic matter
contained in the soil, phosphate content and decomposing organisms in the soil 8.
One of the efforts to improve the plants damaged by the virus is the addition of nutrients needed by plants 9,10. Seed
formation, flowering, seed maturity, yield, seed quality and resistance to disease are associated with phosphate
content 11. Phosphate is the most important nutrient after nitrogen 12. The phosphate found in the soil is a
macromolecule that tends to difficult to be absorbed by plant roots. Its rock-like shape is often difficult to degrade 13.
However, stone phosphate is often used as an alternative to increasing the phosphate content in the soil by farmers
14
.
The addition of phosphate is adjusted with phosphate levels in the soil 15. The effectiveness of phosphate addition is
also determined by the climate. The high rainfall causes the phosphate given to the soil to flow with water, whereas
during the dry season the phosphate will more easily evaporate 16. Therefore, phosphate giving is done during the
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afternoon so as not to easily evaporate and plants obtain maximum phosphate. The absorption of phosphate in plants
is also influenced by the ability of root adaptation in absorbing phosphate. There is a relationship between the roots
ability to absorb phosphate and the concentration of phosphate located in the area around the roots 17.
The purpose of this study is to determine the appropriate dose of phosphate (P) to optimally increase soybean yield.
Plants that meet the needs of the elements it needs can be protected from environmental influences, especially the
virus B. tabaci. Plant resistance to virus attack can be seen from the leaves are brightly colored, no yellow spots, no
wrinkles and no necrosis 5.

EXPERIMENTAL DETAILS
The research was carried out in November 2016 - January 2017 at Indonesian Legume and Tuber Crops Research
Institute, Kendalpayak, Malang. Plant materials in this research were five soybean lines (UM 4-1, UM 7-2, UM 2-4,
UM 7-6, UM 6-2) and two check varieties (Gumitir and Wilis). The phosphate fertilizer used was SP-36 (super
phosphate 36% P2O5). There were four treatments without phosphate (0 g/polybag) symbolized by P0, 200 kg SP36/ha equivalent to 0.917 g/polybag symbolized by P1, 250 kg SP-36/ha equivalent to 1,833 g/polybags symbolized
by P2, 300 kg SP-36/ha equivalent to 2.77 g/polybag symbolized by P3. The four treatments were followed by a
standard dose of 0.363 g/polybag and a standard dose of 0.55 g/polybag.
The preparation was done by choosing the soybean line as well as varieties that were considered as a superior one so
that it can be used as a comparison, then dried followed by mixing the soil with manure. Implementation was done
by putting the soybean seeds into the polybag that has been filled with soil and put the fertilizer with a
predetermined dose. Maintenance was done by weeding plants that can interfere with soybean growth and
replacement if there were soybeans that died early. Harvesting was done by following observation of agronomical
character such as plant height, number of branches, length of pod, width of pod, pod thickness, seed length, seed
width, seed thickness, number of filled pods, number of unfilled pods, number of total pod, days to flowering, days
to maturity, and weight of 50 seeds.
The resistance of soybean against B. tabaci attack was known based on durability score and honeydew applied.
Resistance scoring was done four times. The process of scoring resistance was performed on each leaf contained in
each plant. The leaf condition in each plant was matched against criteria that had been adapted from [5].
Furthermore, resistance was also known by percentage of honeydew which was also conducted on the basis of
criteria. The criteria used to use the numbers 1 to 5. Percentage of honeydew obtained on the basis of criteria scoring
done four times simultaneously with the scores of endurance.
The study design used a complete randomized block design (RCBD). Data were analyzed using ANOVA. If the
effect was significant, proceed with the advanced test of LSD 5%.

RESULTS AND DISCUSSiON
The agronomical character was the observed character with the aim of studying the results obtained based on several
treatments applied. The results will then be observed differences between observed variables. The difference may be
due to the different phosphate dosage treatment in each genotype. The significant differences that were affected by
the genotype were seen in plant height, the width of pods, and number of pods per plant. The actual interacting
effect was in seed length, seed width, seed thickness and number of reproductive nodes.
Agronomy in soybean plants was also affected by the soybean resistance that can be observed through the intensity
of the attacks marked by the presence of honeydew on the soybean leaves. The result of the analysis showed that
there was no significant difference in the intensity of the attack through the scent of honeydew. The summary of the
results of the analysis can be seen in TABLE 1.
UM 4-1 line is the highest, although did not differ significantly with the UM 7-2 and UM 7-6 lines. The patterns are
seen in the UM 4-1 and UM 7-2 lines do not show any significant difference, nor was the difference between the
UM 7-2 and UM 2-4 lines. Lowest soybean is found in Wilis varieties which also did not differ significantly with
plant height on Gumitir variety (FIGURE 1). Analysis of ANOVA on plant height character got the result that
difference of line effect to plant height but did not affect to treatment and interaction. Factors that affect the plant
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height include environmental temperature, soil temperature, soil moisture, and CO 2 content in the soil 18. The
content of nutrients especially phosphate seems affects plant height. The microorganism of Azospirilli umbrasilense
has been shown also to have a significant effect on the increase in plant height 19. In addition, the role of phosphate
increases after the addition of chemical bonds formed between phosphate and nutrient content already present in the
soil 20.
TABLE 1. Analysis of the variance of soybean agronomical character
Agronomic characters

MS treatment

Plant height (cm)
49.603
Number of branches per plant
0.174
Pod length (mm)
0.021
Pod width (mm)
0.209
Pod thickness (mm)
0.755
Seeds length (mm)
0.179
Seeds width (mm)
0.299
Seeds thickness (mm)
0.028
Number of filled podsperplant
110.576
Number of pod in per plant
160.302
Number of unfilled pods per plant 13.531
Number of reproductive nodes
0.789
Seed weight per plant
0.937
Days to flowering (days)
1.345
Mays to maturiy (cm)
0.679
Weight of 50 seeds
0.053
Honeydew severity
1.6943
*Significant at 5% level; ** Significant at 1% level

MS
Interaction

MS Genotype

310.179**
0.580
0.430
1.702*
0.184
0.696
0.430
0.371
205.956
238.360**
10.245
6.617
1.986
1.020
0.873
0.459
6.0894

112.670
1.063
0.121
0.415
0.468
0.979*
0.446*
0.352*
164.525
148.846
7.867
9.823**
0.763
.845
1.280
0.329
4.9678

MS Error

74.580
0.985
0.243
0.682
0.407
0.314
0.240
0.172
103.314
108.216
6.675
5.319
1.103
0.790
1.284
0.253
7.8118

ab

a

b-c

c
c

Plant height (cm)

c

c

Tests performed using ANOVA resulted in a genotype effect on pod width, but no treatment and interaction effects.
Gumitir was the widest pod between the lines and other varieties. The narrow pods were obtained by UM 7-6
(FIGURE 2). The results obtained were influenced by phosphate levels that can be absorbed by plants. The addition
of phosphate to the plant, or in other words, not the natural phosphate already present in the soil has an effect on the
pod, especially on pod width 21. The other nutrition content in rock-shaped phosphate added can be absorbed by
plants. The absorption of more nutrients in plants also affects the nutritional needs of plants in the seed growth phase
22
. It seems the triggers of differences in pod width.

Genotype
FIGURE 1. Plant height of soybean genotypes

127
Copyright © The Annual Basic Science International Conference

a-c
a

a-b

a-c

Pod width (mm)

b-c

b-c

c

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

Genotype

FIGURE 2.Pod width of soybean genotypes

a-b

Number of pods per plant

a

a-c

c

a-b

a-c

b-c

Soybean line of UM 7-6 was the plant that had the highest number of pods per plant, but not significantly different
with UM 4-1 and UM 2-4lines (FIGURE 3). Gumitir and Wilis varieties show the similarity of the number of pods
per plant where the number was low compared with other lines of soybean. Based on ANOVA results, there was a
genotype effect on the number of pods per plant, but no effect of treatment and interaction. It was influenced by the
bonding between phosphate fertilizers, phosphate elements already present in the soil, and their interaction 23. The
rate of phosphate fertilizer, inoculation with various types of phosphate content binding to chemical elements in the
soil can increase the number of pods per plant 20. The combination of phosphate solvent bacteria, with N nutrients,
can increase the number of pods per plant 24.

Genotype
FIGURE 3. Number of pods per plant of soybean genotypes

The ANOVA showed that there was an interaction effect on seed length, but no genotype and treatment effect.
Soybean from Gumitir varieties treated with P1 had the longest seed. The seed length of Gumitir variety did not
differ with seed length in UM 2-4 line of soybean with P2 treatment. The difference in seed length between these
two genotypes also did not differ greatly with UM 7-2 in the P0 treatment (FIGURE 4). The interaction between the
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lines with the treatment so that the different seeds appear in the plant was affected by the content of nutrients
absorbed. The basic ingredients or nutrients that can be absorbed by plants were related to the speed of germination.
Phosphate is an important element that plants need, especially soybean to increase its production 25. Phosphates in
their role as essential nutrients are not self-employed, but rather the influence of natural phosphates already present
in the soil 20. Phosphate can act as a trigger factor in flower formation, seed initiation and seed development 26.

FIGURE 4. Interaction of genotype× phosphate dose on seed length

Gumitir varieties treated with P1 have the widest seed, but in this varieties,P2 treatment also had seed width which
difference not far from Gumitir varieties with P1treatment. The lowest seed width was found in Wilis varieties with
P1 treatment (FIGURE 5). Based on ANOVA, there was interaction effect on seed width, but there was no effect of
line and treatment separately. Factors that may affect seed width were the interaction between phosphate in soil and
potassium 27. Both factors were mutually influencing each other toward seed width 28.
Soybean from UM 2-4 line treated with P1 had a thick seed. Soybean with UM 6-2 line in F2 treatment turned out to
have the smallest thickness of seeds among lines and varieties. The line with seed thickness not much different
among the treatments of P0, P1, P2 and P3 was UM 7-2 line, where the difference of seed thickness among each
treatment was similar (FIGURE 6). The thickness of the seed is related to the cuticle layer which was mechanically
and in phase, its development was a place that water can pass 29. A strong cuticle sheath cannot be damaged under
normal environmental conditions 30. The thickening occurs at an imbibitions stage and area expansion within the
seeds, where the embryo within the cotyledon expands to meet the area within the seed 31.
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FIGURE 5. Interaction of genotype × phosphate dose on seed width

FIGURE 6. Interaction of genotype×phosphate dose on seed thickness

UM 6-2 line treated with P3 had the most reproductive nodes, but in the P1 treatment, this soybean line had the least
number of reproductive nodes among the lines and other varieties. The largest number of reproductive nodes that did
not differ significantly with the UM 6-2 line of soybean was UM 7-6 with P3 treatment (FIGURE 7). The number
of reproductive nodes influences the number of seeds. The higher the number of reproductive nodes, the number of
seeds per plant will be more 6. The number of reproductive nodes in healthy plants was 8.9 per plant 32. In addition,
the agronomical characters that influence the number of reproductive nodes was plants’ height and number of
branches. Plants that have higher and more branches will have a high number of reproductive nodes as well 33,34.
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FIGURE 7. Interaction of genotype × phosphate dose on number of reproductive nodes

SUMMARY
Based on the results of this research, it can be concluded that genotype significantly influenced toward plant height,
pod width, and number of pods per plant. Interactions between genotype and phosphate are found on seed length,
seed width, seed thickness and number of reproductive nodes.The highest seed yield is shown by UM 4-1.UM 7-6
had the most number of total pods per plant.The interaction between the genotype and the treatment revealed that
Gumitir with P1 treatment had the longest and widest seed, UM 6-2 with P3 treatment had the thickest seed, and
UM 6-2 with P3 treatment had the highest reproductive nodes.Gumitir and Wilis varieties had similar number of
pods per plant, which these two varieties showed the least number of pods per plant. The highest number of pods per
plant was showed by UM 7-6 line. The interaction between genotype and phosphate doses suggest that to obtain the
highest performance in certain characters, the phosphate dose have to suitable for the genotype.
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Abstract. Gresik Regency, precisely Driyorejo Sub-district, has been suffered water shortage crisis. During the rainy
season people save the rainwater in the shelters for their consumption for several months ahead, meanwhile in the dry
season they experiencing drought. To solve this water shortage problem, it is necessary to find the potential of subsurface
water or the location of aquifer. There has been a method which accurately proven to identify the existence of aquifer,
namely Vertical Electrical Sounding (VES) Geoelectrical method. The output targeted in this method is a description of
the condition of the subsurface and the location of the underground aquifers which subsequently become the
recommendation point of groundwater drilling. The research method is generally divided into three steps, which are data
collecting by executing field survey and studying secondary data, then processing the field data by operating the software
and finally followed by data analyzing with combining between field data and secondary data 3. Data acquisition located
in Driyorejo sub-district with the initial coordinates to the end of the measurement: 7 o20'46.92 "- 7o20'49.29" South
latitude and 112o37'13.04 "- 112o37'07.09" East longitude. Measurement process was carried out at 4 point locations that
were estimated to represent the geological conditions of Driyorejo sub-district. The result of this geoelectrical
measurement is the resistivity value obtained in the research area, which is in amount of ≤10 Ωm, where most of the
constituent rocks are sedimentary rocks that suspected as aquifer zone. Recommended drilling point is at the point where
it is interpreted as sand or gravel saturated water, especially at point 2 at a depth of 17-37.5 meters.

INTRODUCTION
A number of sub-districts in Gresik Regency have shortage of clean water. Data of Regional Disaster Management
Agency (BPBD) Gresik in 2015 has mapped 39 villages in seven sub-districts experiencing shortage of clean water.
A number of sub-districts lacking such clean water are Benjeng, Balong Panggang, Duduk Sampeyan, Menganti,
Driyorejo, Wringinanom, and Cerme Subdistricts. Driyorejo District is located in the southern region of Gresik
Regency, precisely southwest of Gresik is 28 km away. The area of Driyorejo District is 6,128.43 Ha. Divided into:
Land of paddy / yard 91.07% Pond 3.05% and others 5.88%. The altitude of the area averaged ± 4 meters above sea
level. The clean water source of the residents relies on rain-fed water and pond water. At the time of the rainy season
residents save rain water for consumption until the next few months. But the majority of people who do not have a
large shelter, they use clean water from the lake to drink, previously boiled in advance. In the dry season the lake is
experiencing drought. Therefore, in this area must to do research in search of ground water source in order to fulfill
society need to clean water. Geoelectric surveys can be used to determine indirectly the existence and dimensions of
geologic material below the surface, for example: depth of surface material, groundwater depth, fracture location,
thickness and evaluation of gravel or clay deposits (Fetter, 1988). The geoelectrical method is believed to be the best
method of undertaking hydrogeological investigations 1. The principle of geoelectrical method is geological material
always has different types of electrical resistance. Resistivity of geological materials is influenced by the ability of
rocks to store water, soil water content, porosity and water quality as well as the type of material itself. The purpose
of this research is to get an overview of subsurface condition and mapping of underground aquifer pattern based on
secondary data and primary data 2.
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EXPERIMENTAL DETAILS
The research method is generally divided into three, namely data collection by field survey and secondary data
study, then processing of field data with software. Then analyzing field data with secondary data (FIGURE 1). By
using the Wenner-Schlumberger configuration, data acquisition was conducted on Sunday, May 14, 2017 located in
Driyorejo district at coordinates 7o20'46.92 "- 7o20'49.29" South Latitude and 112o37'13.04 "- 112o37'07.09" East
Longitude. The design of the acquisition is shown in FIGURE 2. The measurement point is depicted by a yellow
mark with the distance between the measurement points illustrated by the red line. There are 4 measurement points
(TP) to be observed with the following coordinates:
TP1:7o20’46.92” Latitude and 112o37’13.04” Longitude
TP2:7o20’47.47” Latitude and 112o37’11.55” Longitude
TP3: 7o20’47.10” Latitude and 112o37’09.81” Longitude
TP 4:7o20’49.29” Latitude and 112o37’07.09” Longitude

FIGURE 1. Flowchart of research
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FIGURE 2. Data acquisition with 4 line shown by red line

RESULTS AND DISCUSSION
After performing measurement using geoelectric method, the data of R value and the electrode position are obtained.
Then by using this data, the calculations for K and Apparent Resistivity (Rho) has been performed. FIGURE 3
shows the graph of the resistivity value of each point.

FIGURE 3. Graph of resistivity values on all four track points

After data processing finished, then the 4 layers generated with low error. In line 1, there are 3 layers with error
3.72% with resistivity value 1.48 - 8.75 Ωm, line 2 has error value 6.21% with resistivity 1.77 - 8.41 Ωm, line 3 has
error 7.69% with resistivity 2.89 - 8.21 Ωm and line 4 has error 2.9 % with resistivity 4.97 - 9.6 Ωm. After the
inversion process, the data obtained as shown in FIGURE 4.
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FIGURE 4. Cross-section resistivity throughout the measurement path

The value of this error is low so the accuracy of the data is more accurate. From the resistivity value of each path
then generated interpretation as in the following table:
TABLE 1. Interpretation of line 1

No
1
2
3
4

Depth (m)
0-5
5-7,25
7.25-19
19-61

Resistivity (Ωm)
2.85-3.51
0-1.52
8.11-10
1.52-1.87

No
1
2
3
4

Depth (m)
0-1
1-17
17-37.5
37.5-61

Resistivity (Ωm)
1.52-1.87
2.85-3.51
8.11-10
0-1.52

No
1
2
3
4

Depth (m)
0-1
1-5
4-18
18-61

Resistivity (Ωm)
4.33-5.34
2.85-3.51
8.11-10
1.87-2.31

Rock Layers
Association between clay, silt and sandy clay
Clays
Sand or sands of water saturated
Clays

TABLE 2. Interpretation of line 2

Rock Layers
Clays
The association between clay, silt and sandy clay
Sand or sands of water saturated
Clays

TABLE 3. Interpretation of line 3

Rock Layers
The association between clay, silt and sandy clay
The association between clay, silt and sandy clay
Sand or sands of water saturated
Sand or sands of water saturated

TABLE 4. Interpretation of line 4

No
1
2
3
4

Depth (m)
0-1
1-4
4-56
56-61

Resistivity (Ωm)
6.58-8.11
8.11-10
4.33-5.34
2.31-2.85

Rock Layers
Sand or sands of water saturated
Sand or sands of water saturated
Association between clay, silt and sandy clay
Association between clay, silt and sandy clay

From the interpretation result, it shows that the measurement area is dominated by rock layers with low
resistivity value (10 Ωm down). This layer has properties of a water carrier layer (aquifer). However,
groundwater drilling should be done at sounding point 2 (S2), with drilling depth between 17 and 37.5 meters.
At this point S2 is suspected as a water carrier layer (aquifer) because it is suspected that the layer contains sand
and gravel saturated water.
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SUMMARY
From this research, some conclusion can be stated are the resistivity value exist in measurement area in amount of
≤10 Ωm, which most of the constituent rocks are sedimentary rocks described as aquifer zone. Recommended
drilling point is at the point where it is interpreted as sand or gravel water saturated, which is point 2 at a depth of
17 - 37.5 meters.
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Abstract. Nitrile are organic chemical compounds that include the functional group of CN. These compounds are
generally highly toxic, mutagenic, carcinogenic in nature and extensively used by industries, such as chemical, pesticides,
and pharmaca industry. A wide variety of microorganisms have the ability to convert variuos types of nitriles to
carboxylic acid and ammonia through two distinct enzymatic pathways. Bioconversion of nitrile compounds for
production of several fine chemicals, pharmaceutical have been widely reported. Rhodococcus pyridinivorans strain LP3
that was isolated from effluent waste of Antam Gold Mine grew well on benzonitrile up to 25 mM and the highest
growth were observed at 15 mM. R. pyridinivorans strain LP3 was capable of converting benzonitrile to benzoic acid. In
this study several optimatization for conversion benzonitrile to benzoic acid were done in environmental condition, such
as pHs and temperatures. Activity enzymes were evaluated by determining the ammonia production based on Neesler's
method. Biotransformation product are benzamida and benzoic acid were analysis using HPLC. The results showed that
the optimum condition for biotransformation process of bezonitrile to benzoic acid took place at pH 5 and temperature
30oC. The strain has a great capability to convert benzonitrile 50 mM and produce benzamide (12 mM) , benzoic acid (37
mM) and ammonium (30,88 mM) in 60 minutes reaction. Enzymes-converting nitrile involved in the biotransformation
process are nitrile hydratase and amidase.
Keywords: Rhodocococcus pyridinivorans, benzonitrile, benzamide, benzoic acid, biotransformation, enzymes
converting benzonitrile.

INTRODUCTION
It is known that nitriles are toxic compound that have potential as environmental pollutants due to their excessive
use in industries. Although, nitriles are toxic in nature but they can be hydrolysed to less toxic and higher-value
amides, carboxylic acid under mild conditions by enzyme-converting nitrile 1-3. These enzymes have great pontential
for producing of intermediates which are used for synthesizing of fine chemical, drugs, pesticides and they also
effective and biofriendly technology to minimize the chemical pollutants.
The microbial metabolism of nitriles occurs through two different pathways. The first pathway, nitrile hydratase
that mediated the conversion of nitriles to amides and then an amidase converts the amides to carboxylic acids and
ammonia. The second pathway, nitrilase participates in the directly conversion of nitriles to carboxylic acids and
ammonia 2,4,5. Microbes that contain only nitrilase usually fail to metabolize amides. A few microorganisms reported
that be able to metabolize benzonitrile, because the compound is an active component of herbicides that widely
used, such as 4-hydroxy-3,5-diiodobenzonitrile, ioxynil and as precursor for benzoguanamin resins. Fusarium
solani, Rhodococcus rhodochrous, Klebsiella pneumoniae were capable of utilizing benzonitrile as the sole source
of carbon and nitrogen and they contained a nitrilase that hydrolyzed benzonitrile to benzoic acid and ammonia 6.
The aims of this study is to optimize the reaction condition of biotransformation benzonitrile to benzoic acid using
whole cells of R. pyridinivorans strain LP3. Microbial metabolism of nitriles is as follows:
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FIGURE 1. Nitrile hydrolyzing enzymes2

EXPERIMENTAL DETAILS
Chemicals
Benzonitrile were purchased from Junco Chemical Japan, Benzamide, and benzoic acid were obtained from
Aldrich.

Microorganisms and Culture Medium
Rhodococcus pyridinivorans strain LP3 was isolated from effluent waste of Antam Mining Gold at Cikotok
,West Java-Indonesia. Culture was grown on minimal media contained Na 2HPO4.2H2O 0,4475 g L-1; KH2PO4 0,1
g L-1 ; CaCl2.2H2O 0,01 g L-1 ; MgSO4. 7H2O 0,1 g L-1; FeSO4. 7H2O 0.001 g L-1; Yeast exstract 0,01 g L -1,
microelement 1 mL L-1. Composision of microelement as follows: ZnSO4.7H2O, MnCl2.4H2O,H3BO3,
CoCl2.6H2O, CuCl2.2H2O, NiCl2.6H2O, Na2MO4.2H2O, Na2SeO3. Isolate was grown on liquid minimal media
supplemented with benzonitrile as the sole source of carbon and nitrogen.

Inoculum Preparation
Inoculum prepared in 500 mL mineral medium containing 25 mM benzonitrile in Erlenmeyer flask, then was
inoculated with Rhodococcus pyridinivorans strain LP3 as much as 3% (v / v) aseptically. The culture was then
incubated above the shaker at room temperature (28 ° C) for 72 hours.

Preparation Whole Cells of R. pyridinivorans strain LP3
3% inoculum was inoculated into 3-liters volume fermenter containing 2 liters of minimal medium containing
containing 25 mM benzonitrile. Subsequently the culture was incubated at room temperature (± 28 oC) for 72 hours.
Cell were obtained by cuture centrifugation at 10.000 rpm at 4oC for 15 minutes. The pellet (whole cells) was rinse
with 50 mM phosphate buffer (pH 7,2) 2 - 3 times and then the cells stored in pre sterilized bottle at -4 oC before
being used for the next testing.

pH
Enzyme assay was carried out using phosphate buffer of different pH (4 – 8,0) using whole cells of
Rhodococcus pyridinivorans strain LP3.

Temperature
The activity of enzymes was observed at different temperatures ranging from (20 - 50°C) using whole cells of R.
pyridinivorans strain LP3

Time
Enzyme activities of R. pyridinivorans strain LP3 were assayed at different intervals 0,30, 45 and 60 minutes of
time during the incubation at 30°C and pH 5.0

Benzonitrile-degrading Enzyme Assay
Benzonitrile-degrading enzyme activity was assayed by detecting of ammonia production by Nessler method.
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Analytical Methods
Bacterial growth was determined spectrophotometrically at 436 nm. Benzonitrile and their metabolites
(benzamide and benzoic acid) concentration were detected and quantified by HPLC Agilent 1100 with column C18
(Supelco, 5µm : 15 cm x 4.6 mm) and the mobile phase used Ortho phosphoric acid (0,2%) : acetonitrile (25:75),
flow rate 1 mL/minute; wave length 254 nm, column temperature was 25oC.

RESULTS AND DISCUSSION
Growth and Activity Profiles
R. pyridinivorans strain LP3 was able to grow on benzonitrile up to 25 mM concentration. The best growth of
the strain on benzonitrile is at a concentration of 25 mM (Fig 2). It have been reported before that a few
microorganisms be able grow well and hydrolyse benzonitrile 6. The growth of the strain on benzonitrile decreased
gradually on the concentration above 25 mM and growth was completely inhibited (data not shown). It has been
reported that benzonitrile is an organic aromatic nitrile compound of colorless liquid with sweet almond odor and
usually used as an active ingredient of herbicide, such as bromoxynil, ioxynil. The toxicity level of aromatic nitriles
is usually higher than aliphatic nitriles. Therefore, the aromatic nitriles compound more difficult to degrade than
aliphatic nitriles.

FIGURE 2. Growth of Rhodococcus pyridinivorans strain LP3 on 25 mM benzonitrile (C6H5CN) and ammonium
release
Many reports shown that members of the genus Rhodococcus were frequently found in various types of
environment and the genus also are ubiquitous in contaminated soil. The ability of Rhodococci are able to utilize
various toxic compounds as source of carbon and nitrogen. They are known well as a toxic degrader strain and have
great significant in the waste management 7,8. Members of Rhodococcus are gram positif bacteria, aerobic and non
motile 9.
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Biotransformation Benzonitrile to Benzoic Acid
Microbial metabolisms of nitrile occurs by two major enzymatic pathway. First route, nitrilase catalyse the direct
nitrile into carboxylic acid and ammonia without formation of the amide as an intermediate. In the second pathway,
nitrile hydratase convert nitrile to the corresponding amide, which is the amide hydrolysed to carboxylic acid and
ammonia by an amidase enzyme 5,10,11. In this study, biotransformation of benzonitrile using whole cells of by
R.pyridinivorans strain LP3 involves bienzymatic enzymes (nitrile hydratase and amidase). The formation of amide
as by-product is an indicator that bioconversion through two stages reaction, like in Fig. 3. Many reports showed
that metabolism of benzonitrile usually follows through one or in single reaction with mediated by nitrilase.
Nitrilase directly convert benzonitrile to benzoic acid and ammonia. It have been reported that catabolic of
benzonitrile in Rhodococcus sp. strain MTB5 also through bienzymatic pathway are nitrile hydratase and amidase 12.
Ammonium was release, as it is indicator of benzonitrile cleaveage and it is one of the end products in
biotransformation (Fig 2). Catabolic of benzonitrile in Rhodococcus sp strain MTB5 also through bienzymatic
pathway are nitrile hydratase and amidase 12.

Fig. 3 Catabolic pathway of benzonitrile in Rhodococcus sp. strain MTB5

Effect of pH and Temperature on Bioconversion Benzonitrile
The ability of enzymes to catalyze a chemical reaction is strongly influenced by environmental condition such as
pH, temperature, incubation time and substrate consentration. The effect of different pH and temperature were
shown in Fig 4 (A and B). It has been described before that the activity of enzyme was assayed by detecting of
ammonia production by Nessler method. The bioconversion of benzonitrile was carried out at temperatures range
from 20-50 oC. Temperature is also affects the sustainability of the process. The highest concentration ammonium
(30,88 mM) was reached at 30 oC in 60 minutes reaction, therefore the maximum activity of enzyme was obtained at
30oC (Fig 4A). The enzyme activity was not stable at temperature above 30 oC. Most of microorganisms have
shown maximum activity at temperature 30 oC 13.

142
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

60

50
50

40

30

o
suhu 20 C
o
suhu 30 C
o
suhu 40 C
o
50 C

20

Ammonium (mM)

Ammonium (mM)

40

30

20

pH 4
pH 5

10

10

pH 6
pH 7
0

0

0

50

100

150

200

pH 8

0

50

100

150

200

Time (hours)

Time (hours)

FIGURE 4. Effect of various temperature (A) and pH (B) on ammonium release on bioconversion of benzonitrile

FIGURE 5. HPLC chromatogram standart of 50 mM benzonitrile (A), benzamide (B) and benzoic acid (C)
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The effect of different pH is also effluenced the biotransformation process. The results showed that the
ammonium concentration increase sharply at pH 5,0 (30,88 mM) in 60 minutes reacrion and the lowest ammonium
was reached at pH 8,0 (22,20 mM) . This is indicating that the enzyme was more stable and active in pH 5.0 (Fig
4B). Some reports showed that bioconversion of nitrile compounds usually optimal at neutral pH. Nitrilase activity
of Arthrobacter sp strain J1 and Pseudomonas sp S128 on bioconversion of benzonitrile shown maximum activityin
the pH range of 7-8 13. So, the optimal pH on biotransformation benzonitrile by R. pyridinivorans strain LP3 is at pH
5,0.

Biotransformation Benzonitrile to Benzoic Acid
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FIGURE 6. HPLC chromatogram biocoversion benzonitrile to benzoic acid at the begining reaction (A), 15 (B),
30 (C) and 60 minutes (D) at pH 5 and temperature 30 oC
The results of biotransformation benzonitrile to benzoic acid using whole cells of Rhodococcus pyridinivorans
strain LP3 were shown in Fig. 6. HPLC analysis of the reaction under the optimal pH and temperature showed that
the metabolite of biotransformation (benzamide and benzoic acid) was detected in 15 minutes and the concentration
of benzoic acid was increasing gradually in 60 minutes reaction, while benzamide concentration decrease (Fig 6A6D). The strain was capable of converting well 50 mM benzonitrile to benzoic acid, therefore R. pyridinivorans
strain LP3 was a suitable candidate for industrial applications or biocatalyst for producing fine chemical.

SUMMARY
Rhodococcus pyridinivorans strain LP3 was isolated from effluent waste of gold mining capable of growing
well and utilizing benzonitril (25 mM) as the sole source of carbon and nitrogen as its growth substrate. The strain
was able to convert 50 mM benzonitrile to benzoic acid by bienzymatic. The optimum pH and temperature of
bioconversion process using whole cells of Rhodococcus pyridinivorans strain LP3 is at pH 5,0 and temperature
30oC. The benzonitrile biotransformation products under the conditions are benzamide (12.288 mM), benzoic acid
(36,967 mM) and ammonium (30.88 mM). Therefore, the strain proved to have good potential as a biocatalyst in
biotransformation nitrile especially for benzonitrile as well as in the industrial wastewater.
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Abstract. Temperature rise due to climate change have an impact on various ecosystems, including coastal ecosystems.
Temperature rise also affects plant metabolism, such as carbon uptake. Macroalgae is the dominant community in the
intertidal zone, and potential to absorb carbon. A series of experiments on several dominant macroalgae species from the
south coast of West Java have been done to see the effect of temperature regime on carbon content. The treatment of
temperatures of 24, 27, 30, and 33 °C was carried out for 72 hours against 6 macroalgae species representing
Chlorophycae, Phaeophycea and Rhodophyceae to investigate carbon content. The results showed that the macroalgae of
Phaeophyceae division showed higher carbon content in comparison to the macroalgae of the other divisions. The
temperature that significantly affects chloropyll was 33 oC against all the species being tested.

INTRODUCTION
The CO2 in atmosphere is significanly increasing in the past few decades, triggered by industrial revolution,
increasing from 280 ppm to 404,96 ppm 1,2. The Green House Effect caused global temperature rise in seawater as
much as 0.7oC in the ocean surface 1 and may affect the organisms, without exception to macroalgae.
Macroalgae contribute in positive way in reducing CO2 production to the atmosphere and can significanly reduce
global warming 3. However, continuesly global warming in seawater coloumn will affect macroalgal carbon uptake.
Furthermore, almost every biological function (photosynthesis, respiration rate, growth, calcification level, nitrogen
fixation, and reproduction) will be affected by chemical change 1, including effect of Ocean Acidification 4.
Moreover, the lost of biodiversity lead to be consequences.
Macroalgae distributed as cosmopolite in the coastal area and play significan role in the primary productivity in
mangrove ecosystem, seagrass beds, and coral reefs 5. Along with seagrass and mangroves, macrolgae gives 50% of
total primery productivity on earth 6 and absorb carbon as well 7. Macroalgae contributed up to 50% in the carbon
fixation in the earth and cover as much as 71% carbon storage in the sea sediment. This indicates that macroalgae as
a primery producer in the ocean has potential contribution in the carbon uptake and storage 7.
Less frequently work focus on which species of macroalgae can absorb carbon better than the other, in terms of
temperature rising. This study attempt to fill the gap information concerning macroalgal species that affected by
temperature rising in terms of carbon content and chlorophyll as metabolism product.

EXPERIMENTAL DETAILS
Material of macroalgae was taken from Southern part of West Java (7.6408 oS – 7.6689oS and 107.6839oE –
107.6967oE), with the species were: Ulva fasciata, U. lactuca (Chlorophyceae), Sargassum binderi, Turbinaria
conoides (Phaeophyceae), Gracilaria coronopifolia, Acanthophora spicifera (Rhodophyceaea). All the species being
choosen were the dominant species from each division found in the sampling location. The material was taken from
the intertidal zone during low tide, cleaned up from epiphyte, and stored in palstic jars to be kept in a cool storage
prior to experiments. Acclimation was done in two steps. First step of acclimation were done in a fiber ponds filled
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with seawater (filtered, 0.45 µ) with aeration for 3 days under natural light and room temperature. The second step
of acclimation for the temperature regime was done for 48 hours with the same conditions of early acclimation,
except temperature. Each temperature treatments have done in different aquarium with mixed macroalgae.
Material used for the experiments was 1 g macroalgae of each 6 species. They were placed in 250 ml beaker
glass filled with filtered seawater (0.45 µ). Experiments runned for 72 hours under natural light, exposed to
temperature regime of 24, 27, 30, and 33 oC, with 3 replicates each. Experiments were done without nutrient addition
to explore the carbon content affected by different temperature, solely. Samples were taken in 24, 48, and 72 hours
experimental period for analyses of Carbon and pigments (chlorophyll). Carbon changes in percentage was define
by using formula:
(Cinitial-CFinal)
Chloprophyl measurement followed formula by Arnon 8. Sample measure from fresh weight, while A presents
absorbance:
Chlorophyll-a (mg.g-1 FW) = 0.0127A663-0.00269A645
Results then statistically analysed using software IBM SPSS version 2.2 to measure the significant.

RESULTS
In general, carbon content in individual during 72 hours experimental period showed general pattern of slightly
decreasing, except for Turbinaria conoides. Macroalgae from Phaeophyceae, S. binderi and T. conoides, showed
higher initial carbon content in comparison with other species being tested in this study. The highlight results were
showed by Phaeophyceae, which showed no significant difference (F = 0.06; p = 0.1) in carbon content for all
temperature treatments, in comparison to other species (Fig. 1).
Phaeophyceae showed better performance in carbon content under 30 and 33 oC, especially for T. conoides
(Fig.1d). Results of T. conoides and S. binderi showed surge of carbon content in day 48 and 72, while other
decreased. This was also in line with the final carbon content, which showed high difference between initial and
final results (Fig. 2).
Carbon content of macroalgae decreased in general for most individual, except for T. conoides under 30 oC and
G. coronopifolia under 24 oC. Generally, T. conoides and S.binderi (Phaeophyceae) had lower decrease in carbon
content. From division point of view, the highest decrease carbon content showed by Chlorophyceae (U.lactuca and
U. fasciata), Rhodophyceae (G. coronopifolia and A. spicifera), and Phaeophyceae (S. binderi and T. conoides),
respectively (Fig. 2).
Generally, chlorophyll content in the final results showed decreasing pattern in all species being tested (F = 0.00,
p = 0.00) for the individu macroalgae exposed under 33 oC (Fig. 3). Different results showed by individuals exposed
with lower temperature of 24, 27 and 30 oC in each species. The chlorophyll content significantly affect by all
temperature treatments was U. lactuca (F = 0.01, p ≤ 0.05) and U. fasciata (F = 0.01, p ≤ 0.02) (Chlorophyceae).
Final chlorophyll content showed similar results in all species for individuals exposed by 33 oC (Fig. 4).
Individuals of all species macroalgae exposed by temperature of 33 oC showed lower chlorophyll content in
comparison to other individuals exposed by lower temperature (24, 27, and 30 oC). Final chlorophyll content of
species of Rhodophyceae (G. coronopifolia and A. spicifera) relatively remained the same in individuals exposed by
lower temperature after 72 hours experimental period, while other species showed slightly fluctuation among
temperature treatments.
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Ulva lactuca

Ulva fasciata

Sargassum binderi

Turbinaria conoides

Gracilaria coronopifolia

Acanthophora specifera

FIGURE 1. Content of Carbon (%) from 6 macroalgae species: (a) U. lactuca; (b) U. fasciata; (c) S. binderi; (d) T.
conoides; (e) G. coronopifolia; (f) A. spicifera, under temperature 24, 27, 30, 33 oC during 72 hours experimental
period

FIGURE 2. Decrease of Carbon content performed in changes (%) from 6 macroalgae species under temperature
24, 27, 30, 33 oC after 72 hours experimental period
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(a) Ulva lactuca

(b) Ulva fasciata

(c) Sargassum binderi

(d) Turbinaria conoides

(e) Gracilaria coronopifolia

(f) Acanthophora specifera

FIGURE 3. Content of chlorophyl (mg.g-1 FW) from 6 macroalgae species: (a) U. lactuca; (b) U. fasciata; (c) S.
binderi; (d) T. conoides; (e) G. coronopifolia; (f) A. spicifera, under temperature 24, 27, 30, 33 oC during 72 hours
experimental period
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FIGURE 4. Final content of chlorophyl (mg.g-1 FW) from 6 macroalgae species under temperature 24, 27, 30, 33 oC
during 72 hours experimental period

DISCUSSION
In this study, results generally showed that species of macroalgae from Chlorophyceae and Rhodophyceae
performed lower carbon content after exposed in high temperature. On the contrary, carbon content of Phaeophyceae
(S. binderi and T. conoides) showed slightly decreased after 72 hours temperature treatments. This may indicate that
macroalgae from Phaeophyceae tolerate wider temperature range.
The results of carbon content in this study was in line with Hurd et al. 9, that the main factor of photosinthetic
process was determined by nutrient and temperature, thus affected carbon uptake and storage in macroalgae.
Macroalgae need inorganic carbon, ionic mineral, and light for growth, so the limitation on one of these factors will
inhibit its metabolism, including carbon uptake. The amount of carbon decrease in most species indicated a
disturbance caused by temperature rise, with the exception of T. conoides that showed different results. The high
carbon content in T. conoides, primarily in the treatment of 30 and 33 oC, indicated that this species has the ability to
uptake carbon in high temperature, even with no additional nutrient in the media.
Different results showed by G. coronopifolia, which had low carbon content decrease in the individuals exposed
under 24 oC. This indicated that in the temperature 24 oC did not affect G. coronopifolia in contrary to higher
temperature treatments, in terms of carbon content. This result differ from Esteves et al. 10 that Gracilaria sp. in the
research showed the highest carbon content after exposed under 30 oC. This different results presumably due to the
presence of nutrient addition. This reason also strenghten by data that fast growing macroalgae like Gracilaria
positively affected by nutrient availability 11,12. No nutrient supply during experiment estimated to be the cause of
low carbon content.
The carbon content results in line with chlorophyll results. All species suffer from high temperature in terms of
chlorophyll. The chlorophyll content in all macroalgal species being tested mostly affected by temperature 33 oC.
Under 24, 27, and 30 oC, chlorophyll of G. coronopifolia and A. spicifera remain high, while other species
decreased. This presumably due to other phycobiliprotein that can support metabolism in Rhodophyceae. It means
that both species showed temperature tolerance better than other species, in terms of chlorophyll.
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The most finding results in this study showed that macroalgae from Phaeophyceae have wider range of
temperature exposure, while Chlorophyceae suffered the worst. In terms of carbon content and chloropyll,
temperature regime of 24, 27, 30, 33 oC affect macroalgae from Chlorophyceae division more obvious, in
comparison to other species from other division. T. conoides seemed to be the most adaptive species with
temperature higher than 27oC, which is need further investigation in terms of physiological process.
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Abstract. XYZ Inc. is one of the companies engaged in manufacturing that produces vehicle spare parts. One of spare
part produced is horn. The company expects to increase production of horn in every year. In 2015, the company has an
expansion of the horn production in Malaysia. In order to meet these needs, then the transfer of machine was made from
Indonesia to Malaysia and replaced with a new machine. One of the machines transferred is the final caulking machine.
The final caulking machine used in horn production to combine the components; assembled of magnetic breaker and
assembled of diaphragm by being pressed. New machine made by machinery division upon request from production
engineering. In order to improve the yield produced of the final caulking machine then on the new machine made some
improvements. The improved aspect of the previous machine was machining time. The machining time in this section is
calculated to decrease. This is done through the process of replacing the work piece transfer mechanism using rotary
index table mechanism to increase machine productivity. In order to meet these needs then made a final caulking horn
machine based on Omron CJ2M PLC CPU13. The process of making electrical control system is done in several stages;
design, manufacture, and testing. In the stage of making the control system there is the installation process of electrical
components and wiring on the control system. The final caulking machine is expected to maintain product quality and
can decrease machining time by 0.6 seconds. So that productivity in making horn can be increased.
Keywords: Control System of Final Caulking Machine, Horn, PLC Omron CJ2M CPU13

INTRODUCTION
In the manufacturing industry, to support production activities XYZ Inc. has 3 divisions that act as factory support,
one of which is Machinery Division which is tasked to make machine, jig, dies, and tools used in production process.
In October 2015 the Machinery Division of XYZ Inc. received engine demand for horn assembling line. This line
serves to perform the process of horn assembly. The ordered machine will replace the old machine that the plan will
be moved to another factory. Horn is generally called a horn is a vehicle component that produces sound when the
electric current flows, the resulting sound is used as a warning sign of the existence of the vehicle. The process of
making horn includes several processes.
One of the machines made by the machinery division is the Final Caulking machine. This machine serves to assemble
the components of Magnetic Breaker assembly (Assy) and Diaphragm Assy become Horn Assy.
The process of caulking the component is done with the principle of press. The process is divided into two processes.
The process is the laying of components (loading / unloading), and process caulking. For the distribution of the
workpiece from one process to the next, the final caulking machine uses a rotary index table. Rotary index table is a
table that is rotated by a motor with a certain speed to a certain angle position.
Therefore, to assemble the horn component and rotate the rotary index table automatically, the final caulking
machine requires a dick system. The final engine control system caulking is based on Omron CJ2M-CPU13 PLC as
the main control device. Expected by the existence of this control system on the final machine caulking, caulking
process can be done automatically and can reach the time machine that has been determined.
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STATE OF THE ARTS AND THEORITICAL
Based on the introduction above, the formulation of the problem in this paper are; (1).How to design and make
electrical control system final machine caulking PLC-based OMRON CJ2M-CPU13 for the machine can work in
accordance with the specified work steps, (2).How to test the electrical control system that has been made in doing
final machine work caulking in order to produce horn assy, (3).How to reduce machine time final machine caulking
by 11%.
This paper discusses design and manufacture of electrical control system final machine caulking, also discuss the final
step sequence of the caulking machine. The mechanical design and its calculations are discussed limited to functional
only. Not discussing Omron CJ2M-CPU13 PLC program and HMI (Human Machine Interface).

CONTROL SYSTEM
The control system consists of a set of tools and electronic devices that can be used to control, govern, and regulate
conditions. The components are available in the form of diagrams.
Block diagrams are the words used to set the system. One of the control system components used in the block
diagram of FIGURE 1 is as follows.

FIGURE 1. Block diagram of the control system

UNDERSTANDING PLC (PROGRAMMABLE LOGIC CONTROLLER)
PLC or Programmable Logic Controller is a digital electronics tool that uses programmable memory to store
instructions and to perform special functions such as: logic, sequence, timing, calculation, and arithmetic operations to
control machines and processes especially in manufacturing production.
The PLC is equipped with digital input and output with standard connection and signal levels so that it can be directly
connected to a variety of devices such as switches, lights, relays, or various sensors and actuators. The PLC types are
shown in FIGURE 2.

FIGURE 2. Types of PLC
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DATA COLLECTING
Product Knowledge
XYZ Inc. produces many kinds of automotive components one of them is horn. Horn is a warning signal product
that produces a voice. This is one of XYZ Inc. product. In Figure 2 show various components that produce by XYZ
Inc. that sign on red dots.

FIGURE 3. Horn position on a car

Final Caulking Machine
Caulking is the process of pressing the workpiece using hydraulic cylinders boost power for the purpose of locking
the workpiece. The final caulking machine is one of the machines used to manufacture horn products. The final
caulking machine serves to compress the outer part of the horn product which aims to combine the assy magnetic
breaker and diaphragm assy.
This machine uses Omron CJ2M CPU13 PLC as its control. Below is an overview of the concept the final roller and
the final caulking process undertaken by the machine.

FIGURE 4. The final caulking machine

Final Caulking is pressing the outer until locked by Diaphragm Housing. Detail of the process is show by figure
below.
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FIGURE 5. The final caulking process

EXPERIMENTAL DETAILS
Improvement Analysis
The final process of caulking which is one of the stages in making horn is very important to evaluate the stages. This
is because the improvement in the work process has a fairly high effectiveness. Based on the table below is a step
done on the final process of caulking. Based on the steps there is one step where the operator waits for the pressing
process and does not do any work.
The waiting time is done when the operator will do the workpiece setting on the jig. This waiting time will be
improved to be eliminated in order to work more effectively. The details are on TABLE 1 will display data process
and time required in final process caulking.

TABLE 1. Current machining time

Based on the final process table caulking then analyzed the cause of the waiting time is the laying of mechanism the
workpiece. This can be seen in detail in the following FIGURE 6.
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FIGURE 6. Linear movement of workpiece

FIGURE 7. Rotary movement of workpiece

Based on the detail, the mechanism of laying of the workpiece from the operator to the pressing process is done in a
linear manner so that when the machine is doing the posting then the operator can do is wait. This is what causes the
operator's waiting time. If we can fix this linear mechanism into a rotary mechanism then the waiting time can be
eliminated. This rotating mechanism will be performed by the rotary index table as shown below.
In this rotary mechanism is expected when the workpiece is being done pressing process then the operator can do the
next workpiece setting.

Design of Control System
The control system of machine is based on PLC as the main control device. PLC plays a role in managing the entire
machine control system consisting of sensors as input devices and actuators as output devices. Figure 8 is a final
engine control system design caulking.
In the picture below it is explained that the final caulking machine uses the key input device used for the operation
of the machine. Area sensor is used as a safety sensor on the machine that aims to prevent the occurrence of work
accidents. The proximity sensor is used to detect the piston position on the pneumatic cylinder used on the machine.
Pressure sensors are used for hydraulic pressure indicator and adjustment. Laser sensors are used to detect
workpieces on machines. Photoelectric sensor is used for jig detection in home position. HMI serves as a screen
monitoring machine and machine operation panel.
The output devices used consist of Absodex CKD motor controllers, manifolds, relays, indicator lights, buzzers,
pneumatic solenoid valves, and hydraulic solenoid valves. The Absodex CKD motor controller is used to control the
Absodex CKD motor. The manifold is used to control the pneumatic solenoid valve which is then connected to the
actuator. The relay is used to control the hydraulic solenoid valve which is then connected to the actuator. The
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indicator light is used as a sign / indicator when the machine is operating. Buzzer is used as an alarm on the
machine.

FIGURE 8. Block diagram of the control system

The actuator used consists of the Absodex CKD motor used to rotate the rotary index table. Pneumatic cylinders are
used to drive rotary index table locks, horn jig jacks, and split punch movers. Hydraulic cylinders are used to drive
punch caulking which aims to compress the workpiece.

Wiring of Control System
The main panel is designed as a place of electrical components such as relays, 24VDC power supply, circuit
protector, terminal block, and PLC module. Here are the main panel drawings and layouts of the electrical
components used are shown in FIGURE 9.

FIGURE 9. Layout of the main panel

Base on the figure above there are component that will be used. The table below describes the components used in
the main panel.
TABLE 2. Components on main panel

159
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

Wiring of Rotary Index Table
The main wiring lies in the power and motor wiring with the control system. In the following Figure 10 is the wiring
for the power system.

FIGURE 10. Power wiring diagram

In FIGURE 11 below there is wiring on the motor with PLC. The main parts of this wiring are in motor drivers,
actuators and resolver cables.
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FIGURE 11. Motor wiring diagram

In FIGURE 12 is the communication between master and slave. In this section, communication uses device net
between PLC module and motor driver for rotary index table.

FIGURE 12. Omron PLC CJ2M-CPU13 Device Net Network
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TABLE 2 is the detail of the address and the definition of the use of the address. At this address is defined the
address of input and output.
TABLE 2. PLC addressing and definition

RESULTS AND DISCUSSION
Machine time Comparison
Machine time final machine caulking new decreased by 11%. The decline is due to the use of the rotary index table
on the final caulking machine. Figure 13 is a graph of decreasing machine time of final machine caulking.

FIGURE 13. Machining time of Final Caulking Machine
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SUMMARY
The design and manufacture of electrical control system final machine caulking horn PLC OMRON CJ2M-CPU 13
have SUMMARY that:
 PLC OMRON CJ2M-CPU13 as the main control device is done in several stages, such as: design of control
systems, installation of sensors and actuators, electrical device wiring, addressing input devices and outputs
on PLC.
 Control system testing is done in several stages: test of master device on, testing of PLC input device
(button and sensor), testing of marine PLC (actuator) device, and testing of machine work process. Based
on these tests, the results obtained that the machine can produce horn assy.
 Reduction of machine time of final caulking machine about 0.6 or 11%.
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Abstract. Cocoa beans are the main ingredients for foods and drinks processed chocolate. AC motor is used on automatic
stirring process to get better quality of cocoa beans. It is using LM35 sensor for temperature monitoring in fermentation
process. The speed of AC motor is controlled using a dimmer with PID controller to obtain a stable motor speed. The
measurement of motor rotation speed is performed using rotary encoder sensor. The average error value of the sensor is
1.82%. Motor speed control is used to get the desired result of cocoa beans. This device is used in fermentation process
of cocoa beans which is automatically controlled with PID controller. The cocoa beans fermentation stirrer consists of
microcontroller, temperature sensor, RTC, rotary encoder sensor, LCD, driver and AC motor. The provided set point is
rotary of AC motor speed (RPM). The cocoa beans fermentation stirrer is made to work at load less than 5 kg. The device
has set point of 80 rpm. Using PID control, the motor can be controlled at the speed according to set point even there is
an error of ± 2-5 rpm. From the fermentation process, it produces blackish brown cocoa beans and only a few cocoa
beans are broken. The implementation of the PID method in cocoa beans fermentation stirrer has worked with the
expected result and the value of PID controller parameter are Kp = 3, Ki = 1 and Kd = 0.6 at the specified set point 80
rpm.

INTRODUCTION
Chocolates is derived products from cocoa. Chocolate is more familiar than cocoa fruits and beans. Chocolate has
unique flavor and aroma that cannot be replaced by other plant products.1 Cote d’Ivoire, Indonesia and Ghana have
the favorable tropical climatic conditions to produce and export the cocoa beans more than other countries.2
Agricultural production of cocoa sector has experienced tremendous growth. In the past twenty five years, coco
beans growth driven by expansion of smallholder farmer participation3. The majority of the cocoa (more than ninety
percent) is produced by small-scale farmers with low productivity. Some farmers do not even understand pests and
diseases that attack cocoa plants and how to handle it. Another problem is arise when post-harvest process. Poor
post-harvest techniques make some cocoa beans have low quality of fermented beans 4. The major problem in postharvest process is cocoa beans not fermented until perfect condition. Poor quality cocoa beans is due to the lack
of the fermentation process or even the fermentation process is not conducted on a post-harvest cocoa beans
The aims of this research are to improve the quality of fermented cocoa beans, and develop a device to assist the
cocoa beans farmers and analyze the PID parameters that make device work under optimum condition based on set
point. Fermentation tools created works based on basic principles of conventional fermentation tool. The authors use
the motor as a replacement for the still-churning process using human hands. Stirring motor will be arranged in
order to keep stable rotational control using PID. To monitor the temperature of the fermentation will be equipped
with a temperature sensor the result displayed on the LCD.

EQUIPMENT OF THE DEVICE
This device is used for stirring the fermentation of cocoa beans automatically. It is controlled using PID system.
The stirrer in connect with AC motor. The PID is set to retain the speed of device to conform with the setpoint. This
devce is equipped with a temperature sensor, rotary encoder sensors, microcontroller, RTC, LCD, AC motor, servo
motor and dimmer.
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Temperature Sensor
Temperature is the most important factor in the fermentation process of cocoa beans. Air temperature measurements
are made using an LM35 analog temperature sensor. The LM35 sensor is powered bya 5 V power supply, and
outputs an analog-voltage signal and it is proportion to its temperature 5. Altough there are some ways to monitor the
temperature, as thermocouples, resistance temperature and integrated (solid-state) temperature sensor. This work
using the LM35 sensor that is integrated sensor and has important advantages than other sensor types, as low cost,
high accuracy, linear output signal, small size, high calibration, high reliability, easy to interface with data loggers,
and low power consumption. Basic LM35 versions measures temperature up to 100°C that is satisfactory for usual
measurements 6. Basic working parameters are of LM35 temperatur sensor are 7:
TABLE 1. Basic working parameters are of LM35 temperature sensor
Parameters
Working voltage
Working current
Output voltage
Output impedance

Value
DC 4 V – 30 V
less than 133 uA
6 V – 10 V
1 mA load 0.1
0.5 °C (in + 25 °C)
less than 60 uA
linear + 10.0 mV / °C

Measuring precision
Leak current
Scale factor
(Source: Liu et. al., 2010)

Rotary Encoder Sensor
In order to achieve rotational speed control of an object (RPM), an information needs. Information about the speed
of an object needed to control his movements. The device's sensor and feedback that is able to provide such
information is “encoder". An encoder would provide signals which are based on the results of the measurement of
the speed of a moving object 8. Rotary encoder is used in conjunction with actuators and for items moving around an
axis, and convert the rotary positions or angles into electronic signals. To understand the principle behind a rotary
encoder, first consider a basic optical rotary encoder. An optical encoder has a disk with specific patterns mounted
to the motor shaft. The patterns on the disk either blocks light or allows it to pass through. Thus, a light-emitting
transmitter is used along with a photocell receiver. The receiver signal output can be correlated to the motor’s rotary
position 9.

FIGURE 1. Rotary encoder system

The disk in this study has 16 holes. Disk on a rotary encoder function so that there is no infrared rays are about the
phototransistor. But when passing through hole rotary encoder, infrared rays will hit the phototransistor, so to get
one round rotor, it takes 16 times for phototransistor to detect infrared. As rotary encoder, we use infrared
optocupler.

Microcontroller
The output signal is measured with one of the microcontroller’s built-in A–D converters. The microcontroller was
programmed to handle all power, measurement, controlling, data-recording, and user-interface functions of the
circuit device. Since the circuit was designed to operate from battery power, low current consumption was of
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importance, and the circuit is programmed to spend most of its time in a low power, sleep mode. If it is not time to
take measurements and controlling, the microcontroller puts the circuit back to sleep 5.
In this study, we use Arduino Mega as microcntroller. Microcontroller Arduino Mega is programmed using
programming language based on the wiring-based syntax and library. Wiring-based programming is not different
with C/C++, but with some simplification and modification. To facilitate the development of the application, the
module uses the Arduino IDE Arduino-based processing 10. Here is the spesifications of Arduino Mega 2560:
TABLE 2. Spesifications of Arduino Mega 2560
Parameters
Microcontroller
Operating voltage
Input voltage (recommended)
Input voltage (limits)
Digital I/O pins
Analog input pins
DC current per I/O pin
DC current for 3.3 V pin
Flash memory
SRAM
EEPROM
Clock speed

Value
Atmega2560
5V
7 V – 12 V
6 V – 160 V
4 (of which 14 provide PWM output)
16
40 mA
50 mA
256 KB of which 8 KB used by bootloader
8 KB
4 KB
16 MHz

Real Time Clock
Time is a fundamental concept that can affect some measurement or controll. To measure time we need something
that will repeat itself at regular intervals that representate duration of something. In recent time, the time is
predominately measured by electronic clocks 11. Electronic industry has been able to develop components that can
perform time measurement. Real time clock or often referred to as RTC is one of active electronics components that
can store date and time data in it. This time the data are often used to make an integrated scheduling tool or just
digital clock only.
The Device will start based on the schedule using RTC module. When the RTC had reached a predetermined
scheduling time then the motor will be activated and the stirrer will rotate. When stirring process has reached the
specified time, the motor will stop. The results of the temperature and rpm sensor reading, and the previous
scheduling process will be shown on the LCD display. LCD monitor make the device easy to monitor and run the
process of stirring the fermentation of cocoa beans.

AC Motor
The rotation of device is based on AC motor. In this study AC Motor is controlled using dimmer and servo motor. In
order for the speed of the motor can be stable, we use PID controller. The disk of rotary encoder is mounted on AC
motor shaft. AC motor shaft is also coupled on the stirrer which is placed on the box. split phase induction motor is
a type of single phase induction motor that has two coils on the stator, i.e. the primary coil (main stator winding) and
auxiliary coil (auxiliary stator winding). Auxiliary coil used to produce a different phase of the field than the field
generated on the primary coil. On auxiliary coil centrifugal switch is also installed to disconnect electrical current in
the coil when the auxiliary motor round reached 75% of the nominal rotation.

EXPERIMENTAL DETAILS
Block Diagram
There are some equipment of this devices as we explain before. The relation of those equipments are shown in
this block diagram:
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FIGURE 2. Block diagram of the cooca beans stirrer system

Working Principle
The first step before running the tool that is Enter the value of the set point using push button. The given setpoint
is speed motor (RPM). After the setpoint has been specified then determining the parameter values of PID controller
(Kp, Ki, and Kd). The device is set to work automatically, then we must determine the schedule for the stirring
process. For the better result of cocoa beans fermetation, we set the temperatur for less than 50 0C. If the temperature
more than 50 0C, the alarm that we set will ring. There is a button to turn on the AC motor and make the process
starts. When the device starts working, optocoupler will start to read the rotation speed. The data wich generates by
optocupler will be sent to the microcontroller i.e. Arduino mega 2560 as a signal. Microcontroller would have
ordered the drivers to set the number of the AC motor voltage. The number of the AC motor voltage will affect the
rotation speed of stirrer. The number of the voltage will be controlled using PID controller to stabilize the rotation
speed of AC motor based on the setpoint although there is load from cocoa beans.

RESULTS AND DISCUSSION
Here are the results of the study. We design the device, test the sensors and whole system of the device. Because
we use PID controller then we must determine the PID parameter i.e. Kp, Ki, Kd.
We design the device for load capacity 5 kg. For the box, we use teak wood. Teak is a hard wood. It is strong and
durable.

Device Spesification
Here is the spesification of the device :
1. Mechanical Spesification
Length : 40 cm
Width : 40 cm
Height : 50 cm
Capacity : 5 kg
Material : Teak Wood
2. Used sensor
Temperatur Sensor
: LM35 Sensor
Rotation Speed Sensor : IR Optocoupler XD-51 Module
3. Microcontroller : Arduino Mega 2560
4. Display : LCD Display 1602
5. Working Voltage
Microcontroller
: 5 V DC
Single phase AC Motor
: 220 V AC
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Mechanical Design

(a)

(b)

(c)

FIGURE 3. Mechanical design of the device (a) front view, (b) top view, (c) side view

Equipment Testing
Temperature Sensor Testing
The results of LM35 temperature sensor is compared to digital HTC-1 thermomether. It is used for callibration
on temperature that shown in LCD display. Here is the result of the comparation:
TABLE 3. LM35 temperature sensor calibration
Temperature (0C)
Error
Thermometer

LM35 Sensor

27
29
31
33

27
29
32
33

0%
0%
3.2 %
0%

35
37
39
41

35
37
39
42

0%
0%
0%
2.4 %
0.84 %

Error Average

Table 3. show that there are errors in the calibration of LM35 temperature sensor, 3.2 % and 2.4 % with error
average 0.84 %. It is indacate that there is limitation of the temperature sensor or ADC than conventional
thermometer.

Optocoupler Testing
The results of infrared optocoupler XD-51 rotation speed sensor is compared to digital tachometer. It is used for
callibration on rotation speed that will be input signals of the system. Here is the result of the comparation:
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TABLE 4. Infrared optocoupler XD-51 rotation speed sensor calibration
% Servo
AC Motor
Rotation Speed (RPM)
Error
Voltage (Volt)
IR optocoupler
Tachometer
XD-51
0
0
0
54

0
10
20
30

23
28.9
33.9
38.9

40
50
60
70

86.5
71
99.3
147
110.3
187
125.1
260
Error Average

0
0
0
57

0%
0%
0%
5.5 %

76
142
182
265

7.04 %
3.4 %
0.5 %
1.9 %
1.82 %

It is importatnt to know that servo motor which coupled on dimmer is controlled. The dimmer wiill controll the
voltage of single phase AC motor. The variation of the voltage will affect on rotation speed of device. The result
show that angle shift of servo motor is proportonal to AC motor voltage. From Table 3. we know that there is still
error in some measurement data. This sensor calibration has more error than temperature sensor. There are error in
every measuremet data. The maximum error is 7.04 % with error average 1.82 %. The error shows that there is a
limitation of the sensor accuracy. It is probably caused by the limitations on analog to digital converter signals or
others limitation.

RTC Circuit Testing
RTC circuit testing conducted to show the actual time to the LCD display using arduino mega. The test is
important because the device is developed to be operate automatically using scheduling program. The result of this
test is given in Figure 4.

(a)

(b)

FIGURE 4. Result of RTC circuit testing (a) using RTC circuit with arduino mega, (b) actual time

The testing show that the real time clock in LCD display has same time with the actual time. This result can make
the device operate more precise in the scheduling time.

PID CONTROLLER TESTING
In this test, we analyze the response system PID. We use Ziegler–Nichols tuning method for tuning a PID
controller. Using this method we know the result of system response. Parameter values of PID controller, i.e. Kp, Ki,
and Kd can be found. In this study we try to use two value of each parameters with one value setpoint. We use two
values to know the differences of the system response.
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(a)

(b)

FIGURE 5. Result of PID controller testing (a) using Kp = 3 Ki = 1 Kd = 0.3, (b) using Kp = 3 Ki = 1 Kd = 0.6

The first value of PID parameters have number of error setady state, Ess = 12.5 %. While the second value have
error steady state, Ess = 5 %. In this study, we use rotation speed (RPM) of AC motor as setpoint variable. We use
80 RPM as setpoint. We use the value based on the experiment. The experiment show that at the value of setpoint,
the fermentation process is optimum. The process produces blackish brown cocoa beans and only a few cocoa beans
are broken.

FIGURE 6. The result of cocoa beans fermentation process

SUMMARY
The results of the study show that the device can work accordance with our expectations. The sensor testing have
low error based on conventional tools. Based on the results, we can conclude that:
1. The sensor testing have low average error, which is representate that the sensors can replace the
conventional tools in this study. The average error of temperature sensor is 0.84% and 1.85 % for
optocoupler sensor.
2. The real time circuit has correct time and date based on actual time.
3. The best paramater of PID controller that can be implemented in the device are Kp = 3, Ki = 1, Kd = 0.6.
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Abstract. An evanescent-field-based optical fiber sensor which can be used as phenol concentration measuring
instrument has been proposed and demonstrated. The sensor was fabricated by removing the cladding part of a fiber
optic glass to form a D-shape fiber optic sensor. In this experiment, a fiber optic glass with core diameter of 62.8 µm and
80mm-length of sensing area were used. The signal fluctuations were detected and processed by using atmega32u4 and
ADC 16bit ADS1115 shield. An evanescent field will form and interact with substances around the D-shape part when
light is launched into the fiber. The light rays will be partially absorbed depends on the electronics energy level of those
substances. The results of this experiment indicated that 99.7% linearity in response was observed at light wavelength of
441nm. Repeatability and reproducibility test to the phenol concentration measurements indicate a good result in range of
5-30 mM and showed a fluctuated result in the 200-1200 mM range concentration. Atmega32u4 and ADS1115 16bit are
used as signal processing systems with a measurement accuracy of 0.38 mV. This Phenol measuring Instrument has a
measuring accuracy of 96.2%. This phenol concentration measuring instrument can be used for real-time measurement.
Keywords: Phenol, BFOEW sensor, Evanescent wave absorption, Realtime measurement.

INTRODUCTION
The world experience of using fiber optic sensors is seen in a sufficiently large number of papers1. Recently, the
biosensors based the label-free optical sensing techniques have been investigated for biomolecule detection, such as
grating coupled waveguides, ring resonator, fiber Bragg’s gratings, surface plasmon resonance (SPR), metal clad
waveguides and photonic crystals2. Moreover, some academic papers have reported the effects od the probe
geometries, such as U-Shaped fibers, tapered fiber tips and tapered optical fibers on sensing ability and different
kinds of biosensors have been developed in the last few years1. Fiber optic evanescent wave sensors are used for
studying the absorption properties of biochemical samples3.

EXPERIMENTAL DETAILS
Sample Preparation
The process of dilution and phenol testing is carried out first in order to know the characteristics of the initial
absorption of the sample. Dilution was performed using chemical equipment and the sample testing process was
conducted using two measuring instruments spectrometer and refractometer. The dilution of phenol is carried out
using aquades due to the characteristic properties of phenol. Phenol has the solubility properties in the aquades
which are affected by temperature. Therefore, some consideration should be made on the dilution process and
testing of the sample regarding the temperature used
The dilution process is carried out at room temperature of 25 º C, with concentration dilution of the sample as
follows, 5 mM, 10 mM, 15 mM, 20 mM, 25 mM, 30 mM and at concentrations of 200 mM, 400 mM, 600 mM, 800
mM, 1000 mM and 1200 mM. dilution was performed in two different concentration orders, aiming to measure
significant changes from the BFOEW sensor.
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Evanescent Wave Sensing
The evanescent wave is the wave formed by the total internal reflection process 4. Evanescent waves are actually
components of guided electromagnetic waves which penetrate to medium regions having different refractive indices.
The waveguide composite material having different refractive indices can be distinguished from cores and
cladding56. The evanescent wave is penetrated into a medium having a smaller refractive index of a certain depth
corresponding to the displays of waves passing through it. The penetrating evanescent wave depth is an exponential
function like the equation below7.

dp 



4 [n sin 2   n22 ]1/2
2
1

Where 𝜆 is the transmission wavelength, 𝜃 is the input angle of the core/cladding surface, 𝑛1 and 𝑛2 is the refractive
index (RI) of the cores and cladding respectively. Penetration depth is a very important parameter to consider when
designing evanescent evapace-based biochemical sensors.

Optical Absorption Measurements
The acquisition process is carried out using the evanescent absorption principle of the fiber sensor that has been
removed from the cladding section of the fiber optic8. The phenol sample was placed in the sensing area, the
cladding area removed by un-cladding process by polishing technique, so the fiber sensor was immersed in the
sample. The removed cladding is replaced by phenol samples so that in the fiber there is an interaction of the
solution with the photon4. Biochemical testing activities are divided into two stages of the process of absorbance
data taken from the biochemical fiber sensor and analysis process to determine the display of light source waves6.
This process aims to determine the absorption of evanescent waves formed using OCEAN OPTIC USB 4000
spectrometer with Deuterium and Halogen light source. This test is performed by connecting the fiber sensor with
the light source at one end and at one end to the other connected to the OCEAN OPTIC USB4000 detector. After
that, the sample is dripped on the fiber sensor that has been done by polishing method.

(a)

(b)

FIGURE 1. (a) Absorbance of phenol at a concentration of 5mM-30 mM and (b) linearization concentration with the intensity of
the light captured by the detector

FIGURE 1 (a) is an absorbance of phenol samples taken using a BFOEW sensor. In both images it can be seen that
there is a linear uptake of each increase in concentration. Both tests were performed with different sensor integration
times.
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The magnitude of the interacting evanescent field can be known by the change of intensity value. FIGURE 1. is a
graph that links the value of the absorption wavelength to the intensity obtained during the sample test. Phenol
samples decreased in intensity at the wavelength range 430-450 nm (FIGURE 1 (a) and (b)). It proves the
absorption of energy shown by the reduced intensity in the range. The tool uses a green LED as light source. Testing
is done by using integration time 1000 ms and repetition is done 11 times, and get result as follows,

RESULTS AND DISCUSSION
The design of phenol level measuring instrument has been performed. The phenol level measurements were tested
using repeatability and reproducibility measurements described in the following discussion. The tool uses a green
LED as light source. The test is done by using integration time 1000 ms and repetition is done 11 times,

FIGURE 2. Linearity testing of phenol concentration in concentration range 5-30 mM

After performing the test obtained some static characteristics of the gauge. FIGURE 2. can provide information
about the ideal-stright-line measuring tool, the ideal equation stright line is as follows,

O  4.986I  0.2664
The equation shows the equation of the linear relationship of Input and Ouput. While the tool has a non-linearity of
10.3% if expressed in full scale deflection (f.s.d). non-linierity represents the largest value of deviation obtained
during the data acquisition process using a measuring instrument. While the sensitivity of the tool can be measured
using the ideal equation stright line. The phenol level measuring device has a sensitivity of 4,986 10-4 mV / mM.
In the picture above can provide information that the value of the measurement of phenol concentration in the
concentration range of 5-30 mM has a linearity level of 96.2%. The linearity of 96.2% is a good result with an error
of 3.8%.
When compared with BFOEW sensor performance. Performance of phenol gauge does not differ much. things can
affect the performance of the measuring instrument, such as the green LED light source instability shown in the
previous test.

SUMMARY
Research and manufacture of phenol content using fiber optic based BFOEW sensor has been done, with the help of
Atemega32u4 microcontroller and ADS1115 board as a media acquisition BFOEW sensor is made by using fiber
optic infinicor300 where the fiber is done removal to cladding section and subsequently part of cladding is replaced
with sample phenol. Measuring tools that have been made to produce accuracy of 4.986 10-4 mV/ mM.
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ADS1115 and ATmega32U4 microcontroller used as signal processing unit in this research. The analog signals are
converted into digital signals with an analog-to-digital conversion resolution of 16bit or can count data of 0.038 mV
in the 5 Volt range. The previous signal processor through an amplifier, enlarged amplifier level of 12.5.
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Abstract. Solar panel is a choice to produce the renewable energy from photon energy of the sun. It is very potential to
save the electrical power for its consumer. Monitoring issues of electricity variable is often ignored. Monitoring concept
of physics variable influences the efficiency of solar panel in saving of the electrical power. Monitoring of physics
variable of the electricity energy is optimized by current sensor AC712, with concept of “Internet of Things”with the
smart hardware raspberry pi and integreted comunication with android smartphone using firebase data server. Solar panel
system is used to the main sources of electricity, that will be used for loud with using inverter device (grid tie inverter).
Inverter grid tie will be synchronized with a PLN source as the alternative electricity source. The capability to monitoring
of the system depends on current sensor ACS712. The current sensor AC712 has a function to replace the manual
measuring device. That is very useful to monitoring of the system depends on current sensor ACS712. The current sensor
AC712 has a function to replace the manual measuring device that is very useful to monitor in real time with android
based of internet communication for the value electricity current input and output of solar panel. The successfull of the
current sensor ACS712 in this system will make electricity sources of PLN that automatically supply the electrical energy
if the solar panel does not meet the available load. The successful of this smart monitoring system with Internet of Things
technology 100% succeed in this research will become a solution with more economical price.

INTRODUCTION
This Solar panels are used as a source of renewable electrical energy has been growing rapidly, Indonesia has 2
climate dry and rain. It is advantageous for the development of solar panel technology as a source of electrical
energy. Solar panel technology as an alternative source of electrical energy, effective when placed in areas with high
light intensity of foton energy1. Solar panels will be maximized as the main power source as suppliers of electrical
energy to be used in household loads2, with the help of inverter devices. Solar panels will be synchronized with PLN
sources as backup power sources, thus PLN will automatically supply electricity if the solar panels are unable to
meet the existing load requirements. This solar panel system requires an inverter (current converter), the inverter
used is an inverter grid tie. This inverter converts DC current (output from solar panel) into AC current (current used
in everyday life). Current and power in monitoring using tang amphere and avometer. The two measuring devices
have been able to calculate the current and power coming out of the grid tie, but in the process, requires precision
and reliability in the manual operation. The manual system needs to be further developed. This research, focused on
the aspect of electrical current monitoring. But instead of using the tang ampere and avometers, but using ACS712
current sensors whose characteristics are appropriate in the use of this research Internet of Things is a system that
makes objects or conventional tools that are in use connected to the internet 3. The objects or devices connected to
the internet are intended to be monitored or controlled with or without physical contact between the operator and the
object or device4. So that the monitoring and control process will be easier, practical, and efficient.
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EXPERIMENTAL DETAILS
The system is constructed in this study consists of three part namely : System concept, ACS712 Current sensor,
Estimated Electricity Saving.

System Concepts
The system of electrical current monitoring design for electricity power savings on the solar system grid tie is when
solar panel charging or receiving heat intensity from the sun, the DC current output from the solar panel will be
connected to intput DC grid tie inverter. The output grid tie inverter outputs an AC voltage in which the output will
be connected to the main distribution network of PLN. Grid tie and PLN that generate current and voltage will be
installed sensors to be readable by arduino code. Arduino will process sensor and provide instructions for retrieving
data from the ACS712 current sensor module. The analog current value, the position of the arduino analog port will
receive the data after it is converted to current and voltage units by serial scaling and initialization program to be
performed on the arduino to determine which ports are used for input and output, serial communication
configurations are used for reading data sent from current sensor module. Arduino accepts the data and converts it.
The addition of a communication program to raspberries pi3 so that it can be sent to the database server (firebase) by
using the nodejs program. Data from firebase already running will be accessed through monitoring view with
android device.

ACS712 Current Sensor
Current sensor used is ACS712, has the best characteristics in its ability in this system. ACS712 current sensor has 3
types according to its characteristics shown in table I. Details about AC712 can be seen on 6. In system electronics
the system input can be a predetermined sensor or setpoint. The output of the system can be a signal for actuators,
human interfaces, or other information. The sensor must have a mathematical equation that provides the correlation
information between input and output, this is called the transfer function.
TABLE 1. Type And Characteristics of ACS712 Current Sensor [5] :
Type

Initial Temperature Ta (oC)

Reach (A)

Sensitivity

-40 until +85
-40 until +85
-40 until +86

±5
±20
±30

185
100
66

ACS712ELCTR-05B-T
ACS712ELCTR-20B-T
ACS712ELCTR-30B-T

ACS712 current sensor characteristics have an output voltage that is affected by measured electrical current. This
relationship can be seen from figure 2. The physical variables measured by the ACS712 sensor are shown in figure
2. Vout or Vacs can be converted into ADC data through ACS712 current transfer function, focused on getting
ACS712ELCTR-30B-T transfer function. Sensitivity of the sensor seen from table I is 66 mV / A, so

iacs 

(Vacs  2.5V )
0.66V
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(a)

(b)

FIGURE 1. (a) ACS712 current sensor [5] , (b) ACS712 current sensor circuit [5].

FIGURE 2. Graph of the ACS712 output voltage relationship with measurable electric current [5].

An electric current is a vector quantity, a positive or negative result indicating the direction of an electric current.
The 2.5V value of equation 1 is obtained from the graph in FIG. 2. The electric current 0 output voltage of the
sensor is 2.5V. The ADC equation is needed because of the transducer on AC712 sensor using Analog to Digital
Converter. The ADC on this sensor is the hardware that converts the voltage (ACS712 output) to ADC value.

Data

Vin

adc

adc





Vin adc
Vref  maksdata
( Data adc Vref )

.

maksdata

(2)

Vin adc  Vacs  Vacs  Vin adc
Vacs 

( Data adc  Vref )
Maksdata

The transfer function can be obtained by substituting equation (3) to (1), as follows
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 ( Data adc  Vref )

  2.5  0.66 


Maksdata



i acs  

(4)

The transfer function of the ACS712ELCTR-30B-T sensor will be used using arduino controller with ADC is 10
bits, the data maximum (Maximum) is 1023. Vref ADC is adjusted according to need. The study was set on the
VCC system of 5V.

 ( Data adc  5V )

  2.5  0.66 


1023



i acs  

(5)
The transfer function of ACS712ELCTR-30B-T is the output / input equal to the physical variable

( Dataadc )

 Arus(iacs ) 



(0.66 )  (1023 )
(5  ( 2.5))

(6)

This ADC data will be processed inside the controller to be able to monitor with the Internet of Things system.

System Hardware Design
The hardware is designed to be described in figure. 3 with the needs of components that have been obtained in order
to be processed in realtime. Realtime is a measurement done continuously. This system is needed because the
currents conducting monitoring values change with the incoming currents of the solar panel. Solar panel charging or
receiving heat intensity from the sun, DC output from solar panel will be connected to intput DC grid tie inverter. At
the grid output tie inverter outputs an AC voltage in which the output will be matched with the main distribution
network of PLN. Grid tie and PLN that emit current and voltage will be installed sensors form feedback which will
be compared by arduino controller.

FIGURE 3. The design of hardware
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RESULT AND DISCUSSION
Creating a design is required to install the installation of such hardware :





Installation of solar panels intended to know the DC output path on the solar panel which will be connected
to the DC output grid tie inverter, on the image of the red and black wires.
Installing grid tie inverter DC to AC, red and blue wires are DC grid tie input and black wire is AC output.
Wiring on the microcontroller hardware that is in the form of current and voltage sensors that are attached to
the grid tie and PLN.
Wiring LCD on microcontroller hardware that is output of current and voltage sensors locally in pairs on
grid tie and PLN

(a)

(b)

FIGURE 4. T (a) Installation on solar panel output., (b), Installation on grid tie inverter.

(a)

(b)

FIGURE 5. T (a) Wiring sensors on grid tie and PLN., (b), Local display

Grie Tie Inverter Result
Grid tie inverter is a device that serves to convert electric current (DC) into electric current back and forth (AC), this
inverter convert DC current 12/24 volt from source current of backup like battery. Solar panel becomes AC 110/220
volt depending on the inverter itself. This study uses the load of AC lamps measuring 5, 15, 100, 200watt and supply
voltage does not use solar panels in because the weather does not support often changing therefore made the
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simulation using the supply of the transformer to obtain a stable voltage and can be adjusted accordingly the burden
desires required in this study.

(a)

(b)

FIGURE 6. T (a) Testing the 5W load, (b), 5W load power turned into 2.3W

The load can be powered through the PLN supply network will be obtained power out ± 5watt in 4.8W visible
image, the load has not received supply from solar panel which is connected with Grid tie Inverter. In Fig. 12 will
see when the load gets supply from Grid tie Inverter. The load gets the supply from the grid tie and the load power
inverters have a decreasing number of numbers. This test aims that the grid tie inverter capable of power supply at
the load used is the incandescent bulb, on the test of this 5watt load figure 4.8W in Fig. 12 previously changed down
to 2.3W due to the supply of grid tie inverters through solar panels. In this study, the grid tie inverter can supply
loads with a power capacity of 5watt, this is obtained efficiency or power savings from grid tie inverter with 5watt
load.

Results of Stage Internet of Things
Well prepared papers enable rapid publication and reduce unnecessary work for your proceedings editor(s). The
following points summarize the key issues you need to comply with when preparing your paper for AIP
Proceedings.




Arduino to NodeJs! Arduino to nodejs done to find out arduino with nodejs web server already connected,
on raspberrypi nodejs document called. Arduino and nodejs are connected, next is to know really the data
from arduino is read on nodejs.
NodeJs to the Database Server!. The data in the serial port nodejs can already be read. The next stage is
testing to know the data can be read into the database. The database used is firebase, connected to firebase in
order to retrieve data in realtime with the internet network.
Firebase database to Android!. The next test is the testing phase from firebase to Android. This test is
done to ensure data from firebase can connect to android.

Three stages of testing run with percentage error of 1%. Many errors resulting from Internet and Arduino
communication to nodeJs, there is a breaking of serial communication between arduino and raspberries. This
communication error can be immediately anticipated with proper cabling. The android view when data from firebase
has not been received by android can be seen in figure. 7 (a)
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(a)

(b)

FIGURE 7. T (a) Testing the 5W load, (b), 5W load power turned into 2.3W

SUMMARY
Based on the analysis and test results on the data obtained then obtained the following SUMMARY :


The Internet of Things system is capable of monitoring current and power generated by Grid tie inverters
with a percentage error of 1.88% on the PLN cable line, and 5.62% on the Inti Grid tie cable line



Grid tie inverters are able to supply power requirements at loads thus reducing electricity usage and can
saving power from PLN, power savings were up to 36.6% in experiments with incandescent lamp loads and
estimates of house savings achieving 47% efficiency.
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Abstract. Information and Communication Technology (ICT) has become one of the most important indicators
determining the development of economy in a region. Government as policy holder, strategy, and priority on a region
have an important role in developing and improving ICT. The implementation of a fiscal decentralization policy in
Indonesia creates a difference of policy in the allocation of regional expenditure. This can lead to differences in ICT
development across regions, which may lead to a digital gap in each province. Therefore, the purpose of this research are
knowing the development of ICT development and to know the variables that influence the ICT development. The
research used panel data from 33 provinces in Indonesia for the period 2012-2015. The results of panel data regression
analysis show that with a five percent significance level that mean years school, income per capita, population of
productive age and population density will increase ICT development and reduce digital gap between regions.

INTRODUCTION
High and sustainable economic growth is important for continuity of development and followed by improving the
welfare of society 1. Solow's growth theory explains that accumulation of capital, labor, and technology can affect to
level of economic output 2. The importance of Information and communication technologies (ICT) as one of key
determinants of macroeconomic growth has grown in the last few years and will increase in the next decades. Many
studies have attempted to assess the contribution of ICT to macroeconomic growth, and empirical works have
flourished both at the macro and at the micro level, finding overall a positive impact of ICT on the productivity and
growth. Empirical evidence for the growth effects of ICT are provided, for instance, by Jorgenson and Stiroh 3,
O'Mahony and Vecchi 4and van Ark et al 5. Hence, ICT has become one of the most important indicators
determining the development of economy in a region, including in Indonesia. One of the ICT roles can be seen from
the large contribution of information and communication sector to total GDP.
The contribution of the information and communication sector to total GDP always increase from 6.06 percent in
2011 to 7.40 percent by 2015 (FIGURE 1). In 2011, the contribution of the information and communications sector
ranked fifth largest after the industrial sectors without oil and gas, large and retail trade, buildings and food crops
with contributions of 23.82 percent, 14.79 percent, 6.46 pesrsen , and 6.25 percent. Then in 2015, the contribution of
the information and communications sector ranked third largest after the industry sector without oil and gas and the
retail sector with a contribution of 24.04 percent and 14.72 percent.
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FIGURE 1. GDP Communication Subsector in 2000-2014 (Billion Rupiahs)

The large and increasing contribution of the information and communication sector to GDP indicate that ICT has a
role in the national development. So, it is important to put ICT as one of the components of national development.
Indonesia can make the ICT sector as one of the reliable sectors in encouraging economic growth 6. In addition,
Indonesia as an archipelago country should make ICT as the main means in disseminating information and
communications for regional equity.
ICT development can not be separated from the role of the government, society, and industry. Government as policy
holder, strategy, and priority on a region have an important role in regional development. The seriousness of the
government in developing and improving ICT can be seen through the realization of government expenditure for
ICT which always increased. Based on FIGURE 2, it can be seen that government expenditure for ICT is increasing
every year showing the increasing role of government in the ICT development.
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FIGURE 2. Goverment Expenditure for ICT in 2009–2015(Billions of rupiah)

Based on the survey conducted by the Association of Internet Service Providers Indonesia (APJII), there is a
significant increase in internet users in Indonesia, in 2011 internet users reached 39.6 million, and increased rapidly
in 2016 to 132.7 million. However, there is still inequality of information and communication technology
development in Indonesia. It is shown that 86.3 million or about 51.7% of internet users in 2016 are in Java,
Sumatra 20.75 million (15.7%), Sulawesi 8.45 million (6.3%) , Kalimantan 5.8%, Bali-Nusa 4.7% and MalikuPapua 2.5%. In terms of age, most internet users come from the age group of 25-29 years and 35-39 years,
respectively 24 million people.
Based on data of Village Potency 7 in 2014, around 46.9 percent of villages in Java have Base Transceiver Station
(BTS), and 99.53 percent of villages in Java has covered been covered by phone signal. It is quite different from
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Papua and Maluku which only 8.19 percent of villages have BTS and 44.09 percent of villages are covered by
telephone signals.
It shows inequality of ICT development between provinces in the development of information and communication
technology commonly called the digital divide or digital gap. According to the OECD 8, the digital divide is defined
as the gap between individual, household, business, and geographic levels of different socioeconomic levels, based
on their chance to access information and communication technology and internet usage for various activities.
Since 2004 Indonesia has adopted a fiscal decentralization policy, in which each region has the authority to manage
its own finances. The existence of policy differences in the allocation of regional expenditures can lead to
differences in ICT development in each province in Indonesia, which can lead to a gap in access to technology,
information, and communications or commonly called digital divide. There digital divide is largely due to the
difference in the economic wealth of a region. Caselli and Coleman 9, Baliamoune-Lutz 10, Pohjola 11, Chinn and
Fairlie 12, and Wunnava and Leiter 13 discussed the empirical evidence that income per capita is positively and
earnest related to ICT adoption. Beilock and Dimitrova 14 show that the relationship between income and ICT
diffusion is not linear, and the income impact is larger in poor countries. Hargittai 15 by estimating a model on a
sample of OECD countries argues that income per capita is not sufficient to explain the digitial divide, and suggests
that income distribution needs to be considered as well.
Another factor widely considered is the human capital. Skilled (i.e. educated) workers are more capable of learning
how to use new technologies and more flexible with respect to their job assignment. Because the adoption of ICT
often requires a reorganization of the firm, a firm with a high percentage of skilled workers can implement more
easily information technologies. However, in the macro literature, several authors who analyze samples including
both developed and developing countries found mixed evidence (Baliamoune-Lutz 10, Crenshaw and Robinson 16,
Chinn and Fairlie 12, and Wunnava and Leiter 13). Whereas Hargittai 15 and Gust and Marquez 17 find a significant
influence of the level of human capital on ICT adoption in the OECD countries. Furthermore, studies at the micro
obtained a positive relationship between the general level of employee qualification and the ICT use.
Demographic factors such as the age structure of the population and the size of urban
population have also been taken into account. ICT have larger diffusion among younger people and that urban
population tends to adopt more ICT (internet and computer) because of network economies. Regarding population
age: Chinn and Fairlie 12 argue that if the developing countries had the same population age composition of the US,
the divergence in adoption of ICT would have been even larger; on the other hand Bayo-Moriones and Lera-Lopez
18
find no relationship between workforce age and ICT at the firm level. With respect to urban population Dasgupta,
Lall and Wheeler 19 find a positive elasticity with ICT adoption while Chinn and Fairlie 12 find it negative.
It is necessary to do research on ICT development and the variables that affect it in Indonesia to know the pattern of
ICT development for each region and the variables affecting the ICT development and to formulate policies on
regional development. The purposes of this research are (1) to provide overview of the ICT development and the
digital divide between provinces in Indonesia, and (2) to show the impact of income per capita, government
expenditure for ICT, mean years school, regional density, and population of productive ages in Indonesia.

EXPERIMENTAL DETAILS
This study examines the effect of income per capita, goverment expenditure for ICT, mean years school, population
density and population of productive age on ICT development in Indonesia of period 2012-2015. The scope of the
study covers 33 provinces in Indonesia. The dataset is obtained from the Central Bureau of Statistics (BPS), and the
Ministry of Finance (Kemenkeu).
This research used a panel data, which is a combination of cross section data and time series data. Cross section data
were collected to examine the value of one or more variables from a sample unit at a time, while time series data
were collected to examine the value of one or more variables over time 20. Models of panel data modeling can be
written as follows:

Yit     it   it

(1)

where, i: number of individuals, and t: time period of the study.
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Estimation of parameters in panel data regression analysis can be done with three models: common effects model,
fixed effects model and random effects model. The common effects model combines time series and cross section
data in pool form so that it is also called Pooled Regression Model 20. Estimated parameters using the OLS
(Ordinary Least Square) method. This model does not take into account individual and time effects so it is assumed
that individual behavior is the same over time. The common form of common effects models can be written as
follows:

Yit   0  1 1it   2  2it     k  kit   it ,

(2)

where, k: the number of explanatory variables used in the model, i: number of individuals
t: time period.
The fixed effects model assumes differences among individuals that can be accommodated through different
intercepts. Estimation of fixed effects model with different intercept between individuals, used dummy variable
technique. This estimation model is often called the Least Square Dummy Variable (LSDV) technique. The
regression equation is defined as follows:

Yit   0i  1 1it   2  2it     k  kit   it .

(3)

In the random effects model the error may be interconnected between time and between individuals. The
difference between individual and or time is accommodated through error 25. In this model we will select panel data
estimates where errors may be correlated between time and between individuals. Therefore, in this model it is
assumed that there is a difference of intercept for each individual and the intercept is a random or stochastic
variable. Because in the random effects model there is a correlation between residuals, the OLS can not be used to
obtain an efficient estimator. The appropriate method to estimate this model is Generalized Least Square (GLS) with
homocedastic assumptions and no cross-sectional correlation 21. The basic equation of the random effect model is:

Yit   0  1 1it   2  2it     k  kit  it ,

(4)

where, it  i   it .

(5)

In the random effects model, inefficient OLS estimates are used due   ,    0 . Then the estimation method that
can be used is Generalized Least Squares (GLS).
2

2

The next step is choosing the right model. The significance of fixed effects model is done by the F or Chow Test
statistic. The Chow test is used to find out whether the technical regression of panel data with fixed effects is better
than panel data regression using pooled model. Hypothesis used as follows:
H0 : 𝛽01 = 𝛽02 = ⋯ = 𝛽0𝑛 (pooled model)
H1 : 𝛽0𝑖 ≠ 𝛽0𝑗 for i ≠ j (fixed effect model).
With the specified test level (α), we use the Chow test statistic following the Fisher distribution. If the F statistic
value is greater than the F table at a certain level of significance, then the null hypothesis will be rejected, which
means the assumption of intercept coefficient is different, so the panel data regression technique with fixed effects is
better than the panel data regression model without the dummy variable (common effects ).
In order to test whether the random effects model is better than the common effects model can be used BreuschPagan Lagrange Multiplier (LM) test 21. The hypothesis used is as follows:
H0 : 𝜎𝜇 = 0 (pooled model)
H1 : 𝜎𝜇 ≠ 0 (random effect model).
If the statistical LM results are greater than the chi-square statistical value, then the null hypothesis will be rejected,
which means the precise estimation for panel data regression is the random effects method of the common effects
method.
The Hausman test is used to determine the appropriate model between fixed effects or random effects. The
hypothesis is used as follows 21:
H0 : 𝑐𝑜𝑣(𝜀𝑖𝑡 , 𝑋𝑖𝑡 ) = 0 (REM)
H1 : 𝑐𝑜𝑣(𝜀𝑖𝑡 , 𝑋𝑖𝑡 ) ≠ 0 (FEM)
If the Hausman statistic value is greater than the critical value of the chi-square statistic, then the null hypothesis
will be rejected, which means the precise estimation for panel data regression is fixed effects versus random effects.
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If the selected panel data regression estimation model is a common effects or fixed effects model, then a test will be
performed to select the estimator to be used by looking at the residual variance-covariance structure. This is done to
determine the appropriate estimation method for use in the model, whether OLS, GLS, or FGLS methods. Next, it is
necessary to check the classical assumptions such as normality, homoskedasticity, non autocorrelation, and non
multicolinearity.

Information and Communication Technology (ICT)
ICT Development Index is an indicator that can describe the level of development of information and
communication technology in a region. High index value indicates the development of ICT is increasing rapidly, and
vice versa, low index value indicates slowthe ICT development. The calculation of ICT Development Index is
based on the methodology of the International Telecommunication Union (ITU), in which there are 11 compiler
indicators of ICT Development Index that grouped into 3 sub-indexes, namely Access and Infrastructure, Expert and
Usage. The data of ICT development index for 2012 and 2015 was obtained from Statistics Official Gazette (BRS)
released by BPS 22, accessed through https://bps.go.id/website/brs_ind/brsInd-20161215131927.pdf.

GRDP per Capita (Income per capita)
GRDP per capita or income per capita is one of the economic indices used to measure the rate of development
progress. GRDP per capita is basically used to measure the ability of a region to enlarge its output at a faster rate
than its population growth rate 23. Income per capita can be used as a comparison of the level of prosperity among
various countries 24. Income per capita of a region itself is obtained by the following formula:
𝐺𝑅𝐷𝑃 𝑝𝑒𝑟 𝐶𝑎𝑝𝑖𝑡𝑎 =

𝐺𝑅𝐷𝑃
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

6)

Income per capita has an important role to the ICT development. The higher income and purchasing power of people
on ICT goods and services can improve the welfare of the community. Nishijima, Ivanauskas, & Sarti 25 stated that
the higher revenues signifies to the greater ability to buy something, and the higher level of consumption of services
such as the internet and this will certainly increase internet usage and positively impact on ICT development.

Government Expenditure on ICT
The effectiveness of ICT regulation is one of the important things in the ICT development a region 12. The more
effective regulation make better the development itself. Government as the holder of power over the regulation has
an important role on the development. The role of government at least includes a minimal role that includes the
provision of public goods and encourages private activities and asset levies 26. The relative importance of the
government sector is one of the components that leads to differences in regional development 23.
One of the government's role in development can be seen from the amount of government expenditure which in this
case can be reflected from the Regional Revenue and Expenditure Budget (APBD). This is supported by Saragih's 27
assertion that regional finance in the narrow sense is limited to matters relating to the Regional Revenue and
Expenditure Budget (APDB).

Mean Years School (MYS)
Mean years school is the average time required to complete education by people aged 15 years or older, calculated
by including two variables i.e., degree achieved and attainment of education level. Mean years school is the
fundamental indicator of regional economy24. The higher number of mean year school in a region indicates higher
level of education that is being rescued and more prepared to face development changes, which in this case is
technology.
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In Todaro and Smith 23, explained that human resources (HR) is one component that can distinguish the
development between regions. Human resources can affect development in terms of both quantity and quality.
Human resources quality can be reflected from the mean year school. Lee, Nam, Lee & Son 28 stated that education
or in this case the average length of school will support the ability and readiness of the region in using technology
and this will have a positive impact on the technology builder.

The Population of Productive Age
Population is important in determining the ICT development. The more populations in a region will increase the
need and use of ICT goods and / or services, thereby increasing the supply of ICT goods or services to the region 29.
Population is a component of human resources from the quantitative side. Human resources are the components that
can affect development. As the largest internet user, productive age is positively correlated with development. Singh
30
stated that productive age uses more internet than unproductive age. This correlates with the use and development
of ICTs. The increasing number of productive ages is certainly offset by an increase in skills in using ICT 31.
Productive age is a population aged in the age range 15 to 64 years. Productive age as the largest population in
Indonesia in 2015 with a percentage of 67 percent makes it the largest user of communication and information
technology. It can be seen that 81.58 percent of internet users come from age 15 and over 32.

Population Density
Area is a determinant or an important factor on the size of the economic potential of a region, as well as a major
factor in distinguishing between regions 23. Large areas are usually confronted with many complex issues, ranging
from the heavy administrative oversight tasks, the fostering of national unity, and regional imbalances. In addition,
the distribution of the population in a wide area and geographical conditions is a challenge of infrastructure
development in Indonesia. In relation to ICT, the wider and increasingly difficult geographic conditions of a region
will make the more difficult the development of ICT infrastructure itself.

RESULTS AND DISCUSSION
ICT Development Index
ICT development that is interpreted by ICT development index for every province in Indonesia is still diverse. In
general ICT development index for all provinces in Indonesia has increased, but still relatively low as shown in
FIGURE 3. As expected the province with the highest ICT index for 2012-2015 is DKI Jakarta. On the other hand,
the provinces with the lowest value of ICT development index during the study period were NTT and Papua
provinces. This shows large gap in ICT development across provinces.
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FIGURE 3. ICT Development Index of provincial in Indonesia

The ICT development index of most 20 provinces in Indonesia is lower than the national average (low
development). Only DKI Jakarta has high index, and the rest of the provinces has medium development index.
Furthermore, we can see that some provinces (Bengkulu and East Java) has improved the ICT developments from
Low to Medium category (FIGURE 4).

FIGURE 4. Grouping Provinces in Indonesia by ICT Development Index in 2012 and 2015

Determinats of the ICT Development
The Chow test and Hausman test show that the selected model fixed effects model. Furthermore, the Lagrange
Multiplier (LM) and Lamda LM tests suggest, respectively, heteroskedastic structure of residual variance-covariance
and there is correlation between residual provinces. More detail results are presented in the appendix. Therefore the
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selected model is a fix effects model with cross-sectional weight and cross-section SUR. The results are summarized
in TABLE 1.

TABLE 1. The estimates of fixed effects models with heteroskedastic and cross-sectional correlation (Seemingly
Uncorrelated Residual)

Variable

Coefficient

Std. Error

t-Statistic

Constant
Mean Year School
GRDP Per Capita
Exp (ICT)
Productive Age
Population Density

-208.5102
0.000285
0.105115
1.32E-09
0.000439
-0.003015

83.95727
0.000115
0.015914
1.66E-09
0.000236
0.000779

-2.483527
2.481362
6.605004
0.793702
1.862251
-3.869589

R-squared
Adjusted R-squared

0.977996
0.969242

Prob(F-statistic)
Durbin-Watson stat

Prob.
0.0148
0.0149
<0.00001
0.4294
0.0657
0.0002
0.000000
2.053405

Based on model estimation, it can be seen that all independent variables: government expenditure for the ICT,
income per capita, population of productive age, mean year school, and population density together influence to ICT
development index. This is demonstrated through a simultaneous significance test (F test) with a probability value of
F-statistic (<0.0000001) which shows a value smaller than the 5 percent test level. The relationship can be illustrated
in the following model equations:
̂𝑖𝑡 = (−208,5102 + 𝑢𝑖 ) + 0,000285𝑀𝑌𝑆 ∗ 𝑖𝑡 + 0,105115𝐺𝑅𝐷𝑃_𝑃𝑒𝑟𝐶𝑎𝑝𝑖𝑡 ∗ +
𝐼𝐶𝑇
1,32𝐸 − 09𝐸𝑥𝑝_𝐼𝐶𝑇𝑖𝑡 + 0,000439𝑃𝑟𝑜𝑑_𝐴𝑔𝑒𝑖𝑡 − 0,003015𝑃𝑜𝑝_𝐷𝑒𝑛𝑠𝑖𝑡𝑦 ∗ 𝑖𝑡
where;
ICT it = ICT development index from province-i and year-t
MYS it = Mean year school from province-i and year-t
GRDP_PerCap it = Income per capita from province-i and year-t
Exp_ICT it = Goverment expenditure for ICT from province-i and year-t
Prod_Age it = Population of productive age from province-i and year-t
Pop_Density it = Population density from province-i and year-t
ui: individual effects of province-i
Adjusted R-squared is 96.92 percent indicates that the overall independent variable in the model is able to explain
the development of ICT of 96.92 percent, while the rest is explained by other variables outside the model.
Furthermore, in the partial test based on probability probability t-statistic can be stated that with 95 percent
confidence level, variable mean year school, income per capita, population density and population of productive age
significantly influence ICT development.
Income per capita has a positive effect on ICT development. That is, at cateris paribus condition, the increase of
income per capita equal to 1,000 rupiah, can increase ICT development equal to 0,105115 points. High revenues
indicate greater ability to meet needs, including increased consumption of services such as the internet, this will
increase internet use and have a positive impact on ICT development 25.
Furthermore, the population of productive age has also a positive effect on ICT development. Addition of 1000
people of productive age can increase ICT development by 0.000439 points. Increased demand for an item will be
correlated with an increase in its offer. The more people in a region, especially the productive age population as
more internet users will increase the supply or access to ICT 30.
Furthermore, the mean year school has a positive and significant influence on the ICT development. Regression
coefficient of mean year school is 0.000285, which can be interpreted in cateris paribus condition, every increase of
mean year school one year will increase the development of ICT by 0.000285 points. Positive effects occur because
higher education can stimulate the increased benefits of using technology. In addition, the education represented by
the average length of school will support local capability and readiness in using technology and this will have a
positive impact on technological development 28.
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The area that is interpreted with the population density has a negative and significant impact on ICT development.
The regression coefficient for population density is -0.003. This negative influence occurs given Indonesia's vast
geography and consists of islands so that it becomes one of the obstacles in coordinating the implementation of
development. In line with statements from Todaro and Smith 23, the vast territory will be constrained by complex
issues that could hamper development.
The regression coefficient of government expenditure for ICT has a positive sign, which means an increase in
expenditure for ICT can increase ICT development. However, government expenditure for ICT have no significant
effect on ICT development, can be seen from the probability value of t-statistics of 0.4294. This can happen because
the allocation of government spending for ICT is very small while the need for ICT development is huge. The
average government spending for ICT of each province in Indonesia in 2015 is only 0.32 of the total total
government expenditure. In addition, government spending on ICTs in each province is focused on e-government
only. Thus, the government is not the right party to manage technological changes given the limited government
funding for ICT.

SUMMARY
The ICT development index of every provinces in Indonesia shows an increase, but most provinces are still in the
low category. Only DKI Jakarta is included in the high category. Allocation of local government expenditure for
ICT sector in general has increased for each year. However, in terms of share to total expenditure area, the ratio of
local government expenditure for ICT sector is still very low under 1 percent. There is a digital gap between
provinces, especially the large digital gap occurring with DKI Jakarta. The provinces of Eastern Indonesia such as
NTT and Papua are still relatively slow in development of ICT.
Variables of mean year school, income per capita, population density and population of productive age significantly
affect ICT development, while government expenditure for ICT does not significantly affect ICT development.

RECOMMENDATION
The level of education in line with increased ICT development, so the need for increased education to improve the
quality of individuals as users of ICT in the face of advances and developments of ICT. Efforts that can be made by
facilitating access to education in all regions, providing funding for education, increasing the defense of ICTs by
expanding ICT teaching hours from elementary school.
The population of productive age has a positive effect on the improvement of ICT development, so the need to
improve the skills of the population especially in the productive age in utilizing ICT to support the improvement of
the economy. Periodic improvement of skills and encourage people to use ICTs as a productivity tool that creates
economic added value in every activity, such as small and medium enterprises based on technology and creative
industries.
Local government should start to increases the allocation of expenditures for ICT and regulates its expenditure to the
right target, thereby impacting on improvements in other sectors.
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Abstract. An instrument of measuring NC machine tool in linear motion has been developed. In this research we are designing
and developing such measurement tool that uses rotary encoders sensors with link mechanism where this tool is used to measure
the accuracy of cnc machine motion, it is expected to measure the accuracy and precision of cnc machine motion. This measuring
instrument is used on the machine CNC Mori Seiki seiki by measuring the linier motion to Y-axis with respective magnitude 10
mm and 20 mm and using different feed rates. with retrieving data using microsoft excel in real time using arduino AT MEGA
2560.

INTRODUCTION
Numerical control program is a very important component in the operation of CNC machine tools, since it
is the controller that governs the process of machining a product on a CNC machine tool. NC programs exactly
determine the quality of the product geometry, such as affecting the precise dimension in machining processes 1 – 3.
Especially in modern manufacturing where the machine tool movement has a significant effect on the quality of
machining process. The development measurement and accuracy methods become the most significant thing in the
CNC machine area. Kwon and Burdekin used a cube test system for evaluating errors in circular profiles with circles
having a radius of a non-circular profile (12 mm) using a precision cube mounted above the spindle and using two
non-contact displacement sensors 4. According to Qiu, Yanli and Yanbin, measurement capabilities are used not
only for circular motion but precision measurement position in two dimensions. The instrument uses two rotary
encoders 5, 6. Iwai and Mitsui utilize three rotary encoders and one randomly measuring link mechanism in threedimensional space that able to measure motion of machine equipment accurately in three coordinates without having
to change the instrument setup 7. In this paper, we are designing and developing such equipment for measuring the
estimated error parameters of the newly developed device and an estimation method. We make this tool (as shown in
FIGURE 1) different from before, one of them with cheaper price by producing better quality. Which later can be
applied to industrial machines.

FIGURE 1. Configuration of measurement (RELM)
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EXPERIMENTAL DETAILS
Experiment was used in several measuring experiments, including measurement of linear motion with
newly developed device and an estimation method. The estimated measuring used rotary encoders with link(as
shown in FIGURE 2 (a) mechanism. By using different feed rates and retrieving data in real time (as shown in
FIGURE 2 (b).

(b)

(a)

FIGURE 2. (a) RELM (b) retrieving data in real time

RESULT AND DISCUSSION
Measurement on linear motion
The CNC was programmed to move in the Y axis at feed rate of 101 mm/min with length 10 mm
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FIGURE 3. The comparison graph between the pulse value calculated by the experiment

The FIGURE 3 shows the value of accuracy calculated with the research value is almost the same. as
shows in FIGURE 4 the average error rate is still very small with length 10mm.
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FIGURE 4. Graph of error calculated by experiment
The cnc 5 axis was programmed to move in the Y axis at feed rate of 101 mm/min with length 20 mm
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FIGURE 5. The comparison graph between the pulse value calculated by the experiment

The FIGURE 5 shows the value of accuracy calculated with the research value is almost the same. as
shows in FIGURE 6 the average error rate is still very small with length 20mm.
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FIGURE 6. Graph of error calculated by experiment
The cnc 5 axis was programmed to move in the Y axis at feed rate of 203 mm/min with length 10 mm

196
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

40.00

(value of pulse)

35.00
30.00
25.00

Value of the pulse
generated ϴ1

20.00
15.00

Value of the pulse
generated
experimentally

10.00
5.00
0.00
0

5

10

15

(mm)
FIGURE 7. The comparison graph between the pulse value calculated by the experiment

The FIGURE 7 shows the value of accuracy calculated with the research value is almost the same. as
shows in FIGURE 8 the average error rate is still very small with length 10mm.
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FIGURE 8. Graph of error calculated by experiment
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The cnc 5 axis was programmed to move in the Y axis at feed rate of 203 mm/min with length 20 mm
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FIGURE 9. The comparison graph between the pulse value calculated by the experiment

The FIGURE 9 shows the value of accuracy calculated with the research value is almost the same. as
shows in FIGURE 10 the average error rate is still very small with length 20mm.
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FIGURE 10. Graph of error calculated by experiment
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TABLE 1. Summary error for calculations by experiment

Feed rate
mm/min
101

with length
(mm)
10

Axis

Machine CNC

Mean Error (%)

Y

Mori Seiki

2,49

Mori Seiki

1,32

Mori Seiki

2,22

Mori Seiki

0,82

20
203

10

Y

20

based on the above,the data with feed rate 101 mm/min and 203 mm/min indicating that the error for the
linear motion of the Y-axis with length 10mm and 20mm means the error value are small.
The emergence of errors in the study is caused by two things, the first the greater the backlash on the
ballscrew and the second servo motor no longer synchronize between commands that have been done with motor
servo movement so that both of these things that cause the error.

SUMMARY
Based on analysis and data processing above can be concluded as follows :
1. Development of measuring method for linear motion with RELM system by using rotary encoders on
Machine CNC which have been designed and made to show good result.
2. Percentage of error (with feed rate 101 mm/min dan 203 mm/min) in the tool with calculation also show
good results, because the average error generated is not too high.
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Abstract.Palm tree consumes much water for its viability.In a level of large plantation, it is very likely that oil palm trees suck
water available around the plantation which becomes the current community consumption. Due to the continuous water sucking
near the plantation, it is assumed that decrease in water quality consumed by the society all this time occurs.The decrease in
water quality will disturb health and intelligence. This research aimed to investigate: (1)position of community’s ground water
level around oil palm plantation,and; (2) quality of the ground water.Geo-electricmethod was applied to find out the ground water
position, while in order to investigate the water quality the,physical and analytical method were used.The research result showed
that the position of the ground water level was between 2-3 meter from the surface, while the water quality was poor based on the
test of acidity (pH), turbidity, and iron content.The acidity (pH) of the water was approximately between 5.7 – 6, the turbidity
was between 19–54 NTU, while the iron content was between 0.0012 – 0.0022 mg/liter which is still acceptable.The research
result gave a conclusion that the ground water position around the oil palm plantation was relatively shallow, but the water
quality was already below the threshold in the health standard level.
Keywords: Palm oil,ground water level, water quality.

INTRODUCTION
Water is a natural resouces that plays a vital role to the life of mankind, animals and plants 1. Purnama 2
mentions in terms of quantity the ground water will experience a decrease of provision ability if the amount exceeds
its availability. In terms of quality the water has some terms, namely that it has no taste and smell, and that the
amount, color, turbidity, and temperature of dissolved solids do not exceed the term limit, while the chemical quality
means that the content of certain organic/inorganic elements in the water is not less than the minimum threshold or
does not exceed the maximum limit.
The highly rapid development of oil palm plantation and the amount of water absorbed should be a concern as
an environmental issue, especially related to the disruption of water management. Oil palm plantation that is
monoculture was considered as a cause of the reduction of ground water availability and can lower the groundwater
level 3. Based on the data obtained from PPKS, sub-unit Kalianta Kabun Riau 4, on the area of the oil palm planting
the pattern of decline of groundwater level occurred in the period of April–September.Study on the potential of
ground water can be known by measuring the alleged points using the resistivity meter tool with geo-electric
method.
Geo-electric method is one of survey methods by using a system of electric current induction to determine the
resistivity of sub-surface rocks. Through the measurement of the geo-electric estimation the properties of electrical
flow in rocks beneath the earth's surface will be identified. In the geo-electric method there are several kinds of
electrode configurations, namely: Wenner, Schlumberger, Wenner-Schlumberger, Dipole-dipole, etc.
The measurement of the geo-electric method is done by injecting electric current through two electrode
currents and measuring the results of the voltage difference on the two potential electrodes driven into the ground 5.
The magnitude of the radial current can be measured in the form of potential difference at a certain place on the
ground surface, so that the information of the resistivity of subsurface rocks would be obtained 6.
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From the ground water measurement with the geo-electric method in the area around Aguobiri, Southern
Nigeria, it was found that the ground water could still be consumed and not yet polluted by oil 7. Water quality
testing is required to determine the water quality. Water have the properties in physics, chemistry, and biology.
According to Suripin 8 the physical characteristics that affect the quality of water is determined by the color,
temperature, and turbidity; while while the chemical characteristics of water include acidity (pH), alkalinity, and
hardness; and and the biological characteristics are a wide variety of living organisms. The data measurement of the
ground water level and water quality testing is then correlated to see the relationship between the two variables.

EXPERIMENTAL DETAILS
Measurement of water quality and ground water level was conducted in Simpang Beliben Hamlet, Pondok
Kelapa Village, Central Bengkulu. Sampling of water wells was specified within a point where the depth of ground
water level was measured. There were four measurement locations that had been determined through the survey.
Quality testing of water wells was carried out in the laboratory of Bengkulu University. The variables tested
physically and chemically were acidity (pH), iron (Fe) content, and turbidity of the samples. Testing of acidity (pH)
was done by using a pH meter, testing of iron content was performed by using a spectrophotometer, and testing of
turbidity was executed by using a turbid meter. The results of the sample testing were then analyzed by referring to
the list of water quality for each allotment according to the government regulation of Republic of Indonesia number
20 in 1990.
Measurement of the ground water level in this research was done by using Resistivity Meter tool (type GE GL4200) and the geo-electric method with Wenner's electrode configuration.Parts of the geo-electric tool consisted
ofCurrent transmitter, voltmeter, Ampere meter, Connection test, ADC, and PC controller Current Transmitter.
Supporting tools in measurement of ground water level were a compass, a two-way communication tool, GPS, a
camera, 4 rolls of cable, 4 pieces ofelectrodes, and 20 pieces of piles.The data required for the measurement of the
ground water quality included: the distance between two AB current electrodes, that between the two MN potential
electrodes, the electric current (I), potential difference (∆V) which was based on the stacking chart, and then the
value of geometry correction factors (K) and resistivity (ρ) were obtained.
Measurement of the ground water level was conducted by injecting an electric current with 2 pieces of
electrodes of currents A and B plugged into the ground with a certain distance. The voltage that occurred on the
surface was measured by using a multimeter connected through 2 pieces of electrodes of voltage M and N whose
distance was shorter than that of the electrode AB.If the position of the electrode AB was changed to be greater, then
the voltage that occurred on the electrode MN also changed in accordance with the information of the rock type that
was also injected electric current at a greater depth 9.
The final result of the calculation was inserted into the RES2dinv software to illustrate the value of the
resistivity existing in the earth's surface in the form of a layer contour map contained in it.

RESULTS AND DISCUSSION
The result of water quality testing of samples of well water in terms of physics and chemistry from the
laboratory was shown in Table 1 as follows.
TABLE 1. Result of the analysis of sample test
Parameter of Analysis
Samples
pH Iron (mg/L) Turbidity (NTU)
Sample 1
6.0
0.0021
54.16
Sample 2
6.0
0.0022
37.12
Sample 3
5.8
0.0021
35.65
Sample 4
5.7
0.0011
19.02
The analysis of the pH value of the samples of the water quality test indicated the water samples were acidic
with a pH of 5.7–6.According to the government regulation of Republic of Indonesia number 20 in 1990 (attached),
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the approved acidity (pH) of the water in Group A was 6.5–8.5.This showed that the samples of well water could be
said to be polluted and unfit for consumption.
The analysis of the iron (Fe) content of the samples of the water quality test showed the content of 0.0011–
0.00022 mg/L.According to the government regulation of Republic of Indonesia number 20 in 1990, the allowable
metal content of iron metal (Fe) in Group A was 0.3 mg/L. This indicated the value that was very far from the
tolerable limit that was 0.3, so that the sample water wells could be said to be not containing iron metal (Fe).
The analysis of the turbidity level of the samples of the water quality test showed the range of 19.02–54.16.
Based on the government regulation of Republic of Indonesia number 20 in 1990, the acceptable maximum turbidity
level in Group A was 5 NTU. This showed the value that was very far from the permissible limit which was 5 NTU,
so that the samples of well water could be said to have a high level of turbidity.The turbidity could be caused by
solids such as sand, silt, clay, and its organic content.
The data of measurement of the ground water level with the geo-electric method were then processed to obtain
the resistivity value with the Res2dinv software. The result of the data processing was in the form of the valid
resistivity distribution on the cross section below the surface of the ground.Based on the geo-electric cross section,
the depth and the structure of soil layers visualized by certain colors could be known. In Track 1 the result of the
data processing was displayed in Figure 1 as follow.

FIGURE 1. Ground water layers in track 1
Based on Figure 1 it was seen that the potential of ground water was still spread, and the resistivity of ground
water was indicated by the blue color ranged between 0.002150.206 Ωm with an average depth of 1.967 m. In
Track 2 the result of the data processing was displayed in Figure 2 as follow.

FIGURE 2. Ground water layers in track2
Based on Figure 2 it was seen that the potential of ground water was still spread, and the resistivity of ground
water was indicated by the blue color ranged between 0.1284.38Ωm with an average depth of 2.935 m. In Track 3
the result of the data processing was displayed in Figure 3 as follow.
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FIGURE 3. Ground water layers in track3
Based on Figure 3 it was seen that the potential of ground water was still spread, and the resistivity of ground
water was indicated by the blue color ranged between 0.744  6.93Ωm with an average depth of 2.240 m. In Track 4
the result of the data processing was displayed in Figure 4 as follow.

FIGURE 4. Ground water layers in track4
Based on Figure 4 it was seen that the potential of ground water was still spread, and the resistivity of ground
water was indicated by the blue color ranged between 0.120  3.21Ωm with an average depth of 2.679 m.From 4
measurement tracks it was obtained that the depth of the ground water level in each track varied.
The hyphotesis test on the correlation of the water quality and the ground water level depth conducted by using
the product moment correlation showed that there was no tendency of correlation between acidity (pH) and iron (Fe)
content with ground water level.However, there was a tendency of an inverse correlation between the turbidity and
the ground water level. This inverse correlation defined that the closer/shorter the distance of the ground water level
from the surface, the higher/bigger the turbidity level.This was in line with the research of Carlson, et al 10, from
Stanford University and University of Minnesota who conducted research in Ketapang District at the southern coast
of West Kalimantan Province revealing the water quality which was significantly eroded and the risks associated
with oil palm plantations.The impacts ranged from the decline of the water quality indicated with the turbidity
occurring between 40–713 NTU.

SUMMARY
Based on the research that had been done, it could be concluded that:
1. The water quality of four wells showed that the acidity (pH) ofthe water ranged from 5.76 showing that it was
acidic, its iron (Fe) content ranged between 0.00110.0022 mg/L showing that the well water did not contain
metal iron (Fe), and its turbidity ranged between 19.0254.16 NTU showing that the well water had a very high
turbidity.
2. The depth of the groud water carried out with Wenner’s geo-electrical configuration measurement showed that
the average depth of ground water in Track 1 was 1.967 m, that in Track 2 was 2.935 m, that in Track 3 was
2.240 m, and that in Track 4 was 2.679m.
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3. The water quality in terms of turbidity and the depth of ground water level had a “strong” correlation, so that it
could be stated thatthere was a tendency of an inverse correlation between the water quality and the ground water
level in terms of turbidity.
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Abstract. A Synthesis of citric cellulose ester adsorbent from cellulose pineapples and citric acid has been
conducted.Structure of citric sellulose was confirmed by IR spectra and SEM pictures.The result of FT-IR
spectroscopy in the forming of citric cellulose from esterification of cellulose with citric acid showed that
C=O vibration in the region 1729 cm-1 and 3337 cm-1 region attributed to vibration of O-H group.
Morphological analysis using SEM showed to be bigger and crude and crude at their structure. Their
adsorption capability for Cd2+ ions (at concentrations of 100, 200, 300, 400 and 500 ppm/50 ml H2O) have
investigated and the maximum sorption of cellulose 0.1 g. indicated at concentration 200 ppm about
23.1046%, and the maximum sorption of citric cellulose 0.1 g at concentration 100 ppm about 96.4350%.

INTRODUCTION
The development of agro-industry in Asia is increasing, especially in Indonesia. The use of abundant biological raw
materials often creates problems for the environment. This is caused by the existence of waste that is a negative
impact on the environment. One of the agricultural waste used is corn cob to be used as carboxymethyl cellulose.
Pineapple plant is one of the plants that have a high fiber content. In Norman (1937), mentioned that in pineapple
leaf fiber contains 62-79% cellulose 10. While in Hidayat (2008), mentioned there are 69,5-71,5% cellulose in
pineapple leaves is expected to be used as source of cellulose as new alternative for heavy metal adsorbent 4.
Cellulose is a compound that has a hydrophilic character because of the presence of hydroxyl groups in each
polymer unit. Cellulose has a functional group that can bind with metal ions 5. A very pure α-cellulose called pulp
solution is used in the manufacture of rayon, glass paper, nitrocellulose, cellulose acetate, and other cellulose
derivatives 2.
Environmental pollution by heavy metals is a problem because of the heavy use of heavy metals in the industrial
field. The effects of heavy metals can have an immediate effect on the food chain, even at very low concentrations 3.
These heavy metals affect human health even in the long term and far from sources of pollution. Some heavy metals
that can contaminate the environment and are toxic are chromium (Cr), silver (Ag), cadmium (Cd), lead (Pb), zinc
(Zn), mercury (Hg), copper (Cu), iron (Fe), nickel (Ni), tin (Sn), cobalt (Co) and elements included in light metals
such as arsenic (As), aluminum (Al) and selenium (Se). One of the heavy metal processing processes in water is
Adsorption method. The adsorption method is cheaper, does not cause toxic and effective side effects at low metal
concentrations 6.
Marshall et al (1999) tested cellulose from modified soybean peanuts with citric acid so that the absorption capacity
of Co2 + ions increased from cellulose by 0.68mmol / g to cellulose citrate by 2.44 mmol / g. This is caused by the
increase of carboxylic groups in the soybean skin cellulose 9.
Low et al. (2004) have also examined modified wood cellulose with citric acid in which increasing carboxylic
groups in woody cellulose increase the adsorption capacity of the metal cations 8.
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Thanh and Nhung (2009) have modified the cotton whose main component is cellulose with citric acid at high
temperatures so that the adsorption capacity of the obtained cellulose modification increases due to the -OH group
being acylated by citric acid and forming carboxylic groups whose adsorption strength is higher chelating of the
hydroxyl group so that it can be applied adsorbing Pb 2 + and Cd2 + ions 12.
In this case heavy metal absorption was carried out for Cu and Cd metals with particle sizes Cu 28.09 μg / g and Cd
0.57 μg / g. The use of Cu and Cd metal is due to the smaller particle size, the adsorbent absorption will increase 1.
Therefore, in the research will be done with the manufacture of cellulose citrate to be tested the adsorption
properties on metal Cd.

EXPERIMENTAL DETAILS
Tools and Materials
The tools used in this research are: UV-vis spectrophotometer, FT-IR spectrophotometer, atomic absorption
spectrophotometer, scanning electron microscope.
Materials used in this research are:n :daun nenas, Citric acid,, CH 3COOH glasial, NaNO2, NaOCl, HNO3(p), H2O2
30%, NaOH pellet, paper whatmann No.42.

Isolation of α-cellulose from Pineapple Leaves.
Pineapple leaf powder was put into a Beaker glass, added 1 L HNO 3 3.5% and 10 mg NaNO2 and heated over hot
plate at 90 ° C for 2 hours while stirring, filtered residue and washed until filtrate neutral. The neutral residue was
dissolved in 1 L NaOH 2% and heated over hot plate at 80 ° C for 4 hours while stirring using a magnetic stirrer,
filtered residue and washed with water to neutral filtrate. The neutral residue was bleached using 1 L of a mixture of
acrylic buffer solution and 1.7% NaOCI at a ratio of 1: 1 and heated over hot plate at 80 ° C for 6 hours while
stirring using a magnetic stirrer. Performed beta and gamma cellulose removal by dissolving the neutral residue into
500 mL of 17.5% NaOH solution and heated over hot plate at 80 ° C for 30 min while stirring using magnetic stirrer,
filtered residue and washed to neutral filtrate. The neutral residue was bleached using 500 ml of 10% H2O2 and
heated at 600 ¬C for 15 min while stirring using a magnetic stirrer, filtered off the residue and washed up to neutral
filtrate. The alpha cellulose was obtained wet and dried in the oven at 60 ° C for 4 hours. Produced alpha dry
cellulose and stored in a desiccator which was then analyzed using FT-IR, and tested its surface morphology using
SEM.

Synthesis Citric Cellulose
The production of cellulose citrate based on a modified method of Marshall 9. A total of 0.5 grams of dry cellulose
was mixed with 1.5 g of citric acid solution in 8 mL of aquadest. After that stirring for 30 minutes. The acid
cellulose slurry is poured into a porcelain dish and dried in an oven at 50 ° C for 12 hours to homogenize the
mixture. Then the temperature is raised to 120 0 C for 12 hours for the reaction to occur completely. Remove from
the oven and left to cool. Then washed with 200 mL of warm aquadest for subsequent dried back in the oven at 500
C for 4 hours and stored in desiccator. Then analyzed by using FT-IR spectroscopy, calculated degree of
substitution, analyzed using SEM and analyzed using SSA.

Determination of degree of substitution (DS)
Determination of degree of substitution (DS) based on Sindhu method (2007), where 0.1 gram of dry cellulose
citrate was dissolved in 5 ml NaOH 0.5 N and then put into 250 ml erlenmeyer, stirred for 30 minutes using
magnetic stirrer. Then 3 drops of Phenolphthalene indicator are added, then titrated with 0.5 HCl solution until the
pink solution turns to clear. The blank experiment was repeated using 0.1 gram of cellulose sample.
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SEM Analysis (Scanning Electron Microscopy)
SEM analysis was conducted to study the morphological properties of cellulose and cellulose citrate. The result of
SEM analysis (scanning electron microscopy) will bring up the mixed cavity to give an idea of how well the results
obtained.

Treatment and Adsorpsi Analysis Cd2+ with AAS.
A total of 50 ml. Cd2 + is inserted into a 250 mL beaker glass, then 0.1 g of cellulose adsorbent added. Stirred during
optimum time and then the mixture is filtered. Set the pH of filtrate 3 with Nitric Acid, Determine the absorbance
with AAS.
The same way as cellulose citrate adsorbents.

RESULTS AND DISCUSSION
Cellulose
Cellulose used in this study was obtained from the isolation of pineapple leaves as much as 75 grams which produce
α-cellulose 4.88 gram (0.065%). From spectroscopic FT-IR cellulose data provides spectra with vibration peaks in
the region of 3293 cm-1, 2898 cm-1, 2125 cm-1, 1320 cm-1, 1164 cm-1,903 cm-1, 673 cm-1 (FIGURE 1).

FIGURE 1.SpektrumFT-IR Celulose pineapple leave

The spectrum shown from the FT-IR data provides support that the cellulose used has an OH group with the
appearance of a vibration peak at 3293 cm-1 wave number and is supported by an absorption peak at 1164 cm-1 wave
numbers denoting the vibrations of the symmetric CO group and the absorption peak at the wave number 1320 cm -1
denotes an anti-symmetrical CO vibration. The vibration peak at 2898 cm-1 is the vibration of stretching C-H which
is supported by C-H bending vibration at wave number 673cm-1. The rise of the vibration peak at the 2125cm-1 wave
number provides a vibration of C-C stretching and is supported by a 903cm-1 wave number indicating C-C bending.

Synthesis Cellulose Citrat
Cellulose citrate of 0.4986 gram was obtained from an esterification reaction of 0.5 grams of cellulose with 1.5
grams of citric acid. The result of cellulose citrate obtained is a fine yellowish white powder. The results were
analyzed using FT-IR spectroscopy, giving spectrum of absorption peaks at 3330 cm-1, 2898 cm-1, 2125 cm-1, 1722
cm-1, 1372 cm-1, 1320 cm-1, 1060 cm-1, 930 cm-1, 673 cm-1 (FIGURE 2).
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FIGURE 2.SpektrumFT-IR Citric Cellulose

The formation of cellulose citrate shown from the FT-IR data provides support that the cellulose citrate formed has a
carbonyl group (C = O) derived from citric acid by the appearance of a vibration peak at the 1722 cm-1 wave
number. This C = O vibration peak is higher than the peak of the ether vibration because the formed carbonyl group
is attached through the ester chain which is stronger in bondage compared to the ether chain, so that the resulting
absorption vibration is also high.

The degree of substitution (DS)
The degree of substitution (DS) is the average number of clusters per anhydroglucose unit substituted by another
group. If the replacing group is one anhydroxyl group in each anhydroglucose unit is esterified with one acetyl
group, the DS value is 1. If there are three hydroxyl groups which are etherified, then the DS value is 3 (Wulzburg,
1986). The degree of Citrate Substitution to cellulose of 1,909 indicates that on average 1,909 OH groups of each
cellulose monomer undergo substitution with citric acid form cellulose citrate.

Surface Morphology Test Using Scanning Electron Microscopy (SEM)
Results of SEM Morphological Analysis Celulose
The surface at magnification 500 times looks homogeneous, amorphous, and has small pores. This presence allows
for space that can be filled by Cu and Cd metals. The SEM results of cellulose isolation from pineapple leaves can
be seen in FIGURE 4 and FIGURE 5 below.

FIGURE 4.Morphology surface Cellulose (500X magnification)
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Results of SEM Morphological Analysis Celulose Citrate
The surface at magnification 500 times looks homogeneous, more orderly, and has larger pores than isolated
cellulose. This indicates a morphological alteration in favor of an interaction between hydroxyl (OH) groups of
cellulose and carboxyl groups of acetitrites.

FIGURE 5. Morphology surface Cellulose citrate (500X magnification)

Result of Adsorption Analysis of Cellulose And Cellulose Citrate for Cadmium (Cd2 +)
From the SSA data obtained, the results of cellulose and cellulose citrate uptake analysis of Cd ions are described in
TABLE 1 below.
TABLE 1. Analysis Celulose and Citric cellulose for (Cd2+)

No.

Conc. ION Cd2+(ppm)

1
2
3
4
5

100
200
300
400
500

Quantity ION Cd2+ adsorbed (%)
Cellulose
Citric Cellulose
10.3248
74.7872
14.7143
50.6382
12.3422
22.4216
8.7966
15.5702
6.3582
12.8925

TABLE 1 shows that by using cellulose, the decrease of optimum cadmium metal content is 14.7143% at 200 ppm
concentration, whereas the decrease of the minimum cadmium metal is 6.3582% at a concentration of 500 ppm.
While using cellulose citrate showed that the decrease of optimum cadmium metal ion content was 74,7872% at 100
ppm concentration, while the decrease of minimum cadmium metal ion content was 12,8925% at 500 ppm
concentration.
The difference in absorption% produced between cellulose and Citric cellulose shows that there is an addition of an
active group to bind heavy metals. The ability of cellulose as an adsorbent is due to the active interaction of the
hydroxyl group (O-H) to Cu2 + metal ions. This group will bind Cu2 + metal ions through covalent bonds.
The bonding that occurs between the cellulose and the copper metal is the coordination covalent bond, in which the
lone pair of electrons in the O atom of cellulose is transferred to the empty d orbitals of Cu2 + ions forming a new
coordinate covalent bond. The hydroxyl group of cellulose as ligand (base lewis), while the copper transition metal
as an acceptor (lewis acid).
The addition of carbonyl groups from the addition of citric acid causes Citric cellulose to have higher chemical
reactivity than cellulose.
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As with resins, the cellulose-bound (-COOH) groups attached to cellulose are known to be an active cation exchange
factor. The presence of ionH + contained in the carboxyl group can be replaced by a cation. So Citric cellulose is
able to absorb Cu2 + metal bigger than cellulose.

SUMMARY
Based on the results of research conducted can be summed up as follows:
1. Analysis of the IR- function presents the absorption rate of the O-H branding on region 3330 cm-1 is
supported by the carbonyl group (C = O) at a surge of 1722 cm-1.
2. The analytical mechanism of the surface using SEM indicates that the surface of cellulose citrate homogen,
is more organized and has larger pores.
3. Adsorption analysis results of Cd2 + metal ion using SSA showed that Citric cellulose absorption more
bigger than Cellulose.
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Abstract. Reservoir rock of interest in this study consisted of sandstone, shale, and coal. Shale and coal may affect a
noise to seismic data. To reduce the noise we need more seismic traces of seismic fold. EEI method able to record more
seismic data trace and sensitive to differentiate noise and reflector of seismic data interface as the range of its incident
angle may vary between -90˚ to +90˚ 3. We have applied the EEI inversion to enhance the distribution of lithology and
fluid content. To conduct this method, the best chi angle is being calculated by correlating log EEI and log parameter.
Then the intercept and gradient are resulted as an input to build scaled reflectivity, initial model of EEI, and finally EEI
volume. The EEI volume is then used to characterize reservoir. The parameters that we used are sonic impedance, Vp/Vs
ratio, total porosity, clay volume, and water saturation. Those parameters had high correlation coefficient between log
EEI and well log data. Both sonic impedance and clay volume are selected to help in differentiating sand and clay
lithology. Total porosity is used in helping to find porous zones that indicate a good reservoir characteristic. The Vp/Vs
ratio together with clay volume are used to further refine sandstone zones that most likely contained hydrocarbons. The
results are then crosschecked with water saturation values as a comparison. Sandstone is commonly distributed in Lower
Sihapas Formation and contained a high level of hydrocarbons as indicated by the low value of both the Vp/Vs ratio and
the clay volume. Lower Sihapas Formation had high value of porosity and sonic impedance as well. As reverse, the value
of low VCL indicated as sandstone. Lower Sihapas Formation had water saturation between 25% - 60% which is well
within the range of oil zone.
Keywords: Extended Elastic Impedance, sandstone, VCL, PHIT, Vp/Vs, P Impedance

INTRODUCTION
The use of EEI method caused by limitation range of incident angle in EI method. EI only work optimizely in range
of incident angle 0 to 30 degrees, and in incident angle greater than 30 degrees EI method can’t be used in prestack
data 2. Theoretically incident angle of seismic data can be extended to have range of incident angle between -90 to
+90 degrees.
EEI method had been used before using one or some specific physical parameters to identify the lithology or fluid
content of reservoir the information. They used such as lambda-rho, mu-rho, Vp/Vs ratio, porosity, density, water
saturation, resistivity, and gamma ray. The researcher used EEI method before for getting optimum projection of
noise free data, so the interpretation by using an extension of Elastic Impedance (EI) incident angle. The capability
of it make it as one of the solution to solve exploration issues.
EEI log is cross correlated with well data in each parameter of log to get best chi angle (  ) for each parameter of
well log data. Best chi angle is the angle which log EEI and parameter of well log data have the highest number of
coefficient correlation. In this study the parameter that is used were P Impedance, Vp/Vs ratio, total porosity (PHIT),
water saturation (Sw), and volume of clay (VCL).
The coefficient number of EEI log and well log data can be positive or negative. For the coefficient number that
have negative value, it needs to multiple by -1 in the making of reflectivity of EEI (REEI). Well log parameters that
were used in EEI method used for characterize the lithology and fluid content in the reservoir and the distribution of
it. Because the parameter that have high number of cross correlation only P Impedance, Vp/Vs ratio, total Porosity,
and Volume of Clay, then we only use that parameters to make EEI inversion.
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The goal of this study is to determine the lithology of rock and identify the content of pore fluids in the “X” Field, as
well as to estimate the distribution of them. EEI inversion using several parameters can be used to determine the
lithology and pore fluid content of rock. The prospect area that contain hydrocarbon near the well then can be
estimated. The distribution of prospect area could be used to determine another prospect well to drill.

EXPERIMENTAL DETAILS
The first process of making EEI inversion are EEI log and well log data correlation to get best chi angle of each
parameter. After that, we make reflectivity of EEI (REEI) using resulted best chi angle of each parameter together
with intercept and gradient of seismic data. The REEI of each parameter can be used to make initial model of each
parameter. The initial model of each parameter is homogeny and hasn’t match yet between seismic data and well log
data, so we need to make an inversion of EEI for each parameter. The results of EEI Inversion for each parameter
can be used to characterize the lithology and content of reservoir and identify its distribution.
The reflectivity of EEI (REEI) is formed from Intercept (A) and Gradient (B) in two term of Aki Richard’s equation.
The equation can be showed as, 1

Rs  A cos   B sin 

(1)

This EEI model is processed by interpolate model volume of each log parameter. Factor that effect EEI initial model
is picked horizon. Well log data that is used for this process is EEI impedance at best chi angle. Horizon is used for
controlling the interest zone. Equation (1) can be derived from Equation (2) by changing sin 2  to tan  in the
linearization of Zoeppritz Equation by Shuey (Equation 2) 4 to make the incident angle have range between -90 until
90 degrees.

R( )  A  B sin 2   C sin 2  tan 2 

(2)

where

A

1  V p  



2  V p
 
2
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 V  Vs
 V  
1 V p
B
 4 s 
 2 s 
2 Vp
V p  Vs
V p  
1 V p
C
2 Vp
R ( )
A
B
C
Vp

Vs

V p

Vs


= Reflectivity
= Intercept
= Gradient
= Curvature that only affect by Vp only
= P wave velocity
= S wave velocity
= Density
= Difference value of Vp in one location to the other
= Difference value of Vs in one location to the other
= Difference value of density in one location to the other

After changing sin 2  to tan  the Equation (2) become like this equation below:

R(  )  A  B tan(  )
(3)
Because the scaled reflectivity can’t be greater than one, so the equation need to have limitation of scaled
reflectivity to normal reflectivity. The Normal Reflectivity R can be write as below:

214
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

R

( A cos   B sin  )
cos 

(4)

Then, R is multiplied by to cos  , becomes Rs as shown as below:

Rs  R cos 

(5)

Then finally we can get equation (1)

EEI wavelet can be made from EEI reflectivity, instead of seismic data. Each parameter will have each EEI wavelet.
EEI wavelet is needed to make EEI inversion.
EEI reflectivity (REEI) is a post stack seismic data. Hence, post stack inversion was applied in this process. EEI
inversion can be used to interpret lithology and fluid content of the reservoir. EEI inversion can be used as an input
to make slicing data, so it can be used to determine the distribution of lithology and fluid content of the reservoir.

RESULTS AND DISCUSSION
Here were listed of best chi angle from cross correlation result between EEI log data and parameter of well log data
as shown in FIGURE 1:
-

P Impedance
Vp/Vs
PHIT
Sw
VCL







: 0˚
: 35˚
: 16˚
: 20˚
: 45˚

FIGURE 4. Curve of chi angle vs coefficient correlation number at each parameter of Well Log data.

The target area in this research located in Lower Sihapas Formation, Central Sumatera Basin. The lithology of the
interest zone consisted of sand, shale and coal. Sand layer is indicated by low value of GR and resistivity (LLD,
LLS, and MSFL) log. In the opposite with sandstone, shale stone is indicated by high value of GR and resistivity
log. Coal is indicated by low value of caliper log and density log (see FIGURE 2).
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CLAY

COAL

CLAY

Lower Sihapas Formation

FIGURE 5. Well log data and its interpretation 5.

In the target area, there is a layer of sandstone bearing hydrocarbon which identified by low value of VCL and Sw log
as shown in FIGURE 3. Then the layer of sandstone is analyzed by doing pick analysis of pre-stack seismic data
(AVO Analysis) using second term of Shuey equation 4 as shown in Equation (2). The result is shown in FIGURE
4.
From FIGURE 4, the dominant parameter that effect the result of picking horizon is only Vp because Vs and 
relatively have same value as the rocks are located in the same matrix of stone. The only thing that can effect the
pick analysis result is the content of the rock, whether it contained hydrocarbon or non-hydrocarbon. In FIGURE 4,
sandstone bearing hydrocarbon showed that the gradient value is negative. The negative gradient is caused by
decreasing the value of Vp in the hydrocarbon bearing sand. The type of hydrocarbon is oil because the gradient
value will be more negative if the content is gas. The Vp value of sandstone with gas content is smaller than
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containing oil. The value of gas incompressibility ( ) is smaller than oil and caused the Vp value of rocks saturated
by gas is lower than oil saturated. The formula of Vp, Vs, and ( ) is shown as,

  2


Vp 

Vs 




= Shear modulus
= Incompressibility
= Density

Sw Log

FIGURE 6. Pick analysis location in HC bearing sand and HC bearing sand.
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FIGURE 7. Pick analysis result for HC bearing sand.
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The hydrocarbon prospect layer is identified by using parameters of high value of P Impedance, low value of VCL,
high value of PHIT, and low value of Vp/Vs. The high value of P impedance in sandstone caused by matrix of
sandstone is more rigid than shale. So, the value of shear modulus (  ) is high and affect to high value of P wave
velocity (Vp). The range of P Impedance value in Lower Sihapas is 8,000-10,000 m/s g/cc and can be seen in Fig.
2(a) with color of red to violet. Low VCL in Lower Sihapas have range from 0.15-0.28 which colored by green to
red in Fig. 2(b). Hydrocarbon bearing sandstone have low value of Vp/Vs ratio. In Lower Sihapas, Vp/Vs ratio have
range from 1.5-1.93 which identified by color of green to red. Sandstone in Lower Sihapas have also been indicated
by high value of PHIT which colored by red to purple as shown in FIGURE 5 (d) and have range from 16%-25%.
After identifying the interest zone near the well which symbolized by rectangular shape, now the results can be used
to know the distribution of sandstone which contain hydrocarbon (hydrocarbon bearing sand). The prospect area of
the slicing data is symbolized by oval shape. Prospect area have optimal value 4 parameters that used in this study.
There are 4 areas of interest that interpret as distribution of hydrocarbon bearing sand.

FIGURE 5. Slicing data of EEI Inversion using parameter (a) P Impedance, (b) VCL, (c) Vp/Vs ratio, and
(d) PHIT. The symbols
= Well location,
= Location of hydrocarbon bearing sand
prospect, A = Location of inline 1404 xline 5022, B = Location of inline 1640 xline 5124, C =
Location of inline 1420 xline 5655, and D = Location of inline 1613 xline 5664.

SUMMARY
EEI Inversion can be used to identify lithology and fluid content of interest zone. In this study the location is in
Lower Sihapas Formation, Central Sumatera Basin. There are identified 4 distribution locations of hydrocarbon
bearing sand that is symbolized by oval shape and type of A (IL 1404, XL 5022), B (IL 1640, XL 5124), C (IL
1420, XL 5655), and D (IL 1613, XL 5664).
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Abstract. Geopolymerization is one of the alternatives in utilizing fly ash which is apparently increasing the amount of
fly ash increase as the increase of electricity demand of which the raw material is coal. The polymerization formed is the
bound between silica and alumina, so that the Si/Al ratio become an important factor in geopolymer. Kinetic modeling of
geopolymerization was conducted by having isoconversional kinetics. In this study using concrete compressive strength
test as conversion factor to develop kinetic equation model. This experiment was conducted up to the age of the concrete
o
28 days and temperature variation of 30, 60, and 90 C. The most fit kinetic model in geopolymerization was third-order
-1
reaction. Based on kinetic equation it can be determined the E as 34,682.68 J/mole and A as 24,076.7 days .

INTRODUCTION
Fly ash is one of the residues of coal combustion in power plant. The increase demand of electricity give impact on
the amount of fly ash produced, therefore it need the utilization. One of the fly ash utilization is as geopolymer
concrete. Geopolymer concrete is different from regular concrete because it is formed by chemical reaction, not
form hydration process 1. Geopolymerization reaction is the formation of Si-O-Al and occurs in alkaline (base)
condition. the existence of Na+, K+, and Ca2+ are really needed to balance the negative charge from Al 3+ 2. The
curing process or geopolymer formation depends on poly-condensation from the alumina hydrolyzed and silica
content.
In the geopolymerization process, the silica-alumina powder is mixed with the alkaline solution which forms the
paste and rapidly transforms into a hard geopolymer. After the curing process, geopolymers with polycrystalline
structures are mechanically better than zeolites with low density and crystalline crystalline structures 3.
The ratio of Si/Al that produces the best properties in geopolymerization is in the range of 3.0 to 3.8 with the ratio of
Na2O/Al2O3 close to 1. The Si/Al ratio outside this range has been proven to result in a low power system 4, 5. The
process of geopolymerization is dependent on the raw materials as well and the composition. In order to know the
geopolymerization process to obtain strong material with high compressive strength, it is necessary to study kinetics
of geopolymerization reaction. The kinetic geopolymerization study is based on the curing temperature and also Si /
Al ratio.

220
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

EXPERIMENTAL DETAILS
Materials
The fly ash material used was obtained from PLTU Tanjung Jati, Jepara. Sodium hydroxide (NaOH) pellets was
purchased from PT. Brataco Chemical. Sodium silicate/waterglass (Na2SiO3) was purchased from PT. Brataco
Chemical.

Method
The granular fly ash particles were dried beforehand with the oven to remove the water content and then crushed and
sieved to 300 mesh. Fly ash is then mixed with a solution of 12 M NaOH and waterglass. The mixture is stirred
evenly to homogeneous mixture. The mixed geopolymer paste was then molded into a 5x5x5 cm3 cube mold. Cube
molds were dried with temperature variations of 30, 60, and 90 oC. The cube samples were subjected to a
compressive strength test for each 1, 3, 5, 7, 14, 21, and 28 days for each curing temperature.

Kinetics Modelling
The concrete compressive test data is plotted in coefficient α as the conversion factor 6. The conversion factor values
were calculated by using the following equation:

In this study, the value of χ used was the value of concrete compressive strength. The integral form of the kinetics
rate equation is described in the following equation:

The compressive strength test data is modeled with the existing equation model and selected the most fit form of
equation compared to other equation models. The equation models used for the trial were obtained from previous
studies 7.

RESULTS AND DISCUSSION
Fly ash has a varying amount of oxide compounds depending on the type of coal and operating conditions used.
However, in general, fly ash has a high content of silica and alumina so that it can be the basic material in
geopolymerization. Fly ash from PLTU Tanjung Jati was tested by XRF analysis to find out the composition of
oxide compounds as shown in TABLE 1.
TABLE 1. XRF Test Result for Fly Ash %Weight
Component
%Weight

Al2O3
SiO2
P2O5
SO3
K2O
CaO

12.5
37.6
1.89
2.07
1.97
20.7
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20.8
2.47

Fe2O3
Others

The results of concrete compressive strength test with variation of curing temperature are shown in FIGURE 1.
Based on these results, it exhibit that the increasing curing temperature has a significant impact on the increase of
compressive strength. The increase is due to high temperatures accelerating the process of release/evaporation of
water from the geopolymer paste into the air. The increase of compressive strength value from temperature of 60 oC
to 90 oC is not equal to the increase of compressive strength value from temperature of 30 oC to 60 oC, so it can be
concluded that too high temperature rise also impact on the appearance of pores in concrete due to too fast water
release process into the air. Curing time from 7 days to 28 days shows a relatively constant value so it can be
concluded that the geopolymerization process is fully achieved and can be modeled in the form of kinetics
equations.

Compressive strength (MPa)

70,00
60,00
50,00
40,00
30 C
30,00

60 C

20,00

90 C

10,00
0,00
0

5

10
15
20
Curing time (days)

25

30

FIGURE 1. Compressive strength test result by varrying curing temperature.

From the kinetics modeling results for this study it was concluded that the most fit kinetic model is the third-order
reaction model, it can be shown from the low %error value. The third-order reaction model is written as in the
following equation:

FIGURE 2. The comparison between experimental data and simulation by using third-order reaction model.
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The comparison between the experimental data and the simulation data is shown in Figure 2 with percentage
of error as 3.9795%. The value of the rate constant to the curing temperature is shown in Table 2.
TABLE 2. Rate constat values by varying curing temperature
Temperature (oC)

Rate consant, k (days-1)

30
60
90

0.021
0.1308
0.1971

From the data of rate constant with variation of curing temperature and by having linear regression, it was
then obtained, Arrhenius (A) constant as 24,076.7 days-1 and activation energy (E) as 34,682.68 J/mole. Based
on the values of these constants can be obtained kinetics equation based on this research is as follows:

SUMMARY
In this study it can be concluded that the increase of temperature could accelerate the geopolymerization
process due to the relatively faster evaporation. However, too high temperature increase also had a negative
impact that the evaporation process was too fast could also cause pores in concrete which lead to concrete
compressive strength increase was not too significant. The most fit kinetic model in geopolymerization in this
study was third-order reaction. Based on kinetic equation it can be determined the Arrhenius (A) constant as
24,076.7 days-1 and activation energy (E) as 34,682.68 J/mole .
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Abstract. Eggshell is a kind of waste that is not widely used by the society. Every eggshell has 10000-20000 pores
which are expected can be used as an adsorbent to absorb a material such as dyes. Congo red dye is one of the
carcinogenic and mutagenic textile waste which can pollute the environment. The removal of congo red dye using
eggshell powder has been explored. Adsorption studies for the congo red removal by eggshell powder has been
implemented under varying experimental conditions that is activator agents NaCl, Na2CO3, ZnCl2, activator
concentration 5,10 and 15%, contact time 15,30,45 and 60 minutes, and dyes concentration 100-500 ppm. The result
shows that optimum adsorption capacity lies on the eggshell powder with activating agent NaCl 15% and contact
time for 60 minutes. The effect of NaCl as an activating agent on the adsorption has been studied and was found to
increase the degradation of congo red over 95% with dyes concentration 500 ppm. The kinetics study of congo red
propose that adsorption follows the pseudo-second order kinetics. The equilibrium data has been analyzed using
Langmuir and Freundlich isotherm equations. The Freundlich model isotherm was the best fit correlation on the
adsorption of congo red using eggshell powder.
Keywords: Adsorption, Eggshell powder, Congo red, Kinetics, Isotherm

INTRODUCTION
Nowadays, the daily needs of society has been increased including in the sector of clothing. This may causes the
raw materials of textile industry to increase as well. One of the major problems concerning textile industrial
wastewater is colored effluent. The use of dye in textile industry gives very bad impact to the environment,
because the waste generally disposed to environment without any processing before and can increase the value
of BOD up to 500 mg/L and COD 750-1150 mg/L 1. Synthetic dyes as congo red (CR) are non-biodegradable
due to their complex aromatic structure 2 and included to azo compounds and their derivatives 1. Azo
compounds are toxic materials which cause cancer, kidney and liver damage.
Congo red (CR) is one of the synthetic dyes with molecular formula C32H32N6O6S2Na2. CR has a red to
brownish red solid form, molecular weight 969,67 g/mole, pH 8.5-9 and dissolved in water and alcohol 3.
Besides that, congo red can be used as an indicator, biological dyes and diagnostic. But congo red is a
carcinogenic material.
Wastewater-containing dyes from the textile industry are highly difficult to treat using conventional wastewater
treatment methods because dyes are very stable organic compounds refractory to chemical or biological
degradation. Some efforts to decrease the textile waste have been done by various methods those are
flocculation, coagulation, and adsorption 4. Among the methods that have been mentioned, adsorption is a
simple, economics and efficiency method. Some adsorption studies are available to remove congo red dyes that
is calcium alginate beads impregnated with nano-goethite 1, carbonized leonardite 5, serpentine 6, ZnO-modified
SiO2 7 and many others.
One of the key factors associated with the adsorption process is the selection of adsorbent, which ultimately
decides the economic, efficiency and versatility of the process. The first documented adsorption has been carried
out by employing charcoal as adsorbent. Over several decades, activated carbon has been widely used as
adsorbent for the removal of various wastewater. Of course with the high cost of charcoal, many researchers
shifted the used of activated carbon as adsorbent. 8. Some substitutional materials from waste has been
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investigated to be adsorbent. One of which is eggshells waste. Eggshells is able to be used as adsorbent because
has 10.000-20.000 pores which has diameters 10𝜇𝑚. In its utilization as adsorbent, several studies of eggshells
that is as adsorbent to remove Cr(III) from chrome tanning wastewater 9, cyanide adsorption in aqueous
solution 10, adsorption of Brilliant Green (BG) dyes 11 and many others.
In this work, the adsorption of congo red dyes is studied in aqueous solution on activated eggshells powder.
The activation process is used to clean the adsorbent surface and increase pore size 12. The influence of several
parameters like activator (NaCl, Na2CO3, and ZnCl2), activator concentration, contact time, and dye
concentration. Some kinetics and isotherm model are also investigated to find out the adsorption system.

EXPERIMENTAL DETAILS
Preparation of Adsorbent
Eggshells waste were collected from food stall around the residential of Keputih,Sukolilo,Surabaya. Eggshells
were washed, dried in oven, broken them into small pieces with mortar and pestle and further sieved into
particle size of 100 mesh.

Activation Process
NaCl, Na2CO3 and ZnCl2 are used as activator agents. The eggshells powder is weighed about 15 grams for
activation process. Each of 5 grams of eggshells were activated by adding 25mL of each activator solution
(NaCl, Na2CO3 and ZnCl2) with different concentration (5,10 and 15%) and stirred for 30 minutes with 600 rpm
speed. After 24 hours, the eggshells were filtered and washed with distilled water up to pH 7.

Preparation of Adsorbate
A stock solution of 500 mg/L of the CR dyes were prepared by dissolving 0.25 gram of the dye in distilled water
and making up volume to 500mL. The stock solution was dilute to the different initial concentration that is 400100 mg/L with distilled water and making up volume to 100mL.

Adsorption Process
1 gram of activated eggshells powder is determined the adsorption process by adding 10mL of aqueous solution
of congo red dyes with initial concentration 100 mg/L. Then the solution was stirred with different contact time
15;30;45;60 minutes and further filtered and measured pH of filtrate. Final concentration solution was
determined by measuring at maximum absorbance at 496 nm using UV-Vis spectrophotometer. Adsorption
capacity and the percentage (%) of removal were calculated using the following equations:
𝑞=

(𝐶𝑜−𝐶)𝑉

(1)

𝑤

𝐶𝑒−𝐶𝑜

%𝑟𝑒𝑚𝑜𝑣𝑎𝑙 =
𝑥 100%
(2)
𝐶𝑜
where q is adsorption capacity (mg/g), Co and Ce represent initial and equilibrium concentration of congo
red (mg/L), V represent congo red volume (L) and w is the adsorbent weight (g).

Adsorption Kinetics
Kinetics of adsorption mechanism can be examined by applying different equations such as pseudo-first order
and pseudo-second order described by [13], and [14], respectively. In the present study, the kinetics of
adsorption process were conducted by taking 1 gram of adsorbent, initial concentration of adsorbate 100 mg/L
and variation of contact time 15-60 minutes. We used both of pseudo-first order and pseudo-second order
equations to examine the experimental data. For examining the adsorption kinetics, the following equation of
pseudo-first order and pseudo-second order was followed:
𝑘
𝑙𝑜𝑔(𝑞𝑒 − 𝑞𝑡 ) = 𝑙𝑜𝑔 𝑞𝑒 − 1 𝑡
(3)
𝑡
𝑞𝑡

=

1
𝑘2 𝑞𝑒

2 +

1
𝑞𝑒

2.303

𝑡

(4)
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where, qt and qe represent the amount of dyes molecules adsorbed at time t and at equilibrium (mg/g),
respectively, k1 (min−1) and k2 (mg/g min) represents pseudo-first order and pseudo-second order rate constant
and t represents the interval time during adsorption process (min). The linear plot between log(qe − qt) (mg/g)
and t was plotted to evaluate k1, qe and R2. Besides, pseudo-second order was determined by plotting between
t/qt (min g/mg) and t (min).

Adsorption Isotherm
Adsorption isotherm is the equilibrium relationship between liquid phase concentration and adsorbent
concentration in a certain temperature. In the present study, the adsorption isotherm process was evaluated by
taking 1 gram of adsorbent and variation of initial concentration of adsorbate 100-500 mg/L. We used both of
Langmuir and Freundlich models to examine the experimental data [15]. The equation for Langmuir and
Freundlich isotherm model is mentioned below:
1
𝑞𝑒

=

1
𝑞𝑚

+

1

1

( )

(5)

𝑞𝑚 𝐾𝐿 𝐶𝑒
1
log 𝐾𝑓 + log 𝐶𝑒
𝑛

log 𝑞𝑒 =
(6)
where, qe (mg/g) denotes the concentration of dyes adsorbed per unit mass of the adsorbent, Ce (mg/L) denotes
the equilibrium concentration, qm (mg/g) and KL (L/mg) are Langmuir constants corresponding to the
maximum adsorption capacity and energy constant of the adsorption capacity. Besides, Kf (mg/g) and n are
Freundlich constants and indicate adsorption capacity and adsorption intensity, respectively.

RESULTS AND DISCUSSION
Effect of Contact Time
The contact time between adsorbate and the adsorbent is significantly important in adsorption. It goes naturally
along with the system of adsorbent and adsorbate itself. The determination of optimum contact time on congo
red dyes adsorption was done by adding activated eggshells powder into adsorbate and further stirred with 600
rpm speed. The rate of CR adsorption increased with the increasing of contact time and reach maximum at 60
minutes stirred. It denotes that short-time interval during adsorption bring through the adsorption bond between
dyes molecule and adsorbent are weak whereas for the long-time interval the interaction between dyes molecule
and adsorbate have a strong adsorption bond. The effect of contact time to the percentage of removal can be
seen in FIGURE 1.

Effect of Activator
The effect of activator ZnCl2, NaCl, and Na2CO3 to the percentage (%) of adsorption removal can be seen IN
FIGURE 1. It shows that the percentage (%) of adsorption increased along with the increasing of activator
concentration. This indicates that activator can increase the pore volume of adsorbent so that the potential of
adsorption increased too [16]. Moreover, the salts can also neutralize the ionic charge between dyes molecule
and adsorbent, thus the repulsive force between similar ionic charges of adsorbate and adsorbent decrease and
adsorbent can adsorb more dyes 17. In this present study, maximum adsorption occurs in eggshells powder with
activating agent NaCl 15% with the percentage (%) removal 99.71%. NaCl as the activating agent act as
dehydrate agent which inhibit the forming of tar so that the adsorbent pores didn’t covered when carbonation
process. 18 Another study also mentioned that activated carbon from Khaya senegalensis fruit that activated with
NaCl has adsorption capacity higher than activated carbon with KCl, CaCl2, MgCl2.6H2O, Na2CO3, K2CO3,
H2SO4 and ZnCl2 19.

Adsorption Kinetics
FIGURE 2 represent the plot of pseudo-first and pseudo-second order on CR adsorption with activated
eggshells powder. The calculated kinetic parameters were given in TABLE 1. FIGURE 2 shows that the first
order kinetic curves of all activated eggshells powder do not give a straight line but show a clear identification
into several regions. This disagreement is corroborated by lower R2 and equilibrium adsorption capacity (qe)
value which have much different with the experimental data. As a result, it is suggested that adsorption of CR on
these adsorbents did not follow pseudo-first order model in all cases.
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On the contrary, the results present an ideal fit to the second order kinetic for all activated eggshells powder
with the extremely high R2 >0.99. A good agreement with this adsorption model is confirmed by the similar
values of calculated qe2 and the experimental ones. Thus, CR adsorption with activated eggshells powder
followed pseudo-second order kinetics model. This indicates that chemisorption controls the rate of reaction. In
chemisorption, the adsorbate adheres on the adsorbent by formation of a chemical bond through sharing or
exchange of electrons 13. This kinetics results also happen in CR adsorption by natrium bentonite, kaolin, and
zeolite 20.

(a)

(b)

(c)
FIGURE 1. The relationship between contact time, activator and activator concentration and percentage (%) of removal; (a)
5% (b) 10% (c) 15%

(a)

(b)
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(c)

(d)

(e)

(f)

FIGURE 2. Kinetics Adsorption Model CR on activated eggshells powder; (a) pseudo-first order with the activator conc.
5% (b) pseudo-first order with the activator conc. 10% (c) pseudo-first order with the activator conc. 15% (d) pseudo-second
order with the activator conc. 5% (e) pseudo-second order with the activator conc. 10% (f) pseudo-second order with the
activator conc. 15%

Kinetic
Model
Pseudofirst
Order
Pseudosecond
Order

TABLE 1. Calculated Adsorption Kinetics Parameters of CR on Activated Eggshells Powder
Activator Concentration (%)
Parameter
5%
10%
NaCl
Na2CO3
ZnCl2
NaCl
Na2CO3
ZnCl2
NaCl
qe exp. (mg/g) 0.9965
0.9903
0.9934
0.9908
0.9903
0.9656
0.9971
qe1 (mg/g)
0.0062 0.0510
0.0182
0.0076
0.1767
0.0044
0.0048
R2
0.8778 0.0477
0.4032
0.0527
0.4336
0.5858
0.9956
k1 (L/min)
0.0585 -0.0230
-0.0329
-0.0196 -0.0396 0.0421
0.0306
qe2 (mg/g)
R2
k2 (g/mg min)

0.9882
0.9933
0.9523

1.0065
0.9974
0.6566

0.9918
0.9999
8.5087

1.0011
0.9998
1.0033

1.0341
0.9979
0.3596

0.9585
0.9980
2.9064

0.9980
1
13.4405
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15%
Na2CO3

ZnCl2

0.9968
0.4919
0.9652
0.0993

0.9937
0.1509
0.9969
0.0606

1.0249
0.9993
0.6153

1.0160
1
0.7042
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FIGURE 3. The Relationship between Initial Concentration and %removal

The Effect of Initial Concentration
To evaluate the effect of initial concentration, adsorption of CR on activated NaCl 15% eggshells powder was
done with the variation of initial concentration 100-500 mg/L and contact time 60 minutes. FIGURE 3
represent the percentage (%) removal increased with the increasing of initial concentration. The maximum
percentage (%) removal is reached by the initial concentration 500 mg/L with the value 98.35%. This result has
also occurred in CR adsorption on natrium bentonite, kaolin, and zeolite. 20. It can be proposed that
increasement in the initial dye concentration leads to an increase in mass gradient between the solution and
adsorbent, and thus act as a driving force for the transfer of dye molecules from bulk solution to the particle 20.

Adsorption Isotherm
Analysis of adsorption isotherm is of fundamental importance to describe how adsorbate molecules interact with
the adsorbent surface. Equilibrium studies determined the capacity of the adsorbent and described the adsorption
isotherm by constants which values express the surface properties and affinity of the adsorbents.
According to the Langmuir adsorption isotherm model, the dyes molecule adsorption onto an adsorbent surface
is monolayer which is the number of adsorption sites of uniform strategies are fixed and no transmigration of
metal ions takes place in the plane surface 21. Whereas, the Freundlich isotherm was employed to describe the
heterogeneous systems and reversible adsorption, which does not restrict to the monolayer formations. Isotherm
model can be determined by isotherm constant. qm and KL are Langmuir constants corresponding to the
maximum adsorption capacity and energy constant of the adsorption capacity, respectively. While Kf and n are
Freundlich constant, which is the greater Kf value the greater capacity adsorption. If the value of 1/n < 1, it
indicates the adsorption process going on chemical adsorption so that adsorption capacity increases and new
adsorption sites occur. When the value of 1/n > 1, it indicates the adsorption going on physical adsorption which
is the adsorption bond becomes weak 22.

(a)

(b)

FIGURE 4. Adsorption Isotherm; (a) Langmuir Isotherm (b) Freundlich Isotherm

TABLE 2. Isotherm Parameters of CR adsorption n activated NaCl 15% Eggshells Powder
Langmuir
Freundlich
R2
KL (L/mg) qm (mg/g)
R2
Kf (mg/g)
1/n

0.9725

-0.086

-2.035

0.9731

0.065

2.0093

TABLE 2 represents the calculated value of isotherm model of Langmuir and Freundlich parameters. It shows
that the CR adsorption on activated eggshells powder follows both of isotherm model because the correlation
coefficient (R2) value has a small difference. However, the Langmuir constant (K L) and maximum capacity(qm)
are negative, so CR adsorption on activated eggshells powder do not follow Langmuir isotherm model.
Furthermore, Freundlich isotherm have R2, Kf and1/ n value 0.9731, 0.065 mg/g and 2.0093, respectively.
Therefore, CR adsorption on activated eggshells powder follows Freundlich isotherm model. This adsorptive
behavior indicates that the adsorption takes place on a heterogeneous surface 20. This result has also occurred in
CR adsorption on bentonite 15. This revealed the CR adsorption on activated NaCl 15% eggshells powder might
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take place through surface exchange reaction until the surface function sites are fully occupied. Then, the dye
molecules diffuse into the interlayer space for further adsorption reactions. All these results suggest that there is
no formation of the monolayer of Congo red on the adsorbent surface 15. Besides that, the value of 1/n>1
represent the adsorption process takes place physically. This result has contradicted with adsorption kinetics
which is the adsorption going on chemisorption. This kind of condition can be assumed that there was a
competition between chemical interactions by ions and physical interactions by the no charges molecules of
adsorbate and adsorbent. Thus, the adsorption process is not fully occurred chemically or physically.

SUMMARY
In this study of congo red dyes adsorption on activated eggshells powder are evaluated with some parameters,
contact time, activating agents, equilibrium and kinetics studies. The result represents that the maximum
adsorption process lies on the CR adsorption on activated NaCl 15% eggshells powder with contact time 60
minutes and represent to increase percentage (%) removal over than 95%. Equilibrium and kinetics studies
showed the adsorption process follow Freundlich isotherm and pseudo-second order kinetic models.
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Abstract. Nanocrystalline particles of CeO2 have been synthesized by a low temperature chemical precipitation
method. The precursor materials used in this research were cerium nitrate hexahydrate (as a basic material),
ammonium hydroxide solution (as a precipitator material) and poly ethylene glycol 400 (as a surfactant material).
The solution was stirred for 2h, dried at 100 oC, and then calcined at temperatures from 300 oC to 700 oC. The effect
of calcination temperature on the crystallite growth of nano CeO2 was investigated by XRD, FTIR, and TGA.

INTRODUCTION
Rare earth metals (also known as lanthanide elements on periodic table) are chemical elements found in the
earth's crust. Rare earth metals have been widely applied to modern technology, such as computers,
communication networks, clean energy, advanced transportation, defense of a country, and much more 1. As
rare earth elements, cerium (Ce) resource is distributed abundantly around the world. Its compound, cerium
oxide (CeO2) shows the properties of oxygen storage capacity, thermal stability, electrical conductivity and
diffusivity, which attracts extensive attention as a matter of course 2. Usually in the above-mentioned
applications, the cerium oxide particles should be small enough and remain in a stable dispersion in the organic
phase. This has led researchers to conduct studies on the control of size of the ceria through the synthesis
process by controlling certain synthesis parameters such as temperature.
To date, a number of methods have been developed for the synthesis of nanoparticle CeO2, involving highintensity ultrasound, rapid microwave, and hydrothermal method mainly need high temperature and pressure
where as the precipitation method produces nanocrystalline ceria at atmospheric pressure and room temperature
3
. However, nano-crystallites with a primary particle size in nano meter have a stronger tendency to
agglomerate. As so, the benefits expected from highly crystalline nano-particles are easily lost during the
manufacture of components unless weakly agglomerated nano-particles can be produced 4.
To overcome these problems, the simple and low cost route to synthesize of nanostructures has been achieved
via surfactant-templated synthesis. Cationic, anionic, and non-ionic surfactants can play an important role in
synthesizing the nanomaterial in different interesting morphologies. It can be used to control the size, shape, and
agglomeration among the particles during calcination process 5. Heidari and Irankhah 3 has reported the
formation of various surfactant assisted CeO2 nanostructures using chemical precipitation and differential
precipitation method. The result is non-ionic surfactants (PEG ) leads to formation of smaller particles and
higher surface area in comparison with others.
Although CeO2 nanoparticles prepared have been extensively studied, most of the previous reports have focused
on the effects of cerium precursors, ligands, additives and reaction media. Less information was reported about
the influence of calcination temperature on the crystallite of cerium oxide. The main objective of this research is
to use X-ray diffraction (XRD), fourier transform infrared spectroscopy (FTIR), and thermal gravimetric
analysis (TGA) to determine the effects of calcination temperature on crystallite of cerium oxide powders.
Which is synthesis by the chemical precipitation process in the presence of ammonium hydroxide and PEG 400
as surfactant.
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EXPERIMENTAL DETAILS
Materials
All chemical reagents were of analytical grade (Sigma-Aldrich Co.Ltd.) and used with no further purification.
The materials used in this research were cerium nitrate hexahydrate (Ce(NO3)3.6H2O 99%) and ammonium
hydroxide (NH4OH 32%) as precipitation agent materials. In addition to, polyethylene glycol (PEG 400) used as
surfactant materials and deionized water as solvent.

Experimental Methods
A flow chart of the overall synthesis procedure is shown in Fig. 1. Initially 0.6 M of cerium nitrate hexahydrate
(Ce(NO3)3.6H2O) in 50 ml of water. The mixture was stirred magnetically at room temperature until a
homogeneous solution was obtained. When the mixing solution became homogeneous, 2 ml of PEG 400 in 50
ml of water was added and mixed for 5 min. After that, 0.5 M of ammonium hydroxide (NH4OH 32%) of water
was added drop slowly to above mixture solution. The purple color was appeared during the addition of NH4OH
solution. The appeared precipitate was stirred at room temperature for 2 h. The resultant precipitant (Ce(OH)4)
was filtered, and then washed with deionized water for several times. Then the precipitant was dried at 100 °C
for 1 h. Finally, the powders were calcinate in a furnace at various temperatures for 2 h. During the process of
calcination at high temperatures, the surfactant disappears and pure yellow CeO 2 powders were formed. Then
the sample was powdered in agate morter.

Ce(NO)3.6H2O (0,6 M)
solution

Solution of PEG 400
Ammonium hydroxide
(0,5 M) solution

Stirring at room temperature
for 2 hour

Filtration of yellow colored
precipitate wash with water

Precipitate dried at 100 oC for
1 hour

Calcination at various
temperature for 2 h

CeO2 nanoparticle
FIGURE 1. Schematic illustration of nanocrystalline CeO2 prepared by the precipitation method.
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CHARACTERIZATION OF POWDERS
Various characterization techniques were used to determine the characteristics of the synthesized solids.

X-ray diffraction (XRD)
The crystalline structure of the ceria samples synthesized in this work was identified using the X-ray
diffractometer − Rigaku Miniflex 600 BD64000279. X-ray using the Kα radiation of Cu (λ = 1.5418740 A˙), in
a Bragg-Bretano configuration.

Fourier transform infrared spectroscopy (FTIR)
In this work the technique of infrared spectroscopy was used in order to determine the functional groups present
in the samples and the effect on them of the different chemical and thermal treatments to which the synthesized
solids were submitted. For this purpose, the Thermo Scientific ™ Nicolet ™ iS-50 FT-IR spectrometer
spectrophotometer was used.

Thermal Gravimetric Analysis (TGA)
Thermogravimetric (TG) analysis was carried out using TGA 51 Shimadzu with heating rate 10°C per minute in
argon atmosphere. Alumina was taken as the reference material and the alumina crucible was used. Samples
weighing 10.0±0.1 mg are heated in a ceramic sample boat up to 900 ◦C at 10 ◦C/min and in a stream of argon
gas.

RESULTS AND DISCUSSION
X-ray diffraction study (XRD)
Crystal structure and phase identification of the samples are analyzed from the X-ray diffraction pattern. XRD
pattern of cerium oxide nanoparticles were calcination at 300 ◦C, 400 ◦C, 500 ◦C, 600 ◦C and 700 ◦C are shown
in Fig. 2. It is confirmed the presence of face-centered cubic structure with preferred orientation along (1 1 1)
plane. All Bragg peaks with Miller indices (1 1 1), (2 0 0), (2 2 0), (3 1 1), (2 2 2), (4 0 0), (3 3 1), (4 2 0), and
(422) are associated with the cubic lattice of pure cerium oxide and is in good agreement with International
Centre for Diffraction Database (ICDD) (03-065-5923).

FIGURE 2. XRD pattern of CeO2 at different calcination
temperatures

As shown in FIGURE 2, when the calcination temperature was increased from 300 oC to 700 oC, the reflection
peaks became sharper and stronger. This result is due to the improved crystallinity of the cerium oxide powders
with increasing calcination temperature.
The average crystallite size of the cerium oxide powders calcined at different temperatures for 120 min is
determined by the Scherrer equation 6.
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𝐾. λ
β 𝑐𝑜𝑠θ
where D is the mean crystallite size, K is a dimensionless form factor (in this work the value of 0.9 was used), λ
is the wavelength of the incident X-rays, β the width at the mean peak height (FWMH) and θ the diffraction
angle.
𝐷=

14.00

Crystallite size (nm)

12.00
10.00
8.00

R² = 0.9823

6.00
4.00
200

300

400

500

600

Temperature oC

700

800

FIGURE 3. Crystallite size of CeO2 powders precipitated at pH= 8 as a
function of the calcination temperature

The average crystallite size of powders prepared in the pH range of 8 and calcined at various temperatures is
plotted in FIGURE 3. The lines in the figure were fit by the polynomial method, and the correlation coefficients
is 0,9823. The crystallite size of the CeO2 powders increased only slightly at a temperature of 400 °C compared
to a temperature of 300 ° C, of which the crystal size at 300 oC is 5.28 nm and at 400 oC is 5.73 nm (only a
8.52% increase). Moreover, the crystallite size increased significantly, 52.42% increase, when calcined at
temperature 600 oC compared at temperature 500 oC.

FTIR spectroscopy
FTIR is used to identify the functional groups and study the vibrational motion of atoms and molecules. In FTIR
sprectoscopy, each molecule only absorbs IR light of certain frequencies based the characteristic for each
molecule. Hence, it is possible to identify the molecule type (qualitative analysis) by studying the absorption
spectrum 7. FIGURE 4 shows the IR spectra, in the range of 4000–400 cm−1, taken from the powders
synthesized by the precipitation method obtained at different temperatures calcination with presences of PEG
400 as surfactant and ammonium hydroxide as precipitator.
The broad band in the region 3600–3100 cm−1 could be assigned to the O\H stretching vibration of the absorbed
water on the ceria surface 8. The band at ∼1630 cm−1 corresponds to the bending of H–O–H which is partly
overlapping the O–C–O stretching band [9]. The bands around 1300 and 950 cm−1 might also correspond to the
vibrational stretching mode of H2O [10,11]. In the regions 1000–1500 cm−1 the bands associated with carbonate-

FIGURE 4. FTIR spectrum obtained on calcined CeO2 powder prepared by
different calcination temperatures

type species related to the surface of the oxide particles [9,12], such as atmospheric CO2 for example, which
interact with the cerium cations.
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All spectra showed a large band around the 400–700 cm−1, an absorption band that can be attributed to the
vibrational mode of tension of the Ce-O [10,13,14], indicating the formation of CeO2. From the FTIR data, it is
shown that all samples exhibited characteristic peaks for CeO2.

Thermal Gravimetric Analysis (TGA)
FIGURE 5 shows the thermogravimetric analysis curves of CeO2 nanoparticles. It was carries out in the
temperature range 40-1000 oC with a rate of 10 oC/min. TGA curves for samples show a continuous weight loss
from 40-1000 oC. In this, the weight loss from 40 to 200 oC is attributed to the loss of moisture and trapped
solvents. Remaining is due to the combustion of organic residues.
TGA curves reveal that the major weight loss upto 3,5% occurs at 400 ◦C due to the decomposition of absorbed
water and organic species, then small amount of weight loss is observed at 800 ◦C due to the combustion of
oxygen loss at higher temperature. TGA data shown that the most stable CeO2 powders was synthesized at 700
o
C calcination temperature.
TG

dTG
TG

dTG

dTG

(b)

(a)
TG
TG

(c)

(a)
dTG

(d)

dTG

(c)

(d)
TG

dTG

(e)
FIGURE 5. TGA analysis of nanoparticles CeO2 calcined at 300 ◦C (a); 400 ◦C (b); 500 ◦C (c); 600 ◦C (d); and 700 ◦C (e);
at a heating rate of 10 ◦C/min.

SUMMARY
Nano crystalline CeO2 was synthesized by the simple precipitation method at room temperature and atmospheric
pressure in surfactant presence (PEG 400) and ammonium hydroxide (NH 4OH). In this research, the effect of
calcination temperature on the physical properties was investigated. XRD analysis demonstrated that the
crystalline size increases with calcination temperature (300–700 oC) and ranging from 5.53 nm to 12.11 nm. The
crystal structure of the cerium oxide is shown to be uniformly face-centered cubic. From the FTIR data, it is
shown that all samples exhibited characteristic peaks for CeO2. TGA data shown that the most stable CeO2
powders was synthesized at 700 oC calcination temperature.
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Abstract : The growth of red jabon wood is slightly slower than white jabon when planted on the same land. Excess
jabon wood, among others, is not easy to bobok in eating insects, easily dried, smooth wood surface, easy to nail or
drilled, and also the level of wood shrinkage when dried, including low. So jabon wood can be the material of
making furniture, plywood, shoes, board, particle board, plywood raw materials, veneer, wood parking, plywood
board, and others. The result of this combustion produced liquid smoke of wood jabon into distillate, charcoal. In
this study used pyrolysis temperature 112-500 ° C. Analysis raw materail alpha celluloce 29,74%, hemicelulluce
20,07% and lignin 29,18%. The potential for forestry and agricultural waste is still abundant and efforts should be
made to process and utilized as biofuels. FT-IR analysis for jabon wood waste showed that the wave number
1101,35 cm-1 indicated to dehydration and depolymerization of cellulose and hemicellulose content. Changes
aromatic peak at 1620,21 cm -1 indicates the presence of C-H, lignin. While the wave number 3450,65 cm-1 indicate
the presence of hydroxyl group (O-H) and the absorbance of 987,55 to 677,01 cm-1 indicates the presence of C = CH (Aromatic H). Analysis GC MS for Jabon wood Vinegar as carbamic acid 0,70%, acetic acid 9,32%, 2
cyclopenten-1-one 1,34%, oxetane 9,53%, n dodecanal 2,67%, cyclohexanone 7,69%, 3 methoxy pyracetechol
4,12%, benzene 5,08%, 2 propane 2,96%, trans 2 hydroxycyclohexanyl acetate 7,29%, and levoglucosan 8,99%.
Aplication Jabon wood waste with pyrolysis technology as bio chemical dan wood vinegar yang renewable and
sustainable.

INTRODUCTION
.
National energy provision is a problem that requires a strategic and comprehensive handling in which an everincreasing population of Indonesia requires enormous energy handling, especially energy derived from biomass
waste. Increasing energy consumption rate is not balanced with the availability of raw materials, especially
fossil fuels. Therefore, the Government needs to seek renewable energy with environmentally friendly
technology besides BBM with the utilization of biomass waste which is still abundant. So it is estimated that in
a short time the fossil energy reserves will be exhausted. Fuel oil continues to thin out and adds to the
uncertainty of the state budget, hampering the diversification of environmentally friendly energy, fueling
smuggling of fuel, creating more and more irrational policies. Therefore, the Government needs to seek a source
of renewable energy derived from biomass waste is still abundant with environmentally friendly technology
Biomass production about 14% of the primary energy supply in the World. Approximately 75% is used by
developing countries 1. for example southern Asian countries and southeast Asia, generating much of biomass
energy as consumers. In India, Bangladesh, Myammar, Laos, the use of biomass energy is a significant source
of energy 2, 3. Indonesia is the largest exporter of charcoal in the world, with export volume reaching 29.867.000
kg. Increasing the added value of charcoal processed into nano carbon. Nano carbon weighing 5 grams valued at
Rp.7 million and 25 gram nanoparticles alone valued Rp. 6 million. National policies that encourage the export
of char products rather than raw materials. Or at least, meet The purpose of this research is to produce liquid
smoke, charcoal and activated carbon wood of jabon with pyrolysis temperature setting and separating active
bio chemical compound derived from liquid smoke of jabon wood for green chemical based on environment
friendly and sustainable.
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EXPERIMENTAL DETAILS
Wood waste in the form of wood jabon and jabon leaves analyzed the content of hemicellulose, cellulose and
lignin. Then dry wood jabon dregs were analyzed water content up to 10-20% (w / w). The jabon wood is
incorporated into a pyrolysis reactor with a combustion temperature of 116 - 516 ° C with 5 hours of burning
time. The resulting liquid smoke formed through each stage is determined by the bottom of the kiln to the
coolant, Liquid wood smoke Jabon GC MS analysis to determine potential chemical compounds and FT IR
analysis of wood jabon powder is done to determine the functional group and SEM analysis

RESULT AND DISCUSSION
The result of jabon wood waste treatment by testing the moisture content to find the rendement contained jabon
wood and calorific value is done by drying process by knowing the water content and the calorific value, then
pyrolysis process to get the smoke of jabon bark (FIGURE 1).

FIGURE 1. Results of biomass waste processing in the form of wood jabon
The resul research. Before, thermal decomposition process has been carried out for biomass pyrolysis
and its constituents, especially the content of cellulose, hemicellulose and different lignin types. Results of
analysis of hemicellulose, cellulose and lignin content of jabon wood , can be seen in (TABLE 1).
TABLE 1. Results of analysis of hemicellulose, cellulose and lignin content of jabon wood

Content (%)

Sample Code
Jabon Wood

Lignin

α selulosa

Hemi Selulosa

29,18

29,74

20,07

These result, Based on the decomposition process known lignin content on jabon bark of 29.18%, alpha
cellulose 29.74%, and hemicellulose 20.07%. can be seen Table 1. Lignin content depends on different types of
raw materials. The result of other research, that the composition of raw materials in the form of pure biomass
consists of 42% cellulose content, 31.5% hemicellulose, and 6.5% lignin at pyrolysis temperature 650K, 700K
and 750K 4. According to 5. that the structure analysis of Napier grass Stem (NGS) has 12.07% extractives,
19.76% cellulose 38.75% hemiselulose, and lignin 26.99%). This suggests that pine lignin structures are
composed solely by coniferyl alcohol alone, whereas by lignin the teak is composed by coniferyl alcohol and
cinapyl alcohol in a given ratio 6. Result of Dry Destilation (Prohibition) Jabon wood sample, with water content
9.5% with yield of charcoal equal to 37,9%, which result of pyrolysis obtained the highest liquid smoke content
28,06% at 316 ° C, The pine wood vinegar yiled obtaine were 13.80%, 16,12 %, 11,99%, 15,5%, and 0,90% 12.
the content of dry destilation with Jabon wood Powder in the raw material. can be seen in (TABLE 2)
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TABLE 2. Result of Dry Destilation (Rooting) with Jabon Wood powder

Wood Vinegar

Temperature (°C)

Weight (g)

Yield (%)

116

25

3,04

216

221,5

26,91

316

231

28,06

416

85

10,33

516

21

2,56

Analysis GC MS for Jabon wood Vinegar as carbamic acid 0,70%, acetic acid 9,32%, 2 cyclo penten-1-one
1,34%, oxetane 9,53%, n dodecanal 2,67%, cyclo hexanone 7,69%, 3 methoxy pyracetechol 4,12%, benzene
5,08%, 2 propane 2,96%, trans 2 hydroxy cyclo hexanyl acetate 7,29%, and levoglucosan 8,99% (FIGURE 2),.
This shows that the liquid smoke component of wood jabon is experiencing the process of decomposition of
hemicellulose, cellulose and lignin with rising temperature, so it is estimated that many acids are formed. The
results of this study are supported by 7. that the compounds produced from corn stalk pyrolysis at 450 ° C
contain ketones, furans, carboxylic acids and alcohols. Pyrolysis products from biomass waste produce
levoglucosan and hydroxy methyl furfural (HMF) products as Biofuel 8. Charcoal production for fuel is a major
cause of deforestation, environmental degradation, erosion, desertification and poverty 9.. Analysis GC MS for
Cacao wastes Majene produce n Buthane 8,77%, acetid acid 64,11%, and Mequinol 3,40% 10 Pyrolysis
technology for biomass can be used for various products including electricity, transportation fuel, chemicals,
fertilizers and bio charcoal 11

FIGURE 2. Analysis GC MS for wood vinegar Jabon wastes
FTIR analysis for wood jabon (FIGURE 2) showed that wave number 1101,35 cm-1 indicated dehydration and
depolymerization for cellulose and hemicellulose content. The change of aromatic peak at 1620.21 cm-1
indicates the presence of C-H, lignin. While the wave number 3450,65 cm-1 shows the presence of hydroxyl
group (O-H) and the absorption of 987,55-617,22 cm-1 shows the existence of C = C-H (Aromatic H). The
results of this study were supported . that FTIR analysis for fruits waste showed 3298, 3275 and 3292 cm-1
showing the OH vibration of alcohol and pectic acid. FTIR analysis was used for the identification of structural
changes of fruits waste by chemical and biological treatments. The results of this study were supported by 13,
that FTIR analysis for Coir pith Black Liquor (CBL) showed 3420 cm-1 indicating OH, uptake 1610 cm-1
indicates the presence of CH lignin group, 1247 cm-1 uptake shows the presence of CO and 586-891 cm-1
groups indicating the presence of C = CH (aromatic H) group.
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FIGURE 3. FTIR Spectrum Jabon Wood waste

FIGURE 4. SEM analysis for Jabon bark 500x magnification.
The SEM analysis for the morphological structure of the bark of jabon showed a small pore structure with 50x
magnification and had a large pore structure at 500 × (FIGURE 4) in which the SEM results for the jabon
wood showed a small porous structure and many holes. This is supported by the SEM analysis explaining that
the structure of morphology from Palm Oil boilers mill fly ash POFA has a natural pore

SUMMARY
Based on the objectives and research results that have been done can be drawn some SUMMARY as follows
analysis Jabon wood produced compound hemiselulosa 20,07%, α selulosa 29,74% and lignin 29,18%,
Analysis GC MS for Jabon wood Vinegar as carbamic acid 0,70%, acetic acid 9,32%, 2 cyclopenten-1-one
1,34%, oxetane 9,53%, n dodecanal 2,67%, cyclohexanone 7,69%, 3 methoxy pyracetechol 4,12%, benzene
5,08%, 2 propane 2,96%, trans 2 hydroxycyclohexanyl acetate 7,29%, and levoglucosan 8,99%. Aplication
Jabon wood waste with pyrolysis technology as bio chemical renewable and sustainable.
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Abstract. Architecture Study Program Budi Luhur University in collaboration with Kagoshima University Japan, at
2014 did research Happa waste processing (leaf) wich decomposed into transparent leaves. The goal is as a solution
of leaf waste management. The system needed very low budget, but can produce transparent leaves are very aesthetic
and economical. Kagoshima gives the price of a transparent leaf for 100 Yen Japan.
The research result of Architecture study program of Budi Luhur University, together with the citizens who joined the
Self-Help Group (KSM) Nyiur Budi Luhur, has been able to produce transparent leaves as many as thousands leaves
per day. This achievement exceeds the abilities of Kagoshima University which is produced as many as 100 sheets of
leaves per weeks. Transparent leaf production that continues to increase day by days, needs to get serious attention, to
be developed as a way to overcome environmental problems. Creativity of art creation from transparent leaves, is
needed to produce products with high selling value.
This research applies experimental method that is, engineering model of decorative element for wall. The target
achievement of this research are; i) Creation of decorative elements with transparent leaf materials, ii) Experiments of
making alternative design models, iii) synthesizing and research results.
The result of this research is in the form of painting from transparent leaves, can be developed in creative economy,
especially decorative element for wall, for SMEs in Indonesia.
Keywords: leaf waste, transparant leaves, Interior product, transparant leaves painting, wall decoration

INTRODUCTION
Environmental issues, a major problem at the local, national and international levels. Facts about environmental
damage caused by waste, are increasing on the planet every time.
As we know in Indonesia, both in the city, in the suburbs and in the countryside, organic waste, especially leaf
has a very large amount. Leaf litter that is not managed properly, can cause flood disaster. Currently the most
popular problem solving is burning, burying garbage on the ground or making fertilizer.
Architecture Study Program of Budi Luhur University in collaboration with Kagoshima University Japan, at
2014 has done research processing of leaf litter (Happa) which dekompositioned into transparent leaf. The
processing system is very low budget, just by soaking the leaves into water or mud in a certain period, can
produce a very aesthetic interior decoration. The result is a transparent leaf is estimated to be developed into
handicraft products, among others, as an interior element in the form of wall decoration 5.
The result of research development of Architecture of Budi Luhur along with the people who joined in self-help
group KSM NYIUR built by Budi Luhur, has been able to produce transparent leaves as many as 1000 sheets of
the day. This achievement exceeds the ability of Kagoshima University which is only able to produce as many
as 100 sheets of leaves per two weeks 4.
Transparent leaf production is increasing per day, need to get serious attention, to be developed, as a way to
overcome environmental problems. Creativity of art creation from transparent leaves, is needed to produce
products with high selling value. Starting from the phenomenon then in need of continuous research to create
the interior elements of the leaves transparent, along with the technique of presentation.
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Theoritical Review
Leaf Waste Treatment into Leaf Transapran
The study of Green Leaf decomposition process to Transparent Leaves with Mud Media, Leaf Waste has a very
large amount in Indonesia as well as all over the world. Leaf litter is usually used as a compost fertilizer or left
just because it is easy to decompose. Leaves that have been transformed into Transparent Leaf, generally can be
utilized as high value craft goods. Working closely with Kagoshima University, we are looking for the fastest
process in fermenting green leaf into transparent leaves, using mud and water. The method used is experiment,
through stages, 1) Selection of mud type, 2) Calculation of leaf decompositon time, 3) Measurement of post leaf
strength into leaf bone. Utilization of mud from catfish farms has the ability to ferment leaves quickly, from the
beginning of two months of harvest, can now be harvested by the number of hundreds of leaves. after three
days. The strength of green leaf decomposition experiments with mud leaves into transparent leaves is 5 years 4.

Utilization of Banana Leaf Waste For Basic Material Making Functional Products in
Dayak Ethnic Style In East Kalimantan
The utilization of Banana Leaves as a waste to be economical, one way is as a product of interior and furniture
components that have local characteristics that is Dayak ethnic. The method used is exploration of banana leaves
through stages 1) preliminary design 2) design, 3) prototipe. Target to be achieved for this activity is the
prototype of interior components and furniture products made from banana leaf midrib. The results obtained
from the exploration of waste stem Leaf banana is a prototype of interior component products such as mats,
blinds, placemat, containers and other similar products. Wastewater exploration Banana leaf is done manually,
especially in the implication of the blades as the basic form of the material to be processed by weaving. Because
it is done manually it is very difficult to get the dimensional standards of both the thickness and the width of the
blades that are made, so it needs a banana leaf cutting machine to help standardize. Utilization of waste midwife
Banana leaves into interior components products in East Kalimantan can increase the economic value of waste
that previously largely just left to become one of the new business opportunities for SMEs, especially in East
Kalimantan 1.

TYPE OF INTERIOR ELEMENTS TO BE DEVELOPED
According to Edawart T. Hall, by its nature there are two types of interior elements,

Fixed element,
Fixed element is an interior element that is not moved and become part of the main function of space. These
elements are fixed for a relatively long time, difficult to move or change. Need to consider the use of materials
and lay out space to apply it, for the space to be occupied.

Moveable element
Movable elements are movable elements that can be moved from one place to another. Because of its movable
nature, then this element can be moved in accordance with the interests / functions of space. Usually this
element has several supporting features to be moved easily, namely: wheeled legs, lightweight, easy to fold and
easy to pack.
These elements can be laid out and adapted to existing spatial conditions, even when not in use they can be
rapidly folded, folded or packed. Vice versa.
Based on those type, the development of Leaf transparent for the interior is can be a Moveable element 2.
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EXPERIMENTAL DETAILS
The process of developing the product design using the design process phases, according to Ulrich 6, several
stages of implementation that must be done continuously as follows: 1) .data collection of transparent leaf
products that have been circulated in the market, 2) data analysis and design programming plan of making
interior component product from leaf material transparent, 3). then discussion start from transparent leaf
processing, until prototype manufacture 4) market test to prototype interior product, 5) SUMMARY 6.

RESULTS AND DISCUSSION
Raw Material
Leaves that are used to be transparent leaves are soursop leaf and sandpaper leaf. Next, the leaves are
transparent through a collored process.

FIGURE 1. Regular Transparan leaf

FIGURE 2. Collored TL

TRANSPARENT LEAF PRODUCTS THAT HAVE GROWN IN THE SOCIETY
Based on collected data on transparent leaf products that flourished in the community and have been sold in
online and public media, from three online stores that are the source of reference data producer of transparent
leaf products, commonly known as Leaf Bone products.
The products are in the form of Paintings, Table decorations and bookmarks.

Picture 4.5. Bookmarks

FIGURE 3. Table Decoration

The study of the selling value of transparent leaf
products on the market, found that the sale of
paintings has a fairly high selling value, ranging
from 1 million rupiah to 10 million rupiah.
So it was decided in this research to make Painting
product as interior element, because it can

FIGURE 4. Painting Leaf
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increase economical value of transparent leaf 3.

THE PROCESS OF WALL DECORATION DESIGN
Based on product data that has been made and marketed to the community. So in this study using products that
have high selling value in the market. The tested product is for wall decoration in the form of painting. Media in
use is glass and canvas.

Design Process
Alternative painting design there are 4 kinds, among others:

1. Tree design
There are two types, leafy and leafy tree leaves.

FIGURE 5. Leafy tree laves

FIGURE 5..Leafy
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2. Peacock's design There are two types,
Peacock feathers from single leaves and peacock feathers from stacked leaves .

FIGURE 6..Peacock feathers from stacked leaves.

FIGURE 7. Peacock feathers from single leaves

3. A Pair of Birds and Flocks

FIGURE 8. A Pair

FIGURE 9. Flocks
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4. Flowers and Lavenders

FIGURE 10. Flowers

FIGURE 11. Lavender

Based on the trial results of sales of paintings, in the event the product exhibition transapan leaf painting with
canvas media, 90% were sold. In the first exhibition, there are several incoming orders for all products sold. The
number of buyers to order models earn the highest number, the type of purchase paintings.
Painting with autumn theme has a number of production and the biggest buyers, ie 60% of the entire product.
Birds and tree 18%, 8% peacock, flowers and wreaths 14%.
Painting Autumn Leaves and Peacock with feathers of transparent double leaf has the Intellectual Property
Rights (HaKI).

SUMMARY
The painting uses a transparent leaf material is still slightly, while the uniqueness of transparent leaves have
high sales value as a painting.
Transparent leaf painting in addition to different, also meet the aesthetics of society. But it is limited to people
who appreciate the technology and the arts. Evident of buyers consisting of various circles.
An examination of the wall decoration products, painting with a transparent leaf object has a wonderful tekturs,
so it has a 3D impression that is not owned by watercolor / acrylic / oil paints another.
In general, transparent leaf processing products into wall decorations have enormous prospects for the creative
industries.
This is consistent with the government's efforts in implementing the management issues of urban waste, by
implementing 3R (reuse, reduce, and recycle).
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Abstract. The tectonic condition of the Sulawesi Island is formed as a result of convergent and transform motion.
Earthquake event with magnitude M 7.0 in Sulawesi region rarely happen, only earthquake with magnitude above M
5.0 which often. Required more identification of fracture plane of earthquakes with magnitude above M 5.0. The
object of this study is to identify the area of activated fracture in the Sulawesi region from the earthquake focal
mechanism data. Determination of activated fracture plane using HC-plot method, that is determination method of
hypocenter location estimation to centroid. Using earthquake catalog data from BMKG, USGS, and GFZ. The
earthquake data which used in this methode is data with magnitude M> 5.0 span of time in 2016 in Sulawesi region.
The parameters which used in this study are hypocenter, centroid, dip and strike of each earthquake. The centroid,
dip and strike parameters are obtained from Global CMT seismic network. The number of earthquake with
magnitude more than 5.0 as much as 4 events are Gorontalo earthquake M 5.4, Bolangmongondo earthquake M 5.1,
Palu earthquake M 5.3, and Bitung earthquake M 5.8. From the result of data processing obtained by distance of
hypocenter to centroid every quake respectively from 14.23 km, 17.65 km, 4.48 km, and 24.34 km. In addition to the
distance of the hypocenter to centroid also obtained a distance hypocenter to nodal plane 1 and nodal plane 2. The
distance from hypocenter to nodal plane 1 each earthquake in a row is 3.09 km, 10.79 km, 3.53 km, and 16.02 km.
Same as for the hyposenter distance to the nodal plane 2 of each quake respectively is 6.92 km, 6.97 km, 3.58 km,
and 15.60 km. Comparison using three catalogs indicate that the hypochenter distance that almost coincides in one of
the nodal planes is the fractured plane activated during an earthquake.

INTRODUCTION
In geometrical fault there are two nodal palne each having strike, slip, and dip values 19. From both nodal plane
there will be one broken plane that activates the other broken area. The focus area of this research is Sulawesi
region. Sulawesi is an area located between 2 ° 08 ' N and 120 ° 17' E, is a complex area as it lies between the
confluence of three large plates ie, the Indo-Australian plate moving towards the north, the Pacific plate that
moves westward, and the Eurasian plates moving south-southeast, as well as the smaller Philippine plates that
collide each other 6. In addition to the convergent process, there is a transformation process caused by the
movement of the three plates laterally in the opposite direction 2. As a result of these two processes, there were 9
major fault that became the main factor of tectonic earthquake in Sulawesi Region.
The fault is like, Palu-Koro fault, Poso fault, Matano fault, Lawanopo fault, Walanae fault, Gorontalo fault,
Batui fault, Tolo fault, Makassar fault and other small faults 6. Based on its lithotectonic island of Sulawesi can
be divided into four paths, namely the western mandala as magmatic path which is the eastern part of the Sunda
exposure, middle Mandala is a lane with malihan rocks lined by bancuh rocks as part of the Australian block,
The ofiolit form form East Mandala which is a segment of oceanic kerk, and Banggau-Sula which is the
easternmost archipelago that moves towards the west 6.
The geological structure in Sulawesi is a unique structure due to the formation of many faults around its
territory. The geologic structure that developed is dominated by horizontal fault, where the mechanism of
forming Sulawesi geological structure can be explained by simple shear model 17.
Earthquakes can be trigerred by volcanic activity and pure tectonic activity. Tectonic earthquakes occur due to
rock fractures that can no longer withstand the accumulation of stress so that it breaks and releases energy in all
directions 4. In tectonic earthquakes the fracture of the rock is affected by several parameters such as strike, dip,
and slip 9. As the geometry of the fracture shown in FIGURE 1.
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Explanation:
H=depth
δ= Dip
θ= Strike
λ= Slip
W= fault width
L= length of fault
D= dislocation

FIGURE 1. Fault parameters

Sulawesi has 10 major faults and some minor faults affecting the activeness of the Sulawesi island's seismicity
shown by table 1. The fault motion in the Sulawesi region is dominated by strike-slip motion. Based on BMKG
earthquake catalog data, GFZ and USGS Sulawesi region is a region that has a high level of seismicity, both
from magnitude M <5.0 and M> 5.0. The high frequency of earthquakes in this region of Sulawesi needs to be
conducted research and identification of tectonic patterns that developed in this region.
This identification needs to be done to determine the type of fault as well as the dominant direction of the
fracture. This identification was performed using hypocenter distribution data and earthquake source mechanism
obtained from Global CMT (Global Centroid Moment Tensor) data. Earthquakes have several parameters:
epicenter, hypocenter, origin time, magnitude and depth 20. Earthquake data used is an earthquake with
magnitude M> 5.0 for Sulawesi region.
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TABLE 1. Faultes in Sulawesi and surrounding areas 8

This study aims to identify the area of active fault during an earthquake using an estimate of the centroid
location against an earthquake hypocenter in the focal pattern of the centroid moment tensor mechanism in
Sulawesi. The parameters used to determine the activated fracture field are hypocenter and centroid 7.
Hypocenter is the epicenter of the earthquake that becomes the place of sudden energy rupture when the rock is
broken 14. Centroid is the intersection of two fields of nodal which is the release region of the moment of
earthquake energy that represents the parameters that influence it. This study uses the HC-plot method, which is
the method of determining the activated fracture field by determining the hypocenter distance estimation against
the centroid where the activated fracture field is one between the nodal 1 and the nearest nodal 2 plane or
coinciding with the earthquake hypocenter 10. From the estimation of the spacing, the resulting plotting of the
broken plane will be analyzed based on the orientation of the fracture motion.
The H-C plot is a method to estimate the centroid location of the hypocenter distance. The principle is if the two
fault plane passing through the centroid between the nodal plane I and the nodal plane II is defined by the strike
angle and dip of the tensor moment solution 10. Then with the principle of fracture planar-shaped, then the
broken plane which is one unit of plane nodal I and nodal plane II which is closest to the hypocenter.

a

b

FIGURE 2.a) Schematic method of H-C plot. b) The schematic method of H-C plot on different view but with the same
conditions.[20]

From FIGURE 2 is shown the schematic of the H-C method Plot where H with the asterisk is hypocenter and C
is the centroid passed by the nodal plane I and the nodal plane II. The oval region indicates the dominant slip
area. On a different view, the same situation indicates if the hypocenter and centroid are located in the I field so
that it is identified if the nodal plane I is an activated plane of fracture 10.
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FIGURE 3. Schematic position of the hypocenter that does not lie in any of the plane's nodal plane [20]
There is a special situation when the hypocenter does not lie with any nodal plane as shown in FIGURE 3. So
to anticipate this is done by comparing some hypocenter and more centroid as a representation of the hypocenter
and centroid uncertainty so that it will be found that the activated fracture field is a nodal plane the most
dominant against the location of several hypocenters 10. The data used the earthquake waveform inversion data
and not the travel time data of the seismic wave. The stations used multi-stations on every event earthquake
recorder. Hypocenter data obtained from several earthquake catalogs owned by seismic recording agencies are
BMKG (Indonesian Meteorological, Climatological and Geophyisical Agency) USGS (United States Geological
Survey), GFZ (GeoForschungsZentrum) and Global CMT (Centroid Moment Tensor) as reference data in this
research. Knowing the area of activated fracture is expected to help map the regional subduction plate model for
Sulawesi region.

EXPERIMENTAL DETAILS
Data retrieval
In this study used the earthquake data of Sulawesi island in the period of 2016 with magnitude M> 5.0. The
earthquake data from this research were obtained from three earthquake catalogs namely BMKG, USGS, and
GFZ with Global CMT as reference of earthquake catalog in this research. Sequential reference earthquake
catalog data from Global CMT can be accessed at (http://www.globalcmt.org/CMTsearch.html). Then for the
third catalog of earthquakes can be accessed at BMKG (http://inatews.bmkg.go.id), GFZ (http://geofon.gfzpotsdam.de/eqinfo/form.php), and USGS (https: //www.usgs.gov/). The focus of this research is the entire island
of Sulawesi with borders of 2.42° N - 6.93° S and 118.5 °E - 125.7 °E.

Data processing
HC-plot is a method of determining the activated fracture field by determining the hypocenter distance
estimation against the centroid where the activated fracture field is one between the nodal 1 and the nearest
nodal 2 plane or coincide with the earthquake hypocenter. From the estimation of the space, the result plot of the
broken plane will be analyzed based on the orientation of the fracture motion. Conducted hypocenter plotting at
the intersection between nodal plane 1 and nodal plane 2. If hypocenter is appropriate or coincide in one of
nodal plane then nodal plane is active fracture. Hypocenter plotting uses data verification from BMKG, GFZ,
and USGS with Global CMT data as reference data.
This study is a study by comparing the earthquake catalog of several seismic recording agencies. The processed
data is data of earthquake catalog with magnitude M> 5.0 in Sulawesi region. After the data is sorted and the
earthquake data according to the criteria, the earthquake parameters are input into the matlab software to be
computed and processed using HC-plot method. The input parameters include hypocenter and centroid
earthquake. From matlab computation result will be obtained result of distance between hypocenter to nodal
plane 1, distance between hypocenter to nodal plane 2, and distance between hypocenter to centroid from result
of computation matlab. Computing using matlab will result in a plotting of the hypocenter field against one of
the nodal fields. The results will be analyzed based on the orientation of the activated fault field and the
movement of the fault field. So that it can be determined the orientation of the fault field in one of the nodal
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fields indicated is the active broken area. From the hyposenter plotting in one of the nodal fields using the three
earthquake catalogs then identified plotting between the hypothenter and the adjacent centroid or coinciding
with the nodal plane. The nearest nodal field or coinciding with the hypocenter is a broken area activated during
an
earthquake.
Here
is
a
flow
chart
of
data
processing
in
this
study:

Start

Earthquake catalog
event
BMKG,GFZ,USGS

Earthquake
M>5.0

YES

Plotting with HC-plot methode

Catalog verification data
BMKG, GFZ, USGS with data
from Global CMT as reference
catalog
Calculation that estimate hypoceter
distance to centroid

Result :
Activated nodal plane result from plotting 3
catalog earthquake event towards nodal
plane

Finish

FIGURE 4. Flowchart of data processing

RESULTS AND DISCUSSION
The data collected from the three earthquake catalogs were obtained by 4 earthquake events with magnitude M>
5 in the period of 2016 on the island of Sulawesi. FIGURE 5 shows the earthquakes obtained by the Gorontalo
earthquake 20 July 2016 M 5.4 depth 154 km, Bolangmongondo earthquake 29 July 2016 M 5.1 depth 127 km,
Palu earthquake 7 September 2016 M 5.3 10 km depth and Bitung earthquake 27 October 2016 M 5.8 depth of
10 km. The data used are hyposenter and centroid data from each earthquake which is earthquake parameter.
The earthquake parameter issued by Global CMT is used as data reference and the other three quake catalog
data are used as the comparison.
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FIGURE 5. Distribution of earthquake data M> 5 period 2016 in Sulawesi region

FIGURE 5 shows the area coverage and earthquake data used in this study. From the results of processing and
comparison of the three earthquake catalog data obtained results if the distance between the hypocenter is
approaching or that coincide 0 km on one of the nodal fields is the field of activated fracture. Here are the
results of processing 4 earthquake events found:

Gorontalo Earthquake 20 July 2016 M 5.4
In the Gorontalo M 5.4 quake hypocenter plotting of the centroid was performed using the BMKG, USGS, and
GFZ earthquake catalogs shown in FIGURE 6. In hypocenter plotting using BMKG data is shown if the
hypocenter coincides in the nodal 1 (green) field. Then in the GFZ data also shows a hypocenter adjacent to the
green nodal field. However, for USGS plotting data lies between the two green nodal fields and the red nodal
field so it needs to be re-corrected to the depth value of the USGS earthquake catalog.

FIGURE 6. Geometry fault of Gorontalo earthquake M 5.4

From these results it is identified that the activated fracture field is the nodal 1 (green) field with a hypocenter
distance to the centroid of 14.23 km. The distance between the nodal 1 (green) and the nodal 2 (red) fields is
3.09 km and 6.92 km respectively, so the closest distance is the hyposenter plotting to the nodal 1 (green) field,
then the nodal 1 (green) field is the activated fracture field . The fault geometry of the Gorontalo M 5.4
earthquake is an oblique fault with a strike value of 1450, dip 430, and slip 460 shown by FIGURE 6.
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Bolangmongondo Earthquake of 29 July 2016 M. 5.1
The Bolangmongondo M 5.1 earthquake produced plotting results for the three dominant earthquake catalogs on
the nodal 2 (red) field. In BMKG data the distance of hypocenter is 0 km to nodal 2 (red). It was then clarified
again using the results of plotting the USGS and GFZ earthquake catalog data. Figure 7 shows if the plots of the
three different quake catalog data are close to or coincide with the nodal 2 (red) plane.

FIGURE 7. Geometry fault of Bolangmongondo earthquake M 5.4

The distance between the hypocenter of the nodal 1 (green) area is 10.79 km, while the hypocenter distance of
the nodal 2 (red) area is 6.97 km. The seismic hypocenter is closer to the nodal 2 (red) field than the nodal 1
(green) field. So that the activated plane of the Bolangmongondo earthquake is the nodal 2 (red) field with a
hypocenter distance to the centroid of 17.65 km. From FIGURE 7 it is shown that the geological geometry of
the Bolangmongondo earthquake fault is a rising fault with a strike value of 1450, dip 430, and slip 460.

Palu Earthquake September 7, 2016 M 5.3
In the data processing of Palu 7 september earthquake with magnitude M 5.3, the result of hypocenter distance
to the centroid is 4.48 km. In the Palu earthquake the hypocenter plot is interconnected between the nodal 1
(green) and the nodal 2 (red) plane shown by FIGURE 6. So it is quite difficult to determine the area of
activated fracture in the P Earth M 5.3 earthquake. FIGURE 8 shows if data from the BMKG and USGS
earthquake catalogs are closer to the nodal 1 (green) field whereas the data from GFZ is slightly distorted and
closer to the nodal 2 (red) field.

FIGURE 8. Geometry fault of Palu earthquake M 5.3

From the result of plot processing the distance of hypocenter to nodal field is obtained if the distance of
hypocenter to nodal 1 (green) and nodal 2 (red) fields respectively 3.53 km and 3.58 km. So that obtained if the
activated fracture field is the nodal 1 (green) field. The difference between hypocenter to nodal 1 (green) and

256
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

hypocenter to nodal 2 (red) is 0.03 km with hypocenter closer to nodal 1 (green). From FIGURE 8 it is shown
that the geometry of the fault of the Palu earthquake is a stike slip with a strike value of 1450, dip 430, and slip
460.

Bitung Earthquake October 27, 2016 M 5.8
In Bitung quake M 5.8 for the third hypocenter plotting from different catalogs obtained if BMKG, and GFZ
data coincide and close to nodal 1 (green), while for USGS data is far between nodal 1 (green) and nodal 2 (red)
fields shown by FIGURE 9. From result of data processing obtained result of distance of hypocenter to centroid
equal to 24.34 km.

FIGURE 9. Geometry fault of Palu earthquake M 5.3

After recovering it is obtained if USGS data is closer to nodal 1 (green) than nodal 2 (red) with a hypocenter
distance to the nodal 1 (green) and nodal 2 (red) fields 15.6 km and 16.2 km respectively. So that the activated
fracture field of the Bitung M 5.8 earthquake is the nodal 1 (green) field. The 5.8 M quake earthquake has a
strike value of 2160, dip 320, and slip of 1040. From FIGURE 9 it is shown that the geometry of the
Earthquake Sequence Bitung M 5.8 is a rising fault.
From the result of the discussion of 4 earthquake events M> 5.0 in Sulawesi region, the direction of fracture
motion is obtained which compared with the fault segment in Sulawesi island. If an earthquake is not in a major
fault area then it can be ascertained if an earthquake is in an active minor fault adjacent to a major fault.
FIGURE 10 shows if the Palu earthquake of September 7, 2016 M 5.3 is caused by an active minor fault
motion adjacent to a major fault i.e. Palu-koro fault with a strike-slip type fault.

FIGURE 10. Earthquake distribution M> 5.0 period of 2016 Sulawesi region
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Then in the earthquake Gorontalo M 5.4 and Bolangmongondo M 5.1 earthquake is an earthquake caused by the
major fault that is Gorontalo fault. The direction of the Gorontalo earthquake and the Bolangmongondo
earthquake is an extension of the Gorontalo fault shown by FIGURE 10. As for the Bitung M 5.8 earthquake is
caused by the minor fault movement around Sangihe trench.

SUMMARY
Based on the result of the discussion, the distance of hypocenter to the centroid for Gorontalo M 5.4 is 14.23
km, Bolangmongondo M 5.1 is 17.65 km, Palu M 5.3 is 4.48 km, and Bitung M 5.8 is 24.34 km. In addition to
the distance of the hypocenter to the centroid also obtained a distance hypocenter to the field nodal 1 and nodal
2. For the distance hypocenter to field nodal 1 each earthquake in a row is 3.09 km, 10.79 km, 3.53 km, and
16.02 km. As for the hypocenter distance to the nodal area 2 of each quake respectively is 6.92 km, 6.97 km,
3.58 km, and 15.60 km. From these results it is found if hypocenter and centroid greatly affect against the
determination of activated fracture field. Comparisons of the three catalogs show that if hypocenter and centroid
are in one of the nodal fields then the nodal plane of the hypothetical of the hypocenter is the fractured plane of
activation
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Abstract. In this paper, we describe how the temperature can determine for cattle milk pasteurization. The micro
milk entrepreneur in Krucil Probolinggo always do pasteurization for their cattle milk products. The village of Krucil
Probolinggo Regency is one of the best cattle milk producing village that need pasteurization. So that. Cattle milk is
easily decomposed and contaminated by microbial bacteria. Determination of the correct temperature is also one of
the most important steps in handling pasteurization of cattle milk. So far, micro milk entrepreneur use a conventional
way to determine temperature of pasteurization. The trick was touch the milk inside vessel with fingers and feel heat
or not milk. A high temperature short time (HTST) technique milk based dairy control system using “Multi Attribute
Decision Making (MADM) technique is the best solution for handling pasteurization cattle milk and HTST has been
according to National Standardization Agency of Indonesia (SNI). In addition, pasteurization of cattle milk is
equipped with a temperature control system based on microcontroller, so that micro milk entrepreneur easily
determine pasteurization temperature, save energy and time for controlling the temperature of pasteurization process.
Based on our result of method testing, program and electronic of pasteurization system are able to work very well
and help the micro milk entrepreneurs who have been applied in Village of Krucil Probolinggo Regency.
Keywords: pasteurization, temperature, technique

INTRODUCTION
Cow's milk has many benefits that is the source of calcium, nutrients to the body etc .. On the other hand,
cow's milk is very sensitive to microbial contamination and the growth of pathogenic bacteria 1. Many of its
microbial bacteria in cow's milk cause the milk to decompose easily and is not good for the health of the body 2.
Therefore, to avoid the decomposition of cow milk, the best effort to reduce the amount and prevent the growth
of microbial bacteria periodically by heating at a certain temperature and time or pasteurization 4. Pasteurization
of cow's milk that meets the Indonesian National Standard (SNI) is High Temperature Short Time (HTST) at
high temperature> 72ºC for at least 15 seconds and cooling 10ºC- 40ºC 5.
The micro cow milk businessman in Tiris Village Probolinggo regency is in need of pasteurization in the
best way. So far, micro entrepreneurs use conventional means to control the temperature of pasteurized cow's
milk by dipping the finger into a pan and then feeling the heat or not the milk and the effort to determine the
pasteurization time is also not effective because of frequent control of time is not fixed. The consequence of
time that does not remain impact on the fuel usage is also not fixed then the cost of fuel purchases will increase.
The technique of Multi Attribute Decision Making (MADM) and the cattle milk pasteurization control
system using HTST technique is the best solution in determining temperature and controlling time in
pasteurizing cow's milk so as to assist the cow's milk micro entrepreneurs in determining, controlling
pasteurization temperature, saving energy, time and large cost due to the purchase of fuel in the process of
pasteurization that is uncertainly timed.
In this research we use microcontroller as temperature and time control system in cow milk pasteurization
process and Multi Attribute Decision Making (MADM) technique as the best temperature determination
technique. Based on the results. MADM technique is able to set the best temperature for pasteurization and on
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the other hand its control system is able to process pasteurized cows milk with only 15 seconds with temperature
72ºC very well, MADM technique is able to determine the best temperature is around 70ºC - 80ºC.

EXPERIMENTAL DETAILS
Technique of Multi Attribute Decision Making (MADM)
Simple Additive Weighting (SAW) method is often also known as weighted summing method. The
basic concept of saw is to seek the weighted sum of the performance of each alternative on all
attributes 4. The alternatives are high temperature short time, low temperature long time and ultra high
temperature, where rij is a normalized performance rating of ai alternatives on attributescj : i = 1, 2,
…, m and j =1, 2, …, n. here is a weighted sum formula for the performance of each alternative on all
attributes 7.
𝑿𝒊𝒋
𝑴𝒂𝒙𝑿𝒊𝒋
𝒊
𝑴𝒊𝒏𝑿𝒊𝒋
𝒊

𝒓𝒊𝒋 = ∫

𝑿𝒊𝒋

𝒊𝒇 𝑱 𝒊𝒔 𝒕𝒉𝒆 𝒃𝒆𝒏𝒆𝒇𝒊𝒕
𝒊𝒇 𝑱 𝒊𝒔 𝒕𝒉𝒆 𝒄𝒐𝒔𝒕

(𝟐. 𝟏)

The calculation of the normalized decision matrix using the following formula: the greater vi value
indicates that the ai alternative is more elected. the formula for normalizing is as follows 7 :
𝑛

𝑉𝑖 = ∑ 𝑊𝑗 𝑟𝑖𝑗 (2.2)
𝑗=1

The rating value of suitability and weighting of temperature determination criteria using MADM
technique of simple additive weighting (saw) method is described inTable 1.1 and Table
1.2.Thepreference value for each alternative (vi) is given as follows: where: rij = normalized work
rating. maxi = maximum value of each row and column. mini = minimum value of each row and
column. xij = rows and columns of the matrix. (rij) is a normalized performance rating of the
alternative (ai) on the attribute (cj). i= 1,2…,m and j= 1,2…,n [5].
TABLE 1. Rating of Matches Any Alternative

Value of Rating Matches
5
4
3
2
1

Type of rating
Very high
High
Middle
Low
Very Low

The table of criteria for determining the temperature of cow milk pasteurization will be described in Table 1.2
below.
TABLE 2. Determination Criteria of Temperature

No
C1.
C2.
C3.
C4.
C5.
C6.
C7.
C8.

Type of Criteria
Color
Taste
Texture
Smell
Time
Alcohol test
Milk Cleanness
Thrifty Fuel
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Procedure
Flowchart Design of Pasteurization Cow Milk Control System
Flowchart design is the operation flow of pasteurized milk dairy control system to the determination
of temperature at the maximum limit of Setpoint. Flowchart design can be seen in FIGURE 1. Explain
that when the heater on the motor is also on then the temperature of cow's milk is read by the
temperature sensor DS18B20, after read by the sensor then Arduino Uno microcontroller receives the
temperature data information from the sensor and temperature data from the sensor displayed on the
LCD at the command of microcontroller, if the temperature> 70ºC in 15 minutes then the heater will
off otherwise if <70ºC in 15 minutes then heater on (following next stage), after> 70ºC in 15 minutes
then heater on then fan will on cooling process, when temperature of milk cooler 40ºC then fan and
finish, if the temperature of milk is not cold 40ºC then the fan remains on and next stage.
Start

Heater On

Motor On

DS18B20 Sensor Reads
Cow Milk Temperature

Arduino Uno Microcontroller
Receives Information from Sensor

Temperature Data From
Sensors Displayed on LCD

Tidak

Ya
Is The
Temperature> 72ºC
and Time 15
Seconds?

Is The Milk
Temperature 40ºC
?
Fan Off

Finish

Tidak

Cooling Process

Fan On

Ya

Heater Off

FIGURE 1. Flowchart Operation of Cow Milk Pasteurization Control System

Design Flowchart of Multi Attribute Decision Making (MADM) Technique
Flowchart design techniques Multi Attribute Decision Making (MADM) for the calculation value determines
the pasteurized temperature of cow's milk. FIGURE 2 shows the flowchart design of MADM techniques.
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Determine the
alternatives and criteria
used as a reference in
decision making

Start

Gives preference
weight

Normalized matrix
X

Benefit

Normalization
matrix X = benefit

Yes

No

Normalized matrix
R

Cost

Rank using equations
Recommended
alternative
solutions
No

Yes

Selesai

The chosen
alternative is the
greatest value

FIGURE 2. Design Flowchart Of MADM Technique

RESULTS AND DISCUSSION
The results of our study using the prototype of cow milk pasteurization, to determine whether the design of
hardware and testing Simple Additive Weighting algorithm can run well. Here is a discussion of the results of
our research.

Testing Result of Pasteurization Control System Tool
In the temperature sensor test DS18B20 will read every hot temperature rise produced by the heater,
according to the method of pasteurization milk High Temperature Short Time (HTST) is 720C for 15 seconds,
heater will off automatically and fan will be on until cooling process reaches 400C temperature. All series of
control systems can be seen in FIGURE 3 (a).
The DS18B20 temperature sensor test result is done by GND relation with ground coming from Port
Arduino, VDD connected with voltage 5V and DQ will be connected with pin 2 Arduino, but plus 4.7k pull-up
resistor. When the DS18B20 temperature sensor module has been connected to Arduino Uno and given a
voltage of 5v then the digital data generated by the sensor will be processed and displayed on the LCD can be
seen in FIGURE 3 (b)
Relay test on control system function to know on off element heater and cooling fan at pasteurization system
of cow's milk if minimum and maximum temperature limit reaches setpoint. This test runs fine. Here is the
initial start of relay 2, the heater will be on and the red LED indicator is also on means pasteurization process is
underway seen in FIGURE 3 (c)
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(a)

(b)

(c)

FIGURE 3. (a) Series of Cow Milk Pasteurization Control Systems, (b) LCD As Digital Data Interface From Temperature
Sensor Results. , (c) Relay 2 Test on Heater and LED indicator

Overall test on the control system pasteurized cow's milk using High Temperature Short Time (HTST) as the
highest rating on the results of the counting technique Multi-Attribute Decision Making (MADM) with Simple
Additive weighting method of testing to get a proper sample test. The process on the system performs several
stages that when the temperature is less than at least set point then the heater will remain active, the red LED
indicator is active and the cooling fan will be off. If the temperature reaches the maximum limit of set point then
the heater will be off and the blue LED will be active and the cooling fan will be active. The following TABLE
3 results of the first HTST Test.
TABLE 3. Test Result of Control System Tool on Pasteurization of Cow Milk

Timer (Second) Temperature (oC)
0second
1 second
3 second
5 second
6 second
8 second
11second
12 second
13 second
13 second
20 second
30 second
40 second
45 second
50 second
55 second
57 second

26.37ºC
29.49 ºC
40.13 ºC
50.88 ºC
54.49 ºC
60.75 ºC
70.62 ºC
72.11 ºC
72.49 ºC
73.00 ºC
70.59 ºC
64.99 ºC
55.52 ºC
51.99 ºC
46.75 ºC
42.43 ºC
39.59 ºC

Heater

Fan

LED Indicator

On
On
On
On
On
On
On
On
On
Off
Off
Off
Off
Off
Off
Off
Off

Off
Off
Off
Off
Off
Off
Off
Off
Off
On
On
On
On
On
On
On
Off

Red
Red
Red
Red
Red
Red
Red
Red
Red
Blue
Blue
Blue
Blue
Blue
Blue
Blue
Off
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Testing of Multi Attribute Decision Making Technique (MADM)
Determining the temperature on cow milk pasteurization requires criteria (TABLE 2) and the alternatives
are High Temperature Short Time (HTST), Low Temperature Long Time (LTLT) and Ultra High Temperature
(UHT). His calculation method is Simple Additive Weighting (SAW). Each alternative has its own criteria for
determining temperature, this study deals with determining the right pasteurization temperature. The cow milk
micro entrepreneur has determined the weight value data for each criterion. The following TABLE 4. match
rating of each alternative on each criteria.
TABLE 4. Rating Match of Any Alternative on Any Criteria

Alternative
A1 / HTST
A2 / LTLT
A3 / UHT

C1
4
3
4

C2
5
4
3

C3
4
4
4

C4
5
4
5

Criteria
C5
4
4
4

C6
4
3
5

C7
5
3
3

C8
5
2
3

Weight preference is also indispensable in providing the result of temperature determination, its preference
weight as follows:
W = [5, 4, 4, 3, 5, 5, 2, 4]
The decision matrix is formed from the match table as follows:
4 5 4 5
𝑋 = [3 4 4 4
4 3 4 5

4 4 5 5
4 3 3 2]
4 5 3 3

Normalization of X matrix based on Equation 2.1. as follows:
𝑟11 =
𝑟21 =
𝑟31 =

4
max{4,3,4}
3
max{4,3,4}
3
max{4,3,4}

4

= =1

𝑟12 =

4

3

= = 0,75
4
4

= =1

𝑟22 =
𝑟32 =

4

5
max{5,4,3}
4
max{5,4,3}
3
max{5,3,4}

5

= =1

𝑟13 =

5

4

= = 0.8

𝑟23 =

5
3

= = 0,6

𝑟33 =

5

4
max{4,4,4}
4
max{4,4,4}
4
max{4,4,4}

4

= =1
4

4

= =1
4
4

= =1
4

And so on, to obtain the normalized matrix R as follows:
1.0000
𝑅 = [0.7500
1.0000

1.0000
0.8000
0.6000

1.0000
1.0000
1.0000

1.0000
0.8000
1.0000

1.0000
1.0000
1.0000

0.8000
0.6000
1.0000

1.0000
0.6000
0.6000

1.0000
0.4000]
0.6000

The process I rank is obtained based on Equation 2.2 as follows:
V1 = (5)(1) + (4)(1) + (4)(1) + (3)(1) + (5)(1) + (5)(0.8) + (2)(1) + (4)(1) = 30
V2 = (5)(0.75) + (4)(0.8) + (4)(1) + (3)(0.8) + (5)(1) + (5)(0.6) + (2)(0.6) + (4)(0.4) = 24.15
V3 = (5)(1) + (4)(0.6) + (4)(1) + (3)(1) + (5)(1) + (5)(1) + (2)(0.6) + (4)(0.6) = 28

Description of each rank that is V1 = HTST, V2 = LTLT and V3 = UHT. Based on the calculation result
using the technique of Multi Attribute Decision Making (MADM) the highest rating is Temperature High
Temperature Short Time (HTST). Temperature determination using High Temperature Short Time (HTST) is
the best solution that can be used as method of temperature determination on pasteurization of cow's milk.

SUMMARY
Pasteurization of cow's milk using High Temperature Short Time (HTST) is the highest rated temperature
determination of Low Temperature Long Time (LTLT) and Ultra High Temperature (UHT). In addition, this
control system-based study is very useful for cow milk in Krucil Probolinggo village using HTST temperature
has the advantages of cost-effective, fuel and reduce the number of microbial bacteria in cow's milk. The rating
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value on HTST is 30 using Simple Additive Weighting (SAW) method in MADM technique. This control
system has been used by the community as a tool experiment. The result proved to be very helpful to the
community in the pasteurization of cow's milk.
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Abstract. Tartrate (C4H4O62-) is a dicarboxylate ion with two hydroxyl groups which has a good chelating and
coordinating ability to a metal ion. Tartrate alkali and alkali earth metal complexes could be used in the production of
transducers or controlled laser emission. In this paper, we are reporting the synthesis of Cu II tartrate hydrate (CuTH),
MnII tartrate hydrate (MnTH) and CdII tartrate hydrate (CdTH) which crystallised using solution method. Their crystal
structures are also discussed and compared with related tartrate complexes reported previously. Synthesis of the
complexes was conducted using modified layering technique at room temperature (RT) between aqueous solutions of
diammonium tartrate and CuII, MnII or CdII, respectively, in a mol ratio of 1:1. The crystals were obtained upon slow
evaporation of the solution at RT. The structure of the crystal was determined by low-temperature (123K) single-crystal
X-ray diffraction experiments performed using a Bruker Apex II KAPPA CCD with Mo-Ka radiation ( 0.71073 Å)
equipped with an Oxford Instruments nitrogen gas cryostream. Analysis of diffraction data collected with the Bruker
Apex II KAPPA CCD was performed by using SAINT1 within the APEX2 software package. Empirical absorption
corrections were applied to all data by using SADABS. The structures were solved using SHELXS [7] and refined using
SHELXL-13 within the graphical interface Olex2. M(II) tartrate hydrate (M= Cu, Mn, Cd) coordination polymers were
successfully obtained from dilute aqueous solution using layer technique and slow evaporation at room temperature. The
source of tartrate ions in the reaction may affect the crystallization process.

INTRODUCTION
Tartrate (C4H4O62-), an end-to-end dicarboxylate ion with hydroxyl group on each methylene carbon, has a
good chelating and coordinating ability to a metal ion. Tartrate alkali and alkali earth metal complexes could be
used in the production of transducers or controlled laser emission1 due to physical properties of their crystal, such
as dielectricity, ferroelectricity and piezoelectricity 2. Tartrate transition metal complexes, M = Mn(II), Co(II),
Ni(II), Cu(II), Zn(II), Cd(II), etc., have also been reported previously. Their crystal structures and properties are
being explored, particularly magnetism and porosity 3.
Solution, gel, and hydrothermal methods are commonly used to produce crystalline tartrate complexes 3. Each
method has their advantages and disadvantages. Different synthetic method and small change of reaction
conditions (e.g. temperature, mol ratio, solvents, etc.) may lead to a different compound and structure 4. Since
many tartrate complexes are partly soluble in water, solution method is the unfavourable one to produce good
quality crystal of tartrate complexes. Amorphous products are commonly precipitated by using solution method.
However, solution method was chosen in this work because it is simple, works at room temperature (RT), and
uses less chemicals which in-line to the green chemistry concepts. By adjusting the reaction condition, amorphous
precipitate may be avoided and crystalline complexes could be produced.
In this paper, we are reporting the synthesis of CuII tartrate hydrate (CuTH), MnII tartrate hydrate (MnTH) and
II
Cd tartrate hydrate (CdTH) which crystallised using solution method. Their crystal structures are also discussed
and compared with related tartrate complexes reported previously. The reaction condition was adjusted in order to
get good single crystal of the complex by using a dilute solution, a layer technique, and diammonium tartrate
(instead of tartaric acid or tartaric salts as reported by others) 3.
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EXPERIMENTAL DETAILS
All Sigma-Aldrich chemicals were used as received, namely (NH4)2(C4H4O6), Cu(NO3)2∙3H2O,
MnCl2∙4H2O, and Cd(NO3)2∙4H2O. Distilled water was used as solvent. The complexes were synthesized via
bench-top layer technique at room temperature (RT) between aqueous solutions of diammonium tartrate and
CuII, MnII or CdII, respectively, in a mol ratio of 1:1. On every 50 mg (0.271 mmol) of (NH 4)2(C4H4O6) and
respected metal salts, 10 ml of water was used, thus the total initial volume was 20 mL on each tube. As
illustrated in Figure 1, the aqueous (NH4)2(C4H4O6) solution (B) was added slowly onto the aqueous M(II)
solution (A) to avoid direct precipitation. The crystals were obtained upon slow evaporation of the solution at
RT without leaving the solution to dryness (Figure 1).

Figure 1. Graphical illustration of M(II) tartrate hydrate (M = Cu, Mn, Cd) synthesis (left); example of single crystal XRD
equipment (right)
The structure of the complexes was determined by low-temperature (123K) single-crystal X-ray diffraction
experiments performed using a Bruker Apex II KAPPA CCD with Mo-Ka radiation ( 0.71073 Å) equipped
with an Oxford Instruments nitrogen gas cryostream. Analysis of diffraction data collected with the Bruker
Apex II KAPPA CCD was performed by using SAINT within the APEX2 5 software package. Empirical
absorption corrections were applied to all data by using SADABS 6. The structures were solved using
SHELXS[7] and refined using SHELXL-13 7 within the graphical interface Olex2 8.

RESULTS AND DISCUSSION
Light blue block crystals of CuTH and colourless block crystals of MnTH and CdTH were isolated in a
reasonably good yield (>75%) upon one-week slow evaporation of the mixture. Based on single crystal XRD
analyses, the octahedral CuTH complex has a formula of {[Cu2(µ-C4H4O6)(µ4-C4H4O6)(H2O)2]∙4H2O}n, whereas
the octahedral MnTH and CdTH complexes have a formula of {[M2(µ3-C4H4O6)(µ4-C4H4O6)(H2O)]∙3H2O}n.
Crystal packing of CuTH, MnTH, and CdTH are shown in Figure 2.
Unlike related CoTH, obtained using a similar technique and solved in an orthorhombic P212121 system 9,
crystal structures of CuTH, MnTH, and CdTH were solved in monoclinic P21 with unit cell volumes of
847.46(12) Å3, 748.57(8) Å3 and 777.87(7) Å3, respectively. Selected crystallographic data of all complexes are
presented in Table 1. The CuTH has identical metal coordination environment with CoTH, in which tetra- and
hexadentate dianionic tartaric ligands (Figure 3) and two water ligand in the asymmetric unit (one each on every
unique copper centre) are observed and the complex forms a (6,3) 2D coordination polymer. In contrast, there is
only one water ligand coordinated to one metal centre in the MnTH and CdTH, while a bridging tartaric ion is
replacing the water ligand on the other metal centre. Consequently, a 3D coordination polymer is formed with
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small voids which occupied by the lattice water molecules. Penta- and hexadentate dianionic tartaric ligands
(Figure 3) are observed in the crystal packing of MnTH and CdTH, they connect three and four different metal
centres, respectively. The CuTH has different dimensionality compared to the MnTH and CdTH, which probably
due to different M(II) size. Hydrogen bondings are also observed in all structures involving tartrate hydroxyl and
carboxylate groups, water ligand, and lattice water molecules.

Figure 2. Crystal packing of 2D {[Cu2(µ-C4H4O6)(µ4-C4H4O6)(H2O)2]∙4H2O}n viewed along c axis (top) and
3D {[M2(µ3-C4H4O6)(µ4-C4H4O6)(H2O)]∙3H2O}n, M = Mn, Cd, viewed along a axis (bottom) shown without CH
hydrogen atoms and lattice water molecules for clarity (Note: O = red, C = grey, M(II) = cyan).
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Figure 3. Coordination modes of tartaric ion in MnTH and CdTH (right) and in CuTH (left)
Table 1. Selected crystallographic data of CuTH, MnTH, and CdTH
Complexes

CuTH

MnTH

C8Cu2H20O

Chemical formula
Formula
Mass
(g/mol)
Crystal system

531.33
Monoclinic

Space group

C8H16Mn2
O16

18

P21

CdTH
C8Cd2H16O
16

478.08

593.01

Monoclinic
P21

Monoclinic
P21

a (Å)

8.3330(7)

7.6022(4)

7.6807(4)

b (Å)

8.7218(7)
12.0218(10

11.1567(8)

11.5187(6)

8.9475(6)

8.8962(5)

α (°)

90

90

90

β (°)

104.086(4)

99.458(3)

98.765(2)

90

90

90

847.46(12)

748.57(8)

777.87(7)

c (Å)

γ (°)
Unit cell
(Å3)

)

volume

The succesfullness of getting good quality crystal for single crystal XRD analyses indicates this technique is
feasible. The (NH4)2(C4H4O6) governs the acidity level in an aqueous solution and influences the chemical
equilibrium as well as the chemical species distribution in the solution. Furthermore, the diffusion rate of tartaric
ions in the solution obtained from the (NH4)2(C4H4O6) is much controllable than if other tartaric salts (e.g. Na or
K) were used, thus affecting the crystallization process. Further explorations using other transition metal (Pb(II),
Ag(I), Ni(II), Zn(II), Cr(III), etc), as well as mixed-valent metal ion (Cr(III)-Mn(II), etc), were ongoing. This
technique and procedure may also be adopted for growing crystalline lanthanoid metal tartrate coordination
polymers. The investigation on this subject is also scheduled.
The synthesis technique is simple as it only requires single test tube (or vial) and it works at room temperature
(less electriticity used). In fact, only two chemicals were needed and water as green solvent was used. Alcoholic
solvents were also tried but it was ineffective and costly. Therefore, based on green chemistry concept, this work
could be considered as green synthesis and further exploration will be worthy.

SUMMARY
M(II) tartrate hydrate (M= Cu, Mn, Cd) coordination polymers were successfully obtained from dilute
aqueous solution using layer technique and slow evaporation at room temperature. The source of tartrate ions in
the reaction may affect the crystallization process. This procedure is considerably easy, less time consuming,
requires fewer chemicals and equipment than the gel or hydrothermal methods. Although CuTH, MnTH, and
CdTH were crystallized in the same monoclinic P21 space group, the CuTH displays 2D polymeric structure
whereas the MnTH and CdTH forms 3D networks, which might be due to different M(II) size.
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Abstract. Developments of technology gave a new idea in generating an innovation through the materials
characterization. Selection of materials by properties for element generally consists of several aspects such as
strength, modulus of elasticity, toughness, impact resistance and resistance to high temperatures. The use of metallic
base material has been developed for industrial products because the metal has a good of mechanical and electrical
properties. So that new alternatives should be developed that support the metal material in industries such as
composites. Composite is the result of a combination of macroscopic material from two or more different
components, including interface with the purpose of obtaining certain physical properties and better mechanical
properties than their constituent components. With current technology developments required a development of new
methods that can offer technical solutions that emphasize the ability of the system. Currently has been developed a
composite method, known as Metal Matrix Composite (MMC). Al2O3 is one of the ceramic type materials that have
a high hardness, while properties of Aluminum are ductile, strong and tough is the logical thought come from effort
combine both of materials to be used as a new material that is MMC through the process of Pressureless Metal
Infiltration (PRIMEXX). The process of MMC can be done through various methods, one of which is metal
infiltration method without pressure, named pressureless metal infiltration; this technique can create with several of
reinforcement. Typical in this technique is capable of tightly controlling the process conditions, allowing infiltration
occurs spontaneously without the help of pressure. The purpose of research are determine the optimal results from
the reaction of molten aluminum matrix with Al2O3 as reinforced and SiC as comparation material in which of
formation reaction by metal to produce metal composite composed of fine grains of Al2O3 particles with the
interpenetration of Aluminum. So it can be seen the use of optimal levels of magnesium are capable of wet the
matrix and reinforced metal composite material applications for aluminum and reinforced the view that the value of
Al2O3 characteristics: hardness, density, porosity and microstructure of metal matrix composite materials and
reinforced Al2O3 with Magnesium variation as wetting agent (7%, 9% and 15%) from aluminum with a volume
fraction of 70% and 30% alumina by weight of the aluminum can be known. Another hand SiC as reinforcement
were characterized to determine the specification of the effect of properties of possessed by Aluminum-based
composites with Al2O3/SiC as reinforcement.

INTRODUCTION
Rapid developments of technology gave a new idea in generating an innovation through the improvement of
material. Selection of materials by properties for a component generally consists of several mechanical
properties aspects, such as strength, modulus elasticity, toughness, impact resistance and resistance to high
temperatures. The use of metallic base material has been developed for industrial products because the metal has
good mechanical and electrical properties. So that new alternatives should be developed that support the metal
material in industries such as composites. Composite are the result of a combination on macroscopic material
from two or more different components, including interface with the purpose of obtaining certain physical
properties and better mechanical properties than their constituent components. With current technology
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developments required a development of new methods that can offer technical solutions that emphasize the
ability of the system. Currently has developed a composite method, known as Metal Matrix Composite (MMC).
Aluminum as a matrix is ductile, whereas Al2O3 and SiC is hard and strong. That is the logical thing for combine
both of materials to be used as a new material that is MMC, through the process of making composites that
capable for making it to be a strong bonding material, betwen Aluminum and Al2O3 or SiC 1-4. MMC which is
usually used in the manufacture of composite materials includes metals aluminum, titanium, magnesium and
alloys. The selection of aluminum metal as the matrix because the metal has a specific gravity of the light that
can be used as a substitute automotive components are moving. Typical in this technique is capable of tightly
controlling the process conditions, allowing infiltration occurs spontaneously without the help of pressure.
MMC by PRIMEXX method can be applied in the basic components such as automotive components 5-6. In the
PRIMEXX methods, the process conditions can be arranged so that the matrix can moisten it’s reinforce
perfectly and spontaneously without pressure aid, or in a vacuum state, to obtain perfect infiltration, the matrix
must contain a wetting agent to easily infiltrate easily by reimforced. In addition case the atmosphere contains
nitrogen gas (N2) which is free from oxygen where the flow of nitrogen can help the infiltration formed and
avoid the formation of oxide layer. Both factors are very necessary because at the PRIMEX process must occur
always occur adhesion, where the reinforced and matrix are in a state of strong contact. On the process the
matrix is in a condition capable of flowing (flowing) large so that its behavior approaches the behavior of the
liquid. This causes the matrix to have good wetting capability. With the ability of a matrix to moisten well it
means that the liquid (matrix) will flow on the reinorced and cover every 'bump' and 'basin' on the rough surface
of the reinforcement, wetting will only occur if the matrix viscosity is not too high and wetting may occur. The
degree of adhesion force between the reinforced and the matrix is often controlled by the presence of surface
tension. The high degree of wetting between reinforcement and matrix will create a strong bond. Temperature
affects the kinetics of infiltration and full infiltration 7-8. Saveral advantages the methods of PRIMEXX are as
follows:



This methods can make various of reinforcement on MMC, what is unique in this technique is being
able to tightly control the conditions of the process to allow for spontaneous infiltration without pressure
relief.
The perfection of the process is influenced by the durability and temperature at the time of the process,
if the temperature and the corresponding resistance time will affect the depth of infiltration; this causes
the severity of the reaction of the product formed to increase the characteristics of the composite.

In the manufacture of composites, it have different constituent properties, the composite between the
materials must be strongly bonded, the need for additional wetting agents. One of the wetting agent materials is
magnesium; the use of magnesium is done to be a binder between the matrix of metal alloys with ceramic
reinforcement. Therefore, the use of magnesium content is important for metallic composite materials and is
highly appropriate for research. This study aims to determine the effect of magnesium presentations as wetting
matrix and reinforcement 9. How big is the appropriateness of using alumina or silicon carbide by PRIMEXX
process. What is the value of percentage of Mg to be absorbed on Al2O3 and silicon carbide reinforcement. To
determine the optimal results from the reaction of molten aluminum with alumina in which the formation
reaction of metal to produce metal composite composed of fine grains of alumina particles with the
interpenetration of aluminum, the analysis mechanical properties and microstructured were used. The results of
this study can be used as a reference for application in industry-related applications requiring appropriate
mechanical properties using the PRIMEXX process.

EXPERIMENTAL DETAILS
The part of composition MMC are aluminum powder as the matrix, Al2O3 as a reinforcement and
Magnesium as a wetting and infiltration. The Composite materials used are presented in Table 1.
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TABLE 1. Materials were used on Metal Matrix Composite
No
1
2
3

Materials
Al Ingot
Mg
Al2O3

Size
6 x 3 x 1 cm
6 – 30 cm
325 mesh

Description
PT. Ogindo Prakarsatama Jakarta Indonesia
PT. KPDS Banten Indonesia
Oripax Oriental Chemical Ltd Korea

Sample preparation was follows as: Making aluminum barrier and cutting ingot with size like on the table 1,
weigh and mix powder mixture of alumina and magnesium enter alumina and magnesium powders then placed
on pieces of aluminum powder, after it is inserted in a tube furnace carbolite. Nitrogen gas with a pressure of 0.5
kg/cm2 inserted 30 minutes before the firing process. Performed program by carbolite tube furnace.
- Heating at a temperature of 850oC to 7% wt Mg, 9% wt Mg, and 15% wt Mg and holding time 5 hours.
- Cooled process to room temperature in the Muffle Furnace.
- Remove the sample from the tray (bowl) by dismantling barriers.
Temperature
Gage

Gas of N2 Out

Gas of N2 In

Coil
Tube

Valve
Closed

Tray
Valve

Gas environment
Nitrogen

Al

Al2O3 + Mg

Gas of N2
keluar

Pressure Gage
Tube of N2

Barier Material
(Al2O3 + Aquades)

FIGURE 1. Scheme of process PRIMEXX for Al/Al2O3 composite

The purpose of making MMC to determine for optimal results from reaction of molten aluminum with Al2O3
in which the formation reaction of metal, to produce metal composite composed of fine grains of alumina
particles with the interpenetration of Aluminum. It can be seen the use of optimal levels of magnesium are
capable of wet the matrix and reinforced metal composite material applications for aluminum and reinforced the
view that the value of Alumina characteristics: hardness and microstructure of MMC. Volume fraction of MMC
are wt % (7%, 9% and 15%) Mg from % 70% Matrix : 30% reinforced. Benefits on this research are to study the
mechanism of the process of making MMC through the process PRIMEXX as Application of Component
Engineering for automotive or aerospace as well.

RESULTS AND DISCUSSION
The characteristic used to trace of mechanical properties are hardness. Result of composite Al/Al2O3
compared with oother reinforcement types. Using of SiC as compare to assess how the effect of Mg on bonding
between aluminum as a matrix. So it can be concluded, which is more compatible for the use of PRIMEXX
process. Microstructural observations were observed to determine the magnitude of each of the combined grains

274
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

and XRD to determine the reaction of the process produced between each element (Al/Mg/Al2O3 amd
Al/Mg/SiC).

Microstructure Analysis
Microstructure of MMC by volume fraction of 7% Mg of aluminum with reinforced alumina composites.
Observation of microstructure conducted to determine the microstructure of the composite samples with
different results PRIMEXX process variable volume fraction of magnesium. From the images of microstructure
using optical microscope magnification of 200 X (Figure 2-3), seen a gradual change in microstructure and also
increase the number of pores that are not too significant. In figure 2 (a) with 7% volume fraction of magnesium
indicates the number of aluminum that has not been perfect in melted, so MgAl 2O4 only a few are formed and
are not spread evenly. In figure 2 (c) with the volume fraction of 15% showed aluminum wetting a lot to do so
much to form MgAl2O4, perfection is caused by magnesium wetting flawlessly with the help of nitrogen gas so
that the binding of aluminum to infiltrate the ceramic (alumina). Warming less than optimal resulting composite
material has a little energy to transformation diffusion of atoms to perform the mass flow, of this difference can
be seen in the samples of MMC by PRIMEXX processes shows photographs of microstructure with a clear
outcome, distribution of aluminum, which infiltrate the alumina particles to the percentage of magnesium show
a difference from the interface to the middle of the meeting.

(a)

(b)

(c)

FIGURE 2. Microstructure of MMC Al/Al2O3; a) Vf: 7% Mg b) Vf: 9 Mg c) Vf: 15%

(a)

(b)

(c)

FIGURE 3. Microstructure of MMC Al/SiC; a) Vf: 7% Mg b) Vf: 9 Mg c) Vf: 15%
Vf 7% on SiC as reinforcement is not so dominantly visible, it indicates the amount of imperfect aluminum
in its melting, so that Mg2Si as a product reaction (new compound in composites) is only slightly formed, and
does not spread evenly. At a volume fraction of 9% indicates a lot of aluminum wetting so many Mg2Si product
reactions are formed, this Mg2Si spreads quite evenly thus adding to the ingredients of its constituents. Wetting
is done by magnesium with the help of nitrogen gas so that it binds aluminum to infiltrate the ceramics (silicon
carbide). In Fig. 3 (c) with a volume fraction of 15% showing Mg 2Si as the product reaction spread quite evenly.
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FIGURE 4. Result of X-RD Metal Matrix Composite (Al/Mg/Al2O3)

FIGURE 5. Result of X-RD Metal Matrix Composite (Al/Mg/SiC)
From the results of X-RD diffraction analysis test, it is shown that the phase formed on the manufacture of
aluminum alloy composites, with alumina reinforcement by pressureless metal infiltration (PRIMEXX) method
is the phase that occurs due to the reaction between the two constituents, to produce a new phase which can
improve the characteristic composite materials. From the diffraction pattern can be seen in Figure 4. Indicates
that the two composite materials ie aluminum as the matrix and alumina (Al2O3) as the reinforced, have peak’s,
this is because the two composite materials are dominant material. In the diffraction pattern (Figure 4) it shows
the phase that occurs in the aluminum based composite and alumina reinforcement ie Al and Al2O3 as its
constituent material, MgAl2O4 as a result of its product reaction.
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From the results of X-RD diffraction analysis test, it shows that the phase formed on the manufacture of
aluminum based composite with reinforcement of silicon carbide by pressureles metal infiltration method
(PRIMEX) is phases that occur due to the reaction between the two constituent materials to produce a new
phase can improve the characteristics of the composite material. From the diffraction pattern can be seen in
Figure 5. shows that the two composite materials ie aluminum as matrix and silicon carbide as the reinforced
have peak’s, this is because the two material composer is the dominant material. In the diffraction pattern, it
shows the phase that occurs on the aluminum based composite with the reinforcement of silicon carbide ie Al
and SiC as its constituent material, Mg2Si, AL4C3 and MgO. From the results of X-RD, conclusions are
possibility on reaction that occurs during the formation process with PRIMEXX method for aluminum based
composite with reinforcement silicon carbide i.e:
1.

AL4C3 is a compound resulting from the reaction of the constituent material as the dominant material.
4Al + 3SiC 

2.

Al4C3 + 3Si

Mg2Si is a compound resulting from the dominant reaction of material and Magnesium.
6Mg + 4Al + 3SiC  3Mg2Si + Al4C3

3.

MgO is a compound resulting from magnesium and tray reactions alumina (Al2O3)
3Mg + Al2O3  3MgO + 2Al

Al and SiC as its constituent materials, Mg2Si, AL4C3 and MgO are the phases that occur in the composite
making process and such phases that affect the mechanical properties of the aluminum based composite 10.

Mechanical Properties
From the picture below shown the results of the graph with the increase of magnesium as wettability. At a
fraction of magnesium volume 7% had a hardness value of 97 HB, at a magnesium 9% volume fraction has a
hardness value of 103 HB, whereas at fraction of magnesium volume 15% has a hardness value of 123 HB.
Increased Hardness on aluminum based composites by Al2O3 as reinforcement caused by the bonding between
particles from the wetting process. The wetting process occurs because of optimal heating process and uniform
nitrogen gas flow so that magnesium can wet alumina and bind aluminum to infiltration. The hardness of this
composite material can also be affected by product reactions that are formed such as MgAl 2O4 As the interface,
The hardness properties are generally a function of the strength of the aluminum bond and the ceramic material.
From the hardness test results show the hardness increases with increasing percentage of magnesium. This is
because with the increase in the percentage of magnesium, the capillarity force of the fused aluminum becomes
easier and the better the wetting ability to allow for the formation of more new compounds, resulting in higher
yielding hardness. High density materials have an increased tendency of hardness due to the bonding between
particles of the wetting process. The hardness of a material is also affected by the forming compound (phase) of
the material, whereas MgAl2O4 as an interphase is particularly influential in its wetting properties. The larger
the wetting occurs the stronger the interfaces. The value of composite hardness of Inflatable Infiltration process
is influenced by the interface between the alumina ceramic particles and the aluminum, as well as the
temperature and the resistant time will affect the wetting process between the diffuse metal and ceramic so as to
affect the hardness of the product. The results of hardness test show increased hardness with longer durability
and magnesium percentage. The results of this study of maximum hardness were achieved at a 15% magnesium
percentage.
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FIGURE 6. Hardness of MMC (Al/Al2O3 and Al/Al/SiC) with Variation of Mg as Wetting Agent
From the picture above shows the results of the graph with the increase as the magnesium volume fraction
increases. At a volume fraction of 30% silicon carbide of aluminum weight no magnesium volume fraction
having a hardness value of 75 HB, at magnesium fraction volume of 7% has a hardness value of 82 HB, whereas
at 9% magnesium volume fraction has a value of 149 HB and at 15% magnesium has a value of 181 HB
hardness. In aluminum metal composite material with silicon carbide reinforcement with volume fraction of
40% silicon carbide from its aluminum weight with no magnesium has 126 HB hardness value, at 7%
magnesium metal composite aluminum composite fraction with silicon carbide reinforcement has hardness
value 130 HB, whereas at a volume fraction of 9% has a hardness value of 157 HB, and at a volume fraction of
15% has a value of 173 HB hardness. From the above data, the smallest hardness in the volume fraction of 30%
silicon carbide with the hardness of 75 HB by no magnesium and the largest value of 181 HB at 15%
magnesium, while the volume fraction of silicon carbide 40% at 8% magnesium and the greatest value at 15%
magnesium with a hardness of 173 HB. Increased Hardness in aluminum based composite with silicon carbide
reinforcement is caused by the bonding between particles of the wetting process. The wetting process occurs
because of optimal heating process and uniform nitrogen gas flow so that magnesium can wet the silicon carbide
and bind aluminum for infiltration. The hardness of this composite material may also be affected by product
reactions such as Mg2Si, Al4C3 and MgO.

SUMMARY
The result of MMC characterization: Al/Al2O3 and Al/SiC with variation of Mg as wetting Agent, can be
compared between the characteristics of the properties of each composite:





Mechanical Propertoes: The result of mechanical properties got high hardness from Silicon Carbide
(SiC) of reinforcement. By additing 15% magnesium, Aluminum as matrix and SiC as reinforcement
result had optimum hardness 181 HB compared with Al2O3 reinforcement hardness was 123 HB.
Microstructure analysis: Using of Al2O3 as a reinforcement, agglomeration happen in the interface of
reinforcement on the matrix, so this thing effect the hardness that formed and lower than SiC as
reinforcement. Seen on the SiC reinforcement that the interface is very dense with the grain size is
almost uniform and uniformly distributed.
New compound product analysis on XRD Analysis: In the term of composite, result of reaction
determined by how much the product be produced as compound, bond between matrix to the reinforced.
In the Al2O3 as reinforcement produced a new compound of MgAl2O4 or called spinel. At reinforced at
SiC produced more than one reaction, such as: Mg2Si, Al4C3, and MgO.
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Abstract. Semarang city has several potential area prone to landslides. One of the area is located at Bendan Dhuwur,
Gajahmungkur, Semarang City. Some houses, main road and universities buildings at the location are devastate due
to landslide. The objecitives of this research are to locate the area influenced by landslides, depth of failure surface,
causes of landslide and its mechanism. Geological and geological engineering mapping have been performed to
describe the lithology and soil distribution. Afterward, underground has been examined by using the electrical
resistivity and core log data to find out the condition of the subsurface. Inclinometer data have been used to
identified the direction, speed and deep of failure surface landslide. Based on the geological mapping, lithology
consists of tuff sandstones, breccia, and alluvial deposits. Based on the geological engineering data, type of soil is
well-graded sandstone and poorly graded sandstone. From electrical resistivity data, it reveals that lithology of
subsurface from youngest to oldest constitutes tuff, lapilli and breccia. Based on electrical resistivity log data, there
are 1- 4 surface failure in clay which is from weathering of tuff with 1,25 – 36 m in depth. This landslide can be
classified as a shallow landslide. In addition, from inclinometer data, landslide movement direction has the same
direction with the slope of the ground or goes to the south. Speed of landslide can be classified as a very slow
landslide with 0,013 m/year and the landslide can be classified as a creep. Based on total surface failure and
mechanism, this landslide can be classified as multiple retrogressive landslides. From those results, some
recommended countermeasures of landslides have been proposed.
Keywords: Bendan Dhuwur, Electrical Resistivity, Inclinometer, Landslide.

INTRODUCTION
Semarang is one of cities in Indonesia which has prone to landslide. One of area which has potential to
landlside is Bendan Dhuwur village. Every year this location tend to move around Pawiyatan Luhur which is
built some infrastructures such as main road, houses and universities buildings.
There are a wide variety of factors that contribute to the occurrence of landslides. They are generally related
to lithology 1,2, slope aspect 1,3 and intense rainfall 4. In the research area, the factors of landslide has not been
investigated in detail. Therefore, some prevention which have already done but those actions have not give
optimum results due to lack of landslide mechanism understanding. This research aims to analyze surface and
subsurface geological condition and geotechnical condition. From the results, it is expected that the effective
countermeasure can be implemented.
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EXPERIMENTAL DETAILS
Secondary data consist of resistivity data, drilling and inclinometer. Primary data acquired from field
geological and geotechnical mapping. Objectives of this research are to identify type and mechanism of
landslide and mitigation recomendation.

RESULTS AND DISCUSSION
1.

Geological and geotechnical condition
Morphology of research area is categorized in steep hill to steep mountainous area 5 with slope
persentage is 27,78% and different height 96 meter. Land use of this area is dominated by high level plant,
housing and dried paddies field. Based on surface geological mapping, this area is devided into three types
of lithology i.e tufaceous sandstone, laharic breccia and aluvium deposit. Tufaceous sandsone is dominant
litology with general dip and stike orientation is N 136◦ E/ 17◦. Structural geology i.e joints have been
found. Surface geological condition in research area are controlled by geological condition such as
tufaceous sandstone, laharic breccia and alluvium deposit and weathered of tufaceous sandstone and
laharic breccia.
Based on resistivity data, litology of this area are devided into 2 types i.e intercalation of tuff and lapili,
at the upper part, and clay from weathering of tuff in the lower part. Breccia has been found at the depth of
55 meter. It is predicted that there are 1-4 sliding surface at the depth 1,25 – 36 m. This sliding surface can
be found at GL1 and combining with inclinometer and drilling data. From GL1 data, sliding surface has
been found from the surface to 5m depth. This can be compared with low SPT data and from inclinometer
showed the movement up to 12 mm. This movement is also found in the depth 9 – 11 m based on SPT data
going lower and displacement from inclinometer around 4 mm 6.

FIGURE 5. Geotechnical map of Bendan Dhuwur.
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FIGURE 6. Landslide at surrounding Bendan Dhuwur, no scale(DEM SRTM Resolution of 30 m, 2000)

2.

Landslide mechanism
Landslide in research area was occured due to shaking or overloading. Shaking is from dense of
transportation and buildings around the area. Materials moves at the sliding surface due to clay is filled by
groundwater and rainfall (Fig. 7). As the results, materials goes down slowly to the south or Kali Garang
river resulting in houses, streets, trees and infrastructure near campus devastated (Fig. 7). Based on
resistivity data, the sliding surface has 1 to 4 sliding surfaces (Fig. 9).
Type of landslide can be categorized as creeping. Based on its sliding surface, landslide can be
categorized in slump. Based on the amount of sliding surfaces, the landslide type can be categorized in
multiple retogressive landslide.

FIGURE 7. Profile of subsurface based on resistivity data (GL1 and GL3)
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FIGURE 8.. Profile of subsurface based on resistivity data(GL2 and GL3)

FIGURE 9. Profile of subsurface based on resistivity data (GL4, GL5 and GL3)

3.

Controling and trigerring factor of landslide.
Some controlling factors of landslide in this area are the slope of litology (sandstone) is steep (27,78%).
With this slope, the materials potentially sliding. Besides, tuff has weathered produced clay mineral and
has role as sliding surface. Besides, Kaligarang river fault is predicted has still active which is controling
the landslide. Kondition of weathered tuff, weathering of soil, and shallow groundwater table is also
controling the landslide.

4.

Reccomendation overcoming landslide
Landslide can be mitigated by reducing controling and trigering factors. Trigering factors of landslide in
this area is shaking or overloading due to human activity. Therefore, mitigation can be done by reducing or
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minimizing construction on the slope. Besides, landslide is also trigerred by rainfall, so the drainage should
be efectively used so that the water could not come into cracking around the circumtances.
Controling factors can be treated by engineering geotechnics at soil and slope hidrology. Slope which can
move easily due to slope is contain layering clay can be reduced its movement by geotechnical methods such
as grouting and geosyntetics for strenghthen at the surface combining with bore piled, anchors or soil naing
for strenghthen subsurface. Slope hidrology can be overcoming by using drainage which soil will not easily
moving. Besides, monitoring continously of sliding surface to understand the sliding behavior.

SUMMARY
Based on the results, we conclude that:
1. Sliding surface is found at clay layer which has 1-4 sliding surfaces and the depth is between 1,25 – 36
m, with the basement is breccia 55 m in depth.
2. Type of landslides is creep with sliding surface type is slump. Based on the amount of sliding surface
and its development, it can be categorized as multiple retogressive landslide.
3. The landslide are controlled by slope (slope with angle 27%) and the soil of slope compose tuff.
Landslide is also controlled by active fault in kaligarang river. Triggering factors of landslide is human
activities and ground shaking due to traffics and rainfall.
4. We reccomend that landslide can be mitigated by geotechnical methods such as grouting, geosinthetics
and manage the drainage and landslide monitoring.
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Abstract. Poisson regression is frequently used to model count data. It requires an assumption that the mean of
response variable must be equal to its variance (equidispersion). However, this equidispersion condition rarely
occurs. Mostly, the variance of the response variable is higher than its mean (overdispersion). One of the causes of
overdispersion is excess zeros. Zero-Inflated Poisson (ZIP) Regression provides the solution to model count data
with excess zeros. This model can handle overdispersion since the variance of ZIP Distribution is higher than its
mean. The assumptions of response variable are the only zero observations occurred with probability p, otherwise
has Poisson (𝜆) distribution with probability 1-p. We then apply the model to the number of maternal pregnant
deaths cases in Depok, Bogor, and Sukabumi in 2015. The data was provided by Indonesian Department of Health.
The ZIP Regression model shows that sum of maternal visit to community health clinic and sum of 90 Fe tablet
compliances affects significantly to the number of maternal pregnant deaths.
Keywords: Health, Maternal pregnant deaths, Overdispersion, Zero-Inflated Poisson regression

INTRODUCTION
The family has an important role to optimize growth, development, and productivity of all its members by
fulfilling their needs of nutrition and health assurance. In family components, a mother is categorized as a
susceptible one considering she was having a pregnancy phase. Mother needs to be prioritized in health efforts.
Also, the scoring of maternal health status and health efforts become an important matter.
The success of maternal health efforts may be diagnosed by Maternal Mortality Ratio (MMR) indicator. MMR
is the sum of maternal deaths during pregnancy, childbirth, and childbed because of pregnancy, childbirth, and
childbed out of accidental causes every 100,000 live births. Maternal mortality is a health indicator that shows
very wide gaps between rich and poor, urban and rural areas, both between countries and within them. This
indicator not only can evaluate maternal health programs, moreover, it can also point out public health degree
because of its sensitivity to health services improvement from accessibility and quality.
According to World Health Organization (WHO), approximately 830 women die from preventable causes
related to pregnancy and childbirth every day. Almost all of these deaths occurred in low-resource settings, and
most could have been prevented. The primary causes of death are hemorrhage, hypertension, infections, and
indirect causes, mostly due to interaction between pre-existing medical conditions and pregnancy. 99% of all
maternal deaths occur in developing countries. Of the 830 daily maternal deaths, 550 occurred in sub-Saharan
Africa and 180 in Southern Asia, compared to 5 in developed countries. The risk of a woman in a developing
country dying from a maternal-related cause during her lifetime is about 33 times higher compared to a woman
living in a developed country.
Most maternal deaths are preventable, as the health-care solutions to prevent or manage complications are well
known. All women need access to antenatal care in pregnancy, skilled care during childbirth, and care and
support in the weeks after childbirth. Maternal health and newborn health are closely linked. It was estimated
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that approximately 2.7 million newborn babies died in 2015, and an additional 2.6 million are stillborn. It is
particularly important that all births are attended by skilled health professionals, as timely management and
treatment can make the difference between life and death for both the mother and the baby.
In 2015, Indonesia has 126 maternal mortality cases per 100,000 live births. The number is decreasing 5% per
year from 1990, while the global maternal mortality ratio declined by only 2.3% per year. But it’s still under the
target of Sustainable Development Goals, which the target is to reduce the global maternal mortality ratio to less
than 70 per 100 000 live births.

FIGURE 1. Indonesia’s Maternal Mortality Ratio 1985-2015 plot

Province of West Java, unfortunately, became the highest province to contribute maternal deaths in Indonesia.
According to West Java Health Bureau in 2015, maternal deaths because of pregnancy, childbirth, and childbed
increased sharply from 748 cases in 2014 to 823 cases in 2015 (Surya Fikri Asshidiq, 2016). Uus Sukmara,
Secretary of West Java Health Bureau said that Bogor contributed mostly to West Java’s MMR. In 2015, the
sum of maternal deaths in Bogor is 69, even though it slightly decreased from preceding year which is the sum
equal 71 (Reni Susanti, 2016).
This research concerns to analysis of factors that affect maternal pregnant deaths. According to WHO, women
die as a result of complications during and following pregnancy and childbirth. Most of these complications
develop during pregnancy and most are preventable or treatable. Other complications may exist before
pregnancy but are worsened during pregnancy, especially if not managed as part of the woman’s care. The
major complications that account for nearly 75% of all maternal deaths are severe bleeding (mostly bleeding
after childbirth), infections (usually after childbirth), high blood pressure during pregnancy (pre-eclampsia and
eclampsia), complications from delivery, unsafe abortion. The remainder are caused by or associated with
diseases such as malaria, and AIDS during pregnancy.
Bogor district was chosen as study area because it has the highest number of maternal deaths in West Java. In
addition, the city of Depok and Sukabumi district are also interesting to be studied because they are the
neighbors of Bogor district. The number of maternal pregnant deaths in these three areas has a lot of zero value,
i.e. 90.2%.
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Maternal mortality data type is count data. The standard model for analyzing the data is Poisson regression
model (Jansakul and Hinde, 2002). However, there is a requirement to be considered in the Poisson regression
model i.e. the same value of mean and variance on the response variable or can be called equidispersion. If the
value of variance is greater than the mean value, then the model has an overdispersion condition (Cameron and
Trivedi, 1998). Count data with a lot of zero observations often called excess zeros. The excess zeros causes
overdispersion in the Poisson regression model.
The Zero Inflated Poisson (ZIP) regression model can be used to overcome data with excess zeros (Jansakul and
Hinde, 2002). The ZIP regression model is a model with the response variable formed from the mixed
distribution, ie the Poisson distribution and the degenerate distribution at 0. Estimation of the proportion of zero
data on the ZIP regression model is 63.7% (Famoye and Singh, 2006). This model assumes that the probability
of observation is only zero is 𝑝 and the probability of observation of value according to the Poisson (𝜆 )
distribution is 1 − 𝑝 (Lambert, 1992).
Sometimes p and 𝜆 are not correlated, but 𝑝 can be seen as a function of 𝜆, ie 𝑝 = 1/(1 + 𝜆𝜏 ) for a constant 𝜏
(Lambert, 1992). The regression model is denoted as ZIP (𝜏). In this research we will be focused on the
discussion of parameter estimation problem from ZIP regression model where 𝑝 and 𝜆 are not correlated.
Maternal mortality is a measure of the quality of family health services. Therefore, good analysis is needed on
the factors that influence the death of pregnant women. WHO themselves said that improving maternal health is
one of WHO’s key priorities. WHO works to contribute to the reduction of maternal mortality by increasing
research evidence, providing evidence-based clinical and programmatic guidance, setting global standards, and
providing technical support to Member States. We hope in the future we can do some improvements of health
services for pregnant women.

POISSON REGRESSION MODEL
Poisson regression model is a standard model for count data. Random variable 𝑌 is said to have a Poisson
distribution with parameter 𝜇 if 𝑦 non-negative integer with probability of
Pr(𝑌 = 𝑦) =

𝑒 −𝜇 𝜇 𝑦
𝑦!

(1)

for 𝜇 > 0. Its mean and variance value can be denoted as
𝐸(𝑌) = 𝑉𝑎𝑟(𝑌) = 𝜇

(2)

We can see that Poisson distribution require similarity of mean and variance values. This condition often called
equidispersion.
Poisson regression model itself is denoted as
𝑦𝑖 = 𝜇𝑖 + 𝜀𝑖 , 𝑖 = 1,2, … , 𝑛.

(3)

That regression model can also be denoted by link function log form i.e.
𝜇𝑖 = 𝑒𝑥𝑝{𝒙′𝒊 𝜷}

(4)

with 𝒙′𝒊 denotes covariates vector and 𝜷 denotes the coefficient parameters vector.

DISPERSION TEST
Overdispersion is a condition in which the variance value of the variable 𝑌 is greater than its mean value. One of
the cause of this condition is excess zeros.
Measure of the spread of a data set against the mean data is called the dispersion. The disperse ratio 𝜏 is used to
check the dispersion of a data set. Here is a formula for 𝜏
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𝜏=

𝜒2
𝑛−𝑘

(5)

with 𝜒 2 is Pearson’s Chi Square statistics, denoted by
𝑛
2

𝜒 =∑
𝑖=1

(𝑦𝑖 − 𝐸(𝑌))2
𝑉𝑎𝑟(𝑌)

(6)

Homogeneous variances indicate that the dispersed value is small and vice versa. A data is said to be
overdispersed if the value of disperse ratio τ is more than one and constant.

MULTICOLLINEARITY TEST
A serious problem that may dramatically impact the usefulness of regression model is multicollinearity or nearlinear dependence among variables. The multicollinearity of a regression model is diagnosed by Variance
Inflation Factors (VIFs). The VIF for the 𝑘th regression coefficient can be written as
𝑉𝐼𝐹𝑘 =

1
1 − 𝑅𝑘2

(7)

where 𝑅𝑘2 is the coefficient of multiple determination obtained from regressing 𝑥𝑘 on the other regressor
variables. Clearly, if 𝑥𝑘 is nearly linearly dependent on some of the other regressors, then 𝑅𝑘2 will be near unity
and 𝑉𝐼𝐹𝑘 will be large. 𝑉𝐼𝐹𝑠 larger than 10 imply serious problems with multicollinearity.

ZERO-INFLATED POISSON REGRESSION
The ZIP model was first introduced by Lambert (1992). In ZIP model, response variables 𝒀 = (𝑌1 , 𝑌2 , … , 𝑌𝑛 )𝑇
are independent and
𝑌𝑖

~0
~ Poisson(𝜆𝑖 )

with probability 𝑝
with probability (1 − 𝑝)

so that
𝑌𝑖

=0
=𝑘

with probability 𝑝 + (1 − 𝑝)𝑒 −𝜆
with probability (1 − 𝑝) 𝑒 −𝜆𝑖 𝜆𝑖 𝑘 ⁄𝑘!

ZIP regression model consists of two models, that is Poisson model with parameters 𝝀 = (𝜆1 , 𝜆2 , … , 𝜆𝑛 )𝑇 and
zero-inflated model with parameters 𝒑 = (𝑝1 , 𝑝2 , … , 𝑝𝑛 )𝑇 . The models are
ln(𝝀) = 𝑩𝜷

(8)

𝒑
logit(𝒑) = ln (
) = 𝑮𝜸
1−𝒑

(9)

and

where B and G are covariates matrices, and 𝜷 and 𝜸 are vectors of parameter coefficients.
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PARAMETER ESTIMATION
The parameters of ZIP regression model can be estimated by maximum likelihood estimation method. The
likelihood function is
𝑘

𝑛

𝑖=1

𝑖=𝑘+1

𝑒 𝑮𝑖 𝜸
𝑒 𝑮𝑖 𝜸
𝑒 𝑮𝑖 𝜸
𝑒 −𝑒
−𝑒 𝑩𝑖 𝜷
𝑓(𝑌|𝛾, 𝛽) = ∏ (
+
(1
−
)
𝑒
)
×
∏
(1
−
)
1 + 𝑒 𝑮𝑖 𝜸
1 + 𝑒 𝑮𝑖 𝜸
1 + 𝑒 𝑮𝑖 𝜸

𝑩𝑖 𝜷

(𝑒 𝑩𝑖𝜷 )
𝑦𝑖 !

𝑦𝑖

(10)

The logarithm of the likelihood function is then
𝑛

ln(𝑓(𝑌|𝛾, 𝛽)) = ∑ ln (𝑒

𝑮𝑖 𝜸

+𝑒

−𝑒 𝑩𝑖 𝜷

) + ∑ (𝑦𝑖 𝑩𝑖 𝜷−𝑒

𝑦𝑖 =0

𝑩𝑖 𝜷

− ln(𝑦𝑖 !)) − ∑ ln(1 + 𝑒 𝑮𝑖𝜸 )

𝑦𝑖 >0

(11)

𝑖=1

Parameters of the ZIP regression model then can be found by obtaining the solution of this equation. The
solution is obtained by taking its partial derivatives respect to parameter coefficients 𝛽 and 𝛾. Since the partial
derivatives is not closed-form, we obtain the solution by using numerical methods. In this case, we use NelderMead algorithm.

T-TEST FOR PARAMETER SIGNIFICANCE TEST
Once we have obtained the parameter coefficients, the next step we must do is test their significance to the
regression model. We used t-test for individual parameter significance test. The hypotheses for testing the
significance of parameters are
𝐻0 : 𝛽𝑘 = 0
𝐻0 : 𝛽𝑘 ≠ 0
with the test statistic
𝑡0 =

𝛽̂𝑗
𝑠𝑒(𝛽̂𝑗 )

(12)

If |𝑡0 | > 𝑡α,n−k−1 or 𝑝 − 𝑣𝑎𝑙𝑢𝑒 < 𝛼 , then we reject 𝐻0 . That means the corresponding parameter is
2

significant to the regression model.

LIKELIHOOD RATIO TEST AGAINST NULL MODEL
A likelihood ratio test can be used to compare a full model with a reduced model. To decide whether the model
is described the data well or not, we do a likelihood ratio test to compare a current model with a null model. The
hypotheses are
𝐻0 : 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑚𝑜𝑑𝑒𝑙 𝑖𝑠 𝑛𝑜𝑡 𝑏𝑒𝑡𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑛𝑢𝑙𝑙 𝑚𝑜𝑑𝑒𝑙
𝐻1 : 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 𝑚𝑜𝑑𝑒𝑙 𝑖𝑠 𝑏𝑒𝑡𝑡𝑒𝑟 𝑡ℎ𝑎𝑛 𝑛𝑢𝑙𝑙 𝑚𝑜𝑑𝑒𝑙
with the test statistic
𝐿𝑅 = 2𝑙𝑛

𝐿(𝐹𝑀)
~𝜒 2
𝐿(𝑁𝑀) (2𝑝)
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if 𝑝 − 𝑣𝑎𝑙𝑢𝑒 < 𝛼 or LR exceeds the upper 𝛼 percentage point of chi square distribution with degrees of freedom
equal to the difference in the number of parameter between the current and null model, we would reject the
claim that null model is appropriate.

AKAIKE’S INFORMATION CRITERION
The AIC method is a method for selecting the best regression model invented by Akaike. This method is based
on the Maximum Likelihood Estimation (MLE) method.
Calculation of AIC values using the following equation:
𝐴𝐼𝐶 = −2 ln(𝑓(𝑌|𝛾, 𝛽)) + 2(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟𝑠)

(14)

where ln(𝑓(𝑌|𝛾, 𝛽)) comes from eq. (11). The best regression model has the smallest AIC value.

GLM ASSUMPTIONS
According to “Evaluation of Generalized Linear Model Assumptions Using Randomization” (McCue, 2008),
there are two assumptions that must be fulfilled in GLM.

Error Homoscedasticity
We test error model homoscedasticity by using Breusch-Pagan test. The hypotheses are
𝐻0 : 𝐸𝑟𝑟𝑜𝑟 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑠 𝑎𝑟𝑒 𝑒𝑞𝑢𝑎𝑙
𝐻1 : 𝐸𝑟𝑟𝑜𝑟 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒𝑠 𝑎𝑟𝑒 𝑛𝑜𝑡 𝑒𝑞𝑢𝑎𝑙
with the test statistic
𝐿𝑀 = 𝑛 × 𝑅𝜖2̂ 2

(15)

A small LM value (along with an associated small p-value) indicates the null hypothesis is true (i.e. that the
variances are all equal).

Error Independency
We test error model independency by using Durbin-Watson test. The hypotheses are
𝐻0 : 𝐸𝑟𝑟𝑜𝑟𝑠 𝑎𝑟𝑒 𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑
𝐻1 : 𝐸𝑟𝑟𝑜𝑟𝑠 𝑎𝑟𝑒 𝑛𝑜𝑡 𝑢𝑛𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑
with the test statistic
𝑑=

∑𝑇𝑡=2(𝑒𝑡 − 𝑒𝑡−1 )2
∑𝑇𝑡=1 𝑒𝑡2

(16)

A small d value (along with an associated small p-value) indicates the null hypothesis is true (i.e. that the
residuals are independent).
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EXPERIMENTAL DETAILS
Data Source
The data used in this study derived from the Bogor District Health Profile Table in 2015, Depok City Health
Profile Table in 2015, and Sukabumi District Health Profile Table in 2015. All three data were released by
Bogor District Health Office, Depok City Health Office, and Sukabumi District Health Office.

Data Description
The observation units are 133 units of health clinics area with sample size of 40 units for Bogor District, 35
units for Depok City, and 58 units for Sukabumi District.

Variables
Variables which are used in this study consisted of one dependent variable (Y) and five independent variables
(X). Table 1 shows the variables in the model.
TABLE 1. The Variables in the model
Variable
Explanation
Y
Sum of Maternal Pregnant Deaths
X1
Sum of K1 Maternal Visits
X2
Sum of K4 Maternal Visits
X3
Sum of TT2+ Mothers
X4
Sum of 90 Fe Tablets Compliances
X5
Sum of Obstetric Complication Handlings

Here are the definitions of the variables. Sum of Maternal Pregnant Deaths is death of a woman while pregnant
or within 42 days of termination of pregnancy, irrespective of the duration and site of the pregnancy, from any
cause related to or aggravated by the pregnancy or its management but not from accidental or incidental causes.
Sum of K1 Maternal Visits is sum of pregnant women who first received antenatal care by health personnel
during pregnancy in one work area for a certain period. Sum of K4 Maternal Visits is sum of pregnant women
receiving standard antenatal care at least four times, with the recommended service delivery distribution at least
once in the first three semester, once in the second three semester and twice in the third three semester of
pregnancy. Sum of TT2+ Mothers is sum of pregnant women who have been vaccinated with TT as many as
five doses with a particular interval. Sum of 90 Fe Tablets Compliances is sum of pregnant women who get at
least 90 Fe tablets (iron supplements) during their pregnancy period in one area for a certain period. Sum of
Obstetric Complication Handlings is sum of pregnant women, maternal and childbirth with complications that
receive services according to standards at the basic service level and referral health clinics.

Analysis Steps
The following are the analysis steps, there are (1) fit a Poisson regression model with all variables included, (2)
do a multicollinearity test on the Poisson regression model, (3) fit a model without existence of
multicollinearity, (4) do a Dispersion Test on the non-multicollinearity Poisson regression model, (5) fit a ZIP
regression model by using the chosen variables, (6) check parameter coefficients’ significance, (7) do an AIC
scoring obtain candidates for the best model, (8) choose models which are all variables are significant, (9) do a
Likelihood Ratio Test on the chosen models, and (10) check assumptions of the chosen models

RESULTS AND DISCUSSION
We first fit a Poisson regression model by using five variables we have explained earlier. Here is the model
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𝜆𝑖 = 𝑒𝑥𝑝(−2.1955 + 0.0013𝑋𝑖1 − 0.0034𝑋𝑖2 − 0.0006𝑋𝑖3 + 0.0018𝑋𝑖4 + 0.005𝑋𝑖5 )

(17)

We then check the existence of multicollinearity in this model. Here is the VIF values for each variable
TABLE 2. VIF values for full Poisson model

X1
45.053609

X2
22.082903

X3
2.490013

X4
24.215208

X5
3.394200

We can see that variable 𝑋1 , 𝑋2 , and 𝑋4 have VIF value exceeds 10. It indices that the multicollinearity is exist
at variable 𝑋1 , 𝑋2 , and 𝑋4 . We then suggest a reduced Poisson model with three variables, i.e. 𝑋3 , 𝑋4 , and 𝑋5
since their VIF values are not exceed 10.
TABLE 3. VIF values for reduced Poisson model

X3
3.391769

X4
6.019382

X5
4.304867

These variables indicate that there is no multicollinearity. So that we can use this model as a consideration.

Dispersion Test
Since our data has excess zeros, the model might be overdispersed. If the model is overdispersed, then we must
use ZIP model. We then check this model’s dispersion value to decide whether we must use ZIP model or not.
By using R, we got 𝜏 = 1.272003. Since 𝜏 > 1, we conclude that the model is overdispersed so that we must
use ZIP model.
We begin to fit a ZIP model with three variables which came from reduced Poisson model. Here is the result
TABLE 4. ZIP model with 𝑋1 , 𝑋2 , and 𝑋4

Model

Poisson

Variable

Coefficient

X3

Loglikelihood

p-value

Significance

-0.0007007

NA

NA

X4

-0.0011395

0.00602

S

X5

0.0028040

0.34858

NS

-45.94
Zero

X3

0.001088

NA

NA

X4

-0.011255

0.0821

NS

X5

0.005519

0.5397

NS

TABLE 4 shows the significance of each coefficient parameter in ZIP model. By taking 𝛼 = 0.05, t-test shows
that the only significant coefficient parameter is 𝛽4 . We then suggest to include variable X4 to Poisson-part
model of ZIP model. The variables of zero-inflated model are determined by choosing the variables which make
whole ZIP model’s variables significant under 𝛼 = 0.05. Firstly, we fit ZIP model with its zero-inflated model
has one variable. Here is the result
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TABLE 5. ZIP model with one variable zero-inflated model

Model

Zero-Inflated
Model with
One Variable

Variable

Log-likelihood

X1

104.2174

X2

110.157

X3

109.1263

X4

105.436

X5

106.9099

Since zero-inflated model with variable X1 has the smallest AIC value, then we pick variable X1 as a candidate
of our best model. So now we have ZIP model with X4|X1 variables (this means that X4 is the variable of
Poisson-part model and X1 is the variable of zero-inflated model). Then we fit ZIP model with its zero-inflated
model has two, three, four, and five variables. After that, we pick a model with the smallest AIC as our best
model candidate. Here is the result
TABLE 6. ZIP model with more than one variable zero-inflated model

Model

Zero-Inflated
Model with
Two
Variables

Zero-Inflated
Model with
Three
Variables

Variable

AIC

X1, X2

103.3575

X1, X3

102.1235

X1, X4

105.7305

X1, X5

106.2016

X2, X3

111.067

X2, X4

101.2517

X2, X5

108.7153

X3, X4

104.4241

X3, X5

108.1899

X4, X5

106.8239

X1, X2, X3

102.2456

X1, X2, X4

99.36128

X1, X2, X5

106.1282

X1, X3, X4

-

X1, X3, X5

104.1098

X1, X4, X5

-

X2, X3, X4

101.5949

X2, X3, X5

110.1834

X2, X4, X5

101.5449

X3, X4, X5

106.232
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Zero-Inflated
Model with
Four
Variables

Zero-Inflated
Model with
Five
Variables

X1, X2, X3, X4

98.82135

X1, X2, X3, X5

107.3892

X1, X2, X4, X5

99.85278

X1, X3, X4, X5

-

X2, X3, X4, X5

102.3438

X1, X2, X3, X4, X5

100.0288

We got ZIP X4|X1, ZIP X4| X2, X4, ZIP X4| X1, X2, X4, ZIP X4| X1, X2, X3, X4, and ZIP X4| X1, X2, X3,
X4, X5 as our best model candidates. Now we check the significances of variables by using t-test for parameter
coefficients significances.
TABLE 7. Best model candidates

Model

Part

Variable

Coefficient

p-value

Significance

ZIP X4|X1

Poisson

X4

-0.0012181

1.89e-05

S

Zero

X1

-0.006176

0.02878

S

Poisson

X4

-0.0010295

7.42e-06

S

X2

0.013777

0.10477

NS

X4

-0.017377

0.06575

NS

X4

-0.0011306

0.000148

S

X1

-0.01103

0.1317

NS

X2

0.02322

0.0593

NS

X4

-0.01571

0.1795

NS

X4

-0.0011164

9.35e-07

S

X1

-0.014276

0.1334

NS

X2

0.027923

0.0997

NS

X3

0.001914

0.2018

NS

X4

-0.019723

0.1335

NS

X4

-0.0011658

1.01e-05

S

X1

-0.011747

0.1406

NS

X2

0.023669

0.0492

S

X3

0.001442

0.2799

NS

X4

-0.016257

0.1041

NS

X5

-0.004790

0.4124

NS

ZIP X4| X2, X4

Zero
ZIP X4| X1, X2, X4

Poisson

Zero

ZIP X4| X1, X2, X3, X4

Poisson

Zero

ZIP X4| X1, X2, X3, X4, X5

Poisson

Zero

295
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

From TABLE 7 we know that the only model whose all variables are significant is ZIP X4|X1. We decide to
choose ZIP X4|X1 as our best model.

LIKELIHOOD RATIO TEST
We have already got our best model. Now we would like to know the model’s goodness-of-fit. Likelihood ratio
test on our best model against null model showed that p-value = 0.03454. We have strong argument to reject 𝐻0
at significance level 𝛼 = 0.05 . In other words, our model is better than null model so that means the
independent variables of our model give notable effect to the dependent variable.

ASSUMPTIONS
Homoscedasticity
Homoscedasticity means homogeneity of residual variance. Breusch-Pagan test on our best model showed that
p-value = 0.4991. It means that we accept don’t have strong argument to reject 𝐻0 at a significance level 𝛼 =
0.05. In other words, the residual variance of our best model is constant. So, this model is homoscedastic.

Residual Independencies
Durbin-Watson test on our best model showed that p-value = 0.7282. It means that we accept don’t have strong
argument to reject 𝐻0 at a significance level 𝛼 = 0.05. In other words, the residual of our best model is
independent.

INTERPRETATION
It is common to use odd ratio to interpret GLM. Odds ratio of a variable of a GLM interpret the effect of it,
denoted by 𝑂𝑅 = 𝑒 𝛽𝑗 . If 𝑂𝑅 < 1, exposure associated with lower odds of outcome, when 𝑂𝑅 > 1 shows that
exposure associated with higher odds of outcome. Otherwise, 𝑂𝑅 = 1 shows that exposure does not affect odds
of outcome.

TABLE 8. Interpretation of the model
Model

Parameter

Value

𝒆𝒙𝒑(𝜽)

Interpretation

Count

Intercept

0.4425562

-

-

𝛽4

-0.0012181

0.9987826

Decreasing by 0.12%

Intercept

6.930306

-

-

𝛾1

-0.006176

0.993843

Decreasing by 0.61%

Zero

Table 8 shows OR value of 𝛽4 and 𝛾1 . That means,



In one-unit increase in sum of 90 Fe Tablets Compliances, we expect to see 0.12% decreasing in the
sum of maternal pregnant deaths.
In one-unit increase in sum of K1 Maternal Visits, we expect to see 0.61% decreasing in the sum of
maternal pregnant deaths.

The interpretation makes sense. As WHO said, in high-income countries, virtually all women have at least four
antenatal care visits, are attended by a skilled health worker during childbirth and receive postpartum care. Daily
oral iron and folic acid supplementation with 30 mg to 60 mg of elemental iron and 400 µg (0.4 mg) folic acid is
recommended for pregnant women to prevent maternal anemia, puerperal sepsis, low birth weight, and preterm
birth.
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SUMMARY
This report proposes a method to see what factors affect maternal pregnant deaths. The common way to see
them is by using Poisson regression. In a data with many zeros, another regression method is proposed, i.e.
Zero-Inflated Poisson (ZIP) regression. Because the maternal pregnant deaths data has 90.02% zero
observations, then we decide to use ZIP regression. The result shows that the sum of consumption of Fe tablets
and K1 maternal visits affect the reduction of maternal pregnant deaths sum. In one-unit increase in sum of 90
Fe Tablets Compliances, we expect to see 0.12% decreasing in the sum of maternal pregnant deaths. In one-unit
increase in sum of K1 Maternal Visits, we expect to see 0.61% decreasing in the sum of maternal pregnant
deaths.
Maternal mortality reduction remains a priority under “Goal 3: Ensure healthy lives and promote well-being for
all at all ages” in the new Sustainable Development Goals (SDGs) agenda through 2030. In February 2015, the
World Health Organization published “Strategies toward ending preventable maternal mortality (EPMM)”
(EPMM Strategies), a direction-setting report outlining global targets and strategies for reducing maternal
mortality under the SDGs. The result of extensive consultations with stakeholders around the globe, the targets
and strategies in the EPMM Strategies report are grounded in a human rights approach to maternal and newborn
health and focus on eliminating the inequities that lead to disparities in access, quality and outcomes of health
care within and among countries. EPMM global target is by 2030, reduce the global maternal mortality ratio
(MMR) to fewer than 70 maternal deaths per 100,000 live births. EPMM also make national targets, i.e. by
2030, countries should reduce their MMRs by at least two-thirds from their 2010 baseline and no country should
have an MMR greater than 140 maternal deaths per 100,000 live births, a number twice the global target.
As mentioned above, maternal mortality reduction becomes a global challenge. Good cooperation from every
level of the world community is a must. We hope that this report could be seen as a suggestion in efforts to
reach maternal mortality reduction targets.
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Abstract.Human Development Index (HDI) is an indicator utilized to measure quality of human life in a region.
HDI becomes a prominent aspect that can reflects achievement of income, education, and health of community.
West Kalimantan, one of provinces in Indonesia, is ranked 30 out of 34 provinces in terms of HDI. Moreover, HDI
of the province is the worst one among five provinces in Kalimantan. For that reason, conducting research about
some factors considered having influence to HDI becomes crucial. There are three factors in this research that are
predicted giving impact to HDI. They are Gini Ratio, Labor Force, Participation Rate, and Poverty. Data of the the
three factors from observed districts namely Sambas, Bengkayang, Landak, Mempawah, Sanggau, Ketapang,
Sintang, Kapuas Hulu, Sekadau, Melawi, Kubu Raya, Pontianak, and Singkawang will be analysed by panel
regression. Panel regression used in this research was assumed that there is no time specific effect, slope coefficients
are constant, and the intercepts varies over individuals. A best panel regression model will be obtained after
checking the results of Chow, Hausman, and Lagrange Multiplier Test. Those tests are utilized to decide an
appropriate model among common effect, fixed effect, and random effect. According to the result, it can be
concluded that fixed effect with adjusted determination-coefficient 0.88, is a best model to analyse this case. In
addition, the research also concludes that only poverty is statistically significant to HDI of the districts. In other
words, it can be deduced that for increase HDI, the local government has to create and implement some policies that
can decrease the poverty level in West Kalimantan.

INTRODUCTION
Human Development Index (HDI) is an indicator utilized to measure quality of human life in a region. HDI
becomes a prominent aspect that can reflects achievement of income, education, and health of community.
According to BPS-Statistics (2016), West Kalimantan, South Kalimantan, and also Central Kalimantan, three of
provinces in Indonesia, were consecutively ranked 28, 20, and 19 out of 35 provinces in terms of HDI 1.
Meanwhile, East Kalimantan was ranked the third one among 35 provinces in Indonesia in terms of HDI. Based
on that fact, there were a big gap of HDI condition among all provinces situated in Kalimantan. For that reason,
conducting research about some factors considered having influence to HDI of the provinces becomes crucial.
Heriyanto (2013) examined some factors namely Gross Domestic Product (GDP), Social Development Budget,
Poverty Level, and Facility of Health and Education that were predicted having influence to HDI in West
Kalimantan between 2006 and 2010 by Panel Regression Analyses. The research summarized that GDP, Social
Development Budget, and Facility of Health and Education significantly gave positive impact to HDI while
Poverty Level significantly contributed negative impact to HDI of West Kalimantan 2.
Rustariyuni (2014) also conducted a research to analyse HDI by Pooled Least Square. The research focused to
analyse HDI at Bali from 2004 until 2012. Some analysed factors in this research were gini ratio, non-food
expenditure percapita, local budget, and economic growth rate. According to the research, it can be concluded
that gini ratio, non-food expenditure percapita, budget, and economic growth rate significantly donated positive
impact to HDI 3.
Destilunna and Zain (2015) conducted a research that focused on getting a model that can describe some factors
which influenced HDI in East Java 4. The research used panel data from 2008 until 2012. Besides analyse some
factors that was regarded having an influence to HDI, the research also made a biplot analysis which constructed
a map of variables influencing HDI. According to the research, it can be concluded that Fixed Effect Model
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(FEM) which has a determination coefficient at 98,88% is the best model to analyse this case. Furthermore, the
research also shown that the ratio of student and teacher (RST) for Junior High School and Islamic Senior High
School, Rate of School Participation (RSP) for Junior High School Student, RSP for Senior High School
Student, Growth Domestic Product (GDP) of Small Micro Medium Entreprise (SMME), and also Open
Unemployment Rate are statistically significant influencing HDI of East Java. In addition, the result of biplot
map summarized that an increase of SMME’s GDP of the lower middle class can be created by an increase of
RST for Junior High School Student and Islamic Senior High School.
Nurhasanah, Salwa, and Amelia (2016) also utilized panel regression in order to both made a description of
touristic characteristic of districts in Aceh Province based on some variables of touristic product and determine
a model of tourist number for each districts in Aceh Province between 2008 and 2013. According to the result of
panel regression analyses, it can be concluded that FEM is the best model rather than Common Effect Model
and Random Effect Model. The FEM shown that number of tourists in each districts was influenced by
accommodation number, restaurant number, and tourism place number 5.
Based on the previous researches which were mentioned previously, this research will utilized panel regression
to analyse gini ratio, labor force participation rate, and poverty as some predicted factors that can give influence
to HDI. Panel regression used in this research was assumed that there is no time specific effect, slope
coefficients are constant, and the intercepts varies over individuals. A best panel regression model will be
obtained after checking the results of Chow, Hausman, and Lagrange Multiplier Test. Those tests are utilized to
decide an appropriate model among common effect, fixed effect, and random effect.

PANEL REGRESSION
A panel data set is a mixture of time series and cross section data. Meanwhile, a regression model used to
analyse panel data is called by panel regression model 6. Hsiao claimed that panel regression model could be
more accurate to estimate parameters of a regression model because there is a large number of data points in
panel regression model 7.
Baltagi expressed a panel regression model (PRM) as follows 8

𝑧𝑖𝑡 = 𝛼𝑖𝑡 + 𝛽𝑖𝑡 𝑥𝑖𝑡 + 𝜀𝑖𝑡 ,

𝑖 = 1,2, … , 𝑁 ; 𝑡 = 1,2, … , 𝑇

(1)

where 𝑧𝑖𝑡 is dependent variable, 𝑥𝑖𝑡 is independent variable, and 𝜀𝑖𝑡 is the error term, uncorrelated with 𝑥𝑖𝑡 , with
mean zero and constant variance 𝜎𝜀2 . Furthermore, 𝛼𝑖𝑡 is a scalar and 𝛽𝑖𝑡 is regression coefficient, slope. On
equation (1), the subscript 𝑖 denotes the cross section dimension whilst 𝑡 symbolises the time series dimension.
Baltagi [2005] also stated that PRM concentrates to control the impact heterogenity that cannot be unobserved.
This way was conducted to get valid inference on 𝛽𝑖𝑡 . For example, unobserved heterogenity in a linear
regression model is assumed as an individual spesific and time invariant. So that (1) can be expressed as
𝑧𝑖𝑡 = 𝛼𝑖∗ + 𝛽𝑖 𝑥𝑖𝑡 + 𝜀𝑖𝑡 ,

𝑖 = 1,2, … , 𝑁 ; 𝑡 = 1,2, … , 𝑇

(2)

The parameters 𝛼𝑖∗ and 𝛽𝑖 for different cross sectional units can be different, eventhough both of them stay
constant over time. Then, sampling distribution can seriously mislead the least square regression of 𝑧𝑖𝑡 on 𝑥𝑖𝑡
when all of NT observations are used to estimate (3) as follows 7
𝑧𝑖𝑡 = 𝛼 ∗ + 𝛽 𝑥𝑖𝑡 + 𝜀𝑖𝑡 ,

𝑖 = 1,2, … , 𝑁 ; 𝑡 = 1,2, … , 𝑇
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Generally, there are three models that can be chosen to obtain estimators in panel regression, namely Common
Effect Model (CEM), Fixed Effect Model (FEM), and Random Effect Model (REM) 9. CEM can be written as
(3) where the regression parameters will be estimated by Least Square. In CEM, cross section data and time
series are united and considered as one whole observation. On the other hand, Hsiao [2014] stated that FEM can
be formulated as
𝑧𝑖𝑡 = 𝛼𝑖∗ + 𝛽𝑥𝑖𝑡′ + 𝜀𝑖𝑡 ,

𝑖 = 1,2, … , 𝑁 ; 𝑡 = 1,2, … , 𝑇

(4)

where 𝛼𝑖∗ vary over individuals. FEM, in this research, is assumed that there is no time spesific effects.
Meanwhile, REM can be written as (1) but 𝛼𝑖𝑡 is assumed as a random variable with the expectation 𝛼0 , so that
𝛼𝑖∗ = 𝛼0 + 𝜀𝑖 . Consequently, REM can be written as
𝑧𝑖𝑡 = 𝛼0 + 𝛽𝑖𝑡 𝑥𝑖𝑡 + 𝑤𝑖𝑡

(5)

where 𝑤𝑖𝑡 = 𝜀𝑖 + 𝜀𝑖𝑡 .
There are some statistical tests involved to analyse independent variables and dependent variables by panel
regression model. The tests are Chow Test, Hausman Test and also Lagrange Multiplier Test. Function of the
three statistical test was mentioned at 9.
Furthermore, panel regression has been utilised prominently to evaluate some cases in numerous journals such
as Ayunanda and Zain [2014] 10 and Sulistianingsih et all [2017] 9. Those journals will be utilised to study the
methodology in analysis of panel data.

RESULTS AND DISCUSSIONS
In this section, panel regression will be used to examine four factors namely Gini Ratio (
𝑥1 ), Labor Force and Participation Rate (𝑥2 ), and Poverty (𝑥3 ), which are considered giving influence to HDI
of the thirteen districts. Before analyse the data by panel regression, multicollinearity test was conducted
previously to check whether the multicollinearity happens or not. According to the result of multicollinearity
test, VIF value for each variable in Table 1 is smaller than 10. So that, there is no multicollinearity between the
independent variables.
TABLE 1. Multicollinierity Test

Independent
Variables
𝑥1
𝑥2
𝑥3

VIF
1,059
1,165
1,182

After ensuring that there is no multicollinearity among the independent variables, Chow Test was done to
evaluate which one is better between CEM and FEM to be used in modelling the panel data.
After Chow Test, Hausman Test is conducted to examine whether there is a random effect or not in the model.
According to Hausman Test’s result, FEM is better model than REM. It was shown by chi-square-statistics,
24.087, which is bigger than chi-square table, with degrees of freedom 3 and 𝛼 = 5%, 11.52.
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Next, Lagrange Multiplier Test was executed to check heteroscedasticity in the model. Then, based on Lagrange
Multiplier Test, it can be deduced that there is no heteroscedasticity in FEM.
According to the three test results, it can be concluded that FEM is the best model rather than CEM and FEM.
Then, based on the results of Heteroscedasticity Test, Autocorrelation Test, and Normality Test, it can be
summarized that the FEM fulfilled heteroscedasticity, autocorrelation, and normality assumption. So that, this
model can be utilized to describe the relationship between dependent and independent variables utilised in the
model.
Moreover, FEM can distinguish effect of every districts, so estimation of HDI for thirteen districts in West
Kalimantan can be written as follows at TABLE 2.
TABLE 2: FEM for Ten Districts in West Kalimantan

District

Estimation of HDI

Sambas

72,59036 − 1,3859𝑋3

Bengkayan

71,40668 − 1,3859𝑋3

g
Landak

77,83582 − 1,3859𝑋3

Mempawah

66,17308 − 1,3859𝑋3

Sanggau

64,56277 − 1,3859𝑋3

Ketapang

76,02505 − 1,3859𝑋3

Sintang

71,95417 − 1,3859𝑋3

Kapuas

73,05201 − 1,3859𝑋3

Hulu
Sekadau

66,12879 − 1,3859𝑋3

Melawi

76,41632 − 1,3859𝑋3

Kubu Raya

68,8054 − 1,3859𝑋3

Pontianak

80,52398 − 1,3859𝑋3

Singkawan

73,8796 − 1,3859𝑋3

g
TABLE 2 shows that there are various intercepts among thirteen districts in West Kalimantan.
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Abstract. Mathematical creativity is an important indicator of mathematics learning in different parts of the world.
The importance of creative thinking is reflected in the last few decades which shows a great number of research on
creative thinking ability. The indicators of creative thinking ability are fluency, flexibility, and novelty. In addition to
the ability to think creatively, the success of learning is also influenced by the independence of student learning.
Mathematical communication helps students to develop patterns, solve problems and draw SUMMARY as well as
tools to communicate thoughts, ideas, and ideas clearly, precisely and briefly, including in creative thinking. Both of
these capabilities are reflected in learning problem posing. This study aims to explore the association between
mathematics creative thinking and communication ability in problem posing scenario. The subjects of this study are
high school students in Indonesia. In addition, students have given the material first before getting the problemposing scenario. The measurement and instrumentation in this study include mathematical problem-posing test,
creative thinking ability test, and mathematics communication ability test. The analysis of the data indicated that
students are less accustomed to problem-posing, whether structured or not. Another finding is that there is an
association between mathematics creative thinking and communication ability in problem posing scenario.
Suggestion for the curriculum is the need for development in posing problems by students, and teachers should
continuously and simultaneously improve the ability of creative thinking and mathematical communication.
Keywords: creative thinking, mathematical communication, problem posing.

INTRODUCTION
The success of learning is not only determined by the high achievement of students, but the creativity aspect is
also an important factor for the success of education in Indonesia, especially mathematics learning. This is in line
with some opinions that reveal that mathematical creativity is a much-needed aspect of the 21st century. The
importance of creativity is not only based on the curriculum in Indonesia, but also in many other countries.
Eurydice 1 reveals that creative thinking is necessary for the European learning as a new and useful innovation by
working creatively, that is being open and responsive to new and varied perspectives. In addition, several research
studies in the last 10 years reveal that mathematical creativity is an important subject 2,3,4,5. Creativity has also
become one of the indicators in the curriculum in various countries. The National Council of Teachings of
Mathematics reveals that "[m]athematical ideas are a triumph of human creativity, and framing mathematics in
this way can motivate students to unleash their own creative potential" 6.
Student creativity can be seen from various things, including in learning. The indicator that determines a person is
said to be a creative student is influenced by several factors. Torrance & Ball, Guilford mentions five indicators
of students are said to be creative, including: (1) sensitivity, (2) fluency, (3) flexibility, (4) originality, and (5)
elaboration 7. While Silver 8 says the character of creativity can be measured through fluency, flexibility, and
novelty. Sensitivity is related to the sensitivity of a person to a problem, fluency is a person's ability to express a
variety of ideas or ideas, flexibility is a person's ability to solve problems in various ways, novelty in the form of
a person's ability to discover new or unusual ways to solve problems while elaboration means the ability to get rid
of ideas or ideas. The indicators used to determine creativity in this research are fluency, flexibility, and novelty.
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In addition to creative thinking skills, students also need to have the ability to express an idea or ideas. This can
be achieved if students have mathematical communication skills, either orally or in writing. This is also in line
with the objectives of mathematics learning contained in NCTM 6. There are five student competencies in
obtaining and using mathematical knowledge, including: problem-solving, reasoning and proof, communication,
connection, and representation. Mathematical communication is important because mathematics is not only a tool
of thought that helps students to develop patterns, solve problems and draw SUMMARY but also as a tool to
communicate thoughts, ideas and ideas clearly, precisely and briefly.
The ability of creative thinking and mathematical communication can be improved in various ways, one of them
is the innovation of teacher learning model. One of the learning models that can improve both capabilities is
learning problem posing. This is in line with research conducted that effective posing problem learning is
reviewed from students' creative thinking ability 3,5,9,10. While other opinion reveals that the learning problem of
effective posing in terms of mathematical communication ability 11,12. Based on some of these opinions, then
conducted research to determine the relationship or association between the ability of creative thinking and
mathematical communication in learning problem posing.

LITERATURE REVIEW
Mathematical Creativity
Creative thinking is identical to the discovery of ideas or ideas through mental processes and activities when
faced with a problem. "Thinking is a dynamic process that can be described by process or course" 13. Then,
Creative is a special ability to create and get something new even from an old categorized source 14. So it can be
said that "creative/divergent thinking is divergent productivity, the synthesis or generation of new, original,
novel ideas or products" 15. Based on some of the above definitions, the authors conclude that mathematical
creative thinking is a process of combination of logical and divergent thinking based on intuition but still in
consciousness. This process generates new products or ideas by combining or elaborating existing ideas by
demonstrating flexibility and fluency in using logical thinking.
Many things are used to measure a person's creativity. This is in accordance with the opinion said that creativity
consists of two elements of eloquence and flexibility 16. Fluency is demonstrated by the ability to produce a
large number of troubleshooting ideas smoothly and quickly. Flexibility generally refers to the ability to find
different and extraordinary ideas to solve problems. In general, the characteristics of creative thinking tests are:
1) Problem-solving
2) Be divergent in answer and how to solve it
3) Associated with more than one mathematical concepts of previous students and in accordance with the
level of ability
4) Information should be more easily understood and clearly caught meaning or meaning, does not lead to
multiple interpretations and use Indonesian rules of good and right.
The indicator of creative thinking ability used in this research is fluency, flexibility, and novelty which adopt
and revise from opinion Torrance & Ball, Guilford 7. While the level of creative thinking ability according 4 is
very creative, creative, moderate, less creative, and not creative.

Mathematical Communication
There are several opinions that reveal the definition of mathematical communication skills. National Council of
Teaching Mathematics 6 states that:
Communication is an essential part of mathematics and mathematics education. It is a way of sharing ideas
and clarifying understanding. Through communication, ideas become objects of reflection, refinement,
discussion, and amendment. The communication process also helps build meaning. When students are
challenged to think and reason about mathematics and to communicate the result of their thinking to the
other orally or in writing, they learn to be clear and convincing.
Baroody revealed that communication is the ability of students that can be measured through the following
aspects: (1) representing, (2) listening, (3) reading, (4) discussing, and (5) writing. So it can be concluded that the
ability of mathematical communication is the ability of students to read mathematics discourse with
comprehension, able to develop language and mathematical symbols so as to communicate orally and written,
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able to visualize and reflect images or diagrams into mathematical ideas, able to formulate and be able to solve
problems. Lithner 17 mentions the indicators of mathematical communication skills which are then used in this
research are:
1) Describe the problem situation in the mathematical model.
2) Using a thorough representation to express the mathematical concepts and solutions.
3) Represents a problem situation and expresses it with an image, diagram, graph, or algebraic method.
4) Write down mathematical terms and symbols.

Problem Posing
Silver states "problem posing is defined as an event when students are involved in redefining a problem and
generate a new problem or question 18. The notion of problem posing is not limited to the formation of a
completely new problem, but can reformulate the problems ever given 19. The process of resolving these issues
can be done through various ways in accordance with the stages of the development of the students. To that end,
in general, it can be said that teachers usually provide problems to be solved by the students. But outside the
classroom, learners often identify and define their problems in their own way 20.
According to 21, problem posing consists of two important aspects, including accepting and challenging.
Accepting is related to the ability of learners to understand the situation given by the teacher or the difficult
situation encountered while challenging relates to how much the students are challenged with the given situation
so that it gives birth to the motivation to pose the problem. While problem posing also categorizes into three,
including Free Problem Posing, Semi-Structured Problem Posing, and Structured Problem Posing 22.
Based on some of the above opinion, the authors conclude that the problem posing is posing problems by learners
either reformulating or the formation of new problems or questions based on the situation at hand. Step problem
posing learning used in this study refers to 23 which was then developed as follows.
TABLE 1. Problem Posing Sintax
Problem posing syntax
Step 1. Material review

Step 2. Posing problems
Step 3. Solving problems
Step 4. Present the problem found and the solution
Step 5. Evaluation

Learning activities
Giving prerequisite materials to students, then
presentation and explanation of the material to be
delivered.
Students pose problems that may arise after
reviewing new materials or issues relating to the
material presented.
Students try to solve the problems that have been
proposed.
Students do presentations finding and solving
problems to classmates so getting feedback and
improvement.
Students conclude the material and recheck the
results of their work for a reflection of learning.

EXPERIMENTAL DETAILS
This research uses a kind of descriptive analytical research. It aims to understand and analyze with the more indepth relationship between the ability of creative thinking and mathematical communication of students in
learning problem posing.

PARTICIPANTS
This research was conducted in Vocational High School (SMK) with age range 15-17 years. The study was
undertaken in one class in one vocational school as many as 30 students. Prior to the scenario of posing
problem, students first review the material that will be used by the students as the basis for the posing of the
problem.
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Instrumentation and Measurements
Problem Posing Test
This test is carried out during the learning process so that the researcher can monitor the progress of the students
in asking problems for each type: free problem posing, semi-structured problem posing, and structured problem
posing.
Mathematical Creative and Communication Ability Test
Other instruments used in this research are the test of creative thinking ability and mathematical communication
ability. This test was performed using a total of 5 questions based on the indicator of creative thinking (fluency,
flexibility, and novelty) and mathematical communication indicators. The test is used to measure and define
descriptions of students' creative thinking skills and mathematical communication. There are two tests, pre-test
which is before the problem posing learning and post-test which is after problem posing learning.

DATA ANALYSIS
Data were analyzed to derive results from the relationship between creative thinking ability and mathematical
communication in learning problem posing from pre-test and post-test data. After that, data from the problemposing test is also analyzed and studied in depth based on indicators of creative thinking ability and
mathematical communication. It aims to see how far the relationship or association for each indicator of the
ability of creative thinking and mathematical communication in every step of learning problem posing.

RESULT AND DISCUSSION
Before the inferential analysis, there are normality and homogeneity test. Both pre-test and post-test was normal
and homogeneous. Furthermore, the correlation analysis from pre-test and post-test can be continued.
TABLE 2. The Result of Correlation Analysis from Pre-Test Data
Correlations

Pearson Correlation
Pretest_creative_thinking

munication

Pretest_mathematical

_thinking

_communication
1

Sig. (2-tailed)

.322
.077

N
Pretest_mathematical_com

Pretest_creative

31

31

Pearson Correlation

.322

1

Sig. (2-tailed)

.077

N

31

31

Based on the pre-test data analysis, it shows that there is no significant correlation between creative thinking
ability and mathematical communication. This was evidenced by the correlation test results that said that both
capabilities have no relationship (p = 0.322; 0.01). This value means that both are not comparable, if students
'communication skills are good, then it is not guaranteed that students' creative thinking skills will be good too.
After problem posing learning, the post-test was given. The result of post-test analysis was on the Table III.
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TABLE 3. The Result of Correlation Analysis from Post-Test Data
Correlations
Posttest_creative

Posttest_mathematical_

_thinking

communication

Pearson Correlation
Posttest_creative_thinking

Sig. (2-tailed)

Pearson Correlation
munication

.725**
.000

N
Posttest_mathematical_com

1

Sig. (2-tailed)

31

31

.725**

1

.000

N

31

31

**. Correlation is significant at the 0.01 level (2-tailed).

The analysis was done by the hypothesis that there is a relationship between creative thinking ability and
mathematical communication in learning problem posing. This was evidenced by the correlation test results that
said that both capabilities have a positive relationship (p = 0.725; 0.01). This positive value relationship means
that both are comparable, if students 'communication skills are good, then students' creative thinking skills will
also be good for learning posing problems. This finding is in line with the opinion that in the problem-solving
learning, communication as one of the tools to develop creative thinking ability 24. This is very likely to happen
because by thinking creatively, students are sensitive and flexible in seeing the various linkages to express
something. It can support the ability to communicate, ie the ability to express a mathematical idea through
writing, language, and various visual forms such as pictures and other illustrations.
The relationship between creative thinking skills with mathematical communication is also proved by the
analysis of students' answers to each problem posing learning steps below.
1.

Material Review

FIGURE 1. Student’s reviewing material

FIGURE 2. Student’s reviewing material

At the stage of reviewing the material, students perform free problem posing after analyzing the given problem.
From FIGURE 1 and FIGURE 2 it can be concluded that students' creative thinking ability is not so optimal.
But there are various variations of mathematical communication that emerged, in FIGURE 1 students tend to
lack in mathematical communication, while the problem posed in FIGURE 2 is better.
2.

Posing the Problems
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FIGURE 3. Students’s posing problem

FIGURE 4. Student’s posing problem

FIGURE 3 and FIGURE 4 shows that students are more creative in posing problems. It also relates well to
students in communicating ideas or ideas so that it becomes a good question. It's just that in picture 4 the
students still have not communicated that the problem is an example of a problem about geometry sequences.
3.

Solving the Problems

FIGURE 5. Student’s solving problem

FIGURE 5 shows an increase in creative thinking ability and students' mathematical communication. This is
seen from the fluency and flexibility of students in solving problems. In addition, students' mathematical
communication skills are also evident from illustrative drawings created to illustrate the problems to be solved.
Based on the results of this study, in detail, the researchers analyzed the relationship of indicators between the
ability of creative thinking and mathematical communication as follows.
1.

fluency communication, which can have the ability to generate many ideas that include:
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a.
b.

provide communication to express ideas in writing and structured.
provide communication to express ideas in a visual form such as pictures or other illustration.

2. flexibility communication, which can solve math problems in various ways including:
a. provide good communication in solving problems in the form of writing in various ways.
b. provide communication in a visual form such as images in various ways to facilitate students in
solving problems
3.

The novelty communication, which can express a mathematical idea in its own way or a new way
which includes:
a. provide communication in the form of writing. by way of students themselves.
b. provide communication in the form of language in the student's own way
c. provide communication in a visual form such as drawings and graphics in the student's own way.

SUMMARY
Based on the results of research and discussion, it can be concluded various things as follows.



Creative thinking ability is positively correlated with mathematical communication skills, especially in
problem posing learning. This means improving the ability of creative thinking is also influenced by the
improvement of mathematical communication skills.
To familiarize the student in order to be able to think creatively and his mathematical communication is
also developed, the teacher needs to familiarize the students to ask questions.

REFERENCES
1.
2.

3.
4.
5.

6.
7.
8.
9.
10.
11.
12.
13.
14.

Eurydice, Key Data on Learning and Innovation through ICT at School in Europe 2011(The Education,
Audiovisual and Culture Executive Agency (EACEA P9 Eurydice, Brussels, 2011).
T. Doleck, P. Bazelais, D. J. Lemay, A. Saxena R. B. Basnet, “Algorithmic thinking, cooperativity,
creativity, critical thinking, and problem solving: exploring the relationship between computational thinking
skills and academic performance’, Journal of Computers in Education, (2017), pp. 355–369.
A. Mahmudi, “Meningkatkan Kreativitas Siswa Melalui Problem Posing’, Pythagoras, (2007), pp. 43–50.
T. Y. E. Siswono, “Leveling Students’ Creative Thinking in Solving and Posing Mathematical Problem”,
Jurnal on Mathematics Education, (2010), pp. 17-40.
X. Y. Van Harpen & B.Sriraman, “Creativity and mathematical problem posing: An analysis of high school
students’ mathematical problem posing in China and the USA”, Educational Studies in Mathematics,
(2013), pp. 201–221.
National Council of Teachers of Mathematics, Principles and Standarts for School Mathematics (NCTM,
Reston, 2000).
U. Munandar, Mengembangkan Kreativitas Anak Berbakat (PT Gramedia, Jakarta, 2012).
E. A. Silver, “On Mathematical Problem Posing”, Journal for the Learning of Mathematics, (1994), pp. 1928.
E. A. Silver, “Fostering creativity through instruction rich in mathematical problem solving and problem
posing”, ZDM - International Journal on Mathematics Education, (1997), pp. 75–80.
J. Ballesta-claver, “Mathematical thinking and creativity through mathematical problem posing and
solving”, Propósitos y Representaciones, (2016), pp. 169–218.
E. E. Arıkan & H. Ünal, “An Investigation of Eighth Grade Students’ Problem Posing Skills ( Turkey
Sample )”, International Journal of Research in Education and Science, (2015), pp. 23–30.
A. R. Persada, “Pengaruh Pendekatan Problem Posing Terhadap Kemampuan Komunikasi Matematika
Siswa Kelas VII”, Eduma, (2014), pp. 32–51.
B. Suryosubroto, Proses Belajar Menganjar Disekolah (PT Rineka Cipta, Jakarta, 2009).
Anang, One Minutes Before Teaching (Alfabeta, Bandung, 2010).

310
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

15. S. W. Schiever, A Comprehensive Approach to Teaching Thinking (Allyn and Bacon, United States of
America, 1991).
16. R. W. Olson, Seni Berpikir Kreatif, Alfonsus Samosir Translated, (Erlangga, Jakarta, 1980).
17. J. Lithner, “Mathematical Reasoning in School Task”, Educational Studies in Mathematics. (Kluwer
Academic Publisher, Netherlands, 2000, pp. 165 – 190)
18. H. Akay & N. Boz, “The Effect of Problem Posing Oriented Analyses-II Course on the Attitudes towards
Mathematics and Mathematics Self-Efficacy of Elementary Prospective Mathematics Teachers” Australian
Journal of Teacher Education, (2010), pp. 59-75.
19. A. Mahmudi, “Pembelajaran Problem Posing untuk Meningkatkan Kemampuan Pemecahan Masalah
Matematika”, Presented at Mathematics National Conference UNPAD and Mathematics Department, (UI,
Indonesia, 2008).
20. J. E. Omrod, Human Learning (6th ed) (Pearson Education, Upper Saddle River, 2012).
21. S. I. Brown & I. W. Marion, The Art of Problem Posing Third Edition, (Lawrence Erlbaum Associates,
London, 2005).
22. R. Abu-Elwan, “Effectiveness of Problem Posing Strategies on Prospective Mathematics Teachers' Problem
Solving Performance”, Journal Of Science and Mathematics Education in Southeast Asia, (2002), pp. 56-69.
23. R. K. Irawati, “Pengaruh Model Problem Solving dan Problem Posing serta Kemampuan Awal terhadap
Hasil Belajar Siswa”, Jurnal Pendidikan Sains (JPS), (2015), pp. 184-192.
24. M. Jurcova, “Tvorivosť vo vyučovaní a v každodennom živote’, (Bratislava: IRIS, 2009).

311
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

Web-Based Interface Development for Analysis of Latent
Variables and Use on Academic Data at University of
Jember
Indriasih Yanuwijaya1,a) and I Made Tirta2
1,2

Department of Mathematics, University of Jember JL Kalimantan 37 Jember 68121,
Indonesia 2Statistical Laboratory, Department of Mathematics, University of Jember JL
Kalimantan 37 Jember 68121, Indonesia
a)

Corresponding author: indriasihwijaya@gmail.com

Abstract. Structural Equation Modeling (SEM) is one of the multivariate analysis that is widely used in research, for
example in the field of psychology and marketing that focuses more on latent constructs and indicators. SEM is able
to observe and explain thoroughly the pattern of causal relationships (latent constructs and indicators) that exist in the
data. One type of SEM is called Covariance Based-Structural Equation Modeling (CB-SEM). CB-SEM requires data
to be normally distributed and the number of samples should be large. There are several corrections that can be made
(added) if the assumptions are not met by using the Satorra-Bentler and Bootstrap Bollen-Stein tests. In this research
developed Web-GUI (Graphical User Interface), by utilizing R and Shiny Packages. The resulting Web-GUI is
equipped with some additional assumptions if assumptions (such as small sample size, presence of data grouping and
non-fulfillment of normal assumptions) and can be accessed online (http://statslab-rshiny.fmipa.unej.ac. id/ RVig/
TesLavaan/) and can be used as an illustration and visualization of CB-SEM. The resulting application, will be used
to model the relationship between input quality, learning process, lecturer's performance and the competence in
University of Jember graduate.
Keywords: Covariance Based-Structural Equation Modeling (CB-SEM), R-Shiny, Latent Variable, Interactive Web.

INTRODUCTION
Structural Equation Modeling (SEM) is one multivariate analysis that is widely used in research, for example
in the field of psychology and marketing that focuses more on constructs and latent indicators. SEM is able to
observe and explain thoroughly the pattern of causal relationships (constructs and latent indicators) that exist in
the data, as well as measurement error directly.
One type of SEM is called Covariance Based-Structural Equation Modeling (CB-SEM). CB-SEM is a SEM
type that requires constructs and indicators to correlate one another with a structural model that aims to
estimate structural models based on a strong theoretical study, must satisfy various parametric assumptions and
meet the model feasibility test (Goodness of fit ).
There are several corrections that can be made (added) if the assumptions are not met by using the SatorraBentler and Bootstrap Bollen-Stein tests. In this research developed Web-GUI (Graphical User Interface), by
utilizing R and Shiny Packages. The resulting Web-GUI comes with some additional assumptions if
assumptions (such as small sample size, presence of data groupings and non-fulfillment of normal
assumptions) and can be accessed online (http: //statslab-rshiny.fmipa.unej.ac/id) RVig / TesLavaan /) and can
be used as an illustration and visualization of CB-SEM.
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Covarian Based SEM
SEM analysis is a set of statistical techniques that allow testing of a relatively complex set of relationships
simultaneously. SEM analysis usually consists of two sub models namely measurement model or often called
outer model and structural model (structural model) or often called inner model. SEM is also able to measure
variables that can not be measured directly, but through its indicators. The model to be estimated in SEM is
usually assumed to have a causality relationship between latent variables and observed variables as indicators.
The measurement model in SEM is done by confirmatory analysis. In the measurement model each latent
variable is modeled as a factor underlying several observed variables. In general, the observed variables of a
latent variable can not reflect the latent variable perfectly. Therefore, the addition of measurement error in the
model is necessary for the measurement model to be good. The measurement model consists of exogenous
variables and endogenous variables.

SEM Assumptions
The assumptions that must be met in the data collection and processing procedures analyzed by SEM modeling
are as follows: a. data is normally distributed and linear, b. the model has several indicators in each latent
variable, c. model must be recursive, d. the absence of multicollinearity, e. data does not contain an outlier, f.
large sample size over 100 samples.
However there are some corrections that can be done (added) if the assumption is not met. Among them are
Satorra Bentler Test and Bollen Stine Bootstrap Test.

SEM Modeling in General
The image below shows a general sem picture along with some mathematical expressions .
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There are some mathematical equations in SEM:
1.

Equation of structural model
ε1 = γ11ξ1 + δ1 ε2 = γ22ξ2 + δ2
ε3 = β31ε1 + β32ε2 + δ3
2. Equations of measurement model of exogenous variables
X1 = λ11ξ1 + δ1
X2 = λ21ξ1 + δ2
X3 = λ12ξ2 + δ3
X4 = λ22ξ2 + δ4
X5 = λ32ξ2 + δ5

3.

Equations of measurement model of endogenous variables
Y1 = λ13ε1 + ε1
Y2 = λ23ε1 + ε2
Y3 = λ33ε1 + ε3
Y4 = λ14ε2 + ε4
Y5 = λ24ε2 + ε5
Y6 = λ15ε3 + ε6

EXPERIMENTAL DETAILS
Utilizing program R especially for Linux. For GUI development we use the shiny toolkit (shiny Package). In
addition to its computational features E-module type is also accopained by related stastistical formula. the
mathematical notations are presented using mathJax.

OPTIONS MENU AND RESULT
Below is a picture of the menu display where we can select the options on the menu display.
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GRAPHICS VISUALIZATIONS

SUMMARY
1.
2.
3.

No need to install programs R to use R-Shiny applications.
Can be accessed using various tools and operating systems (Windows, android, Mac, PC, Tablet, Gadgets)
Accessible on-line via address (http://statslab-rshiny.fmipa.unej.ac.id/RVig/TestLavaan/)
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Abstract.This paper describes about how high level of data accurate, running error and time enumeration for comparison
tool performance between Weka and Rapidminer Data Mining. Data mining is a increment tool that usually used by some
scientist. This paper hopefully make function as easy the scientists for understanding the best performance data mining
tools. We combine 4 classification algorithm, they are C4.5, Naive Bayes, K-NN and random Forest. Those classification
algorithms are funvtion as counting of classification cases, such as marketing bank, best car, liver patient, best tennis and
rice plant quality. Weka and rapidminer that use 4 classification algorithms. Based on time enumeration of classification
algorithms is rapidminer data mining is higher 5.63 second than weka data mining. Data accurate Weka data mining is
also higher 2.60% than rapidminer. Oher side. Running error of Rapidminer data mining is higher 2.6% than weka data
mining. Therefore, it is clearly found. Weka data mining is more accurate than Rapidminer data mining that based on
data accurate and running.

INTRODUCTION
Scientifically, a fact is collected to get a datum. Then data is processed to be described clearly and accurately so that
people can understand it. The selection of data agrees with equity and difference within it, namely classification.
The process of data to be information is very useful for an accurate basic decision-making, however, as the time
progress a group of data that are collected in computer system and the amounts are uncountable and useless are
eliminated. Obviously, these useless data still can be extracted into new useful knowledge for an institution.
Knowledge about data extraction/data addition is called Data Mining. Data mining explores the basic of data to find
the hidden formulas, look for information predictor that is probably forgotten by them which the data is out of their
expectation. The existence of data mining emerges data mining algorithms, which has deficiency and advantages. To
find the performance of a data-mining algorithm, it needs tool data mining. In addition, to know how much the
accuracy in using the algorithm until the prediction is close to be right. this study tries to recognize the performance
of data mining algorithm by using tool data mining. The used tool is WEKA and Rapidminer.
This study aims at knowing and comparing the performance of tool data mining WEKA and Rapidminer so it can be
used in Indonesia as a research or academic information. This study does not blame one tool or another because each
tool data mining has its own deficiency and advantage

EXPERIMENTAL DETAILS
Tool Data Mining
Tool data mining is software that is used to facilitate a researcher, academician, and other people in
processing and mining the data. It also can be a library so it can be implanted in a program. Furthermore, the
program is able to do what the tool can do.
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A. Weka
WEKA is series of machine-learning software written in java, developed in Waikato University, New Zealand. This
software has many algorithm machine learnings for data mining necessity. WEKA also has data processing
starts from pre-processing, classification, association rules dan visualization.
B.

Rapidminer

Rapdminer is one of software for processing data mining. The rapidminer text mining’s task is related to text
analysis, pattern extraction from a big dataset, and combined it with statistics method, artificial intelligence,
and database.
C.

Confusion Matrix

Confusion is a method that is usually used to measure the accuracy of data mining concept. By using split ratio 0.1
and the used data is playing tennis data, the result of confusion matrix between WEKA and Rapidminer which will
be compared below.

Weka

accuracy 69.2308 %

Rapidmi
neer

FIGURE 1. Comparison of Cross Validation WEKA and Rapidminer

D. Decision Tree
Decision Tree is decision which is processed from extracting a datum by using algorithm classification.
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(a)

(b)

FIGURE 2. (a) Decision Tree with WEKA , (b) Decision Tree with Rapidminer

Procedures
The procedure of this research is collecting two tools of data mining i.e. WEKA and Rapidminer. In addition, it
determines the group of data which will be used and select one set of algorithm classification to test the performance
of tool data mining. Furthermore, it notes the accuracy result from each tools in data mining in the form of table and
graphic.

Tool Data Mining
File Dataset.CSV
Weka

Rapidminer

Algorithm Classification

C4.5

Naive Bayest

KNN

Random Forest

Result
(a)
FIGURE 3. (a) Research Procedures
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RESULTS AND DISCUSSION
The accuracy result is shown at TABLE 1 by implementing classification algoritm, while the table process rapidity
is finding out a better performance of tool data mining by deciding a querrel average of each classification
algorithm. The performance detail is shown by TABLE 2, while the atribute used in dataset is shown by TABLE 1.
TABLE 1. Available Atribute in Dataset.
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TABLE 2 shows the testing result of tool data mining from WEKA and Rapidminer. The compared matters in this
study are accuracy, error, and processing time. The data tested are the quality of organic rice in agriculture agency in
Bondowoso, bank marketing, car evaluation, and Indian Liver Patient Dataset (ILPD). The dataset is selected since
it is appropriate with used algorithms i.e. C4.5/J48, Naïve Bayes, K-NN, and Random Forest. FIGURE 4 are
representation of TABLE 2.
TABLE 2. Detail of Tool Data Mining Performance

Weka

Algorithm
Classfication

Dataset

Quality of organic rice

Accura
cy

C4.5 / J48

72.79

Naive Bayes

62.90

K-nn

64.29

Random Forest

71.27

C4.5 / J48

87.81

Naive Bayes

88.82

K-nn

87.05

Random Forest

89.01

C4.5 / J48

80.51

Naive Bayes

79.04

K-nn

77.75

Random Forest

83.15

C4.5 / J48

67.62

Naive Bayes

59.24

K-nn

64.38

Random Forest

70.86

The average of accuracy and time progress

75.41

Bank Marketing

Car Evaluation

Indian Liver Patient Dataset
(ILPD)

Error
27.2
1
37.1
0
35.7
1
28.7
3
12.1
9
11.1
8
12.9
5
10.9
9
19.4
9
20.9
6
22.2
5
16.8
5
32.3
8
40.7
6
35.6
2
29.1
4
24.6
0

Time

2
1
41
34
3
1
60
19
1
1
4
8
1
1
3
3
11,4
4

Rapidminer
Accura
Error Time
cy
30.5
69.47
3
5
39.9
60.06
4
6
36.0
63.94
6
12
44.0
55.95
5
7
11.7
88.28
2
3
12.5
87.44
6
4
14.1
85.82
8
8
11.5
88.47
3
15
20.6
79.36
4
5
19.7
80.26
4
3
23.2
76.78
2
3
29.3
70.68
2
4
35.8
64.12
8
6
43.3
56.68
2
4
32.0
67.94
6
5
30.3
69.66
4
3
72.8068 27.2 5,812
8 0
5
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C4.5 / J48

K-nn
Random
Forest

(a)
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

Naive Bayes
K-nn
Random
Forest

(b)

C4.5 / J48

K-nn

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

C4.5 / J48
Naive Bayes

Akurasi weka
Error weka
Time weka
Akurasi rapidminer
Error rapidminer
Time rapidminer

Naive Bayes

Akurasi weka
Error weka
Time weka
Akurasi rapidminer
Error rapidminer
Time rapidminer

C4.5 / J48

Akurasi weka
Error weka
Time weka
Akurasi rapidminer
Error rapidminer
Time rapidminer

Time rapidminer

Error rapidminer

Akurasi rapidminer

Time weka

Error weka

Akurasi weka

Naive Bayes

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00

Random
Forest

(c)

K-nn
Random
Forest

(d)

FIGURE 4. (a) graphic of dataset performance from quality of organic rice, (b) graphic of dataset performance from Bank
Marketing, (c)Graphic of dataset performance from Car Evaluation, (d) Graphic of dataset performance from Indian
Liver Patient Dataset (ILPD)

SUMMARY
The summary of this study is divided into three parts; they are:
1. The average of rapidminer speed is 5,8125 seconds, and WEKA speed is 11,44 seconds. So the average of
quarrel speed between WEKA and Rapidminer is 5,625.
2. From accuracy level of algorithm classification is WEKA is superior than rapidminer with the difference of
2,60%
3. From the dataset used, Indian Liver Patient Dataset (ILPD) is the fastest dataset in time processing.
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Abstract. Let 𝐺 = (𝑉(𝐺), 𝐸(𝐺)) be a nontrivial connected graph. An edge-coloring of 𝐺 is defined as a function 𝑐: 𝐸(𝐺) →
{1,2, … , 𝑘}, for some 𝑘 ∈ ℕ, such that adjacent edges may be colored the same. A path 𝑃 of 𝐺 is called rainbow path if all edges
in 𝑃 admit distinct colors. A graph 𝐺 is rainbow connected under 𝑐 if any two vertices are connected by a rainbow path. An edgecoloring in which 𝐺 is rainbow connected is called a rainbow coloring. The smallest number of colors that are needed in order to
make 𝐺 rainbow connected is defined as the rainbow connection number of 𝐺, denoted by 𝑟𝑐(𝐺). In this paper, we introduce a
new class of graphs, namely spectrum graphs. A spectrum graph on 4𝑛 + 3 vertices, denoted by 𝑆𝑝𝑛 . We determine the rainbow
connection number of spectrum graphs.

INTRODUCTION
The concept of rainbow colorings of a graph was introduced by Chartland, Johns, McKeon, and Zhang 1 in 2006. It
can be used to model a secure transfer of information. It is necessary to determine the minimum password or
firewalls such that for every two agencies there exists one secure path. Let 𝐺 = (𝑉(𝐺), 𝐸(𝐺)) be a nontrivial
connected graph. An edge-coloring of 𝐺 is defined as a function 𝑐: 𝐸(𝐺) → {1,2, … , 𝑘}, for some 𝑘 ∈ ℕ, such that
adjacent edges may be colored the same. A path 𝑃 of 𝐺 is called rainbow path if all edges in 𝑃 admit distinct colors.
A graph 𝐺 is rainbow connected under 𝑐 if any two vertices in 𝐺 are connected by a rainbow path. An edge-coloring
in which 𝐺 is rainbow connected is called a rainbow coloring. The smallest number of colors that are needed in
order to make 𝐺 rainbow connected is defined as the rainbow connection number of 𝐺, denoted by 𝑟𝑐(𝐺). Clearly
that 𝑑𝑖𝑎𝑚 (𝐺) ≤ 𝑟𝑐 (𝐺), where 𝑑𝑖𝑎𝑚(𝐺) denotes the diameter of 𝐺.
There are some results about rainbow connection number of graphs, i.e cycles and wheels 1, amalgamation of some
graphs 2, flower (𝐶𝑚 , 𝐾𝑛 ) graphs 3, origami graphs and pizza graphs 5, 𝑛-crossed prism graphs 6, stellar graphs 8,
pencil graphs 9, and rocket graphs 10. In 7 Schiermeyer determined bounds for the rainbow connection number of
graphs. He showed that 𝑟𝑐(𝐺) ≥ 𝑑𝑖𝑎𝑚 (𝐺); 1 ≤ 𝑟𝑐(𝐺) ≤ 𝑛 − 1; 𝑟𝑐(𝐺) = 1 if only if 𝐺 is a complete graph; and
𝑟𝑐(𝐺) = 𝑛 − 1 if only if 𝐺 is a tree. More results on the rainbow connection can be found in a survey by Li and Sun
4
.

RESULTS AND DISCUSSION
For simplifying, define [𝑎, 𝑏] = {𝑥 ∈ ℤ|𝑎 ≤ 𝑥 ≤ 𝑏}. Let 𝑛 be a positive integer, a spectrum graph on 4𝑛 + 3,
denoted by 𝑆𝑝𝑛 , is a graph with the vertex set and the edge set, respectively, as follows:
𝑉(𝑆𝑝𝑛 ) = {𝑣𝑖,𝑗 |𝑖 ∈ [1,4], 𝑗 ∈ [1, 𝑛]} ∪ {𝑢𝑖 |𝑖 ∈ [0,2]} and
𝐸(𝑆𝑝𝑛 ) = {𝑣𝑖,𝑗 𝑣𝑖+1,𝑗 |𝑖 ∈ {1,3}, 𝑗 ∈ [1, 𝑛]} ∪ {𝑢0 𝑣𝑖,𝑗 |𝑖 ∈ [1,4], 𝑗 ∈ [1, 𝑛]} ∪ {𝑣𝑖,𝑗 𝑢1 |𝑖 ∈ {1,3}, 𝑗 ∈ [1, 𝑛]} ∪
{𝑣𝑖,𝑗 𝑢2 |𝑖 ∈ {2,4}, 𝑗 ∈ [1, 𝑛]} ∪ {𝑢𝑜 𝑢𝑖 |𝑖 ∈ [1,2]}.
Theorem 1. Let 𝑛 be a positive integer, then the rainbow connection number of a spectrum graph on 4𝑛 + 3 vertices
is
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2, 𝑖𝑓 𝑛 = 1;
𝑟𝑐(𝑆𝑝𝑛 ) = {
3, 𝑖𝑓 𝑛 ≥ 2.

Proof. We devide a proof of the upper bound into two cases.
Case 1. 𝑛 = 1
We first show that 𝑟𝑐(𝑆𝑝1 ) ≤ 2. Define a coloring 𝑐: 𝐸 (𝑆𝑝1 ) → {1,2} as shown in Figure 1.

FIGURE 1. A Rainbow 2-Coloring of 𝑆𝑝1
It is easy to check that for every two vertices 𝑥 and 𝑦 in 𝑆𝑝1 , there exists an 𝑥 − 𝑦 rainbow path.

Case 2. 𝑛 ≥ 2
We show that 𝑟𝑐(𝑆𝑝𝑛 ) ≤ 3 for 𝑛 ≥ 2. Define a coloring 𝑐: 𝐸 (𝑆𝑝𝑛 ) → {1,2,3} as follows.
1, if 𝑒 = (𝑣𝑖𝑗 𝑢1 ) for 𝑖 ∈ {1,3} and 𝑗 ∈ [1, 𝑛] or
𝑒 = (𝑣𝑖𝑗 𝑢2 ) for 𝑖 ∈ {2,4} and 𝑗 ∈ [1, 𝑛];
𝑐(𝑒) =

2, if 𝑒 = (𝑣𝑖,𝑗 𝑣𝑖+1,𝑗 ) for 𝑖 ∈ {1,3} and 𝑗 ∈ [1, 𝑛] or
𝑒 = (𝑢0 𝑢𝑖 ) for 𝑖 ∈ [1,2];
{ 3, if 𝑒 = (𝑣𝑖𝑗 𝑢𝑜 ) for 𝑖 ∈ [1,4] and 𝑗 ∈ [1, 𝑛].

We consider any two vetices 𝑥 and 𝑦 in 𝑆𝑝𝑛 . It is obvious that there exists an 𝑥 − 𝑦 rainbow path, if 𝑥 is adjacent
to 𝑦. In Table 1, we show that there exists an 𝑥 − 𝑦 rainbow path, if 𝑥 is not adjacent to 𝑦.

TABLE 1. Rainbow Paths 𝑆𝑝𝑛 for 𝑛 ≥ 2
Number

𝒙

𝒚

1
2
3
4
5

𝑣𝑖,𝑗
𝑣𝑖,𝑗
𝑣𝑖,𝑗
𝑢1
𝑢1

𝑣𝑘,𝑙
𝑣𝑘,𝑙
𝑣𝑘,𝑙
𝑢2
𝑣𝑖,𝑗

Condition
𝑖, 𝑘 ∈ {1,3} and 𝑗, 𝑙 ∈ [1, 𝑛]
𝑖, 𝑘 ∈ {2,4} and 𝑗, 𝑙 ∈ [1, 𝑛]
𝑖 ∈ {1,3}, 𝑘 ∈ {2,4}, and 𝑗, 𝑙 ∈ [1, 𝑛]
𝑖 ∈ {2,4}

Rainbow Path
𝑣𝑖,𝑗 , 𝑢0, 𝑢1 , 𝑣𝑘,𝑙
𝑣𝑖,𝑗 , 𝑢0, 𝑢2 , 𝑣𝑘,𝑙
𝑣𝑖,𝑗 , 𝑢0, 𝑢2 , 𝑣𝑘,𝑙
𝑢1 , 𝑢0, 𝑣2,1 , 𝑢2
𝑢1, 𝑢0 , 𝑣𝑖,𝑗
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6
𝑢2
𝑣𝑖,𝑗
𝑖 ∈ {1,3}
𝑢2, 𝑢0 , 𝑣𝑖,𝑗
Hence,
2,
𝑟𝑐(𝑆𝑝𝑛 ) ≤ {
3,

jika 𝑛 = 1;
jika 𝑛 ≥ 2.

Proof of the lower bound consists of two cases.
Case 1. 𝑛 = 1
Since 𝑑𝑖𝑎𝑚(𝑆𝑝𝑛 ) = 2, it follows that 𝑟𝑐(𝑆𝑝1 ) ≥ 2.
Case 2. 𝑛 ≥ 2
We show that 𝑟𝑐(𝑆𝑝𝑛 ) ≥ 3 for 𝑛 ≥ 2. Suppose to the contrary, 𝑟𝑐 (𝑆𝑝𝑛 ) = 2. Let 𝑐 ′ be a rainbow 2 coloring of 𝑆𝑝𝑛 . Consider the vertices 𝑣1,1 and 𝑣4,1 . Since there exists exactly one 𝑣1,1 − 𝑣4,1 path whose
length 2, namely 𝑣1,1 , 𝑢0 , 𝑣4,1 , without loss of generality 𝑐 ′ (𝑣1,1 𝑢0 ) = 1 and 𝑐 ′ (𝑣4,1 𝑢0 ) = 2. Since there
exists exactly one 𝑣1,1 − 𝑣4,2 path, one 𝑣1,2 − 𝑣4,2 path, and one 𝑣3,1 − 𝑣4,2 path whose length 2, we get
𝑐 ′ (𝑣4,2 𝑢0 ) = 2, 𝑐 ′ (𝑣1,2 𝑢0 ) = 1, and 𝑐 ′ (𝑣3,1 𝑢0 ) = 1. Next, consider the vertices 𝑣1,1 and 𝑣3,1 . There exist
two 𝑣1,1 − 𝑣3,1 paths whose length 2, namely 𝑣1,1 , 𝑢0 , 𝑣3,1 and 𝑣1,1 , 𝑢1 , 𝑣3,1 . Since 𝑣1,1 , 𝑢0 , 𝑣3,1 is not a
rainbow path, we divide the remaining proof into two subcases.
Subcase 2.1 𝑐 ′ (𝑣1,1 𝑢1 ) = 1 and 𝑐 ′ (𝑣3,1 𝑢1 ) = 2
It implies 𝑐 ′ (𝑣1,2 𝑢1 ) = 1. So, there is no a 𝑣1,1 − 𝑣1,2 rainbow path. We get a contradiction.
Subcase 2.2 1 𝑐 ′ (𝑣1,1 𝑢1 ) = 2 and 𝑐 ′ (𝑣3,1 𝑢1 ) = 1
It implies 𝑐 ′ (𝑣1,2 𝑢1 ) = 2. So, there is no a 𝑣1,1 − 𝑣1,2 rainbow path. We get a contradiction.
Thus, 𝑟𝑐(𝑆𝑝𝑛 ) ≥ 3 for 𝑛 ≥ 2.

□

For illustration of a rainbow coloring of 𝑆𝑝𝑛 for 𝑛 ≥ 2 that is defined in the prove of Theorem 1, see Figure 2.

FIGURE 2. A Rainbow 3-Coloring of 𝑆𝑝𝑛 for 𝑛 ≥ 2
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SUMMARY
In this paper, we introduce a new class of graphs, namely spectrum graphs. We determine the rainbow connection of
a spectrum graph on 4𝑛 + 3 vertices, for any positive integer 𝑛.
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Abstract. This paper presents a different approach for reserving of claims in general insurance industry that is using time
series analysis. The authors of this paper propose deterministic time series models such as moving average and
exponential smoothing to predict claims reserve. Then the stochastic model, i.e. autoregressive integrated moving
average (ARIMA), is appeared as a comparator for the deterministic models. The proposed models are applied to
monthly liability claims data of a general insurance company in Indonesia. The comparison shows that the ARIMA of
stochastic model is preferred.

INTRODUCTION
To be able to fulfill future obligations, general insurance companies set claims reserve routinely at the moment
evaluation. Generally, prediction of claims reserve in actuarial literature is based on scheme of run-off triangle data
1,2,3
as shown in TABLE 1.
TABLE 1. Scheme of run-off triangle data.

Claims Occurrence Period
𝟏
𝟐
⋯
𝒊
⋯
𝒏−𝟏
𝒏

𝟏
𝑦11
𝑦21
⋯
𝑦𝑖1
⋯

𝟐
𝑦12
𝑦22
⋯
𝑦𝑖2
⋯

𝑦(𝑛−1)1
𝑦𝑛1

𝑦(𝑛−1)2

Development Period
⋯
𝒋
⋯
⋯
𝑦1𝑗
⋯
⋯
𝑦2𝑗
⋯
⋯
⋯
⋯
⋯
𝑦𝑖𝑗
⋯

𝒏−𝟏
𝑦1(𝑛−1)
𝑦2(𝑛−1)

𝒏
𝑦1𝑛

In scheme of run-off triangle data, historical claims data, 𝑦𝑖𝑗 , are classified by claims occurrence period 𝑖(𝑖 =
1,2, ⋯ , 𝑛) and development period 𝑗(𝑗 = 1,2, ⋯ , 𝑛). To obtain prediction of future claims reserve, a calculation of
historical claims data using various methods in actuarial literature is used. The prediction of claims reserve will be
placed on blank cell in scheme of run-off triangle data.
Although the use of scheme of run-off triangle data is widely applied to predict claims reserve in actuarial literature,
there are quite a few problems in the scheme of run-off triangle data. The problems of the scheme of run-off triangle
data are discussed in Mutaqin et. al 4. To that end, this paper suggests a claims reserve prediction using non-actuarial
approach specifically time series analysis. We start with deterministic models like moving average and exponential
smoothing. Then the stochastic model, autoregressive integrated moving average (ARIMA), is used as a comparator
of the deterministic models. By using liability claims data from a general insurance company in Indonesia, we apply
the proposed models. Three criteria of measurement error, i.e. root mean squared error (RMSE), mean absolute
deviation (MAD), and mean absolute percentage error (MAPE), are used to evaluate the performance of the
proposed models.
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TIME SERIES MODELS
This section explain the proposed time series models used for predicting claims reserve. The models consist of
moving average, exponential smoothing, and ARIMA model.

Moving Average
Moving average is a model with the concept of smoothing historical time series data. One of types of moving
average models is double moving average that is model for handling trend. Formulation of the double moving
average 𝑀𝐴(𝑀 × 𝑁) is described as follows 5:
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The notation of 𝑠𝑡′ and 𝑠𝑡′′ denote the simple moving average and the double moving average at the time period 𝑡,
respectively. The notation of 𝑎𝑡 is the single moving average adjustment at the time period 𝑡 , 𝑏𝑡 is the trend
estimate, and 𝑦̂𝑡+𝑚 is prediction value for 𝑚 future periods.

Exponential Smoothing
Exponential smoothing is a model for smoothing historical time series data using an exponentially weighted
smoother. Holt’s exponential smoothing is the one of exponential smoothing models based on Holt’s method. This
method divides the time series data into two components, i.e. the level, 𝑎𝑡 , and the trend, 𝑏𝑡 , that can be calculated
from 6:
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with the initial value 𝑎1 = 𝑦1 and 𝑏1 = 𝑦2 − 𝑦1 . Furthermore, the sum of the level and trend components at the time
period 𝑡 can be used as prediction of 𝑚 future periods that can be formulated by:
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ARIMA
ARIMA model is a model which uses a number of observations for several past periods as a basis for the preparation
of a prediction for the future. This model can describe the effect of autoregressive (AR) and moving average (MA).
The general form of ARIMA(𝑝, 𝑑, 𝑞) model is 6:

B1  B yt    B t ,
d
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with Φ(𝐵) = (1 − 𝜑1 𝐵 − 𝜑2 𝐵2 − ⋯ − 𝜑𝑝 𝐵𝑝 ) and Θ(𝐵) = (1 − 𝜃1 𝐵 − 𝜃2 𝐵2 − ⋯ − 𝜃𝑞 𝐵𝑞 ) . The notation 𝐵 is
backshift operator and 𝜀𝑡 is a white noise process with zero mean and constant variance.

RMSE, MAD, and MAPE
Performance of time series models can be evaluated by using many kinds of measurement error. In this paper, we
use three criteria of measurement error, that are RMSE, MAD, and MAPE. The formula of the RMSE, the MAD,
and the MAPE are described as follows 6:
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RESULTS
The above time series models are applied to monthly liability claims data from an Indonesian general insurance
company, with observation period January 2009 until December 2014. The time series data of the liability claims
show growth trend although there is the sharp drop in the end of 2012 as shown in FIGURE 1. The data from
January 2009 up to and including December 2013 are used as in-sample data to predict the 2014 data as out-ofsample data. The differences between the actual and the prediction for the 12 months of 2014 are used to evaluate
the proposed models performance.

FIGURE 1. Plot of liability claims data.

The double moving average, Holt’s exponential smoothing, and ARIMA are implemented on the liability claims
data to predict claims reserve in the future. Analysis of the data by using the double moving average and the Holt’s
exponential smoothing tend to be easier to perform than the ARIMA. The ARIMA model have to saturate the
assumption of independent residual and all parameters should be significant. By using Box-Jenkins procedure, the
ARIMA model for the data is:

1  0.3138B  0.2724 B y

(xiv)
 226.4886   t .
FIGURE 2 shows the prediction results as obtained from the double moving average, Holt’s exponential smoothing,
and ARIMA model. The plots show that the prediction of Holt’s exponential smoothing and ARIMA model are
close from the actual data both in the in-sample data and out-of-sample data.
2

t
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FIGURE 2. Claims reserve prediction by (a) double moving average, (b) Holt’s exponential smoothing, (c) ARIMA.

To demonstrate the performance of the double moving average, Holt’s exponential smoothing, and ARIMA
accurately both in the in-sample and out-of-sample data, the authors use the three measurement error criteria include
RMSE, MAD, and MAPE. The results are shown in TABLE 2.
TABLE 2. RMSE, MAD, and MAPE comparison.
Data

In-sample

Out-of-sample

Measurement
Error

RMSE
MAD
MAPE
RMSE
MAD
MAPE

Double Moving
Average

Model
Holt’s Exponential
Smoothing

97.29918
77.07403
37.77467
164.7118
148.8837
83.67315

313.4959
74.63681
33.23954
56.48467
46.50797
28.58931

ARIMA

62.49371
48.37917
24.55954
55.33709
43.12226
27.22728

Measurement error of the in-sample data in TABLE 2 indicate that the ARIMA model outperformed the double
moving average and Holt’s exponential smoothing model for predicting claims reserve. Likewise, for out-of-sample
prediction of the data, ARIMA model outperforms the other models. Therefore, to predict claims reserve in general
insurance industry, ARIMA model can be a good alternative.
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SUMMARY
We have compared deterministic time series models, i.e. double moving average and Holt’s exponential smoothing,
and stochastic time series model, i.e. ARIMA. Based on the measurement error comparison, ARIMA model
outperformed the other models. Based on the results, ARIMA of stochastic model could be a good alternative to
predict claims reserve in general insurance industry because it performed well both in the in-sample and out-ofsample data.
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Abstract. Poverty is the condition which a person or community is being not able to fulfill basic needs in various
dimension of life. Papua is a province that located in the east of Indonesia and has a high level of poverty. Eradicating
poverty needs a right policy from the government and therefore proper data analysis is required in order to apply those
policies. This study aims to analyze whether the relationship between poverty and location of each region exists using
spatial analysis. 5 independent variables are used in the spatial regression: Regional Gross Domestic Product, Literacy
Rate, School Attendance, Access to Clean Water and The Labor Force Participation Rate. The dependent variable is the
percentage of poverty. First, we are processing the data to obtain The Moran Index to know if spatial autocorrelation
exist. The next step is modelling the data using Spatial Autoregressive Model (SAR), Spatial Error Model (SAM) or
General Spatial Model. The fit model for the data is Spatial Autoregressive Model (SAR). The significant independent
variable to the model are Regional Gross Domestic Product, Literacy Rate, Access to Clean Water and The Labor Force
Participation Rate. As one of three component of FGT (The Foster-Greer-Thorbecke Index), the Percentage of Poverty
(P0) then calculated with Imbalance Poverty Index (P1) to generate the estimation of government funds’ allocation in
alleviating poverty program.
Keywords: poverty, spatial analysis, FGT.

INTRODUCTION
As a developing country, poverty has become a complex problem for Indonesia. It needs attention and effort from
all citizen to eradicate poverty, not only government. The percentage of poverty has been fluctuated since a decade
ago, ranging from 13.93 in March 2007 to 10.21 in September 2017. It Is far from MDG’s target of reducing poverty
up to 7.55% by the end of 2015 1. Indonesia is an archipelago and wide country, laid from Sabang in the west and
Merauke in the east. In general, Indonesia can be divided into 2 groups, first, the west area covering Sumatra, Java,
Bali and Kalimantan islands. Second, the east area which covers Sulawesi, Halmahera, Maluku, Papua and Islands
of Nusa Tenggara. The population density in both groups are not equally distributed with around 80% of Indonesian
are living in the west area 2,3.
Indonesia’s national development is still based on population density distribution. The area with high population
density will be developed well, and the area with low population density will be less developed. This is because
developments need resources, both natural and human resources. The west area provides it with plenty natural
resources and big number of people living there. This national development including economic, social and
infrastructure. As the result of it, the majority of rill economic activity and market are concentrated in the west area.
High economic level and activity have made the west area an area with low poverty percentage compared to the east
area. In 2016, BPS noted that there are 10 provinces with high poverty percentage that exceeds Indonesia’s
percentage. They are Papua (28.4%), West Papua (24.88%), East Nusa Tenggara (22.01%), Maluku (19.26%),
Gorontalo (17.63%), Bengkulu (17.03%), Aceh (16.43%), West Nusa Tenggara (16.02%), Cenral Sulawesi
(14.09%) and Lampung (13.86%). 7 of those provinces are located in the east area 4.
Poverty measurement in Indonesia is using basic needs approach and the data is collected by National Bureau of
Statistics in a national socio-economic survey lead every year. In measuring poverty, three steps to be taking are: 1)
defining an indicator of welfare; 2) establishing a minimum acceptable standard of that indicator; and 3) generating
a summary statistics to aggregate the information from the distribution of each welfare indicator relative to the
poverty line.
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In defining a welfare indicator, the common approach is to measure economic welfare based on household
consumption expenditure or income. When divided by the household size, this gives a per capita measure of
consumption expenditure or income. Of course, there are also nonmonetary measures of individual welfare, which
can include indicators such as infant mortality rates in the region, life expectancy, proportion of spending devoted to
food, housing conditions, and child schooling. Wellbeing is a broader concept than economic welfare, which only
measures a person’s command over commodities. The establishment of a minimum acceptable standard of each
indicator helps to separate the poor from the non-poor. It is deemed necessary to achieve an adequate standard of
living in a given country. Most commonly used is the cost of basic needs approach. It first estimates the cost of
acquiring enough food for adequate nutrition – usually 2,100 Calories per person per day – and then adds on the cost
of other essentials such as clothing and shelter 5.
With the condition of unequally distributed population density between west and east region, it is essential to use
geographical analysis to assess the causes and factors of poverty. A GIS based analysis of poverty is important as
poverty levels have a space and a time component. It allows the display and spatial analysis of poverty which aids
the understanding of the causes of poverty. This can be achieved using a multi-criteria analysis that combines a
variety of information such as natural resources, topography, infrastructures, amongst others. Combining poverty
indicators with geo-referenced datasets such as soil fertility, slope, land use, water access points, etc. helps to
highlight areas where, for example, poverty overlaps with other socio-economic and environmental challenges 6.
A GIS based analysis requires that the original survey data be georeferenced, else it cannot be analysed and the
results mapped. Georeferencing implies that there is a linkage between the survey data and the geographic location
to which the data pertains 7. GIS as a tool plays a key role for decision makers in order to target poverty reduction
programs. FGT (The Foster-Greer-Thorbecke Index), includes three components, Headcount Ratio of poverty (P0),
Imbalance poverty index (P1) and Poverty Severity (P2) 8. It is important to analyze poverty level of a specific area
and allocate government’s fund in order to alleviate poverty. The FGT index has been used in several studies to
generate overall poverty indices at national, sub-national, and/or socioeconomic levels of interest 9-11.
Papua, as the farthest east province in Indonesia has the highest poverty percentage. Many factors contributing to
this phenomenon. Such as low population density, slow infrastructure development, limited human resources and
rough terrain. Thus, it is crucial to analyze poverty in Papua using combination of methods. This study is to analyze
whether the relationship between poverty and location of each region in Papua exists using spatial analysis. 5
independent variables are used in the spatial regression: Regional Gross Domestic Product, Literacy Rate, School
Attendance, Access to Clean Water and The Labor Force Participation Rate. The dependent variable is the
percentage of poverty.
This paper is structured as follows: an introduction is given detailing poverty in Indonesia and the importance of
using GIS-based and FGT analysis. This is followed by the GIS based procedure developed and utilized in the study.
The paper presents the results of the poverty analysis conducted in Papua Province. Lastly, the examination of
factors contributing to poverty is presented.

EXPERIMENTAL DETAILS
Data
We use secondary data from Badan Pusat Statistik or National Buerau Of Statistics Indonesia.
Those data are :







Poverty Rate as dependent variable
Regional Gross Domestic Product
Literacy Rate
School Attendance Rate
Access to Clean Water
The Labor Force Participation Rate
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Analysis Methodology
In this paper, there are two main steps conducted. There are finding the best model of Poverty Rate and estimate the
distribution of general fund for each city or regency in Papua. We did analysis using Spatial Regression and ForterGreer-Thorbecke Index.
Spatial Regression
A GIS based analysis of poverty is important as poverty levels have a space and a time component 7. Spatial
regression is one of methods in spatial analysis which capture spatial dependencies in regression analysis. Spatial
dependencies can be included in regression model as the relationship between dependent and independent variable,
dependent variable and its spatial lags, or in the error term. There are two type of spatial dependency : Spatial Lag
Model (SAR) and Spatial Error Model(SEM). Estimating poverty rate in Papua also need to be done with Spatial
Regression, because there are spatial dependency. It allows us to study poverty deeper and into the causes of the
poverty.
General model of spatial regression shown in this equation 12.
Y = ρWY + Xβ + u
u = λWu + ɛ
ɛ~N(0,σ2In)
Moran Index
Spatial dependency test is used to know the existence of spatial autocorrelation between one location to another
location. This test is done by calculating the moran index.
The hypothesis:
H0 : I = 0 (Spatial autocorrelation not exist)
H1 : I ≠ 0 (Spatial autocorrelation exist)
Rejecting area is when p-value < α.
Lagrange Multiplier
Lagrange multiplier is used to detect specific spatial dependency. There are two spatial dependencies : Spatial
Lag Model (SAR) and Spatial Error Model(SEM). From the two models, we can choose the best with p-value < α.
Foster-Greer-Thorbecke
FGT is one of poverty metrics. The equation is
FGTa=

1
𝑁

∑𝐻
𝑖=1 (

𝑧−𝑦𝑖 𝑎
𝑧

)

Where,
z is poverty threshold,
N is the number of people,
H is the number of poor (those with incomes at or below z),
yi is the income of each individual i
FGT analysis is used to accommodate central government to allocate general fund to every province in Indonesia.
And also from province to regency.
Estimation of General Fund = P1/P0 x Z x Q
P1/P0 is average of poverty gap
Z is poverty line
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Q is people living in poverty

Steps
1. First of all, we calculate Moran Index to check is there any spatial autocorrelation or not.
2. Second, we find parameter and p-value from Lagrange Multiplier for Spatial Autoregressive Model (SAR) and
Spatial Error Model(SEM), fitted model is the one which p-value< α and we use Queen Contiguity.
3. From the best fitted model (SAR), conduct a series of tests to find the coefficient and also check the significance
of each variables.
4. Then check assumption of normality using Jarque-Bera test and homogeneity using Breusch-Pagan Test.
5. Compare the two fitted model (Ordinary Least Square and Spatial Autoregressive Model) and choose the model
with smallest AIC and SIC and highest value of Loglikelihood.
6. After we get the best spatial model, we go to Foster-Greer-Thorbecke index, estimate the general fund of each
regency.
7. With FGT index we can allocate general fund to each regency with right proportion based on its condition.

RESULTS AND DISCUSSION
Moran Index
Moran Index test can only be done after the weighted matrix has been determined previously. Moran Index test aims
to know the existence of spatial dependency. Then, is used to analyze spatial autocorrelation between one location to
another. This test is done by calculating. In this case, we want to know the relation between the dependent variable
(percentage of poverty) with one region to another surrounding regions.So, testing of percentage of poverty to know
the spatial dependency exist or not. From the calculation process the result of Moran Index is below:
TABLE 1. Moran Index test

Moran Index

Value

P-value

0.2362

0.0140

The hypothesis from that test is:
H0: 𝐼 = 0 (𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑎𝑢𝑡𝑜𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑛𝑜𝑡 𝑒𝑥𝑖𝑠𝑡)
𝐻1: 𝐼 ≠ 0 (𝑆𝑝𝑎𝑡𝑖𝑎𝑙 𝑎𝑢𝑡𝑜𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑖𝑠𝑡)
The result of the test shows that the value of moran index test is 0.2362 with p-value 0.0140 (p-value < α=0.05).
That condition shows that we have to reject the null hypothesis. It means there is spatial autocorrelation in error.
After that, we continue with Lagrange test for determining the spatial regression that will be used in this model.

Lagrange Multiplier Test
Lagrange multiplier is used to detect specific spatial dependency. There are two spatial dependencies: Spatial Lag
Model (SAR) and Spatial Error Model (SEM). From this test, we can know the proper model between SAR and
SEM. The result of calculation process is below:
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TABLE 2. Lagrange Multiplier Test

Model

Parameter

P-value

Spatial Autoregressive Model (SAR)

6.6111

0. 0098

Spatial Error Model (SEM)

2.5846

0.1079

Hypothesis that use in Lagrange Multiplier for Spatial Autoregressive Model is:
H0: 𝜌 = 0 (𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑙𝑎𝑔 𝑠𝑝𝑎𝑡𝑖𝑎𝑙 𝑎𝑢𝑡𝑜𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 )
H1: 𝜌 ≠ 0 (𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑙𝑎𝑔 𝑠𝑝𝑎𝑡𝑖𝑎𝑙 𝑎𝑢𝑡𝑜𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒 )
The test shows that p-value in the Spatial Autoregressive Model (p-value 0.0098) is less than α=0.05, means
there is spatial lag dependency or There is lag spatial autocorrelation in dependent variable.
Hypothesis that use in Lagrange Multiplier for Spatial Error Model is:
H0: 𝜆 = 0 (𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑠𝑝𝑎𝑡𝑖𝑎𝑙 𝑎𝑢𝑡𝑜𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑒𝑟𝑟𝑜𝑟)
H1: 𝜆 ≠ 0 (𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑠𝑝𝑎𝑡𝑖𝑎𝑙 𝑎𝑢𝑡𝑜𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑒𝑟𝑟𝑜𝑟 )
The test shows that p-value in the Spatial Error Model (p-value 0.1079) greater than α=0.05 means there is no spatial
autocorrelation in error. This result gives us insight the proper model is Spatial Autoregressive Model. The Next
process is calculating the Spatial Autoregressive Model.

Spatial Autoregressive Model (SAR)
Spatial Autoregressive Model is a spatial regression model with spatial autocorrelation in dependent variable. From
previous step the proper model for modeling Papua’s percentage of poverty is Spatial Autoregressive Model. The
first thing is to do the estimation and testing for parameter. This step is conducted for knowing the significance of
parameter. The result of estimation and testing of parameter for Spatial Autoregressive Model shows in the table
below.
TABLE 3. Estimation and testing of parameter for SAR Model

Variable

Coefficient

Std.Error

Z-value

P-value

Constant

122.229

13.4372

9.09636

0.00000

-0.243448

0.0860917

-2.82778

0.00469*

Literacy Rate (X2)

-0.410744

0.0659596

-6.22721

0.00000*

School Attendance (X3)

0.0632799

0.0458155

1.38119

0.16722

Access to Clean Water (X4)

-0.183854

0.0375881

-4.89129

0.00000*

Regional
Gross
Product (X1)

Domestic
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The Labor Force Participation
Rate (X5)

-0.586255

0.111736

-5.24678

0.00000*

ρ

-0.266032

0.0928291

-2.86583

0.00416*

From the table above, we can know the variable that has statistics significance effect to percentage of poverty as
dependent variable in α=0.05 is independent variable with p=value < α=0.05. The statistically significant
independent variable for the model are Regional Gross Domestic Product, Literacy Rate, Access to Clean Water and
The Labor Force Participation Rate. The statistically significant independent variable means that independent
variable give real effect to the change of percentage of poverty in Papua Province. From this process we have model
below.
𝑦̂=122.229-0.266032Wy*-0.243448X
1*-0.410744X2*+0.0632799X3-0.183854X4*-0.586255X5*
𝑖
After forming the model above, next step is testing the assumption in Spatial Autoregressive Model.
a. Normality Test
Normality test in this research use Jarque-Bera test. The hypothesis of Jarque-Bera test is below.
H0: 𝐸𝑟𝑟𝑜𝑟 𝑖𝑠 𝑖𝑛 𝑁𝑜𝑟𝑚𝑎𝑙 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛
H1: 𝐸𝑟𝑟𝑜𝑟 𝑖𝑠 𝑛𝑜𝑡 𝑖𝑛 𝑁𝑜𝑟𝑚𝑎𝑙 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛
The criteria of decision is rejected H0 if p-value < α=0.05. The output of normality test in Spatial Autoregressive
Model is p-value = 0.88173. It means that H0 doesn’t rejected or error is in normal distribution.
b. Homogeneity of error Test
Homogeneity of error test in this research use Breusch-Pagan test. The hypothesis of Breusch-Pagan test is below.
H0: 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑒𝑟𝑟𝑜𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑖𝑠 ℎ𝑜𝑚𝑜𝑔𝑒𝑛 (𝐻𝑜𝑚𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦)
H1: 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑒𝑟𝑟𝑜𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 𝑖𝑠 𝑛𝑜𝑡 ℎ𝑜𝑚𝑜𝑔𝑒𝑛 (𝐻𝑒𝑡𝑒𝑟𝑜𝑔𝑒𝑛𝑒𝑖𝑡𝑦)
The criteria of decision is rejected H0 if p-value < α=0.05. The output of homogeneity test in Spatial Autoregressive
Model is p-value = 0.28177. It means that H0 doesn’t rejected or variance error in the model is homogeny
(homogeneity of variance error).
From the assumption test of normality and homogeneity shows that H0 doesn’t rejected. It means that the
assumption of normality and homogeneity are met.

Fitting Model
In this step, we have to choose the fitted model by AIC (Akaike Information Criterion), SIC (Schwartz Information
Criterion) and Log likelihood value. The fitted model is a model with small value of AIC and SIC and big value of
Log likelihood. The value of AIC, SIC and Loglikelihood for Ordinary Least Square and Spatial Autoregressive
Model is below.
TABLE 4. Value of Fitted Model

Criterion

OLS

SAR

AIC

170.837

166.176
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SIC

178.831

175.502

Log likelihood

-79.4187

-76.0882

From the result the model that can analyze spatial dependency of poverty rate in Papua is Spatial Autoregressive
Model (SAR). Because of small value of SIC and AIC and big value in Log-likelihood compare to Ordinary Least
Square Method.

Interpretation
Regression model to analyze poverty in Papua use Spatial Autoregressive Model (SAR). The model is below.
𝑦̂=122.229-0.266032Wy*-0.243448X
1*-0.410744X2*+0.0632799X3-0.183854X4*-0.586255X5*
𝑖
From the model we can infer the statistically significant independent variable to the model are Regional Gross
Domestic Product, Literacy Rate, Access to Clean Water and The Labor Force Participation Rate in significance
level (α) =0.05. The statistically significant independent variable have negative relations mean that increasing the
value of independent variable will decrease the percentage of poverty in Papua as dependent variable. The model
shows that increasing one million of Regional Gross Domestic Product (GDRP) the percentage of poverty will
decrease 0.266032 percent. Then, increasing one percent of Literacy Rate decreasing 0.410774 percentage of
poverty . On the other hand, increasing one percent of people that have access to clean water will decrease 0.183854
percent of poverty rate. Meanwhile, the labor force participation rate increase one percent will decrease 0.586255
percent of poverty rate. The coefficient ρ that statistically significant means that one region surrounding by n
another region, the effect from each region that surround is 0.266032 multiple by dependent value of surrounding
region.

Foster-Greer-Thorbecke Analysis
Foster Greer Thorbecke is one of poverty metrics that can be used to calculate the percentage of poverty when alpha
is equal to 0 and imbalance poverty index when alpha is 1, and severity poverty index when alpha equals to 2. This
is the formula to estimate the general fund, there are 3 components average of poverty gap (P1/P0) , poverty line (Z),
and number of people living in poverty (Q). From the previous explanation we know that the poverty rate (P0) as
dependent variable and in this section poverty rate will be the one of the component to estimate the general fund.

Estimation of General Fund = P1/P0 x Z x Q
From this estimation we know the portion of general fund that have to be implemented consider with average of
poverty gap (P1/P0) , poverty line (Z), and number of people living in poverty (Q). This calculation can be a
guidelines for government when set the general fund especially for every regency in Papua province in this case.
The estimation of general fund allocated by Papua province government using FGT analysis shows us that the
highest amount of the fund is allocated to Jayawijaya regency and Sarmi regency received the lowest amount of the
fund.
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Regency

Z

Q
P0
(000 people)

Provinsi Papua
427176
911.33
Merauke
310420
24.28
Jayawijaya
367804
83
Jayapura
464519
16.76
Nabire
520951
36.99
Kepulauan Yapen
536501
25.53
Biak Numfor
491278
38.1
Paniai
418520
65.18
Puncak Jaya
526756
44.27
Mimika
634370
30.12
Boven Digoel
406678
13.38
Mappi
273699
24.82
Asmat
316437
24.97
Yahukimo
320783
74.54
Pegunungan Bintang
431818
22.79
Tolikara
228288
45.33
Sarmi
399291
5.13
Keerom
504460
9.26
Waropen
567808
8.97
Supiori
388523
6.99
Mamberamo Raya
591595
6.42
Nduga
296287
36.72
Lanny Jaya
405347
72.13
Mamberamo Tengah
336736
17.88
Yalimo
286170
21.36
Puncak
545506
40.53
Dogiyai
427149
29.15
Intan Jaya
542007
20.53
Deiyai
503898
31.72
Kota Jayapura
805746
34.48
TABLE 5. Estimation of General Fund use FGT Analysis

28.54
11.08
39.66
13.49
26.03
27.54
26.99
39.13
37.31
14.72
20.82
26.64
27.79
40.62
31.52
33.63
13.74
17.15
31.25
37.99
29.52
38.47
41.68
38.36
35.8
38.58
31.21
43.73
45.11
12.06

P1

P2

P1/P0

9.37
3.33
14.71
2.57
8.38
9.35
7.45
9.63
5.82
3.6
4.22
8.46
6.87
10.47
5.15
8.28
2.31
4.64
12.57
10.91
7.03
7.3
11.64
5.53
9.73
5.77
9.3
13.97
11.48
1.63

4.19
1.52
8.26
0.91
3.81
4.28
3.02
3.38
1.8
1.51
1.3
3.61
2.5
4.22
1.83
3.06
0.75
1.8
7.09
3.85
2.3
2.43
5.39
1.24
4.34
1.15
3.78
6.16
4.19
0.45

0.328311142
0.300541516
0.370902673
0.19051149
0.321936227
0.339506173
0.276028159
0.246102734
0.155990351
0.244565217
0.202689721
0.317567568
0.247211227
0.257754801
0.163388325
0.246208742
0.168122271
0.270553936
0.40224
0.287180837
0.238143631
0.189758253
0.279270633
0.144160584
0.271787709
0.149559357
0.297981416
0.319460325
0.254489027
0.135157546
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Estimation Of
General Fund (000 Rp)
127810970.9
2265180.687
11322817.39
1483196.426
6203703.856
4650172.094
5166610
6713469.373
3637615.14
4672962.489
1102906.048
2157302.915
1953322.673
6163217.52
1607926.108
2547840.706
344375.4103
1263838.492
2048703.957
779918.7589
904479.0141
2064505.019
8165225.164
867967.7641
1661327.161
3306661.397
3710283.824
3554764.002
4067662.149
3754963.432

Dist.of
General Fund
0.023080429
0.115370701
0.015112618
0.063210916
0.047381636
0.052643737
0.068405031
0.037064469
0.047613853
0.011237755
0.021981239
0.019902839
0.062798392
0.016383516
0.025960515
0.003508918
0.012877531
0.0208747
0.007946765
0.009215938
0.0210357
0.083197293
0.008843916
0.016927631
0.033692307
0.037804906
0.03622028
0.041446313
0.038260156
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SUMMARY
The fitted spatial model for analyzing poverty in Papua is Spatial Autoregressive (SAR) Model that
resulting smallest AIC, SIC value and highest value of Log-likelihood. The statistically significant
independent variable for the model are Regional Gross Domestic Product, Literacy Rate, Access to
Clean Water and The Labor Force Participation Rate. Poverty rate (P0) as the dependent variable also
as the component of Foster Greer Thorbecke Analysis to estimate the general fund. The estimation of
general fund allocated by Papua province government using FGT analysis shows us that the highest
amount of the fund is allocated to Jayawijaya regency and Sarmi regency received the lowest amount
of the fund.
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Abstract. The background of this research was due to the lack of mathematical literacy ability of middle
school student in algebra lesson. The mathematical literacy ability of Indonesian students’ based on PISA
2015 study is still in the below level compared to the other countries, that is ranked 63 out of 70
countries. Indonesian students’ mathematical literacy ability are below the average achievement of
mathematical literacy from all countries participating in the 2015 PISA study. This is a pre-liminary study,
using literature study. The purpose of this literature study is to reveal the types of error made by students
in solving algebraic mathematical literacy problem. The result shows that there are many students’ who
are low in ability to represent word problem into mathematical model, especially mathematizing word
problems in algebra, many types of error, for example in arithmetic and students are not accustomed to
solve non-routine algebraic mathematical literacy problem. The authors suggest that in learning students
have to be familiarized with non-routine problem and teachers as educators can apply innovations in
learning such as applying learning models that can improve students' abilities in mathematics, especially
the ability of algebraic literacy.

INTRODUCTION
Mathematics is one of the disciplines of science that has an important role in education. Given that the
role of mathematics is important, then mathematical ability always requires the attention for more
enhanced. In addition, mastery of mathematics for learners is strongly influenced by the quality of
mathematics education. According to Hasbullah (2015) 1 education is a tools of the human resource
development.
In everyday life is often found something which related and needs mathematics to solve daily life
problem. One of the mathematical abilities required to solve daily life problems is mathematical
literacy. In line with OCED that matematical literacy helps people to recognize the role of mathematics
in the world and to make judgement and decisions needed as citizens. 2
Mastery of mathematics ability and the quality of mathematics education in Indonesia can be seen
from the results of a survey by international institutions. The international assessment of student
achievement is one indicator that shows the quality of education in the country3. One of those is
Programme for International Student Assessment (PISA) study. PISA is an assessment program
organized by the Organization for Economic Cooperation and Development (OECD). The PISA
assessment, in addition, is useful for recognizing the level of students' mathematics skills in some
countries, is also to know the strengths and weaknesses of the education system in the countries
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involved in PISA4. PISA aims to evaluate education systems worldwide by testing students' knowledge
and skills in math, reading and science5.
International mathematical literacy is assessed through PISA. The main concept of PISA is literacy.
Mathematical literacy is defined as the ability of individual’s capability to formulate, apply and
interpret mathematics in various contexts involving mathematical reasoning and the use of concepts,
procedures, facts to describe, explain and predict phenomena and relate them to daily life2 6 7 8 9. It
includes the ability to analyze and communicate ideas to solve problems in everyday life10.
Another sense is expressed by Ojose (2011)11 which states that mathematical literacy is the knowledge
to know and use the basic mathematics in everyday life. This sense shows that people who has good
mathematical literacy skills has sensitivity to know which mathematical concepts are relevant to the
problem their facing. Then, this sensitivity is continued with problem solving.
Others said that literacy in the context of mathematics is the power to use mathematical thinking in
solving everyday problems for better preparation to life's challenges12. Mathematical thinking may
include problem solving, reason logically, communicate and explain. This mindset is developed based
on concepts, procedures, and mathematical facts that are relevant to the problems at hand13.
Mathematical literacy according to PISA study is classified into 6 levels.2 The latest data released by
the OECD shows that Indonesia's rank on PISA 2015 had declined, that was ranked 63 out of 70
countries. Based on the achievement of mathematical literacy levels, Indonesian students are below the
average mathematical literacy achievement of all countries participating in PISA 2015 with the
achievement of level 1st mathematical literacy of Indonesian students stops around the baseline,
whereas the achievement of its 2nd level mathematical literacy lies after the baseline.2
The results of a study conducted by Setiawati (2017) 14 in one of junior high school in Bandung, grade
VII, about students' mathematical literacy abilities on algebra revealed that students’ error in
performing arithmetic most frequenly observed and other observed difficulties concerned
understanding about concept of algebra, applying arithmetic operations in the algebraic expression and
interpreting symbols to represent the unknown. Another fact that is found when students are given
non-routine problems that result many students are not accustomed to solve non-routine algebraic
mathematical literacy problems.
In addition, the results of research conducted by Edogawatte (2009) 15 showed that the error made by
students were categorized according to the stages of problem solving process. The greatest number of
error accured during the processing stage (57.8%) followed by comprehension error (21.9%), encoding
error (15.6%), and verification error (4.7%). The figures indicate that nearly 80% of the errors had
occured during the comprehension and processing stage. The balance 20% had accounted during
encoding and verification. The areas where major error types found were: the transformation of word
problems into algebraic languange (49.4%), parenthesis omitted (38.7%), and wrong operations in
solving equations (29.2%). Based on the data, it appears that the type of error in transforming the word
problems into algebra languange gives the largest percentage. The categories of errors and examples of
problems and errors and causes of students as follows:
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TABLE 1. The categories of errors and examples of problems and errors and causes of students

Error category and sample
problem

1. Transformation of word
problems into
algebraic
languange
(49.4%)
Question: Amanda is 4
years older than Diana. The
sum of their ages is 28
years. What is Amanda’s
age?
2. Parenthesis
omitted
(38.7%)
Question: The lenght and
the width of a rectangle is
given
by 𝑏 + 2 and
5respectively (a figure was
provided). What is the area
of the rectangle?
3. Wrong
operation
in
solving equations (29.2%)
Question: If 𝑥 = 𝑦 + 𝑧 and
𝑥 + 𝑦 + 𝑧 = 30 , then find
the value of 𝑥

Error and possible causes

 Attempted to translet the problem word by word od phrase into
algebraic languange causing “reversal errors”
 Unable to understand the numerical relationship between the
two quantities in algebraic terms due to poor understanding of
the arithmetic-algebraic connection the problem.
 Unfamiliarity of the exixtence of an algebraic entities such as
4 + 𝑥 and conjoining them as 4𝑥

 Lack of understanding of the precedence of operation with
algebraic terms.
 Do not see the need of brackets and attempt to simplify an
algebraic expression fro left to right operation on immediate
terms possibly because of the interference from previously
learned wrong concepts with numbers.
 Difficult to perceive numbers, signs, and letters together as
expressions. Try to separate numbers from letters and carry
out operations due to difficulties of understanding the syntax
of algebra.
 Assign arbitrary convenient values for variable.
 Lack of ability to generate and perceive a global overview of
different parts of an equation including the equal sign due to
poor understanding of the stuctural aspects of algebra.
 Lack of understanding of the defference between letters as
specific unknowns and letters as generalized numbers.
 Other non-algebraic errors such as dropping a sign, incomplete
working, transcription errors, and other computational errors
due to psychological factors such as low attention to the task,
carelessness, or lack of motivation

EXPERIMENTAL DETAILS
The method used in this research is the literature study by describing the results of the
previous research related to the theme of this research
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RUSULTS AND DISCUSSION
PISA 2015 analyzes the definition of mathematical literacy into three aspects base on mathematical
knowledge content: (1) mathematical content, (2) mathematical processes and (3) mathematical
context.2 The mathematical content consist of four ideas: (Change and Relationship, Space and Shape,
Quantity, and Uncertainty and Data) that are related to familiar curricular subjects, such as numbers,
algebra and geometry, in overlapping and complex ways. In mathematical process, these are defined in
terms of three categories: formulating situations mathematically; employing mathematical concepts,
facts, procedures and reasoning; and interpreting, applying and evaluating mathematical outcomes
(herein referred to as “formulate, employ and interpret). These three processes each draw on seven
fundamental mathematical capabilities: communicating; mathematising; representing; reasoning and
argument; devising strategies for solving problems; using symbolic, formal, technical languange and
operation; and using mathematical tools. All of these capabilities are based on the problem solver’s
detailed mathematical knowledge about individual topics. In mathematical context, there are consist of
four contexts. These are the setting in a student’s world in which the problems are placed. The
framework identities four contexts: personal, educational, societal and scientific. 2
PISA study develops students' mathematics skill into six levels. Each level indicates the level of
mathematical competence that the student achieves. The following are six levels of mathematical
abilities based on the PISA 2015 framework: (1) Students can use their knowledge to solve routine
problems and can solve common context problems; (2) Students can interpret the problem, solve it by
formulas, implement simple procedures and can give a reason directly; (3) Students can perform the
procedure well in solving the problem and can choose a simple problem solving strategy and
communicate the results of its interpretation; (4) Students can work effectively with the model and can
choose and interpret different representations, then connect with the real world, students can explain
and communicate with arguments based on students' interpretation and actions; (5) Students can work
with models for complex situations, make guesses, choose, compare and evaluate strategies to solve
problems associated with the model. Students can reflect on what they do and communicate; (6)
Students can use their reasoning in solving mathematical problems, can generalize, formulate,
communicate, interpret and argue about a problem for the original situation, students can apply their
insight deeply, accompanied by mastery of symbols and formal mathematical operations. 2 16 17
Algebra is one of the lesson subject that began to be studied in middle school. Algebra lesson
contained of many applications that can be applied in the daily life of students. This corresponds to one
of the abilities in mathematics that is the ability of mathematical literacy. In solving the problem of
algebra in the word problems is identical with representing mathematically. In line with Herman
(2007)18 that represents mathematically in various forms, such as numerical, symbolic, verbal or
graphical forms. Based on the results of the literature study, a study conducted by Setiawati, Herman
and Jupri (2017)14 on mathematical literacy ability problem no.2 showed that no one student
represents in symbolic form. Thus, it is seen that the ability of students in representing into the form of
mathematics is still lacking. Whereas algebra is more focused on the relationship of numbers and the
use of symbolic language or often referred to as variables.19
Problems with mathematical literacy skills are non-routine and require high-level thinking to solve.
Non-routine problems are the ones that are not immediately known how to solve it, require productive
thinking because students must understand the problems, find ways to get solutions, and solve it.18
Based on the problems that have been found to the previous research, it is necessary for the teacher to
pay attention to the strategic competence and flexible ability that must be possessed by the students
besides the maturity of the students in understanding the concept and the arithmetic process. In line
with Herman (2007)18 that students with good strategic competence are not only able to solve nonroutine problems in various ways, but must have flexible skills in choosing strategies, such as trial and
error, algebra or other appropriate means to answer problems in accordance with existing demands and
situations.
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SUMMARY
Analysis of literature study shows that there are still many students who are low in ability to represent
the word problems into the form of mathematical problems, errors in arithmetic and unfamiliar with
non-routine word problems. Therefore, the authors suggest that in learning students have to
familiarized with non-routine problems. In addition to improve the ability of students in conceptual
understanding, students are also invited in the process of understanding the concepts that impact on the
memory of students that can stored for a long time. On the other hand, teachers as educators can apply
innovations in learning such as applying learning models that can improve students 'abilities in
mathematics, especially students' mathematical literacy skills.
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Abstract. In this paper we apply Generalized Space-Time Model (GSTAR) model on Distribution of
Death Case in 8 District of Central Jakarta. The GSTAR model is an extension of the STAR model. The
main difference that exists between the GSTAR model and the STAR model is on assuming parameters.
The parameters in the STAR model do not depend on the location, so this model is only suitable for
locations with homogeneous characteristics. In the GSTAR model, the model parameters change for each
location to form a diagonal matrix with parameters. The objective of this study is to model the data of
death cases in Central Jakarta using GSTAR model. The data is provided by DINKES DKI (Public Health
Office in Jakarta). The data describes the distribution of death cases in 8 districts of Central Jakarta in the
period 2011-2017.

INTRODUCTION
Based on a report from the Global Burden of Disease Study, around the world, deaths are the majority
due to infectious diseases, heart disease, conflict and terrorism. The study examined the state of health
around the world by estimating the average life expectancy and the number of deaths. The study is
coordinated by the Institute for Health Metrics and Evaluation (IHME) and involves more than 2,500
collaborators from 130 countries and regions of the world. The report found that for now, the average
global life expectancy is 72.5 years (75.3 years for women and 69.8 years for men). Japan has the
highest life expectancy in 2016 with an average life expectancy of 83.9 years. While the Central
African Republic became the lowest life expectancy of 50.2 years. Overall, there are 54.7 million
deaths worldwide by 2016. Nearly 72.3 percent of these deaths are caused by diseases such as heart
disease, stroke and cancer. Approximately 19 percent of deaths in 2016 come from infectious diseases,
maternal diseases, neonatal disease and nutritional deficiencies (CMNN). While 8 percent of deaths
come from injuries.
Jakarta as the capital city of Indonesia, has a high level of air pollution. The air quality monitoring
conducted by Greenpeace since January 2017 at 21 locations in Jabodetabek (Jakarta Bogor Tangerang
Depok Bekasi) shows similar results with the monitoring results of the US Embassy. Air quality in
Jabodetabek for the past six months indicated to have entered unhealthy levels for humans and will
cause more serious health impacts for sensitive groups, such as children, pregnant women, and elderly
(senior citizen). The PM2.5 daily rate at that location is far beyond a tolerable standard, such as the
WHO standard of 25μg / m3. PM2.5 can be inhaled and deposited in the respiratory organs. If exposed
in the long run, PM2.5 can cause acute respiratory infections (especially for children) to lung cancer.
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In addition, PM2.5 can increase levels of toxins in the blood vessels that can stimulate stroke,
cardiovascular disease and other heart diseases, and can harm pregnant women because of the potential
to attack the fetus.
World Health Organization statistics from 2008 estimated that 1.3 million urban dwellers die
prematurely due to air pollution. If the WHO strict rules on clean air density levels are applied, nearly
1.1 million deaths can be avoided. Emissions from factories and power plants, gas pollution from cars,
heated or coal-fired kitchens, mountainous debris is the largest source of dust and smoke particles. For
several years WHO has issued a reference to air pollution limits for big cities. But these references are
rarely met throughout the world. Namely the maximum limit of 20 micrograms per particle per cubic
meter of air per year. In many cities the particle content even reaches more than 300 micrograms per
cubic meter.
In a study shows that there is a consistent and strong effect on air pollution that spreads with death
cases 1.
By using spatio temporal data, the above study explains the linkage of location and time to mortality
rate. To predict future mortality rates, we can use the right model of spatio temporal data, which is the
data of each region as time series data. Time series is an observation value that is influenced by
previous times to obtain a picture of the development of a future activity. One way to model the data is
to use an autoregressive vector (VAR) model. Although very flexible, the autoregressive vector model
(VAR) has too many unknown parameters which must be estimated from the limited data. The
Autoregressive Vector model only uses the observed value at a previous time to obtain a picture in the
future.
By adding location weights into the autoregressive vector model introduced Space Time
Autoregressive (STAR) model by Cliff and Ord (1973), Martin and Oepeen (1975) and developed by
Pfeir and Deutsch (1980). As an autoregressive vector model, the STAR model has a linear
dependency on the region and time. The main difference of the VAR model is that the spatial
interconnection of the STAR model is built using the location weight matrix. By adding the location
weight matrix into the VAR model, the distance between regions will be the weight of the model. But
the STAR model has a weakness in the flexibility of parameters which assumes that the locations
studied have a uniform characteristic (Homogeneous) where the autoregressive parameters in the
model are assumed to be the same for each location, so that if faced with locations with heterogeneous
characteristics the model is poor to use.
From these weaknesses Borovkova, Lopuhaa and Ruchjana (2002) developed the Generelized Space
Time Autoregressive (GSTAR) model that can be used in locations with uniform (heterogeneous)
characteristics where autoregressive parameters on different models for each location. Therefore,
GSTAR model is more realistic, because in reality there are more models with different model
parameters for different location (Wutsqa et al, 2010). The main problem in the GSTAR model lies in
the determination and selection of location weights. Location weights in GSTAR are generally divided
into three types: binary location weights, uniform location weights, and location weights. There have
been many previous studies that have used the GSTAR model such as, Ruchjana (2002) conducted a
study on the modeling of the petroleum production curve, Nunung et al. (2012) applied the GSTAR
model to the GDP data of existing Western European countries. Susanti (2013) applies the GSTAR
model to forecasting the number of tourist visits of four tourist sites in Batu with three weight locations
and GSTAR model was applied on the data of the number of West Javanese TKI 5.
Therefore, based on the description above, it will be used GSTAR model to model the spatio temporal
data for the data of death cases in 8 districts in Central Jakarta by using three location weights i.e.
binary location weight, uniform location weight, and weight of distance location. Central Jakarta
consists of 8 districts namely Gambir, Sawah Besar, Kemayoran, Senen, Cempaka Putih, Johar Baru,
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Menteng and Tanah Abang. Spatio Temporal data on death cases to be used is monthly data of death
cases in 2011-2017.

Star model
Let {Z(t) : t = 0, ±1, , ±2, … } be a multivariate time series of N components. STAR models require the
definition of a hierarchical ordering of “neighbors” of each site. For instance, on a regular grid, one
can define neighbors of a site “first order neighbors” of the first order neighbors- “second order
neighbors” and so on. The next observation at each site is then modelled as a linear function of the
previous observations at the same site and of the weighted previous observations at the neigbhoring
sites of each order. The weights are incoporated in weight matrices 𝑾𝑘 for spatial order k. Formally,
the space-time autoregressive model of autoregressive order p and spatial orders 𝜆1 , 𝜆2 , … , 𝜆𝑝
(STAR(p, 𝜆1 , 𝜆2 , … , 𝜆𝑝 )) is defined as:
𝑝

𝜆

𝑠
𝒁(𝑡) = ∑𝑠=1 ∑𝑘=0
ɸ𝑠𝑘 𝑾(𝒌) Z(t − s) + 𝐞(t),

t = 0, ±1, ±2, …

(1)

Where 𝜆𝑠 is the spatial order of the s-th autoregressive term, ɸ𝑠𝑘 is the autoregressive parameter at
time lag s and spatial lag k, 𝑾(𝒌) is the N x N weight matrix for spatial lag k = 0, 1, ..., 𝜆𝑠 and 𝐞(t) are
random error disturbances with mean zero. Because there are no neighbors at spatial lag zero, 𝑾(𝟎) =
𝑰𝑵 . For spatial order one or higher we only have first order or higher order neighbors, so that for k ≥ 1
(𝑘)
the weight matrix should satisfy ∑𝑁
𝑗=1 𝑤𝑖𝑗 = 1 for all i, k.

GSTAR Model
The main restriction on the STAR model defined in (1) is that the autoregressive parameters ɸ𝑠𝑘 are
assumed to be the same for all locations. However, there is no a priori justification for this assumption;
in fact these parameters are most likely to be different for different locations. A generalized STAR
(GSTAR) model is a natural generalization of STAR models, allowing the autoregressive parameters
to vary per location: ɸ𝑠𝑘 (𝑖) , 𝑖 = 1,2. … , 𝑁. Note that STAR models are a subclass of GSTAR models.
In this paper we shall consider GSTAR models; naturally all the results will continue to hold for STAR
models. A GSTAR(p, 𝜆1 , 𝜆2 , … , 𝜆𝑝 ) model of autoregressive Order p and spatial order 𝜆𝑠 of the sth
autoregressive term is given by
𝜆𝑠
𝑝
𝒁(𝑡) = ∑𝑠=1[ɸ𝑠0 𝒁(t − s) + ∑𝑘=1
ɸ𝑠𝑘 𝑾(𝒌) 𝒁(t − s)] + 𝐞(t), t = 0, ±1, ±2, …

(2)

Where ɸ𝑠𝑘 = diag( (ɸ𝑠𝑘 (1) , ɸ𝑠𝑘 (2) , … , ɸ𝑠𝑘 (𝑁) ) 𝑾(𝒌) satisfies the same conditions as for model (1).

EXPERIMENTAL DETAILS
Generate Data
Data is generated from random and normal assumption with mean of data is zero (assumption of
stationary)
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Model Identification
The dependency of space and time needs to identify, to propose a suitable model for the data. In this
study, model identification is used by analyzing the graph of Space Time Autocorrelation Function
(STACF) and Space Time Partial Autocorrelation Function ( STPACF )

Parameter Estimation
Parameter estimation is done to find out the significant of estimator and cheking stationary process
regarding the estimator. The rules are as follow
SIGNIFICANCE OF ESTIMATOR
𝐻0 : ɸ = 0 ( 𝑡ℎ𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑜𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑖𝑠 𝑛𝑜𝑡 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 )
𝐻1 : ɸ ≠ 0 ( 𝑡ℎ𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑜𝑟 𝑜𝑓 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 𝑖𝑠 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 )

Diagnostic Checking
The basic concept of diagnostic checking is checking the assumption that related with error and
checking the residual (realization of error). In this study, normality test and ACF residual is analyzed.
Finally, mean square error (MSE) is used to check the residual and determine the best model.

Forecasting
Forecasting is computed for January 2018 by using best model.

DATA
GSTAR model is applied to model the spatio temporal data of death cases data in 8 districts in Central
Jakarta using three types of location weights i.e. binary location weight, uniform location weight, and
weight of distance location. Central Jakarta consists of 8 sub-districts namely Gambir, Sawah Besar,
Kemayoran, Senen, Cempaka Putih, Johar Baru, Menteng and Tanah Abang. Spatio temporal data on
death cases is based on monthly observations of death cases in 2011-2017.

TABLE 1. The distances between two sub-districts in Central Jakarta (in kilometer)
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TABLE 1 shows the distances between two sub-districts in Central Jakarta (kilometers). Weight
matrix is constructed based on this table. The distance between two sub-districts is gained by
quadrating the differences of longtitude and latitude of two sub-districts, and then get the square root
of it.

Matrix of Spatial Weight
Binary Weight

𝑤𝑖𝑗 (𝑙) = {

1,
0,

𝑖𝑓 𝑑𝑖𝑗 = min{𝑑𝑖𝑗 , 𝑑𝑖𝑘 } 𝑓𝑜𝑟 𝑗 ≠ 𝑘
𝑜𝑡ℎ𝑒𝑟𝑠
Uniform Weight

1
𝑤𝑖𝑗

(𝑙)

={

𝑛𝑖 (𝑙)
0,

,

j is the neighbor i on the spatial lag l
𝑜𝑡ℎ𝑒𝑟𝑠
Distance Weight

𝑤𝑖𝑗 (𝑙) =
{

1
(𝑙)
1 + 𝑑𝑖𝑗
, j is the neighbor i on the spatial lag 𝑙
1
∑𝑁
𝑗=1
(𝑙)
1 + 𝑑𝑖𝑗
0,
𝑜𝑡ℎ𝑒𝑟𝑠

RESULTS AND DISCUSSION
The result of this study consists of model identification, parameter estimation, diagnostic model
(assumption checking) and forecasting Weight Matrix.
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Binary Weight Matrix lag 1

Uniform Weight Matrix lag 1

Distance Weight Matrix lag 1
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Model Identification
Model identification is determined based on the graph pattern of Space Time Autocorrelation Function
(STACF) and Space Time Partial Autocorrelation Function (STACF). By using starma package in R
program, the results of STACF and STPACF are showed by FIGURE 2 and FIGURE 3 as the
following.

(a)

(b)

(c)

FIGURE 2. Graph of STACF Uniform (a), Binary (b) and Distance (c)

(a)

(b)

(c)
FIGURE 3. Graph of STPACF, Uniform (a), Binary (b) and Distance (c)

The STACF values in the GSTAR model is decreasing and the STPACF values cut off after time lagp[4] , we choose GSTAR(1, 13) for binary weight matrix, GSTAR(1,7) for uniform weight matrix and
GSTAR(1,3) for distance weight matrix.

Parameter Estimation
We use least square methods to find the estimators, and find the estimators with R program [1] and
choose the best model with the lowest MSE.

GSTAR (1,3) with distance weight matrix is choosen as the best model since it has smallest MSE. We
use the least square method to obtain parameters in the GSTAR (1.3). With p-value on F test smaller
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than alpha then model already explain data.As for the insignificant parameters that should be omitted,
consider the weight of each location, the parameter elimination is not performed. According to
Kestenko (2008) and Armstrong (2006) in Ike Fitrianingsih (2012: 45), states that insignificant
variables can still be used to make the forecasting process.

Since all estimated parameter is not equal to zero , then all values are significants

Diagnostic Checking
Normality of residual
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FIGURE 4. Q-Q PLOT OF RESIDUAL DATA
FIGURE 4 show us that 8 disctrict in central jakarta has spreaded point. But, since the majority
locations shows that point is grouped in the equation of x = y , then residual of data is assumed normal.

Correlation of Residual

FIGURE 5. Plot of ACF of Residual Data
FIGURE 5 provides us ACF plot of redisual. Since ost market did not pass the significance level , it
means the resdiuals is uncorralated.
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Forecasting

FIGURE 6. Predicted number of deaths in January 2018

FIGURE 7. Number of deaths in January 2018

SUMMARY
The deaths occurring in eight central Jakarta sub-districts can be modeled with GSTAR (1,3) using a
matrix of distance weights. By comparing the predicted results with the actual number of deaths, only
Gambir and Sawah Besar have considerable differences.
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Abstract. Elbow is one of the component that very frequently used in the fluid system. The use of elbow
in the ducting system will lead to a loss of pressure in the flow. This is due to the change in direction of
flow of fluid through the channel. Value of the pressure drop in the flow through the elbow is affected by
the magnitude of the radius of curvature and turn angle of the elbow, which led to the separation and
secondary flow at the elbow. This study aim to evaluate the characteristics of fluid flow in square duct
elbow 90o with diamond inlet disturbance body (DIDB) at inner wall upstream duct with constant l/Dh =
0,1. This research was conducted in a 3D numerical simulation with k-𝜀 standard turbulence model. In this
study uses the Reynolds number 6.37 x 104 and 13.5 x 104. Test section of this study use square ducting
system with hydraulic diameter (Dh) = 125 mm and curvature ratio (R/Dh) = 2. The upstream channel has a
length 7 Dh, the downstream channel has a length 15 Dh. and d/Dh ratios of 0.064, 0.080 and 0.100. The
results of this research show the effect of using diamond inlet disturbance body (DIDB) and the
characteristics of fluid flow on square duct and elbow 90o. The result shows that the placement of DIDB
can form a shear layer that has a higher turbulence intensity to resist adverse pressure or delay flow
separation due to the curvature ratio of the inner elbow 90o.
Keywords: square duct elbow 90o, diamond inlet disturbance body, pressure drop

INTRODUCTION
Elbow is one of the component that very frequently used in the fluid system. The use of elbows in the
ducting system will lead to a loss pressure in the flow. This is due to the change in direction of flow of
fluid through the channel. Value of the pressure drop in the flow through the elbow is affected by the
magnitude of the radius of curvature and turn angle of the elbow, which led to the separation and
secondary flow at the elbow. Separation occurs due to the inability of the flow resist the friction loss
and adverse pressure gradient (APG) on the wall. The flow will reverse direction from the main flow
and lead secondary flow (vortex) that can reduce the flow energy. Dutta et al 1 based CFD-calculation
showed the effects of separation and secondary flow at the elbow is affected by the magnitude of the
radius of curvature and turning angle. Ozgoren 2 modified flow turbulence intensity using variation of
disturbance bodies. The experimental results showed that square and diamond disturbance has the
higher turbulence intensity than cylinder disturbance. Daloglu 3 conducted some experiments to clarify
the pressure drop in a square channel with two cylinders tandem arrangement. One of the effort to
reduce the pressure drop inside elbow is add a disturbance body called diamond inlet disturbance body
(DIDB) with constant l/Dh = 0.1.
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EXPERIMENTAL DETAILS
This numerical studi use square ducting system with hydraulic diameter (Dh = 125 mm), upstream duct
(straight duct) with length 7 Dh, variation of diameter d/Dh = 0.064, 0.080 and 0.100, elbow 90º with
curvature ratio R/Dh =2 and the last downstream duct (straight duct) with length 15 Dh, variation of
ReDH 6,37 x 104 and 1,35 x 105. Figure 1 shows geometry of this research and detail of DIDB.

FIGURE 1. Geometry of this research

This research did as a 3D numerical method with hexahedral-map meshing and k-ɛ standard turbulence
model. Figure 2. shows meshing hexahedral-map of elbow 90o with DIDB. In each cross section of
downstream duct and elbow 90º is done by parameter measurements. Some limits in this research such
as incompressible flow, viscous and steady flow.

FIGURE 2. Meshing hexahedral-map of elbow 90o with DIDB
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FIGURE 3. The boundary condition of square duct numerical method

The boundary condition of square duct numerical method shows at figure 3 :
1. Inlet (velocity inlet)
2. Upstream straight duct (wall)
3. Diamond inlet disturbance body (DIDB)
4. Square elbow 90o (wall)
5. Downstream straight duct (wall), and
6. Outlet (outflow)

RESULTS AND DISCUSSION
The results of this research show the effect of using diamond inlet disturbance body (DIDB) and the
characteristics of fluid flow on square duct and elbow 90 o. FIGURE 4 shows the results of the
pressure drop on the inlet section and the 90 0 duct elbow outlet. The value of pressure drop without
DIDB result is greater than that using DIDB, the smallest pressure drop occurs on the variation d/Dh =
0.100. The presence of DIDB causes the pressure drop to drop, which occurs because with DIDB the
flow rate in the elbow increases and the momentum on the flow increases, leaving the flow separation
smaller, reducing the pressure drop.
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FIGURE 4. Pressure Drop Elbow 90o

The result of this numerical study shows changes of the pressure coefficient Cp along the cross section
of the outer and inner walls of the elbow. FIGURE 5 shows the comparison of pressure coefficient
along elbow 90o. At the outer wall for all DIDB geometry, the pressure coefficient value has the same
distribution as the ducting without DIDB. The value of the pressure coefficient increases from an angle
of 00 until 500 which indicates the flow of fluid decelerating. Then the accelerated flow is marked by a
decrease in the value of the pressure coefficient at an angle of 50 0 until 900. Acceleration in the flow
shows that the flow as if through the nozzle on the elbow while the flow of deceleration shows that the
flow as if through the diffuser in the elbow.
But at the inner wall without DIDB, the pressure coefficient value decreases until 250, this shows the
accelerated fluid flow. The value of the coefficient of pressure then increases until 900 which shows
the flow deceleration. Ducting with DIDB have a different trenline because value of pressure
coefficient increase from 00 until 900, this shows the flow deceleration.
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FIGURE 5. Comparison of pressure coefficient along elbow 90o

SUMMARY
Placement of Diamond Inlet Disturbance Body (DIDB) which has diameter d/Dh = 0.1 is the most
effective diameter to reduce pressure drop. This is due to the existence of shear layer from the inlet
disturbance body that has a strong enough turbulance intensity to resist adverse pressure on the inner
and outer side elbow.
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Abstract. Poisson regression is a form of regression analysis used to model data in the form of count.
Poisson regression method requires existence of equidispersion that is condition where the mean value
equals the variance of response variable. But sometimes there is an overdispersion phenomenon in the
data modeled with the poisson distribution. Overdispersion means that data has a variance greater that the
mean. Overdispersion shows that there is a population heterogeneity. Consequently, the estimation of the
parameters on the data under such conditions becomes imprecise. One method to overcome the
overdispersion in the Zero Inflated Poisson (ZIP) Regression model. Then the development of the ZIP
regression that has taken into account the spatial factor is called Geographically Weighted Zero Inflated
Poisson Regression (GWZIPR). The parameter estimation of the GWZIPR model is carried out by the
Maximum Likelihood Estimation (MLE) method and completed using the Expectation-Maximization
(EM) algorithm. Weighting function used is fixed bisquare kernel. This study shows that Tetanus
Neonatorum disease in all district/cities in East Java province in mostly influenced by four significant
factors, namely TT2+ immunization coverage on the number og pregnant women, maternity assisted by
health personnel, coverage of complete neonatal visit to infant number, and complication management
neonatal to the number of pregnant women.

INTRODUCTION
Poisson regression is one regression analysis that can be describe the relationship between response
variables where the response variable is distributed poisson with predictor variable. According to
Khoshgoftaar, Gao, Szabo (2004) 1, the Poisson regression method requires the existence of
equidispersion where conditions of mean and variance of the response variable are equal. But
sometimes, there is an overdispersion phenomenon in the data modeled with the distribution of
poisson. Overdispersion means the data has a variance greater than the mean. Overdispersion indicates
that there is a population heterogeneity or the population consists of various sub-populations, where
the sub-population is not observed in the sampel. Consequently the estimation of parameters on the
data with such conditions becomes inappropriate. Jansakul et al (2001) 2 stated that one of the causes
of overdispersion is that more observations are zero. One method for analyzing observations with zero
values is more with the Zero Inflated Poisson (ZIP) model. In the ZIP regression model there are
several parameters that canbe estimated with various methods. One of the method used is Maximum
Likelihood Estimation (MLE). Data taken from several observation locations affect the parameter
estimation so that used Geographically Weighted Zero Inflated Poisson Regression (GWZIPR) model
which is the development of ZIP regression model by considering geographical factor. GWZIPR
model parameter estimation requires weighting matrix that is giving weighting to the data according to
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proximity of observation location to-𝑗 with observation location to-𝑖. The purpose of weighting is to
provide different parameter istimates at the location of the observation. The weighting matrix is
formed from the weghting function, where the weghting function is affected by the bandwidth. The
weighting function used is fixed bisquare kernel.

Geographically Weighted Zero Inflated Poisson Regression (gwzipr) model
The use of ZIP regression is also a problem when applied to data counts involving location factors.
Therefore, the Geographically Weighted Zero Inflated Poisson Regression (GWZIPR) model becomes
an alternative solution to the problem. The GWZIPR model is a local form of the ZIP regression model
that will result in the model parameter estimator being local to each location.
For each observation on the dependent variable is taken from different locations and independent then
0, with opportunities (𝜔𝑖 )
𝑌𝑖 ~ {
poisson (𝜇𝑖 ), with opportunities (1 − 𝜔𝑖 )

(1)

The GWZIPR model of the dependent variable 𝑌𝑖 has different oppotunities for 𝑦𝑖 = 0 and 𝑦𝑖 > 0 with
probability density function for 𝑦𝑖 is
𝑃(𝑌𝑖 = 𝑦𝑖 ) = {

𝜔𝑖 + (1 − 𝜔𝑖 )𝑒 −𝜇𝑖 , for 𝑦𝑖 = 0
(1−𝜔𝑖 )𝑒 −𝜇𝑖 𝜇𝑖 𝑦𝑖

, for 𝑦𝑖 > 0,0 ≤ 𝜔𝑖 ≤ 1

𝑦𝑖 !

(2)

with parameter 𝜇 = (𝜇1 , … , 𝜇𝑛 )𝑇 and 𝜔 = (𝜔1 , … , 𝜔𝑛 )𝑇 is satisfied by
𝑝

ln(𝜇𝑖 ) = ∑𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 , 𝑣𝑖 )
logit (𝜔𝑖 ) = ln (

𝜔𝑖

1−𝜔𝑖

)=

(3)

∑𝑝𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 , 𝑣𝑖 )

(4)

Based on equation (3) and (4) obtained GWZIPR model shown by equation (5) and (6) as follows:
𝑝

𝜇𝑖 = exp(∑𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 , 𝑣𝑖 ))

(5)

𝑝

𝜔𝑖 =

exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 ,𝑣𝑖 ))

(6)

𝑝

(1+exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 ,𝑣𝑖 )))
𝑇

𝛽(𝑢𝑖 , 𝑣𝑖 ) = (𝛽0 (𝑢𝑖 , 𝑣𝑖 ), 𝛽1 (𝑢𝑖 , 𝑣𝑖 ), … , 𝛽𝑝 (𝑢𝑖 , 𝑣𝑖 ))

𝑇

𝛾(𝑢𝑖 , 𝑣𝑖 ) = (𝛾0 (𝑢𝑖 , 𝑣𝑖 ), 𝛾1 (𝑢𝑖 , 𝑣𝑖 ), … , 𝛾𝑝 (𝑢𝑖 , 𝑣𝑖 ))

𝛽(𝑢𝑖 , 𝑣𝑖 ) and 𝛾(𝑢𝑖 , 𝑣𝑖 ) are the vector of the regression parameter will be estimated at the location
(𝑢𝑖 , 𝑣𝑖 ) sized (𝑘 + 1) × 1. 𝑥𝑖 is the vector that contains predictor variables related to probability on
zero state (𝑦𝑖 = 0) and mean on poisson state (𝑦𝑖 > 0), sized 1 × (𝑘 + 1).
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Estimation Parameters of GWZIPR Model
To estimate GWZIPR parameter, Maximum Likelihood Estimation (MLE) method is used. By
substituting the equation (5) and (6) to equation (2) is obtained probability density function from
GWZIPR model is
𝑝

𝑝

exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 ,𝑣𝑖 ))+(exp(−exp(∑𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 ,𝑣𝑖 ))))

𝑃(𝑌𝑖 = 𝑦𝑖 ) =
{

𝑝
(1+exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 ,𝑣𝑖 )))
𝑦
𝑝
𝑝
exp(−exp(∑𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 ,𝑣𝑖 )))(exp(∑𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 ,𝑣𝑖 ))) 𝑖
𝑝
(1+exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 ,𝑣𝑖 )))𝑦𝑖 !

, 𝑦𝑖 = 0
(7)
, 𝑦𝑖 > 0

So the likelihood function is:
∏𝑛𝑖=1
𝐿(𝛽(𝑢𝑖 , 𝑣𝑖 ), 𝛾(𝑢𝑖 , 𝑣𝑖 )|𝑦𝑖 ) =
{

𝑝

𝑝

exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 ,𝑣𝑖 ))+(exp(−exp(∑𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 ,𝑣𝑖 ))))

𝑝
(1+exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 ,𝑣𝑖 )))
𝑦𝑖
𝑝
𝑝
𝑛 exp(−exp(∑𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 ,𝑣𝑖 )))(exp(∑𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 ,𝑣𝑖 )))
𝑝
𝑖=1
(1+exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 ,𝑣𝑖 )))𝑦𝑖 !

∏

, 𝑦𝑖 = 0
(8)
, 𝑦𝑖 > 0

and the log-natural (ln) function of the likelihood is:
For 𝑦𝑖 = 0, ln 𝐿(𝛽(𝑢𝑖 , 𝑣𝑖 ), 𝛾(𝑢𝑖 , 𝑣𝑖 )|𝑦𝑖 ) function is
∑𝑛𝑖=1 ln(exp(∑𝑝𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 , 𝑣𝑖 )) + exp(−exp(∑𝑝𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 , 𝑣𝑖 )))) − ∑𝑛𝑖=1 ln(1 +
𝑝
exp(∑𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 , 𝑣𝑖 )))
For 𝑦𝑖 > 0, ln 𝐿(𝛽(𝑢𝑖 , 𝑣𝑖 ), 𝛾(𝑢𝑖 , 𝑣𝑖 )|𝑦𝑖 ) function is
∑𝑛𝑖=1(𝑦𝑖 ∑𝑝𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 , 𝑣𝑖 ) − exp(∑𝑝𝑘=0 𝑥𝑖𝑘 𝛽𝑘 (𝑢𝑖 , 𝑣𝑖 ))) − ∑𝑛𝑖=1 ln(1 + exp(∑𝑝𝑘=0 𝑥𝑖𝑘 𝛾𝑘 (𝑢𝑖 , 𝑣𝑖 ))) −
∑𝑛𝑖=1 ln(𝑦𝑖 !) (9)
The sum of the ln-likelihood function in the equation (9) will complicate the calculation because it
does not know which zero value comes from the zero state and which comes from Poisson state makes
this likelihood function can not be solved by the usual numerical method. Therefore, equation (9) is
also called incomplete likelihood data.
To maximize the ln-likelihood function in equations (9) use the EM (Expectation Maximization)
algorithm which is one of the most widely used optimization methods as an alternative in maximizing
likelihood function containing missing data.
Suppose variable 𝑌𝑖 relates to the indicator variable 𝑍𝑖 is:
1, if 𝑦𝑖 comes from zero state
𝑍𝑖 ~ {
0, if 𝑦𝑖 comes from poisson state

(10)

The problem is if the response variable 𝑦𝑖 = 1,2,3, … , 𝑛, then value 𝑧𝑖 = 0. While if the response
variable 𝑦𝑖 = 0, then value 𝑧𝑖 is 0 or can also 1. Therefore, the value of 𝑧𝑖 is considered partially lost.
To overcome this, the parameter estimation will be done by EM algorithm:
1. Determination of a single distribution.
Determine the distribution of variable 𝑍𝑖 , based on equation (1) and (10), then:
𝑃(𝑍𝑖 = 1) = 𝜔𝑖
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𝑃(𝑍𝑖 = 0) = 𝑃(𝑌𝑖 ~poisson (𝜇i )) = 1 − 𝜔𝑖
So, 𝑍𝑖 ~Binomial (1, 𝜔𝑖 ), 𝐸(𝑍𝑖 ) = 𝜔𝑖 , 𝑉𝑎𝑟(𝑍𝑖 ) = 𝜔𝑖 (1 − 𝜔𝑖 )
2. Combined Distribution
After distribution 𝑍𝑖 is obtained, then further forming the combined distribution between 𝑦𝑖 and
𝑧𝑖 is
𝑓(𝑦𝑖 , 𝑧𝑖 |𝜔𝑖 , 𝜇𝑖 ) = 𝑓(𝑧𝑖 |1, 𝜔𝑖 )𝑓(𝑦𝑖 |𝑧𝑖 , 𝜇𝑖 )
= (1 − 𝜔𝑖 )1−𝑧𝑖 (𝜔𝑖 ) 𝑧𝑖 (

exp(−𝜇𝑖 )𝜇𝑖 𝑦𝑖
𝑦𝑖 !

1−𝑧𝑖

)

(11)

By substituting the equation (5) and (6) to the equation (11) is obtained weighted ln-likelihood
equation:

ln L*    ui , vi  ,   ui , vi  yi , zi 
n 

 p

 p

   zi   xik  k  ui , vi    ln 1  exp   xik  k  ui , vi    wij  ui , vi  

i 1   k  0

 k 0
  

n





i 1



 k 0

p







 k 0

p



 1  zi   yi   xik k  ui , vi    exp   xik k ui , vi    wij ui , vi  


n

 1  z  ln  y ! w  u , v 
i

i 1

i

ij

i

(12)

i

Then the equation (12) are maximized using EM algorithm, and parameter vector 𝛽(𝑢𝑖 , 𝑣𝑖 ) and
𝛾(𝑢𝑖 , 𝑣𝑖 ) can be estimated separately by writing equation (12) becomes:

ln L    ui , vi  ,   ui , vi  yi , zi   ln L    ui , vi  yi , zi   ln L  ui , vi  yi , zi  
n

 w u , v 1  z  ln  y !
i 1

ij

i

i

i

i

with

 p

ln L   ui , vi  yi , zi    wij  ui , vi   zi  xik  k ui , vi   
i 1
 k 0

n




 w  u , v  ln 1  exp   x
n

i 1

ij

i

i



p

ik

 k 0



 k  ui , vi   

(13)



and
n
 p

ln L    ui , vi  yi , zi    wij  ui , vi 1  zi  yi   xik k  ui , vi   
i 1
 k 0



 p

w
u
,
v
1

z
exp

  xik  k  ui , vi   
ij  i
i 
i 
i 1
 k 0


n
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While the equation

 ui , vi 

 w  u , v 1  z  ln  y ! can be ignored because parameter vector  ui , vi 
n

i 1

ij

i

i

i

i

and

is not found in the equation.

3. Expectation Step
Replace variable 𝑍𝑖 with 𝑍𝑖 (𝑚) that is the expectation from 𝑍𝑖



Zi  m   E Zi yi ,   m   ui , vi  ,   m   ui , vi 





 P Zi  1 yi ,   m   ui , vi  ,   m   ui , vi 





 P Z i  1 yi  0,   m   ui , vi  ,   m   ui , vi 

0




P Zi  1 yi  0,   m  ui , vi  ,   m  ui , vi 




jika yi  0
jika yi  0



1

(15)

 

 p

1  exp     xik  k  ui , vi    exp   xik  k  ui , vi   

 k 0

  k 0
p

So the equation (13) and (14) becomes:



ln L   ui , vi  yi , zi  m



n


 p

 p

  wij  ui , vi   zi  m    xik  k  ui , vi    ln 1  exp   xik  k  ui , vi    

i 1
 k 0

 k 0
  





ln L   ui , vi  yi , zi  m



n
  p

 p

  wij  ui , vi  1  zi  m   yi   xik  k  ui , vi    exp   xik  k  ui , vi   
i 1

 k 0

  k 0



(16)



(17)

4. Maximization Step
Maximizing 𝛽(𝑢𝑖 , 𝑣𝑖 ) and 𝛾(𝑢𝑖 , 𝑣𝑖 ) in the equation (16) and (17) with calculating 𝛽(𝑢𝑖 , 𝑣𝑖 ) (𝑚)
and 𝛾(𝑢𝑖 , 𝑣𝑖 ) (𝑚) by Newton-Raphson method. Suppose that 𝛽(𝑢𝑖 , 𝑣𝑖 ) (𝑚−1) and 𝛾(𝑢𝑖 , 𝑣𝑖 ) (𝑚−1)
are the approximation of the likelihood maximum method to estimate 𝛽̂ (𝑢𝑖 , 𝑣𝑖 ) and 𝛾̂(𝑢𝑖 , 𝑣𝑖 ). By
using Newton-Raphson method then:
−1

𝛽(𝑢𝑖 , 𝑣𝑖 )(𝑚) = 𝛽(𝑢𝑖 , 𝑣𝑖 )(𝑚−1) − (𝐻(𝑢𝑖 , 𝑣𝑖 )(𝑚−1) ) 𝑈(𝑢𝑖 , 𝑣𝑖 )(𝑚−1)
and
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−1

𝛾(𝑢𝑖 , 𝑣𝑖 )(𝑚) = 𝛾(𝑢𝑖 , 𝑣𝑖 )(𝑚−1) − (𝐻(𝑢𝑖 , 𝑣𝑖 )(𝑚−1) ) 𝑈(𝑢𝑖 , 𝑣𝑖 )(𝑚−1)

(19)

for 𝑚 = 1,2,3, … , 𝑛 where 𝛽(𝑢𝑖 , 𝑣𝑖 )(0) and 𝛾(𝑢𝑖 , 𝑣𝑖 )(0) are initial value, 𝐻 is second derivative
from ln 𝐿(𝛽(𝑢𝑖 , 𝑣𝑖 )|𝑦𝑖 , 𝑧𝑖 (𝑚) ) and ln 𝐿(𝛾(𝑢𝑖 , 𝑣𝑖 )|𝑦𝑖 , 𝑧𝑖 (𝑚) ) , 𝑈 is first derivative from
ln 𝐿(𝛽(𝑢𝑖 , 𝑣𝑖 )|𝑦𝑖 , 𝑧𝑖 (𝑚) ) and ln 𝐿(𝛾(𝑢𝑖 , 𝑣𝑖 )|𝑦𝑖 , 𝑧𝑖 (𝑚) ).
5. Repetition the third and fourth step
The 3rd and 4th step are repeated until a convergent parameter estimator is obtained

  u , v 

 m

i

i

 m1

   ui , vi 

 

 

  dan   ui , vi     ui , vi 
m

m1



5
  , biasanya   10 .
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Abstract. The concept of rainbow connection number of a graph was first introduced by G. Chartrand in 2006.
This concept appears after the september 11, 2001, terrorist attack in World Trade Center (WTC) building, new
york, USA, which is intended to answer a question about the minimum number of password or firewalls needed
that allows one or more secure path between every two agencies so that the passwords along each path are distinct.
Rainbow connection number of a connected graph 𝐺, dinoted by 𝑟𝑐(𝐺), as the smallest number of colors are
needed in order to make 𝐺 rainbow connected (Xueliang Li, Yuefang Sun, 2012). There are so much research
about the rainbow connection numbers of some graph classes, such as cycle graph, tree graph, wheel graph,
𝑘 −partite graph, etc.
Introduces a new graph class called cypress graph and denoted by 𝐶𝑒𝑚.𝑛 is a graph with 𝑉(𝐶𝑒𝑚,𝑛 ) =
{𝑣𝑖,𝑗 , 𝑢𝑖 |1 ≤ 𝑖 ≤ 𝑚 + 1, 1 ≤ 𝑗 ≤ 𝑛} and 𝐸(𝐶𝑒𝑚,𝑛 ) = {𝑣𝑖,𝑗 𝑣𝑖,𝑗+1 , 𝑣𝑖,𝑗 𝑢𝑗 , 𝑣𝑖,𝑗 𝑢𝑗+1 |
1 ≤ 𝑖 ≤ 𝑚 + 1, 1 ≤ 𝑗 ≤
𝑛, 𝑣𝑛+1 = 𝑣1 } where 𝑉(𝐶𝑒𝑚,𝑛 ) is the set of points of cypress graph and 𝐸(𝐶𝑒𝑚,𝑛 ) is the set of edge of cypress
graph. The uniqueness of this graph class is the larger the diameter of 𝐶𝑒𝑚.𝑛 (𝑑𝑖𝑎𝑚(𝐶𝑒𝑚.𝑛 )) , 𝑟𝑐(𝐶𝑒𝑚.𝑛 ) is
always equal to the diameter. Otherwise, 𝑟𝑐(𝐶𝑒𝑚.𝑛 ) > 𝑑𝑖𝑎𝑚(𝐶𝑒𝑚.𝑛 ) precisely when 𝑑𝑖𝑎𝑚(𝐶𝑒𝑚.𝑛 ) = 1 or 2
which is not found in some graph classes. Research method to find 𝑟𝑐(𝐶𝑒𝑚.𝑛 ) is by determining upper and lower
bound of 𝑟𝑐(𝐶𝑒𝑚.𝑛 ). The determination of the upper bound is done by defining the coloring of 𝐶𝑒𝑚.𝑛 graph while
the determination of the lower bound is done by using contradiction method. The result of the research is a
propotiton of rainbow connection number on cypress graph.
Let 𝑚, 𝑛 is in positive integer. Then,

1
𝑖𝑓 𝑛 = 3, 𝑚 = 1;
2 𝑖𝑓 4 ≤ 𝑛 ≤ 12, 𝑚 = 1
𝑜𝑟 3 ≤ 𝑛 ≤ 6, 𝑚 = 2;
𝑟𝑐(𝐶𝑒𝑚.𝑛 ) =
3
𝑖𝑓 𝑛 ≥ 13, 𝑚 = 1
𝑜𝑟 𝑛 ≥ 7, 𝑚 = 2;
𝑖𝑓 𝑚 ≥ 3.
{𝑚

INTRODUCTION
The concept of rainbow connection number of a graph was first introduced by G. Chartrand in
2006. This concept appears after the september 11, 2001, terrorist attack in World Trade Center
(WTC) building, new york, USA, which is intended to answer a question about the minimum number
of password or firewalls needed that allows one or more secure path between every two agencies so
that the passwords along each path are distinct. Rainbow connection number of a connected graph 𝐺,
dinoted by 𝑟𝑐(𝐺), as the smallest number of colors are needed in order to make 𝐺 rainbow connected 1.
There are so much research about the rainbow connection numbers of some graph classes, such as
cycle graph, tree graph, wheel graph, 𝑘 −partite graph, etc.
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Introduces a new graph class called cypress graph and denoted by 𝐶𝑒𝑚.𝑛 is a graph with
𝑉(𝐶𝑒𝑚,𝑛 ) = {𝑣𝑖,𝑗 , 𝑢𝑖 |1 ≤ 𝑖 ≤ 𝑚 + 1, 1 ≤ 𝑗 ≤ 𝑛} and 𝐸(𝐶𝑒𝑚,𝑛 ) = {𝑣𝑖,𝑗 𝑣𝑖,𝑗+1 , 𝑣𝑖,𝑗 𝑢𝑗 , 𝑣𝑖,𝑗 𝑢𝑗+1 | 1 ≤ 𝑖 ≤
𝑚 + 1, 1 ≤ 𝑗 ≤ 𝑛, 𝑣𝑛+1 = 𝑣1 } where 𝑉(𝐶𝑒𝑚,𝑛 ) is the set of points of cypress graph and 𝐸(𝐶𝑒𝑚,𝑛 ) is
the set of edge of cypress graph. The uniqueness of this graph class is the larger the diameter of 𝐶𝑒𝑚.𝑛
(𝑑𝑖𝑎𝑚(𝐶𝑒𝑚.𝑛 )) , 𝑟𝑐(𝐶𝑒𝑚.𝑛 ) is always equal to the diameter. Otherwise, 𝑟𝑐(𝐶𝑒𝑚.𝑛 ) > 𝑑𝑖𝑎𝑚(𝐶𝑒𝑚.𝑛 )
precisely when 𝑑𝑖𝑎𝑚(𝐶𝑒𝑚.𝑛 ) = 1 or 2 which is not found in some graph classes.

FIGURE 1. Cypress Graph 𝐶𝑒𝑚,𝑛

EXPERIMENTAL DETAILS
Research method to find 𝑟𝑐(𝐶𝑒𝑚.𝑛 ) is by determining upper and lower bound of 𝑟𝑐(𝐶𝑒𝑚,𝑛 ). The
determination of the upper bound is done by defining the coloring of 𝐶𝑒𝑚.𝑛 graph while the
determination of the lower bound is done by using contradiction method.

RESULT
The result of the research is a propotiton of rainbow connection number on cypress graph.
Propotition.
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Let 𝑚, 𝑛 is positive integers. Then,
1
𝑖𝑓 𝑛 = 3, 𝑚 = 1;
2 𝑖𝑓 4 ≤ 𝑛 ≤ 12, 𝑚 = 1
𝑜𝑟 3 ≤ 𝑛 ≤ 6, 𝑚 = 2;
𝑟𝑐(𝐶𝑒𝑚.𝑛 ) =
3
𝑖𝑓 𝑛 ≥ 13, 𝑚 = 1
𝑜𝑟 𝑛 ≥ 7, 𝑚 = 2;
𝑖𝑓 𝑚 ≥ 3.
{𝑚
Proof.
 For 𝑛 = 3, 𝑚 = 1, 𝐶𝑒𝑚,𝑛 is a complete graph so 𝐶𝑒𝑚,𝑛 = 1.
 For 4 ≤ 𝑛 ≤ 12, 𝑚 = 1, TABLE 1 will show rainbow path of cypress graph, 𝑟𝑐(𝑐𝑚,𝑛 ) ≤ 2
using rainbow coloring 𝑐: 𝐸(𝐶𝑒𝑚,𝑛 ) → {1,2} with:
1, 1 ≤ 𝑗 ≤ 6;
𝑐(𝑣1,𝑗 𝑢1 ) = {
2, 7 ≤ 𝑗 ≤ 12
1,
𝑐(𝑣1,𝑗 𝑢2 ) = {

𝑛
1 ≤ 𝑗 ≤ ⌊ ⌋;
2

𝑛
2, ⌊ ⌋ + 1 ≤ 𝑗 ≤ 𝑛.
2

1, 1 ≤ 𝑗 ≤ 𝑛, 𝑗 𝑖𝑠 𝑜𝑑𝑑;
𝑐(𝑣1,𝑗 𝑣1,𝑗+1 ) = {
2, 1 ≤ 𝑗 ≤ 𝑛, 𝑗 𝑖𝑠 𝑒𝑣𝑒𝑛.
𝑐(𝑢1 𝑢2 ) = 1.
TABLE 1. Rainbow Path Of Cypress Graph for 4 ≤ 𝑛 ≤ 12, 𝑚 = 1, 𝑢, 𝑣 is not two adjacent points.
Starting Points (𝒖)

End Points (𝒗)

Rainbow Path

Requirement

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢2 , 𝑣1,𝑘

1 ≤ 𝑗 ≤ 3; 4 ≤ 𝑘 ≤ 6

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢1 , 𝑣1,𝑘

1 ≤ 𝑗 ≤ 3; 7 ≤ 𝑘 ≤ 9

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢2 , 𝑣1,𝑘

1 ≤ 𝑗 ≤ 3; 10 ≤ 𝑘 ≤ 12

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢2 , 𝑣1,𝑘

4 ≤ 𝑗 ≤ 6; 7 ≤ 𝑘 ≤ 9

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢1 , 𝑣1,𝑘

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢2 , 𝑣1,𝑘

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑗+2

𝑣1,𝑗 , 𝑣1,𝑗+1 , 𝑣1,𝑗+2

4 ≤ 𝑗 ≤ 6; 10 ≤ 𝑘 ≤ 12
7 ≤ 𝑗 ≤ 9; 10 ≤ 𝑘 ≤ 12
1 ≤ 𝑗 ≤ 𝑛−2

For any two adjacent points will always have a rainbow path. TABLE 1. Show that every 𝑢, 𝑣 ∈
𝑉(𝐶𝑒𝑚,𝑛 ) which is not two adjacent point will always a rainbow path. Hence, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≤ 2 .
Otherwise, 𝑑𝑖𝑎𝑚(𝐶𝑒𝑚,𝑛 ) = 2 then 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≥ 2. So, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) = 2.
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𝑢2

FIGURE 2. 𝑐 Coloring Of Cypress Graph 𝐶𝑒1,6



For 3 ≤ 𝑛 ≤ 6, 𝑚 = 2, TABLE 2. will show rainbow path of cypress graph, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≤ 2
using rainbow coloring 𝑐: 𝐸(𝐶𝑒𝑚,𝑛 ) → {1,2} with:
𝑐(𝑣1,𝑗 𝑢1 ) = {

1, 1 ≤ 𝑗 ≤ 3;
2, 4 ≤ 𝑗 ≤ 6.

1, 1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛 − 1, 𝑗 𝑖𝑠 𝑜𝑑𝑑;
𝑐(𝑣𝑖,𝑗 𝑣𝑖,𝑗+1 ) = {
2, 1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛 − 1, 𝑗 𝑖𝑠 𝑒𝑣𝑒𝑛.
𝑐(𝑢𝑖 𝑢𝑖+1 ) = 1, 1 ≤ 𝑖 ≤ 2.
1, 1 ≤ 𝑗 ≤ 3;
𝑐(𝑣2,𝑗 𝑢3 ) = {
2, 4 ≤ 𝑗 ≤ 6.
𝑐(𝑣1,𝑗 𝑢2 ) = 1, 1 ≤ 𝑗 ≤ 𝑛.
TABLE 2. Rainbow Path Of Cypress Graph for 3 ≤ 𝑛 ≤ 6, 𝑚 = 2, 𝑢, 𝑣 is not two adjacent points.
Starting Points (𝒖)

End Points (𝒗)

Rainbow Path

Requirement

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢1 , 𝑣1,𝑘

1 ≤ 𝑗 ≤ 3; 4 ≤ 𝑘 ≤ 6

𝑢 = 𝑣2,𝑗

𝑣 = 𝑣2,𝑘

𝑣2,𝑗 , 𝑢3 , 𝑣2,𝑘

1 ≤ 𝑗 ≤ 3; 4 ≤ 𝑘 ≤ 6

𝑢 = 𝑣𝑖,𝑗

𝑣 = 𝑣𝑖,𝑗+2

𝑣𝑖,𝑗 , 𝑣𝑖,𝑗+1 , 𝑣𝑖,𝑗+2

𝑖 = 1; 1 ≤ 𝑗 ≤ 𝑛

𝑢 = 𝑢1

𝑣 = 𝑢3

𝑢1 , 𝑢2 , 𝑢3

𝑢 = 𝑢1

𝑣 = 𝑣2,𝑗

𝑢1 , 𝑢2 , 𝑣2,𝑗

𝑢 = 𝑣1,𝑗

𝑣 = 𝑢3

𝑣1,𝑗 , 𝑢2 , 𝑢3

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣2,𝑗

𝑣1,𝑗 , 𝑢2 , 𝑣2,𝑗
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TABLE 2 Show that every 𝑢, 𝑣 ∈ 𝑉(𝐶𝑒𝑚,𝑛 ) which is not two adjacent point will always a rainbow
path. Hence, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≤ 2. With using the same reason then 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) = 2.

FIGURE 3. 𝑐 Coloring Of Cypress Graph 𝐶𝑒2,4



For n ≥ 13, 𝑚 = 1, Define coloring 𝑐: 𝐸(𝐶𝑒𝑚,𝑛 ) → {1,2,3} with:

𝑐(𝑣1,𝑗 𝑢𝑘 ) = {

1, 1 ≤ 𝑗 ≤ 𝑛, 𝑗 𝑖𝑠 𝑜𝑑𝑑, 𝑘 = 1, ⋯ , 𝑚 + 1;
2, 1 ≤ 𝑗 ≤ 𝑛, 𝑗 𝑖𝑠 𝑒𝑣𝑒𝑛, 𝑘 = 1, ⋯ , 𝑚 + 1.

𝑐(𝑣𝑖,𝑗 𝑣𝑖,𝑗+1 ) = 3, 1 ≤ 𝑗 ≤ 𝑛 − 1.
Let 𝑢 = 𝑣1,𝑗 and 𝑣 = 𝑣1,𝑘 with 𝑗 is odd and 𝑘 is even or otherwise, then there is rainbow path
𝑣1,𝑗 , 𝑢2 , 𝑣1,𝑘 . Also, let Let 𝑢 = 𝑣1,𝑗 and 𝑣 = 𝑣1,𝑘 with 𝑗, 𝑘 are odd or 𝑗, 𝑘 are even, then there is
rainbow path 𝑣1,𝑗 , 𝑢2 , 𝑣1,𝑘−1 , 𝑣1,𝑘 . Hence 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≤ 3.
For n ≥ 13, 𝑚 = 1 , 𝑑𝑖𝑎𝑚(𝐶𝑒𝑚,𝑛 ) = 2 , then 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≥ 2 . Assume 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) = 2. Then
there is rainbow two coloring at 𝐶𝑒𝑚,𝑛 . Because 𝑑(𝑢1 ) = 𝑛 ≥ 13 and 𝑐 is rainbow two
coloring then there is 𝑆 ⊂ 𝑉(𝐶𝑒𝑚,𝑛 ) with |𝑆| ≥ 7. So, for every 𝑤 ∈ 𝑆 are not the same color.
Hence, the rainbow path is not through 𝑢1 . And because 𝑛 ≥ 13 then there is 𝑤 ∈ 𝑆 which is
not neighborhood or neighborhood with the others 4 points in S. If without losing
generalitatioon, 𝑐(𝑤𝑢2 ) = 1. Then the color which is connect others 4 points in S to 𝑢2 are not
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the same color. But, because those 4 points and 𝑛 ≥ 13, then it is impossible that those points
is neighbourhood or neighbourhood with the other point neighbourhood. Hence, there is two
point which don’t have rainbow path. So contradiction with assume 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) = 2. Therefore
𝑟𝑐(𝐶𝑒𝑚,𝑛 ) = 3.



For n ≥ 7, 𝑚 = 2, TABLE 3 will show rainbow path of cypress graph, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≤ 3 using
rainbow coloring 𝑐: 𝐸(𝐶𝑒𝑚,𝑛 ) → {1,2,3} with:
1, 𝑗 𝑖𝑠 𝑜𝑑𝑑, 𝑗 = 1,2, ⋯ , 𝑛;
𝑐(𝑣1,𝑗 𝑢1 ) = {
2, 𝑗 𝑖𝑠 𝑒𝑣𝑒𝑛, 𝑗 = 1,2, ⋯ , 𝑛.
1, 𝑗 𝑖𝑠 𝑜𝑑𝑑, 𝑗 = 1,2, ⋯ , 𝑛;
𝑐(𝑣2,𝑗 𝑢3 ) = {
2, 𝑗 𝑖𝑠 𝑒𝑣𝑒𝑛, 𝑗 = 1,2, ⋯ , 𝑛.
𝑐(𝑣1,𝑗 𝑢2 ) = 1, 𝑗 = 1,2, ⋯ , 𝑛;
𝑐(𝑣2,𝑗 𝑢2 ) = 2, 𝑗 = 1,2, ⋯ , 𝑛;
𝑐(𝑣𝑖,𝑗 𝑣𝑖,𝑗+1 ) = 3, 𝑗 = 1,2, ⋯ , 𝑛.
𝑐(𝑢𝑖 𝑢𝑖+1 ) = 1, 1 ≤ 𝑖 ≤ 2.
1, 1 ≤ 𝑗 ≤ 3;
(𝑣2,𝑗 𝑢3 ) = {
2, 4 ≤ 𝑗 ≤ 6.
𝑐(𝑣1,𝑗 𝑢2 ) = 1, 1 ≤ 𝑗 ≤ 𝑛.
TABLE 3. Rainbow Path Of Cypress Graph for n ≥ 7, 𝑚 = 2, 𝑢, 𝑣 is not two adjacent points.

Starting Points (𝒖)

End Points (𝒗)

Rainbow Path

Requirement

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢1 , 𝑣1,𝑘

𝑗 is odd and 𝑘 is even, or
otherwise,

𝑢 = 𝑣2,𝑗

𝑣 = 𝑣2,𝑘

𝑣2,𝑗 , 𝑢3 , 𝑣2,𝑘

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢1 , 𝑣1,𝑘−1 , 𝑣1,𝑘

𝑗, 𝑘 = 1,2, ⋯ , 𝑛
𝑗 is odd and 𝑘 is even, or
otherwise,
𝑗, 𝑘 = 1,2, ⋯ , 𝑛
𝑗, 𝑘 are odd or 𝑗, 𝑘 are even,

𝑢 = 𝑣2,𝑗

𝑣 = 𝑣2,𝑘

𝑢 = 𝑢1

𝑣 = 𝑢3

𝑢1 , 𝑢2 , 𝑢3

𝑗, 𝑘 = 1,2, ⋯ , 𝑛

𝑢 = 𝑢1

𝑣 = 𝑣2,𝑗

𝑢1 , 𝑢2 , 𝑣2,𝑗

1≤𝑗≤𝑛

𝑢 = 𝑣1,𝑗

𝑣 = 𝑢3

𝑣1,𝑗 , 𝑢2 , 𝑢3

1≤𝑗≤𝑛

𝑣2,𝑗 , 𝑢3 , 𝑣2,𝑘−1 , 𝑣2,𝑘

𝑗, 𝑘 = 1,2, ⋯ , 𝑛
𝑗, 𝑘 are odd or 𝑗, 𝑘 are even,
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𝑢 = 𝑣1,𝑗

𝑣 = 𝑣2,𝑗

1≤𝑗≤𝑛

𝑣1,𝑗 , 𝑢2 , 𝑣2,𝑗

1≤𝑗≤𝑛

TABLE 3 show that every 𝑢, 𝑣 ∈ 𝑉(𝐶𝑒𝑚,𝑛 ) which is not two adjacent point will always a rainbow
path. Hence, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≤ 3. Because 𝑑𝑖𝑎𝑚(𝐶𝑒𝑚,𝑛 ) = 2, then 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≥ 2. Assume 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) =
2. Let 𝑢1 , 𝑣2,1 ∈ 𝑉(𝐶𝑒𝑚,𝑛 ). Then 𝑢1 , 𝑢2 , 𝑣2,1 is the only rainbow path 𝑢1 , 𝑣2,1 . Also, let 𝑐(𝑢1 𝑢2 ) = 1
and 𝑐(𝑢2 𝑣2,1 ) = 2 then 𝑣2,𝑖 , 𝑢3 , 𝑣2,𝑗 is rainbow path 𝑣2,𝑖 , 𝑣2,𝑗 with 𝑐(𝑢2 𝑣2,𝑖 ) = 2, 2 ≤ 𝑖 ≤ 𝑛 . Choose
𝑐(𝑣2,1 𝑢3 ) = 1 and 𝑐(𝑣2,4 𝑢3 ) = 2. Then 𝑐(𝑣2,𝑛 𝑢3 ) = 1, 𝑐(𝑣2,3 𝑢3 ) = 2, 𝑐(𝑣2,6 𝑢3 ) = 1, 𝑐(𝑣2,2 𝑢3 ) = 2,
𝑐(𝑣2,5 𝑢3 ) = 1. Hence there is no rainbow path for 𝑣2,1 , 𝑣2,5 which is contradiction with the assumtion.
Therefore 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) = 3.



For 𝑚 ≥ 3, TABLE 4 will show rainbow path of cypress graph, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≤ m using
rainbow coloring 𝑐: 𝐸(𝐶𝑒𝑚,𝑛 ) → {1,2, ⋯ , m} with:
1, 𝑗 𝑖𝑠 𝑜𝑑𝑑, 𝑗 = 1,2, ⋯ , 𝑛;
𝑐(𝑣1,𝑗 𝑢1 ) = {
2, 𝑗 𝑖𝑠 𝑒𝑣𝑒𝑛, 𝑗 = 1,2, ⋯ , 𝑛.
𝑐(𝑣1,𝑗 𝑢2 ) = 1, 𝑗 = 1,2, ⋯ , 𝑛
𝑐(𝑣𝑖,𝑗 𝑢𝑖 ) = 𝑖, 2 ≤ 𝑖 ≤ 𝑚, 𝑗 = 1,2, ⋯ , 𝑛
1, 𝑗 𝑖𝑠 𝑜𝑑𝑑, 2 ≤ 𝑖 ≤ 𝑚, 𝑗 = 1,2, ⋯ , 𝑛;
𝑐(𝑣𝑖,𝑗 𝑢𝑖+1 ) = {
2, 𝑗 𝑖𝑠 𝑒𝑣𝑒𝑛, 2 ≤ 𝑖 ≤ 𝑚, 𝑗 = 1,2, ⋯ , 𝑛.
𝑐(𝑣𝑖,𝑗 𝑣𝑖,𝑗+1 ) = 3,1 ≤ 𝑗 ≤ 𝑛 − 1.

TABLE 4. Rainbow Path Of Cypress Graph for 𝑚 ≥ 3, 𝑢, 𝑣 is not two adjacent points.
Starting Points (𝒖)

End Points (𝒗)

Rainbow Path

Requirement

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢1 , 𝑣1,𝑘

𝑗 is odd and 𝑘 is even, or
otherwise,

𝑢 = 𝑣2,𝑗

𝑣 = 𝑣2,𝑘

𝑣2,𝑗 , 𝑢3 , 𝑣2,𝑘

𝑢 = 𝑣1,𝑗

𝑣 = 𝑣1,𝑘

𝑣1,𝑗 , 𝑢1 , 𝑣1,𝑘−1 , 𝑣1,𝑘

𝑗, 𝑘 = 1,2, ⋯ , 𝑛
𝑗 is odd and 𝑘 is even, or
otherwise,
𝑗, 𝑘 = 1,2, ⋯ , 𝑛
𝑗, 𝑘 are odd or 𝑗, 𝑘 are even,

𝑢 = 𝑣2,𝑗

𝑣 = 𝑣2,𝑘

𝑣2,𝑗 , 𝑢3 , 𝑣2,𝑘−1 , 𝑣2,𝑘

𝑗, 𝑘 = 1,2, ⋯ , 𝑛
𝑗, 𝑘 are odd or 𝑗, 𝑘 are even,

𝑢 = 𝑢1

𝑣 = 𝑢3

𝑢1 , 𝑢2 , 𝑢3

𝑗, 𝑘 = 1,2, ⋯ , 𝑛

𝑢 = 𝑢1

𝑣 = 𝑣2,𝑗

𝑢1 , 𝑢2 , 𝑣2,𝑗

1≤𝑗≤𝑛

𝑢 = 𝑣1,𝑗

𝑣 = 𝑢3

𝑣1,𝑗 , 𝑢2 , 𝑢3

1≤𝑗≤𝑛
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𝑢 = 𝑣1,𝑗

𝑣 = 𝑣2,𝑗

𝑣1,𝑗 , 𝑢2 , 𝑣2,𝑗

1≤𝑗≤𝑛
1≤𝑗≤𝑛

For any two adjacent points will always have a rainbow path. TABLE 4 Show that every 𝑢, 𝑣 ∈
𝑉(𝐶𝑒𝑚,𝑛 ) which is not two adjacent point will always a rainbow path. Hence, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≤ m .
Otherwise, 𝑑𝑖𝑎𝑚(𝐶𝑒𝑚,𝑛 ) = m then 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) ≥ m. So, 𝑟𝑐(𝐶𝑒𝑚,𝑛 ) = m.

FIGURE 4. 𝑐 Coloring Of Cypress Graph 𝐶𝑒3,5
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Abstract. Multilocation experiment is an experiment frequently used in the case of plant breeding for
determining the variety of some future lines. In this case, genotype (G) is applied on the different
environments. We know that the evaluation would be difficult when genotype by environment interaction
(GEI) appeared. Statistical methods have been developed in order to determine the diversity of genotype
on the different environments, e.g. modelling graph of genotype and genotype by environment interaction
biplot (GGE Biplot). In the case of GGE Biplot, the main factor of GGE Biplot is generated as the main
examiner effect or environment (E) is deleted, while the main entry effect (G) and the interaction genotype
and environment (GE) entry is kept and combined. Therefore, biplot based on the centered data contains
only G + GE. in addition, GGE Biplot method is a development of AMMI method. subsequently, the main
purpose of this research is to analyze biplot of GE and GGE by applying RCIM model in order to
overcome the outliers. Here, the simulation is applied on the data using single environment outliers
technique to evaluate biplot characteristics in the case of the appearance of outliers. We now will focus on
the data visualization of the interaction and the effect of an outlying observations

INTRODUCTION
Genotype interaction with the environment is a matter of concern in plant breeding. Plants with the
same genotype when planted in different environments will result in different crop production
depending on the environment, as well as plants with different genotypes when planted in the same
environment then the production will also differ depending on the genotype. Therefore, by utilizing the
adaptation and stability of good crops and their components in the genotype, it is possible to develop
or identify superior varieties and adapt well. The development of high yield cultivars with extensive
adaptability is the ultimate goal in agriculture. Evaluation becomes difficult when there is an
interaction between genotype × environment (genotype by environment interaction, GEI). GEI is
caused by differential responses of genotypes to environmental variables (Kang et al., 2002). Two
frequently used statistical analyzes are the main additive effects and multiplicative interaction models
(AMMI) and the major genotype effects and genotype interaction effects model (GGE) (Gauch, 2006).
These two statistical analyzes have broader relevance for agricultural researchers because they refer to
the two-way data matrix that often arises from different types of experiments. The biplot GGE
technique can be used to compare the appearance of different genotypes in an environment, compare
the appearance of one genotype in different environments, compare the appearance of two genotypes
in all environments, find out the highest-powered genotypes in different environments, know
genotypes and ideal environments, compare genotypes based on multiple nature, and knowing of
genotypes with some appropriate traits (Yan and Kang, 2002). The AMMI model combines genotype
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variance analysis and major environmental effects with GEI main component analysis into an
integrated approach (Gauch and Zobel 1996). The biplot GGE method is a further development of the
AMMI method. This method uses several functions of the AMMI method together. It allows visual
testing of the relationship between the test environment, genotype and GEI.
The difference from AMMI is that GGE biplot analysis is based on environmentally-focused PCAs,
whereas AMMI analysis refers to PCAs centered over long distances. For research purposes to
describe the mega-environment, AMMI and GGE are appropriate, and the comparison so far shows
similar results, as expected. For research purposes the accuracy, AMMI and GGE (as well as
multiplicative models shifted, etc.). The GGE biplot model (the main genotype model) (G) plus G x
E), provides a more complete developer and visual evaluation of all aspects of data by creating biplot
which simultaneously represents average performance and stability, as well as identifying mega
environments (Ding et al., 2007; Kang, 1993; Yan, 2001; Yan and Kang, 2003). GGE biplot can be
useful for displaying which data patterns can be won. to identify high crop and stable cultivars and a
discriminatory and representative test environment (Yan et al., 2001). The objective of this study was
to evaluate the interaction of G x E by using AMMI and GGE biplot analysis for crop yields from
wheat crosses. obtained from diallele cross, to identify stable hybrids under stress and non-stress
conditions.

GGE METHOD
GGE technique is a GEI analysis technique that involves the influence of genotype (G) and genotype ×
environment (GE). The most common use of biplot GGE bases itself on the regression linear-bilinear
(SREG) regression model (Samonte et al., 2005; Cornelius et al., 1996). The biplot GGE technique can
be used to compare the appearance of different genotypes in an environment, compare the appearance
of one genotype in different environments, compare the appearance of two genotypes in all
environments, find out the highest-powered genotypes in different environments, know genotypes and
ideal environments, compare genotypes based on multiple nature, and knowing of genotypes with
some
appropriate
traits
(Yan
and
Kang,
2002).
The GGE (Genotype + Genotip by Environment) technique has been widely used for genotype ×
environmental interaction analysis. The GGE technique has several advantages over the AMMI
(Additive Main Effects and Multiplicative Interaction) which are: (1) GGE biplot graphics for the
which-won-wherel superior than AMMI1 graph for mega-environment analysis, (2) GGE biplot- the
average versus stability is superior to the AMMI biplot in selecting genotypes because it explains G +
GE, and (3) on the AMMI technique is not evaluated the test environment (Yan et al., 2007).
The basic model of GGEcan be written as:
𝑌𝑖𝑗 − 𝑌̅𝑗 = 𝜆1 𝜉𝑖1 ƞ𝑗1 + 𝜆2 𝜉𝑖2 ƞ𝑗2 + 𝜀𝑖𝑗
Where :
𝑌𝑖𝑗 is the average of the observed value of the i-th genotype and the j-th environment
𝑌̅𝑗 is the average of the observed value for all genotype and environment
𝜆1 and 𝜆2 are the singular value of PC1 and PC2
𝜉𝑖1 and 𝜉𝑖2 are the score of PC1 and PC2 for the i-th genotype
ƞ𝑗1 and ƞ𝑗2 are the score of PC1 and PC2 for the j-th environment
𝜀𝑖𝑗 is the residuals

EXPERIMENTAL DETAILS
The simulated data is generated by the R program. The data of this table uses two-way table data
where the data is normally distributed. Data were obtained by simulating randomly generated two-way
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tables with sizes of n = 50 genotypes (rows) and p = 8 environments (columns). Genotype ×
environmental interactions are described by two multiplicative rates.
The method used to analyze the data in this study is to use RCIM which will be interpreted using GGE
Biplot. To simplify the calculation process used the help of one software in statistics that is R. To
analyze the data using RCIM assisted with the packages available on R ie VGAM package. This
package provides functions for GLM vectors and other additive models such as VGLM and VGAM.

RESULTS AND DISCUSSION
The MSE was inflated became higher than before in the original data without outlier. There was
different influence correspond to the GE or the GGE model, the outlier was seen to affect the inflation
of the MSE of the GE model higher than of the GGE model. Generally, either for the GE or the GGE
model,there was a tendency that the higher value of outlier the higher MSE we got. Specifically, for
the GE model, the more number of outliers in the data the larger values of MSE, either of scattered
outlier or single environment outliers. We can say here that both the GE and the GGE model still
facing the vulnerability of scattered outliers.
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Abstract. The use of more elbow-shaped channels, the use of large elbows in the fluid mechanics system
results in greater pressure drop. The purpose of this study was to determine the flow characteristics
through a square channel with a 90 elbow. A diamond-shaped body disorder is placed at 10 downstream of
the inlet elbow. This research was conducted in 3D simulation with standard k-3 turbulance model. The
cross-section area of the channel uses a square with a side size of 125 mm, then the hydraulic diameter
(Dh) is 125 mm as well. The elbow curvature ratio (R / D) is set to 3. A body disorder with diagonal (l /
D) ratio at 0.064, 0.08 and 0.1 is placed at 100 downstream in the elbow inlet. The results in this study
indicate that body disorders with diamond shape can delay the separation of flow and increase the
intensity of turbulence flow. Finally the results also show that the pressure drop is reduced.
Keywords: square duct elbow 90o, diamond inlet disturbance body, pressure drop

INTRODUCTION
In the current era of globalization with the development of a very message economy, has made
everyone compete in the primary needs, for example is a place to live and food. The condition is
utilized by most property entrepreneurs to build apartment buildings, supermarkets, and malls to meet
the needs of the community. With the condition of the earth temperature when high enough to cause
the temperature of the room becomes faster increased, this resulted in the perceived convenience
becomes low, so the cooling system of an established building becomes an important key.
The cooling system process of a multi-storey building like self-service is not possible if only using
blower or air conditioning system. The cooling process requires the use of central air conditioning to
circulate between hot and cold air. Air distribution must follow the order of every room, so it requires
the installation of piping in accordance with the shape of the building. An airway system where there is
fluid flow across the 90o elbow will result in a greater pressure drop than crossing a straight air
channel at the same free stream speed, resulting in greater energy losses. Optimal airway construction
is expected to reduce pressure drop on the airway system of a building. The effect of adding guide
vane to pressure drop on the installation using elbow. The best pressure drops on Reynolds (Re) are
low, whereas in (Re) the high pressure drop increases 1. Comparison of simulation and experiment
results. This simulation uses the RSM (Reynolds Stress Model) turbulent model with three mesh
density variations is Vk = 553.052; 1.766.079; and 1,034,775. There is a profile that approximates the
experimental results in the number of mesh 1,034,775 2. Flow structure on the downstream channel is
rectangular with variations of body disturbance in the form of diamond and circular cylinder. The
study was conducted on diamond disturbance dimension 20 mm x 20 mm and diameter circular
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cylinder (D) 20 mm. The results of the experiment show that diamond disturbance produces higher
turbulence intensity than circular cylinder 3. decreased pressure drop on the placement of circular
disturbance body in front of circular cylinder in rectangular shaped channel. The study was conducted
on diameter circular cylinder (D) 25mm and 37.5mm. From the research it can be concluded that the
addition of circular disturbance body can decrease drag and pressure drop but only effective at angle
20 ° and 30 ° for D = 25mm, and 20 °, 30 °, and 40 ° for D = 37.5mm 4. The aim of this research is to
know the fluid flow characteristic with the addition of Inlet Disturbance Body (IDB) in the form of
oriented square cylinder inside 90o elbow with Rc / Dh = 3 to know the flow phenomenon that is the
speed profile and pressure drop at 90 square elbow and downstream duct area.

EXPERIMENTAL DETAILS
Numerical research is done by using Computational Fluid Dynamics (CFD) method.

FIGURE 1. Geometry Research

FIGURE 2. Details of diamond inlet position disturbance body position
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FIGURE 3. Meshing on channel with 90o elbow

RESULT AND DISCUSSION
Comparison of Speed Ducting Speed Distribution Profile with Speed Contour
(without IDB and with IDB l / Dh = 0.064)
The air flow as it enters the ducting begins to develop up to 7Dh on the upstream duct portion without
the IDB, while the ducting is given IDB with l / d 0.064, in the upstream duct flow flows up to 7Dh,
then the flow profile begins to split as flow passes through the IDB. In ducting without IDB airflow in
elbow section 900 looks flow has the highest speed on the inner wall while on the outer wall the speed
starts to decline this happens because of the effect of elbow curvature 90 o. In the downstream duct at
position x / Dh = 1 seen flow deficit on the inner side of this wall occurs because of the secondary flow
that occurs so that the main flow is inhibited by the swirling flow on the upper and lower wall sides. In
ducting added IDB on the upstream duct with l / Dh = 0.064 and 2.5 mm gap of the inner wall, the
highest velocity is found on the middle side of the 900 elbow and the outer wall side is due to the
curvature effect of the elbow 900 and the addition of IDB, it is at x / Dh = 1 the flow has a flow deficit
on the inner side due to secondary flow only with the IDB increasingly increasing deficit.
Profile of speed at ducting added IDB l / Dh: 0.064 or without IDB, data is taken in graphical form in
figure 4. On abscissa of graph taken at position z / Dh = 0.5. Coordinate is indicated by the value u /
Uref, where u is the velocity at each part or point taken its data and Uref is the speed value on the inlet
duct. To see the process of recovery flow then required section reference 4Dh upstream section. The
flow in the elbow inlet that passes through the ducting without the IDB changes the speed profile
distribution ie the velocity of the inner wall position is greater than the outer wall of this profile shape
will be the same to the angle of 90 ° or the elbow outlet, as shown in Fig. 4 (a and b) whereas in
ducting with the addition of IDB l / Dh: 0.064 the flow experiences a change in the velocity profile as
flow of the IDB flow will be split into 2 parts, the flow towards the outter wall side and towards the
side of the inner wall. The flow toward the outter wall side of the flow velocity is higher and more
while the flow on the inner wall is less this is due to the effect of the gap between IDB and wall
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ducting otherwise IDB makes the backflow flow caused by square-shaped IDB. When the flow has
passed the 90o elbow that is in FIGURE 4 (c) and (d) with and without IDB, a larger velocity profile
exists on the outter wall side and the inner wall side of the flow deficit but with the IDB flow deficit
widened.

FIGURE 4. Speed profile without and with IDB l / Dh 0.064
(a) Angle 0 ° (b) angle 90 ° (c) y / Dh = 1 (d) y / Dh = 2 (e) y / Dh = 5 (f) y / Dh = 10

Comparison of Speed Ducting Speed Distribution Profile with Speed Contour
(no IDB and with IDB l / Dh = 0.08)
The speed profile of ducting added IDB l / Dh: 0.08 or without IDB, data retrieved in graphical form in
Figure 4.4. On the abscissa of the graph is taken at position z/Dh = 0.5. Coordinate is indicated by the
value u/Uref, where u is the velocity at each part or point taken its data and Uref is the speed value on
the inlet duct. To see the process of recovery of flow it is necessary to reference section 5Dh upstream
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section. The result of the observed velocity profile is almost identical to the distance variation of l / Dh
= 0.1 ie the flow in the elbow inlet passing through the ducting without the IDB changes the velocity
profile distribution, where the velocity at the inner wall position is greater than the outer wall profile
profile will be the same until 90 ° angle or elbow outlet, as shown in FIG. 6 (a and b) whereas in
ducting with the addition of IDB flows a change in the velocity profile as flow of the IDB flow will
split into 2 parts, the flow leading to the outter wall side and toward the sides from inner wall. In the
flow towards the outter wall side the flow rate is higher and more while the flow on the inner wall is
less this is due to the effect of the gap between IDB and wall ducting, otherwise IDB makes backflow
flow caused by square-shaped IDB. When the flow has passed the 900 elbow that is in the 6c and d
images with and without the IDB, a larger velocity profile exists on the outter wall side and the inner
wall side of the flow deficit occurs but with the IDB the flow deficit is widening.

FIGURE 5. Speed profile without and with IDB l / Dh 0.064
(a) Angle 0 ° (b) angle 90 ° (c) y / Dh = 1 (d) y / Dh = 2 (e) y / Dh = 5 (f) y / Dh = 10

Comparison of Speed Ducting Speed Distribution Profile with Speed Contour
(without IDB and with IDB l / Dh = 0.1)
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Profile speed on ducting added IDB l / Dh: 0,1 or without IDB, data retrieved in graphic form in figure
6. On the abscissa of the graph is taken at position z / Dh = 0.5. Coordinate is indicated by the value u /
Uref, where u is the velocity at each part or point taken its data and Uref is the speed value on the inlet
duct. To see the process of recovery of flow it is necessary to reference section 5Dh upstream section.
The result of the observed velocity profile is almost the same as the distance variation of L / Dh = 0.08
and 0.1. the flow in the elbow inlet passing through the ducting without the IDB changes the speed
profile distribution, where the inner wall velocity velocity is greater than the outer wall profile of this
profile will (a and b) whereas in ducting with the addition of the IDB the flow experiences a change in
the velocity profile when the flow on the IDB flow will be split into 2 parts, ie the flow leading to the
outter wall side and toward the side of the inner wall. In the flow leading to the outter wall side of the
flow velocity is higher and more while the flow on the inner wall is less this is due to the effect of the
gap between IDB and wall ducting besides the existence of IDB makes the backflow flow caused by
IDB square. When the flow has passed the 900 elbow that is in the figure 7 c and d with and without
IDB, the larger velocity profile exists on the outter wall side and the inner wall side of the flow deficit
occurs but with the IDB deficit flow that occurs wider.

FIGURE 7. Speed profile without and with IDB l / Dh 0.064
(a) Angle 0 ° (b) angle 90 ° (c) y / Dh = 1 (d) y / Dh = 2 (e) y / Dh = 5 (f) y / Dh = 10

Pressure Drop
In TABLE 1, 2, 3 shows the results of the pressure drop on the inlet section and outlet ducting. The
value of pressure drop with IDB l / Dh 0.064 result is smaller than non IDB or with IDB l / Dh 0,08;
0.1.
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TABLE 1. Pressure drop of inlet and outlet section at Re = 1.59x10 4

Variasi IDB

Pinlet (Pa)

Poutlet (Pa)

ΔP(Pa)

TANPA IDB

-3,2257886

-3,959495

0,733706

L/DH 0.064

-3,85776

-4,52555

0,66779

L/DH 0.08

-3,8038728

-4,7241494

0,920277

L/DH 0.1

-3,7968583

-4,9900926

1,193234

TABLE 2. Pressure drop of inlet and outlet section at Re = 4.77x10 4

Variasi IDB

Pinlet (Pa)

Poutlet (Pa)

ΔP(Pa)

TANPA IDB

-14,996794

-40,3674

25,37061

L/DH 0.064

-18,884459

-40,2395

21,35504

L/DH 0.08

-19,193491

-40,982004

21,78851

L/DH 0.1

-20,302343

-52,022354

31,72001

TABLE 3. Pressure drop of inlet and outlet section at Re = 9.55x10 4

Variasi IDB

Pinlet (Pa)

Poutlet (Pa)

ΔP(Pa)

TANPA IDB

-50,324638

-145,8868

95,56216

L/DH 0.064

-63,501102

-146,41

82,9089

L/DH 0.08

-66,741531

-149,8457

83,10417

L/DH 0.1

-71,416527

-155,857628

84,4411

DUCTING

Pressure drop
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FIGURE 8. Pressure Drop Square Duct with 90º elbow with Reynolds Number variation
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SUMMARY
Addition of IDB has a sufficient effect to replace the pressure drop pressure. This applies only to IDB l
/ Dh; 0.064 and Re which is small as well. Whereas with larger IDB l / Dh and larger Re does not have
a big influence.
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Abstract. Dealing with product distribution of an industry is to obtain optimum transportation route in
order to make distributions efficient. A company needs to appropriately estimate the distribution’s cost
and time. This study is to propose some methods solving those problems. We use cluster analysis to define
the distribution zone based on distance among retailers. A number of clusters are adjusted to the box truck
capability of visiting maximum 10 retails per day. A clustering method, which has popularly used, is kmeans clustering adapted to the transportation problem. The nearest route of distribution zone is solved
using Travelling Salesman Problem (TSP) method that is nearest insertion algorithm. Instead of the
Euclidean distance matrix, the distance matrix among retailers is measured by utilizing google maps API
to obtain actual distance. The available data of this case is the locations, i.e. coordinates, of all PT CocaCola, Semarang retailers. As the result, there are 23 distribution zones, in which every zone needs 1 – 2
box trucks. The first distribution zone with 9 retailers has the closest route along the 46 kilometers. The
minimum transportation cost required to visit this zone is IDR 45,000 for round trips.
Keywords: Optimum transportation route, k-means, TSP, nearest insertion

INTRODUCTION
A company needs to distribute its products to distributors and/or retailers so that consumers can
easily get their products. The problem related to distribution is to obtain the most effective way which
considering expiration date, availability of transportation, and distribution cost. Therefore, a company
should design the transportation route.
Intuitively, transportation route is arranged by choosing nearby retailers. The distance among
retailers determines the distribution zone. Therefore, we use clustering analysis to divide retailers into
distribution zone. This method is used for grouping or clustering objects according to its similarity or
intrinsic characteristic. One of the most popular and simple clustering is K-means clustering method. It
is intended for situations in which all variables are of the quantitative type 1. The
difference between points is measured by Euclidean distance. Meanwhile, the center of the cluster is
average of all points within a cluster.
After distribution zone is determined, the problem is to decide the sequence of visiting retailers in
order to get the nearest route. Thus, Travelling Salesman Problem (TSP) with nearest insertion method
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is employed. Instead of Euclidean distance, we work Google maps API to arrange asymmetric matrix
distance.
This research is proposed to solve the problem of product distribution PT Coca-Cola Amatil,
Semarang, Jawa Tengah. The data is retailer locations’ in Semarang provided by longitude and
latitude.

Related works
Clustering analysis is used in the provision of decision-making reference determining the
influence of the socio-economic factors to the transportation system in Shaanxi, China 2. The result is
degree of closeness of road passenger transportation influencing factors.
The other intermodal transportation problem solved by clustering method is applying clustering
analysis to optimize the distribution of medical supplies using helicopter and truck in the disaster area
3
. This research presented two balanced clustering methods for selecting emergency distribution
centers (EDCs) and assigning medical aid points (MAPs).
Our prior research is conducted by applying K-Means, clustering the retailers of PT Coca-Cola into
8 clusters. However, those clusters have imbalance objects in which one cluster has more than one
hundred objects, the other has only one object. The other problem, the Euclidean distance used to solve
nearest route does not represent the actual distance 4.

EXPERIMENTAL DETAILS
Data And Source
Data used in this research is retailer locations’, measured by longitude and latitude, of PT CocaCola Indonesia Region Semarang, Jawa Tengah. There are 425 retailers in Semarang and its
surrounding. The steps of analysis are
Using K-means clustering analysis for making distribution zone
Employing TSP with nearest insertion to obtain nearest route
R
 IDR 5,150 .
Calculating cost estimation, that is C 
5.5

Clustering Analysis
Our data

x , i  1, 2,..., n; j  1, 2,..., p
ij

consist of p variables measured on n independent

observations. Here, this research has p  2 (longitude, latitude), with n  425 retailers. K-means
clustering procedures are 1:
4. Specifying the number of cluster (k)
5. Selecting k object which are represent group centroids randomly
6. Assigning each object to the nearest centroid
7. Recalculating the k centroids
8. Repeating step 3 and 4, until neither the object nor the centroid moves.
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Let d 'ii denotes the Euclidean distance, we cluster the data into k clusters C1 , C2 ,..., Ck with Cr
denoting the indices of observation in cluster 𝑟 and nr  Cr . Then, Dr   i ,i 'C d 'ii be the sum of the
r

1
Dr .
pairwise distances for all points in cluster r, and set Wk   r 1
2nr
The gap statistics is used to choose the number of cluster k, define (Hastie, Tibshirani, & Friedman, 2009):
Gapn (k )  En* log Wk   log Wk  ,
k

where the E n* denotes expectation under a sample of size n under the reference distribution. This
research, we determine the number of cluster, either by gap statistic method or the number of
maximum retail visited by a truck in a day.
Because of having large difference between variables, data need to be standardized.
Standardization is preprocessing data in which standardize variables from different dynamic range into
a specific range. We employ z-score standardization as follow 5.
x  xj
xij  Z xij  ij

 

j

Travelling Salesman Problem (TSP)
A travelling salesman problem is visiting all the retails exactly at once, then return home by taking
the shortest route. This problem was solved by graph theory. A cycle in a given graph G that contains
every vertex of G is called a Hamiltonian Cycle of G 6.
We work nearest insertion algorithm to solve TSP. The algorithm of nearest insertion 7:
1. Choose the arbitrary node 𝑖 as starting node
2. Find a closest node, 𝑗. Form a subroute: R  i  j  i
3.

Find a node, k (outside the subroute 𝑅) closest to any nodes: d  k , R   min d i, R 

4.
5.

Repeat step 3, until Hamilton cycle is formed
Find the edge i, j  of the subroute to insert k, increasing the length of f  cik  ckj  cij is

iR

minimized
Notation: 𝑅 define subroute, f  cik  ckj  cij define increase in route length when 𝑘 insert between 𝑖
and 𝑗. Define the distance from node 𝑘 to subroute 𝑅 as d  k , R   min ckj .
jR

RESULTS AND DISCUSSION
A total of 425 retailers in Semarang and its surrounding are mapped in Fig. 1(a). The retailers are
denser in the downtown of Semarang and spread out to the south until Salatiga. We select 25 out of
425 retailers as examples, then calculate the Euclidean distance visualized in Fig. 1(b). The more
intense the orange colour, the farther the distance. The more intense the greenish-blue colour, the
nearer the distance.
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(a)

(b)

FIGURE 1. (a) PT Coca-Cola Semarang retailers, (b) Euclidean distance visualization

Distribution zone is determined by doing K-means clustering method repeatedly until the number
of objects within a cluster evenly distributed. The first clustering process choose the initial value of
k  13 calculated by gap statistics.

FIGURE 2. Gap statistic of the first clustering process

According to Fig. 2, simply taking the highest gap statistics value, about more than 1.2, the number
of cluster is 13. The result of first attempt is showed in Table 1.
TABLE 1. The first clustering result
Cluster

Frequency

Annotation

1
2
3
4
5
6
7
8

9
22
44
29
6
14
23
48

Distribution zone 1
Distribution zone 2
Need to be clustered
Distribution zone 3
Distribution zone 4
Distribution zone 5
Distribution zone 6
Need to be clustered
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9
10
11
12
13

4
28
57
140
1

Distribution zone 7
Distribution zone 8
Need to be clustered
Need to be clustered
Join with the nearest distribution zone

The 12th cluster with 140 retailers need to be clustered. With the identical process, the second
clustering process takes the initial number of cluster k  7 .
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(a)

(b)

FIGURE 3. (a) Distribution zone as result of first clustering process, (b) Distribution zone as result of second
clustering process

Completely doing the clustering process, there are 23 groups of distribution zone. After clustering,
the next step is solving TSP to obtain the nearest round trip and the order of visiting retailers within a
cluster. Asymmetric matrix distance representing actual distance is built by employing GoogleApis.
Taking distribution zone 1 (as result of the first clustering process) with 9 retailers, the nearest route is
45.971  46 kilometer. The order of visiting is Sat H103 Boja Semarang, Sat H478 Patebon, Sat H619
Karangsari Kdl, Sat H325 Kaliwungukendal, Sat H472 Brangsong Fr, Sat H719 Sumberejo Fr_Kendal,
Sat H603 Sijeruk, Sat H142 Pahlawan Kendal, and Sentra Kaliwungu. The route is showed in Fig. 4.

(a)

(b)

FIGURE 3. (a) Visiting route of distribution zone 1, (b) Map of visiting route of distribution zone 1

Distribution zone 1 with 46 kilometers distance costs about IDR 45,000 for truck fuel. The others
distribution zones are solved in a similar way. The farthest distance is about 100 kilometers worth of
IDR 94,000.
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SUMMARY
There are 23 distribution zones of retailers as the result of clustering analysis using k-means.
Among these groups, the largest group contains 48 retailers and the smallest group contains only a
retail. We adjust the number of truck (provided by the company) to the number of retailers within a
group. Normally, a truck capable to visit either maximum 10 retailers or 300 km. Using TSP method,
we determine the nearest round trip routes within a group. By utilizing google map (with the help of
googleApis), we define the actual distance matrix. The final result is the length of travel and the routes.
The shortest distance of round trip is 46 km, while the farthest distance is about 100km. Thus, the
cheapest cost for distribution is IDR 45,000, while the most expensive cost is IDR 94,000.
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Abstract. In general regression analysis used must meet the classical assumption one of them is normal
distributed error, but in reality there are experimental results performed, the error does not follow the
normal distribution. This is because the data distribution is asymmetric and can even be thicker or thinner
than the normal distribution. The distribution of data capable of capturing the asymmetric pattern and
thickness in the tail of one of the data is the Gamma distribution. Gamma regression is a regression that
explains the relationship between one or more predictor variables with a response variable following the
gamma distribution. One is gamma regression, a regression that explains the relationship between one or
more predictor variables with a response variable following the gamma distribution. A gamma variable
that involves only one response variable will not be applicable in some cases, as in reality some cases will
involve more than one response variable. In this research developed bivariate model using two variables.
This study aims to determine the estimator of model parameters with the Maximum Likelihood Estimation
(MLE) method and Newton-Raphson iteration and obtain test statistics on Bivariate Gamma Regression
model.
Keywords: Bivariate Gamma, Bivariate Gamma Regression, Maximum Likelihood Estimation (MLE),
Newton-Raphson

INTRODUCTION
Regression analysis is a modeling analysis method that is often used in various fields. In general
regression analysis used is linear regression. If using linear regression must meet the classical
assumption one of them is a normal distributed error. Normal distribution error assumptions are often
used because most of the phenomena occur following a normal distribution, but in reality there are
experimental results performed, the error does not follow the normal distribution. This is because the
data distribution is asymmetric and can even be thicker or thinner than the normal distribution. There
are several data distributions capable of capturing the asymmetric patterns and asymmetric thickness of
the data tails that is the Gamma distribution. Regression describing the relationship between one or
more predictor variables with a response variable following the gamma distribution is called gamma
regression.
The gamma distribution is one of the continuous distributions with two positive parameters and the
generalization form of the exponential distribution1. Data on the gamma distribution is always positive
and the result is skewed or unbalanced2. Research about gamma regression has been done by Nasution
(2016), she did the gamma regression model on river water pollution in Surabaya 3.
The development of gamma distribution modeling has been done, one of which is bivariate gamma
modeling. Bivariate gamma is gamma regression modeling with two response variables. The
development of gamma bivariate distribution is done by Nadarajah and Gupta3. They developed the
probability density function of the gamma bivariate distribution derived from the beta distribution4.
Research on gamma bivariate model was done by Yue, Ouarda, and Bobee 6, that is application of
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bivariate gamma distribution in hydrology field. The study concludes that gamma bivariate
distributions constructed from certain marginal gamma can explain the probability properties of
multivariate hydrological events5. Some methods about bivariate regression has done, that are bivariate
poisson regression for count data6, bivariate negative binomial regression models for handling over
dispersion7.
The purpose of this research is to determine the parameter estimator of bivariate gamma regressin
model with Maximum Likelihood Estimation (MLE) method and using Newton Raphson iteration. The
second goal is to obtain test statistics on the bivariate model of gamma regression.

THEORITICAL REVIEW
Gamma Distribution
The distribution of gamma was first introduced by Leonhard Euler (1707-1783) a Swiss
mathematician. The gamma function with the α parameter and denoted by ( ) is as follows.


     e y y 1 dy

(1)

0

Gamma function has several characters6 that are :

1.

1 / 2  

2.

   1     ,   0

3.

     1 !,   1

There are two parameters in the gamma distribution function α> 0 (shape parameter) and θ> 0 (scale
parameter), the gamma function can be defined as follows.


1 
0


   1  y /
1  1  x
x e dx  
y e
dy
( )
( )
0

(2)

If x  y it is possible to find the density function of the gamma distribution opportunity as follows.

 1
y 1e y / , y  0,   0,   0
 
f ( y |  ,  )   ( )

0,
for others


(3)

There is a gamma distribution with three parameters namely α, θ, and λ. The λ parameter is called
the location parameter which graphically shifts the curve only left or right without changing the shape
and size of the graph.

Bivariate Gamma Distribution
The basis of construction formation follows the characteristics of gamma distribution and beta
distribution4. The gamma bivariate function is defined by:


( , y )   t 1et dt
y

(4)

The first construction to build pdf is expressed in the form of Whittaker function. The following is a
joint PDF of Y1 and Y2.
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f  y1 , y2   C     y1 y2 

 1

 y1 y2 
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2  1  2 
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,   1  2 
2
2  1 2 

(5)

Where the Whittaker function is,
1
2

 
exp   
1
1
  
 2      2
2 exp   t  dt
W ,  ( ) 
t
1

t


1  0

   
2






(6)

If b=1 then the joint pdf in equation (5) can be reduced to a simpler form as follows.

f  y1 , y 2   C  y1 y 2 

 1

 y1 y 2
 
 1  2





  2


y
y
 2   , 1  2
1  2






(7)

RESULTS AND DISCUSSION
Estimate the Parameter of Bivariate Gamma Regression
The first stage to obtain the estimated bivariate gamma regression parameter using maximum
likelihood estimation (MLE) is to form log natural likelihood function defined as follows.

  2
 n
n 
n



y1i
y2 i
y1i
y2 i
 1
ln L( ,  , β1 , β 2 )  ln  C  y1i y2 i   


    2   ,

T
T
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exp( xi β 2 ) 
exp( xi β1 ) exp( xi β 2 )  
i 1  exp( x i β1 )
i 1
 i 1


n
 n 

y1i
y2 i
 n ln C    1  ln( y1i , y2 i )  (  2 )   ln 

  
T
T

i 1
 i 1  exp(xi β1 ) exp( xi β 2 )  
n



y1i

 ln   2   , exp(x
i 1



T
i

β1 )




y2 i

T
exp( xi β 2 ) 

(8)
Find the first partial derivative of ln likelihood function for each parameter as follows :
 ln L
 ln L
 ln L
 ln L
 0,
 0,
 0,
0


β1
β 2
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Based on the first derivative results in the bivariate gamma regression model, it can be seen that the
results show that can not solve the function analytically to obtain each parameter. It can be solved by
the completion of numerical analysis method, the method used is Newton-Raphson method. The
Newton-Raphson algorithm is done by formula:



1

θm 1  θm  I g(θm )



(9)
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1

2.

Do the iteration θm 1  θm  I g(θm ) strart from m = 0.

3.

The

θ
4.

iteration

 θ m 1 

T

m

will

θ

m

be

stopped

if

estimation

parameters

convergent

when

 θ m 1    where 𝜀 is closed to zero.

If doesn’t convergent yet, back to step 1.

Statistics Test of Bivariate Gamma Regression
The first step of Maximum Likelihood Ratio Test (MLRT) is determine the hyphotesis, as follows :
H 0 : 11  12  ...  1k   21   22  ...   2 k  0
H 1 : at least any one of  lj  0, where j  1, 2,...,k ,

l  1, 2

After determine the hypothesis, we can determine the parameters under population
   , , 10 , 11 ,..., 1k , 20 , 21 ,..., 2 k    , , β and the parameter under H0 as follow

   , , 10 , 20  .
Statistics Test using MLRT (Maximum Likelihood Ratio Test) method as follow :
G  2 ln   2 ln  L     L    
2

(10)

 2  ln L     ln L    

To get the G2 value, must have the ln likelihood function in under population and under H 0 ( ) .
Ln likelihood function under population
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Find the first partial derivative of ln likelihood function for each parameter as follows :
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To get L()  max L() and L( )  max L( ) we must do the numerical analysis method,




the method used is Newton-Raphson method. The algorithm for the set of parameters under population
has described in section Estimate the Parameter of Bivariate Gamma Regression. Here is the NewtonRaphson iteration algorithm for the set of parameters under H 0 ( ) :
1.

Substitute

initial

value

ω(0)   (0)  (0) 01(0)  02(0)  to elements of gradient vector
T

  ln L  ln L  ln L  ln L 
and Fisher Informatin matrix (I).
g  ωm   
T
T 
   01 02 





Do the iteration ωm1  ωm  I 1g(ωm ) strart from m = 0
2.

The

ω
3.

iteration

 ω m 1 

T

m

will

ω

m

be

stopped

if

estimation

parameters

convergent

when

 ω m 1    where 𝜀 is closed to zero

If doesn’t convergent yet, back to step 1.
After obtaining the estimated value of the parameter under population and under H 0 ( ) , then

compute the test statistics G2 with formula in equation (10). The test statistics G2 follows the  2
distribution, so with sample size ≥ 30 then we can describe G 2 ~  2 , 2 k , and the rejection area is G 2 >

2 , 2 k .

SUMMARY
Parameter estimation of Bivariate Gamma Regression models obtains by using Maximum
Likelihood Estimation (MLE) method. The equation that obtains is not closed form, it continues with
the Newton-Raphson algorithm. Hypothesis testing obtained by using Maximum Likelihood Ratio Test
(MLRT) method. Meanwhile, hypothesis testing of BGR model acquired by Maximum Likelihood
Ratio Test (MLRT) method.
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Abstract. One of the important things in statistical inference is confidence interval. The
confidence interval for parameters is common statistics measure which provides complementary
information about the significance of the parameters in the model. The confidence interval for
semiparametric univariate spline truncated regression parameters has been done by the previous
researcher and for bivariate regression is presented in this paper. Some previous researchers used
Bayesian approach to construct a confidence interval, but in this paper using pivotal quantity
approach because this approach does not involve the prior distribution so that simple models and
relatively simple statistical inferences are obtained. Confidence interval in this paper divided into
two assumptions, the first one is for known variance error, and the second is for unknown
variance error. The first condition obtained pivotal quantity following Z (normal standard)
distribution and the second condition following the t-student distribution. In order to get the best
model in spline truncated, the selection of the optimum knot points is using Generalized Cross
Validation (GCV) criteria.
Keywords: Confidence Interval for Parameter, Semiparametrik Bivariate Regression, Spline
Truncated, Pivotal Quantity, GCV.

INTRODUCTION
Confidence interval is a fundamental technique in statistical inference 1. In regression, confidence
interval for parameter is common statistics measure which provides complementary information about
the significance of parameters in the model 2. If the confidence interval contains zero value, then the
predictor variable does not significantly affect the response variable. Confidence interval provides a
range of observed effect size which is likely to represent true effect size. It is conventional to create a
confidence interval at 95% level which means that 95 out of 100 times it would contain a true value of
the variable 3.
Semiparametric regression model is model that retain the virtues of both parametric and
nonparametric modeling. 4,5 had been present diverse semiparametric regression models along with
their inference procedures and applications. Several methods exist in semiparametric regression such
as spline, kernel, local linear, polynomial local, and Fourier series 6. However, from some such
methods, spline is the most preferred method by researchers in the field of semiparametric regression,
it is based on the spline has a very good statistical and visual interpretation 7. One of the basic
functions used on spline is spline truncated. Spline Truncated is a segmented polynomial model that
has a change in the pattern of different curve behaviour at different intervals marked by a knot point .
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The construction of the nonparametric regression confidence interval was carried out by several
researchers such as 8,9 for spline smoothing regression models using a Bayesian approach involving
prior improper distribution so that mathematically difficult. This approach is considered easier than the
Bayesian approach in the construction of confidence intervals, namely the pivotal quantity approach
which in this approach does not involve the prior distribution so that simple models and relatively
simple statistical inferences are obtained 10. Researcher that used pivotal quantity approach to construct
confidence interval is 11 that used the method (pivotal quantity) for confidence interval construction for
semiparametric regression model parameters.
Confidence interval of semiparametric regression parameters has been found by11 in univariate
form. In daily life there are several cases that contain two response variables simultaneously on the
model, so that the bivariate regression is needed to accommodate this kind of case, according to 12
bivariate regression is an interesting issue discussed because the two response variables are correlated.
Talking about the statistical inference of this model, the aim of this paper is to construct confidence
interval for semiparametric bivariate regression parameters for model selection procedure of
semiparametric bivariate regression model. Confidence interval in this paper divided into two
assumptions, the first one is for known variance of error, and the second is for unknown variance of
error. In order to get the best model in spline truncated, there is choosing the optimum knot points
using Generalized Cross Validation (GCV) optimal.

Bivariate Semiparametric Regression Model
Bivariate regression analysis is an analysis used to determine the functional relationship between
two response variables and predictor variables. In general, 13 states the bivariate regression model can
be written in the form
y i  f  xi   εi , i  1, 2, , n
(1)



1

 2



where y i  yi , yi



1

εi   i ,  i

T

 2



T

and

f  xi    f1  xi  , f2  xi   is vector of the regression functions.
T

is vector of the measurement error with mean

0

and variance

 i . Equation (1) can

be written as follows

yi  10  11 x1i  ...  1l xli 
(1)

(1)

(1)

(1)

q

q

(1)

 10  11 x1i  ...  1l xli 

( 2)

( 2)

( 2)

( 2)

(1)

(1)

m

m 1 k 1
r2
q

 21 t mi   2( k 1) (t mi  K km )   i
( 2)

m 1

whereas

(1)

m

m 1
q

yi

r1

 21 t mi   2( k 1) (t mi  K km )    i
m

( 2)

m 1 k 1

( 2)

(2)

( 2)

m

 (t mi  K km(v) ), t mi  K km(v)
(t mi  K km )   
.
(v)
t mi  K km
0,
(v)

According to14, equation (2) can be written in matrix form as follows

y = Cω + ε
(3)
where C =  X

Z  and ω   β α  .
T

Optimal Knot Point Selection
Selection of knot points is very important in spline regression. The knot point is a point where the
data changes at a certain interval. According to 15,9, the optimal knot selection method is performed by
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Generalized cross validation (GCV) method. The optimal knot point is obtained through the selection
of the smallest GCV values. The GCV function is formulated as follows:
GCV  k  

n

1

  y  f  x , t 
 n tr  I  A  k 
n

i

i

i 1

2

i

(4)

2

1

Where A  k  is matrix hat for semiparametric bivariate spline truncated regression.

Construction Confidence Interval Using Pivotal Quantity Approach
Confidence interval of regression parameters is an important inference issue in spline regression.
The steps to obtain an interval estimate for a parameter in the regression are described by 16 using the
pivotal quantity method as follows. Multiple linear regression model is presented in general as follows:

y   0   j 1  j x j  
l

(5)
Based on the model, it is known that y is normal distribution with mean  0 



l
j 1

 j x j and variance

𝜎 2 . The first step to do is to estimate the parameters, in this case on the method of multiple linear
regression used ordinary least square method (OLS). Referring to (5) the estimator is obtained
T
-1
T
βˆ  (X X) X y
(6)
Taking into β̂ that is linear combination of y , hence, for each of the estimators is normally
distributed ˆ ~ N (  ,  C ) , which C jj is the j-th diagonal element of the matrix
2

j

j

jj

X X
'

1

.

To

construct the pivotal quantity of β̂ , let see the pivotal quantity definition below
If Q=q(x1,x2,…,xn) is a random variable that is a function of only X1,…,Xn and , and if its
distribution does not depend on  or any other unknown parameter, then Q is called a pivotal
quantity17.
Most random variable distributions don’t have exact pivotal quantities, but the central limit
theorem usually leads to approximate confidence intervals for most distributions for large samples. If
x is mean of random sample with size n with a known standard deviation that is σ/√n, where σ is the
standard deviation of the population and mean of population  . As n increases, the sampling
distribution of x is increasingly concentrated around μ and becomes closer and closer to a Gaussian
distribution18. Those, application of Central Limit Theorem can be written as:

lim Z 

n 

x 
d N(0,1)
/ n

As a result, pivotal quantity of of β̂ is obtained
ˆ j   j
Tj 
, j  0 ,1,..,l
2
 C jj

(7)

Pivotal quantity in equation (7) is distributed t with degrees of freedom n-l, which is estimated by the
variance error. Based on the result of equation (7), the shortest confidence interval (1   ) 100% for
the regression coefficients  j , j  0,1, .., l are obtained as follows
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ˆ j  t

ˆ C jj   j  ˆ j  t
2

2

,n p

ˆ C jj
2

,n p

2

(8)

RESULTS AND DISCUSSION
Here is the equation for semiparametric bivariate spline truncated regression

y  Cω  ε

where C   X

(9)

Z  and

ω   ω1T



T

ω2
T

ω̂

. The parameter

obtained by WLS method as follows

ˆ   CT WC  C Wy
ω
1

T

(10)
With assumption ε ~ N (0,  W ) then y ~ N (Cω,  W ) , Since the distribution of y is normal, the
equation (10) which is a linear combination of y also normally distributed with the expected value
and its variance can be written
1

2
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E ω
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T

 C WC

1

T

1

T

2

1

T

T

T

T

T

2

2

1

1

T

T

1

T




T

C W

T

T

C W

1

1

(12)
Considering equation (11) and (12), then ω
ˆ ~ N (ω, Σ) , where Σ  

2

 C WC 
T

1

. Next, a
q

q

(1   ) x100% confidence interval will be designed for v , v  1, 2, ..., (2l  2q   r   r ) for
(1)

(2)

m

m 1

m

m 1

1

known variance error (  W ) and unknown variance error .
2

Confidence Interval For Known Variance Error Assumption
Suppose a transformation in form
ˆ  ωv
ω
Z v ( x1 , x2 , ..., xl , t 1 , t 2 , ..., t l )  v

 vv

(13)
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where

 vv

is v-th element of matrix

combination of

ωˆ v

 ωˆ  ω
v
v
 

vv

1



1

. Random variable Z ~ N (0, 1) because Z
v

is linear

v

with the proof of expected value and its variance as follows.
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 1 
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1

 vv
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0



1
Since

Σ

ˆ v . Confidence intervals
is known then Zv is a pivotal quantity for regression parameters ω

can be obtained by solving equations in probabilities

P ( a  Z ( x , x , ..., x , t , t , ..., t )  b )  1  
v

v

with a v and

1

2

b

v

l

1

2

l

(14)

v

is an element of real numbers,. If equation (13) is substituted in (14), then the form

becomes
P ( av 

ˆ v  ωv
ω

 vv

 bv )  1  

(15)
If Equation (15) is rewritten, there will be obtained a confidence interval for the following
semiparametric bivariate regression model parameter

ˆ v  bv  vv  ωv  ω
ˆ v  av  vv )  1  
P(ω

(16)

The concept used in this study is the shortest confidence interval so that the value a v and

b

v

must be

determined and meet the conditions where the shortest confidence interval ( ( av , bv ) ) is obtained. The
shortest confidence interval is obtained by completing the following conditional optimization with the
Lagrange method
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Min { ( a ,b )}  Min {( av  bv )  vv }
v

av , bv R

v

av , bv R

(17)
With the provision of



bv

av

 ( zv )dzv  1   or (b )  ( a )  (1   )  0
v

 is a probability function

v

N (0,1) the and  is a cumulative probability function N (0,1) . The next

step is to obtain a value a v and

b

v

then a partial derivative of the Lagrange function is formed in

equation (18) below.

F ( av , bv ,  )  (bv  av )  vv   ( (bv )   ( av )  (1   ))

(18)

 is a lagrange constant. Here is the partial derivative of the lagrange function in (18) to each
av , bv , and  .

with

F ( av , bv ,  )
av

   vv     '( av )   0

(19)

F (av , bv ,  )
  vv     '(bv )   0
bv

(20)

F (av , bv ,  )
  (bv )   (av )  (1   )  0
bv

(21)
The solution of equation (21) is bv  av or bv  av , but a solution that satisfies the normal standard
distribution conditions is bv  av that if the solution is substituted in equation (16) then the equation
can be rewritten as
ˆ v  bv  vv  ωv  ω
ˆ v  bv  vv )  1  
P(ω

(22)



 ( zv )dzv   2 or frequently written as
be rewritten in equation (23)
ˆ v  Z /2 vv  ωv  ω
ˆ v  Z /2 vv )  1 
P(ω
where bv obtained from



bv

Z

so that equation (22) can
2

(23)

Confidence Interval for Unknown Variance Error Assumption
Pivotal quantity for parameters ωˆ v with unknown  2 W 1 is found in equation (24).
Tv ( x1, x2 ,..., xl , t1, t 2 ,..., t l ) 

ˆ v  ωv
ω
 2 rvv

(24)
The random variable T 

B

~ t ( a ) , if and only if it satisfies the three conditions that is B ~ N (0,1) ,

A
a
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A~

B

, and A and B is independent. Equation (24) to resemble the form T 

(a)

A
a

can be

converted to the following equation (25).

1
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Since  2 is not known, then the value of  2 is approximated by MSE.
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The matrix
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A is an idempotent matrix so that equation (26) can be rewritten in equation (27).
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(27)
Referring to equations (24) and (27), the Pivotal quantity for the parameter ωˆ v is as follows:
Tv ( x1 , x2 ,..., xl , t1 , t 2 ,..., t l ) 



ˆ v  ωv
ω
rvv



y T I - C CT WC

(28)



1



CT W y

q
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2n  2l  2q   rm(1)   rm( 2)

Furthermore, it will be proven that Tv ( x1 , x2 ,..., xl , t 1 , t 2 ,..., t l ) ~ t( a ) with degrees of freedom
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q
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ˆ v  ωv , since Z is a linear combination of ωˆ , then Z is normally distributed with
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Based on the description on points 1, 2, and 3 it can be deduced that and is the pivotal quantity

Tv ~ t

q

( 2l 2 q

(1)

m

m 1

for the regression model parameters

q

 r  r

(2)

m

ω̂

when σ 2 W unknown. The confidence

)

m 1

interval can be obtained by solving the equation in probability
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and bv is an element of real number, av  bv . If equation (28) is substituted in equation (29)

then the confidential interval can be written as follows.
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If equation (32) rewritten, it will be obtained a confidence interval for the following semiparametric
bivariate regression model parameters:
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The concept used in this study is the shortest confidence interval so that the value

av and bv must be

determined and meet the conditions where the shortest confidence interval ( (av , bv ) ) is obtained. The
shortest confidence interval is obtained by completing the following conditional optimization with the
lagrange method.
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then, in the same way as in known variance error assumption, we get the values of

av and bv so that

the confidence interval for the parameters for unknown variance error assumption is as follows:
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SUMMARY
From the result and discussion, the conclusions are the confidence interval for parameter of
semiparametric bivariate regression model with known variance error assumption is following the Z
(normal standard distribution) and the confidence interval for parameter of semiparametric bivariate
regression model with unknown variance error assumption is following the T-Student distribution with
degree of freedom

q
q


(1)
2
n

2

2
l

2
q

r

 m  rm( 2)  .



m 1
m 1

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

D. Gilliland and V. Melfi.., J. Statistics Education. vol. 18, no. 1, pp. 1-8, 2010.
G. Harari, J. Harefuah, Vol. 63, no.153, pp.48-51, 2014.
N. Hirpara, S. Jain, A. Gupta, and S.D. Intern. , J. ImedPub, vol.1, no.18, 2015.
W. Hardle, H. Liang, and J. Zhang, Partially Linear Model, (Springer, Heidelberg, 2000).
D. Ruppert, R.J. Wand, & Carrol, Cambridge series in statistical and probabilistics
mathematics; Semi parametric Regression, (Cambridge University press, New York, 2003).
W. Hardle, Applied Nonparametric Regression, (Cambridge University Press, Newyork,
1990).
I.N. Budiantara, (privat communication).
G. Wahba , J.of the Royal Statistical Society, Series B, no. 45, pp. 133–150, 1983.
Y. Wang, J. Of The American Statistical Association, no.93, pp. 341-348, 1998.
R. L. Eubank, Spline Smoothing and Nonparametric Regression, (Marcel Deker, New York ,
1998).
S.B. Loklomin, “Estimation of Interval for Semiparametric Regression Parameters”, M.Si
Thesis, Dept. Of Statistics, Institut Teknologi Sepuluh Nopember, 2017.
A.H. Welsh and T. Yee, J. Of Statistical Planning and Inference, vol. 9, no. 136, pp. 30073031, 2006.
Y. Wang, W. Guo, and M.B. Brown, Statistica Sinica, vol. 10, pp. 377-397, 2000.
A. C. Rencher, and G. B. Schaalje, Linear Model in Statistics 2nd edition, (John Wiley,
America, 2008),.
G. Wahba, Spline Model for Observational Data, (SIAM, Philadelphia, 1990) .
D.C. Montgomery, E.A. Peck, and G.G. Viining, Introduction to Linier Regression Analysis
Fifth Eition, (John Wiley and Sons, New York, 2012).
J, Shao, "Pivotal quantities" Mathematical Statistics (2nd ed.). (Springer, New York, 2008),
pp. 471–477, ISBN 978-0-387-21718-5.
N. Jenish, I. R. Prucha , J. Of Econometrics, Vol. 150, pp. 86-98, 2009.

415
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

K-Means Clustering of Coconut Productivity in
Sleman Regency in 2016
Nyi Putihal Qolbiatunas1, a), Achmad Fauzan1, Liem Astuti2
1

2

Department of Statistics UII,
Department of Agriculture, Food and Fisheries Sleman
a)

Corresponding author: 14611004@students.uii.ac.id
b)
achmadfauzan@uii.ac.id

Abstract. Agricultural research becomes an essential research that related to the Government's plans next
years to provide national food. The studies are conducted to the most plantations commodity from Sleman
Dalam Angka Tahun 2017. The aim is generating groups based on Coconut productivity in Sleman Regency
using Non-Hierarchical (K-Means) Clustering. Grouping criterion conducted by several variables, there are
immature planted area, mature planted area, damaged plant area, harvested area and production of coconut.
Based on statistical descriptive analysis, the data contain outliers. Therefore, the research is conducted into 3
data analysis treatments that are (1) the outliers included dataset, (2) removing outliers, (3) iteration by
removing the farthest outlier. Based on the sufficient conditions assumption to perform K-Means Clustering,
the treatment
(1) obtained the result, (a) the data did not contain multicollinearity (r <0.95), (b)
representative (KMO = 0.62> 0.5), and (c) multivariate normal distribution (P-Value> α). After K-Means
clustering, generate the 2 optimum clusters. The treatment (2) generate 5 optimum clusters that confirmed by
Silhouette method results. And the treatment (3) has 2 optimum clusters. Validation K-Means Clustering
method with 3 different outlier treatments is comparing standard deviations ratio, respectively standard
deviation ratio are 0.98, 0.13, and 1.44. Although the treatment (2) is smaller, the range of standard deviation
ratio between the treatments (1) is not large. So, the conclusion is the K-Means Clustering method by
including all outliers, has resulted that cluster 1 (high productivity of coconut) there are Sleman, Minggir,
Godean, Moyudan, Seyegan and Ngaglik sub-district, and cluster 2 (low productivity coconut) are Gamping,
Mlati, Tempel, Turi, Pakem, Cangkringan, Ngemplak, Depok, Kalasan, Berbah and Prambanan sub-district.

Keywords: Agriculture, Coconut, K-Means Clustering, Outlier

INTRODUCTION
Sleman is one of the regencies in Yogyakarta province that has a high growth of agricultural
commodities after Kulon Progo and Gunung Kidul, supported by the empowerment of land available 1.
Sleman Regency accounts for more than enough land area for agricultural businesses in its entirety,
namely in the plantations. According to the BPS embodied in Sleman Regency of Sleman in number
2017 flagship commodities Sleman is coconut and sugar cane which has a production of more than
4000 quintals and 1000 quintals in 2016 compared to other commodity production in Sleman Regency
such as Cocoa, coffee, cloves, Kapok, pepper, and tobacco.
One of the ways of optimizing the production of raw materials in the Sleman Regency coconut is
to identify a potential contributor to the districts largest coconut palm productivity figures based on the
year 2016. So the assignment in order to increase the productivity of the coconut can be right on target.
As for research purposes to be achieved is to know a general overview (descriptive statistics)
coconut productivity in Sleman Regency Year 2016. As well as knowing the subgroups of the potential
yield of coconut in the Sleman Regency based on acreage, harvest and production of coconut in 2016.
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Statistical methods are used to achieve the objectives of this research is to use the cluster analysis
of Non-Hierarchical K-Means with the stages of the work as follows:
1) Descriptive Statistics
2) Determine Goal and Variables
3) Outlier Handling Method and Design Analysis
4) Cluster Analysis Assumption Check
5) Distance Measure
6) Determine Number of Group
7) Result Interpreting and Profiling CLuster
8) Cluster Validation

EXPERIMENTAL DETAILS
Population and Sample Research
The target population of this research is the entire subdistrict of Sleman Regency sample or
object of research involved is 17 sub coconut-producing. Data were obtained on the basis of annual
report Statistics Plantations Year 2016 Department of agriculture, food and fisheries.

Variables Research
Variables that used for grouping (group formation) of coconut producers in the subdistrict of
Sleman Regency is a quantitative variable that consists of wide plant, which has yet to produce a
broad, (X1) plants that produce/productive (X2), widespread plant damaged/dead (X3), extensive crop
plantations (X4) in units of hectares and the production of coconut (Xn) within unit size tons.
The study data collected based on reporting of the survey results of Agriculture annual Statistical
Reports in the book Plantation Year 2016 at the Department of agriculture, Food and fisheries Sleman
Regency
The software used in this study was the statistical software R and Microsoft Excel. The making of
a grouping of Euclidean distance and calculate the index using the statistical software R.

RESULT AND DISCUSSION
Data Description
TABLE 1. Description Data of Coconut Production in Sleman Regency in 2016
Variabel
Min
Max
Ratarata
L.TBM (ha)
1.50
105.39
29.04
L.TM (ha)
45.5
594
278
L.TR (ha)
0.19
5.27
2.115
Luas Panen (ha)
45
593
276.1
Produksi (ton)
719.6
9242.3
4350.2
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Based on Table 1. above to see that for commodities coconut used three variables in the grouping
that is production (tonnes) obtained the minimum value of 719.6 tons and a maximum of a sub can
produce coconut in 2016 is 9242.3 tonnes, While the average production of each town in the year 2016 is
4350.2 tons. Further to Extensive harvesting variables (hectares) obtained the value of the minimum of 45
with the maximum value amounting to 593 hectares with an average of 276.1 hectares. But in terms of the
breadth of the plant has yet to produce a sub has an average area of 105.39, while widespread plants that
produce from one sub could reach 594 acres on just one year's time, to extensive crop damaged at least a
the subdistrict has 1.5 acres with extensive plant damaged.
As for outlier detection is done by the method of Mahalanobis Distance Plot as follows:
Chi-Square Q-Q Plot
MINGGIR

Quantile: 12.833

8
4

6

GODEAN
MOYUDAN
SLEMAN
CANGKRINGAN
SEYEGAN

2

Chi-Square Quantile

10

12

Outliers (n=6)
Non-outliers (n=11)

0

50

100

150

200

Robust Squared Mahalanobis Distance

FIGURE 1. Mahalanobis Distance Plot
In Figure 1 it is known that in the dataset outlier detected. Where detection is done by comparing the
Mahalanobis distance from each research object. As for districts that have the furthest, namely:
Mahalanobis distance to step aside, Moreover, Cangkringan, Sleman, Moyudan, and Seyegan.
As for handling against outlier may not necessarily be to remove all existing outlier, but in this case
it is intended to provide sufficient results represent circumstances that exist, then the outlier handling
method to distinguish the top 4 methods, namely: (1) delete all outlier, (2) by deleting the farthest outlier
of the iteration, (3) include an outlier, and (4) calculated as mean outlier. Here are:

Cluster Analysis Assumption
Multicollinearity test using correlation coefficients of Pearson, where multicollinearity between
predictor variables may occur if the value of correlation > 0.95 (Hocking: 1996).
TABLE 3. Correlation of Treatment (1)

t.blm.mghasil
t.blm.mghasil

Pearson
Correlation

t.mghasil
1

t.rusak

luas.panen

produksi

.034

.383

.032

.011

.897

.129

.902

.968

1

-.241

1.000**

.998**

.352

.000

.000

1

-.240

-.260

.353

.313

Sig. (2-tailed)
t.mghasil

Pearson
Correlation
Sig. (2-tailed)

t.rusak

Pearson
Correlation
Sig. (2-tailed)

.034
.897
.383

-.241

.129

.352
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luas.panen

Pearson
Correlation
Sig. (2-tailed)

produksi

Pearson
Correlation
Sig. (2-tailed)

.032

1.000**

-.240

.902

.000

.353

.011

.998**

-.260

.998**

.968

.000

.313

.000

.998**

1

.000
1

TABLE 4. Correlation of Treatment (2)
t.blm.mghasil
t.blm.mghasil

Pearson
Correlation

t.mghasil
1

Sig. (2-tailed)
t.mghasil

Pearson
Correlation

-.041

Sig. (2-tailed)
t.rusak

Pearson
Correlation
Sig. (2-tailed)

luas.panen

Pearson
Correlation
Sig. (2-tailed)

produksi

Pearson
Correlation
Sig. (2-tailed)

t.rusak

luas.panen

produksi

-.041

.447

-.044

-.060

.879

.082

.873

.826

1

-.162

1.000**

.998**

.548

.000

.000

1

-.162

-.191

.549

.479

1

.998**

.879
.447

-.162

.082

.548

-.044

1.000**

-.162

.873

.000

.549

-.060

.998**

-.191

.998**

.826

.000

.479

.000

.000
1

TABLE 5. Correlation of Treatment (3)

t.blm.mghasil
t.blm.mghasil

t.mghasil
1

Sig. (2-tailed)
t.mghasil

Pearson Correlation
Sig. (2-tailed)

t.rusak

Pearson Correlation
Sig. (2-tailed)

luas.panen

t.rusak

luas.panen

produksi

Pearson Correlation

Pearson Correlation
Sig. (2-tailed)

.228

.228

-.291

.222

.229

.499

.386

.512

.499

1

.016

1.000**

1.000**

.963

.000

.000

1

.019

.003

.957

.992

1

1.000**

.499
-.291

.016

.386

.963

.222

1.000**

.019

.512

.000

.957
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produksi

Pearson Correlation
Sig. (2-tailed)

.229

1.000**

.003

1.000**

.499

.000

.992

.000

1

TABLE 6. Correlation of Treatment (4)
t.blm.mghasil

t.blm.mghasil

Pearson
Correlation

1

t.mghasil

t.rusak

luas.panen

produksi

.313

-.278

.308

.312

.221

.279

.229

.222

1

.021

1.000**

1.000**

.937

.000

.000

1

.023

.010

.930

.971

1

1.000**

Sig. (2-tailed)

t.mghasil

Pearson
Correlation

.313

Sig. (2-tailed)
.221
t.rusak

Pearson
Correlation

-.278

.021

.279

.937

.308

1.000**

.023

.229

.000

.930

.312

1.000**

.010

1.000**

.222

.000

.971

.000

Sig. (2-tailed)

luas.panen

Pearson
Correlation
Sig. (2-tailed)

produksi

Pearson
Correlation

.000
1

Sig. (2-tailed)

Based on the correlation test, then for the whole treatment of the outlier test for multicollinearity does not
occur, the assumptions are met.

RESULTS AND DISCUSSION
A. K-Means Clustering of Treatment (1)
Through the analysis of descriptive statistics discussed earlier that the dataset is known to contain an
outlier. For the treatment of outlier handling. Treatment (1) is the outlier handling method by deleting the
entire existing outlier. Obtained on the assumption of representative, the value of KMO = 0.47 0.50 so
that representative assumption < unmet treatment (1), however the assumption no multicollinearity and
multivariate normal significantly fulfilled. Cluster results in treatment (1) yields 5 clusters of methods
supported by the Silhouette of the Plot and Index Hubert.
In determining the category of high category clusters, up to low value as seen from the calculation of
the average of the highest and lowest cluster as a whole. Following the results of the cluster using the kmeans method.
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Profil
Rendah
Cukup
Rendah
Sedang

TABLE 6. K-Means Cluster Profil
Cluster
TBM
TM
TR
LP
1
34.82
133.3
2.6
131.5

Prod
2075.925

2

28.48333

203.3

2.3

201

3179.712

3

19.13

258.9

1.53

4065.845

Tinggi

4

18.54

316.4

2.335

256.5
314.8
5

Sangat
Rendah

5

3.75

55.05

1.575

54

859.675

5024.45

Based on Table 6, unknown to the average for each variable in each cluster of K-Means method, can be
interpreted as follows:
1) Cluster 1:
The cluster 1 has an average breadth of plants that are not yet resulting in extensive plant and damaged
most high compared with the average of other clusters, while for the average plant produce the lowest
value, followed by extensive harvesting and production of coconut which is worth most low compared to
other clusters. So that Prambanan and Ngemplak included in cluster 1 can be grouped into the coconutproducing subdistrict.
2) Cluster 2:
The cluster 2 has an average of wide plant, which has yet to yield and average breadth of damaged plant is
quite high, while for extensive crops that produce is low enough so vast is directly proportional to the
harvest and the production of coconut which is quite low as well. So that Kalasan, Pakem, Subdistrict and
Turi, classified into quit low with coconut production level is quite low.
3) Cluster 3:
The cluster 3 has an average of wide plant, which has yet to produce, and an average crop was damaged.
As for the other variables in the form of broad plant produced, extensive production and harvesting
coconuts have an average that is being compared to other clusters. So that Limestone and paste are
classified into sub with coconut production levels are.
4) Cluster 4:
The cluster 4 has an average plant is immature and the average damaged plants are low, while for the
average plant produces and wide harvest, as well as variable production, has averaged the highest if
compared to the other clusters. So that Mlati and Ngaglik included in the cluster can be grouped into 4
subdistricts with coconut production levels are high.
5) Cluster 5:
The cluster 5 has an average plant that is immature and damaged crops on average are low, while for the
average plant produces and wide harvest and production variables have the average of the lowest when
compared to other clusters. So that Berbah and Depok and can be grouped into a sub with coconut
production levels the lowest among other clusters.
Here are the Cluster plot that generating for the forst treatment of dataset with outlier by removing
ouliers:
2D representation of the Cluster solution
NGEMPLAK
1
1.5

2
TURI

0.5

DEPOK
5
NGAGLIK
4

0.0
-1.5 -1.0 -0.5

Component 2

1.0

GAMPING
3

PAKEM

BERBAH

TEMPEL
KALASAN
PRAMBANAN
MLATI
-2

-1

0

1

2

3

Component 1
These two components explain 86.58 % of the point variability.

FIGURE 2. K-Means Cluster Plot
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Based on Figure 2. Can be known of the plot spread clusters accompanied by members
of each cluster. This can mean that the Figure 2 Declaring relations between members of the cluster.

B. K-Means Clustering of Treatment (2)
The treatment (2) is the outlier handling method by removing farther outlier on dataset, that is
Minggir district.
Here are the cluster profiling by the K-Means Clustering result for Treatment (2):
TABLE 7. K-Means Clustering Profil of Treatment (2)
Profil

Cluster

TBM

TM

TR

LP

Prod

Tinggi
Rendah

1
2

23.40667
30.62400

422.6317
166.0270

1.9
2.4

420.75
164.10

6686.725
2587.182

Based on Table 7, unknown to the average for each variable in each cluster of K-Means method, can be
interpreted as follows:
1) Cluster 1:
The cluster 1 has an average of wide plant bearing the broad average, harvest and the average high
production and straight with an average plant produces and that are not yet widely the damaged plant. So
that Kecamatan Godean, Sleman, Mlati, Moyudan, Seyegan, and included in cluster 1 Ngaglik can be
grouped into the coconut-producing subdistrict.
2) Cluster 2:
The cluster 2 has an average of wide plant, which has yet to produce a wide and an average crop damaged
is high when compared to cluster 1, this tends to be directly proportional to an average breadth of the plant
that produces the broad average, harvest and the average production is quite low. So that Kecamatan
Limestone, paste, Turi, Pakem, Cangkringan, Ngemplak, Depok, Kalasan, Prambanan and Berbah
classified as sub with coconut-producing relatively low.

FIGURE 3. K-Means Cluster Plot
Based on Figure 3. Can be known of the plot spread clusters accompanied by members
of each cluster. This can mean that the Figure 3. Declaring relations between members of the cluster.

C. K-Means Clustering of Treatment (3)
The treatment (3) is the outlier handling method by including outlier into dataset. Here are the cluster
profiling by the K-Means Clustering result for Treatment (3):
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TABLE 8. K-Means Clustering Profil of Treatment (3)
Profil
Cluster
TBM
TM
TR
LP
Prod
Tinggi
1
30.2
459.8
1.52
457.92
7206.850
Rendah
2
28.4
178.8
2.4
176.91
2791.957
Based on Table 8, the average for each variable in each cluster of K-Means method, can be interpreted as
follows:
1) Cluster 1:
The cluster 1 has an average plant produces, the average harvest and spacious and the average high is. So
that Godean, Sleman, Moyudan, Seyegan, and step aside, Ngaglik, classified into sub with coconut
production is high.
2) Cluster 2:
The cluster 2 has an average plant produces, on average broadly average harvest and low production. As
for the other variables in the form of widespread plants that have not damaged crops and area relative
height. So that Mlati, Gamping, Tempel, Turi, Pakem, Cangkringan, Ngemplak, Depok, Kalasan,
Prambanan and Berbah classified into low produces with coconut production is low.

FIGURE 4. K-Means Cluster Plot
Based on Figure 4. Can be known of the plot spread clusters accompanied by members
of each cluster. This can mean that the Figure 4 divided into 2 large groups in subdistrict of coconut
productivity based on results.

K-Means Clustering of Treatment (4)
The treatment (4) is the outlier handling method by idetermine outlier as means. Here are the cluster
profiling by the K-Means Clustering result for Treatment (4):
TABLE 9. K-Means Clustering Profil of Treatment (4)
Profil

Cluster

TBM

TM

TR

LP

Prod

Tinggi
Rendah
Sangat
Rendah
Cukup

1
2

26.42
34.82

287.6
133.3

285.79
131.50

4518.762
2075.925

3

3.750000

55.0500

54.00

859.675

4

28.48333

203.283

2.17
2.60
1.57
500
2.33

201.00

3179.712
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Rendah
3
333
258.940 1.53
Sedang
5
19.13000
256.50
4065.845
0
000
Based on Table 9, unknown to the average for each variable in each cluster of K-Means method, can be
interpreted as follows:
1) Cluster 1:
The cluster 1 has an average plant produces, the average harvest and spacious and the average production
is high, while the average plant damaged vast and spacious plant that has not been produced relatively
low. So that Mlati, Moreover, Moyudan, Elephant, Seyegan, Cangkringan, Sleman, Ngaglik and classified
into sub with coconut production is high.
2) Cluster 2:
The cluster 2 has an average plant produces, on average broadly average harvest and low production. As
for the other variables in the form of widespread plants that have not damaged crops and area relative
height. So that produced Mlati, Limestone, paste, Turi, Pakem, Cangkringan, Ngemplak, Depok, Kalasan,
Prambanan and Berbah classified into sub with coconut production is low.
3) Cluster 3:
The cluster 3 has an average plant produces, on average broadly average harvest and the production of the
least. As for the other variables in the form of widespread plants that have not damaged crops and area of
meghasilkan is relatively moderate. So that kecamatan Berbah, Depok and classified into sub with
coconut production is very low.
4) Cluster 4:
the cluster 4 has an average plant produces, on average broadly average harvest and production which is
quite low. As for the other variables in the form of widespread plants that have not damaged crops and
area meghasilkan relative height. So that kecamatan Turi, the existing standard and Kalasan classified into
sub with coconut production is quite low.
5) Cluster 5:
The cluster 5 has an average plant produces, on average broadly average harvest and low production. As
for the other variables in the form of widespread plants that have not damaged crops and area meghasilkan
relative height. So that kecamatan Limestone and paste are classified into sub with coconut production.

FIGURE 5. Cluster Plot K-Means
Based on Figure 5 can be known of the plot spread clusters accompanied by members
of each cluster. This can mean that the Figure 5 State that is politically subdivided into 5 groups
in clusterisasi sub-district on the basis of the results of the kelapanya plantation.
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Cluster Validation
To find out the best methods of cluster then takes the comparison value ratio standard deviations can
be seen in the following table:
TABLE 10. Standard Deviation Ratio
Treatment
Removing Outlier

56.25

431

0.13

Remove Farther Outlier

403.88

280.78

1.44

Including Outlier

334.78

342.33

0.98

Outlier As Means

58.87

455.30

0.129

From Table 4
can be aware
that the
value
of the
ratio
of the
smallest raw.
Byway Complete Linkage method with a value of 0.28 in comparison to Complete Linkage method and
K-Means cluster methods is obtained, so that the best method of Complete cluster Linkage.

SUMMARY
The conclusion that can be drawn from this research that the known value of the ratio
of raw Byway (cluster variance) of
the
smallest K-Means method with handling through deleting
all outlier of 0.13025. While the ratio of raw Byway at the treatment include the entire data 0.977938 is an
outlier, as well as preferential treatment by making an outlier as rataan (0129). Nevertheless, it
is known that the ratio of raw Byway between them do not have enough range. It can therefore
be concluded that the method of K-Means Clustering is best with a fixed treatment include an outlier in
the data.
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Abstract. The spatial weight matrix is the matrix used as the measurement parameter in Moran's I test. This paper explained
the power of Moran's I test matrix weights of spatial which is not varied in time (invariant) on the spatial panel data dynamic
models. Based on Monte Carlo simulation for 100 times iteration with different N, T, and δ (spatial parameter) values, the
result said that power test tends to be low if δ is negative. The value of the test power will be more accurate when the value of
N and T increases too.
Keywords: Power Test, Moran’s I, Weight Spatial, Panel Data, Dynamic, Time Invariant.

INTRODUCTION
The recent development of researches using Spatial Econometric methods in recent times has been very rapid
and begins to evolve in the direction of Spatial Panel Data models. Spatial panel data models allow for cross-section
data and time series data to be a single entity in dependent and independent variables. In the further development of
this Spatial panel data models have been used into simultaneous models not only in single models, where the
development of this model also indirectly makes the method of parameter estimation move into a more complex
direction from the side of mathematical proof also in the case of proof empirically, that most of the Monte Carlo
method.
The model that introduces spatial correlation using cross-sectional data was firstly introduced by Cliff and Ord 1
with a discussion of the presence of spatial autocorrelation in regression modeling that interested the experts to pay
attention to the spatial effects in a model. Later in 1979, Paelinck and Klaassens 2 introduced the term Spatial
Econometrics which is arguably the first comprehensive attempt to outline the spatial econometric field with
different methodologies. Anselin 3 discusses the spatial econometric method that is capable of overcoming spatial
dependency and spatial heterogeneity problems, which can causes standard econometrics techniques to be no longer
appropriate. Spatial econometric method developed into Spatial panel data models developed by Elhorst 4. Lee and
Yu 5 further split the model into two types, they are static and dynamic models.
Anselin 6 and Anselin, et al 7 divided spatial dynamic models into four categories:
a. Pure Space Recursive, if only spatial lag time is entered in the model.

b.

Time Space Recursive, if individual time lag and spatial time lag are included in the model.

c.

Time Space Simultaneous, if Individual time lag and contemporaneous spatial lag are specified in the model.

d.

Time-Space Dynamic, if all lag is inserted in the model.
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Spatial weights are a very important element in spatial econometrics modeling, as well as in Spatial panel data
models. The spatial weight matrix form commonly used in spatial models of econometrics is the spatial weight
matrix based on the border crossing as Le Sage 8 said. In addition to the five methods of forming the spatial matrix
described by Le Sage 8 there are several other methods that use custom spatial weight matrix based on some
consideration in research such as proximity in economic activities built between regions /countries. As Anselin 9
pointed out, the spatial weight matrix can be formed based on socioeconomic distance, i.e. multidimensional
distance based on socioeconomic indicators (income, migration flow, trade flow, and industrial structure).
The existence of spatial weights in an econometric spatial model must be tested first whether it is necessary or
not (the presence of spatial dependencies). One of the tests that can be performed to test for the existence of spatial
dependencies in a model is the Moran's I test that first mentioned by Moran 10 and further developed by Anselin 3.
OU 11 even compared the power of Moran's I test of two spatial weight and time variant forms in static panel data
models (Spatial Autoregressive model /SAR and Spatial Error Model /SEM), which concluded that the power of
Moran's I test for model using spatial weight time variant matrix had better performance than using spatial time
invariant weight matrix. Comparison of power Moran's I test conducted by OU 11 still uses static spatial panel data
models.
Based on the above description, this paper will develop Moran's I test on spatial panel data dynamic models with
Time space simultaneous category. Furthermore, to determine whether the developed Morans I test has a good
performance power test to detect the spatial autocorrelation of a Spatial panel data dynamic model, a monte carlo
simulation with various N, T and spatial autocorrelation parameter value (δ) is performed. The simulation results are
expected to show the effect of the change of the number of N, T and the magnitude of the parameter δ on the
strength of the spatial dependence test Moran's I in the spatial model of dynamic panel data Time space
simultaneous.

Spatial Panel Data Dynamic Models
In general, the model of Spatial Panel Data Dynamic (SPDD) according to Lee and Yu
follows:

5

can be specified as

with vector
, weight matrix Wn sized N x N, endogenous variables matrix Xnt sized N x k,
parameter
captures pure dynamic effects and
captures spatial time effects, and Cn0 s associated with fixed
individual effects and αt0 is associated with fixed time effects.
The SPDD model can be divided into three cases 12:
1. Stable case when
2. The case of Spatial Co integration when
3. Explosive Case when
The Spatial panel datadynamic model used in this paper is the Time space simultaneous model as follows:
(2)
where in the model the spatial weight matrix is only on endogenous variables and there
are endogenous
lag variables as explanatory dynamic variables. The model used is also restricted to a stable case on the grounds that
a stable case is the most common case of an existing economic phenomenon. Furthermore, transformation of model
(2) is done in order to eliminate the individual effects and time effects according to the steps undertaken by Lee and
Yu 13 which in the first step is to eliminate non-essential variables ie. variable of individual effects Cn0 and time
effects αt0.
Elimination is done by way of transforming Cn0 and αt0 with FT,T-1 matrix from
matrix which
is the orthornormal matrix of the eigenvector of the vector JT
. FT,T-1 is eigenvector matrix sized T
x (T-1) which relates to eigenvalues of one and 𝒍T the T dimensional vector of ones.
The N x T matrix of dependent variables [yn1, yn2, … ynT] can be transformed into the N x (T-1) matrix
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(3)
and,

(4)

Process transformation with FT,T-1 apply also to matrix variables
and
, because
0so [cn0, …, cn0] FT,T-1 = 0 and the individual effects can be eliminated by orthonormal matrix transformations, thus
forming the following equation:
(5)
This model (5) is further tested for spatial autocorrelation by using Moran's I test which will be discussed in the
next section. Model (5) is a model used if alternative Hypothesis fails to be rejected.

Testing Spatial Autocorrelation Moran's I
Spatial dependencies are defined as a functional relationship between what occurs at a point location with that
occurring in another location and must follow the relative spatial unit's location concept to another spatial unit 3.
Spatial dependencies are also often referred to as spatial autocorrelation and although the two concepts are not
totally overlapped, spatial autocorrelation is a simplified form of spatial dependency 6.
The two sources of spatial dependencies according to Le Gallo 14 are first corresponding to the spatial dimension
of the originating data having interactions between the units, in statistical terms defined as stochastic or spatial
random units, secondly because of model specification errors, or exclusion variables that are spatially correlated,
and third the existence of measurement error. A way of showing the relationship between regions in the econometric
model is to give the weight of the no stochastic spatial matrix W, the NxN, and symmetric diagonal matrix, the
element wij which measures the intensity of the spatial relations between units i and j with a finite and non-negative
value. Spatial weights are also often normalized rows ie each element of the W weights matrix divided by the sum of
its line elements.
Testing of spatial dependencies is done to determine the existence of spatial dependencies in a model where the
use of Ordinary Least Square (OLS) methods to estimate parameters is no longer reliable if there are spatial
dependencies 15. One way of testing the existence of spatial dependencies is to use the test Moran's I 10.
(6)
where sis the sum of all elements in the matrix W and n is the total observation on the variable vector y. The null
hypothesis is defined as the absence of spatial dependencies, with test statistics according to Cliff and Ord 16:
(7)
If the test is the residual of the autocorrelation spatial model then y is replaced by the residual
the OLS estimation in the model e
y
Xβ
that assuming the error is identical,
independent and normally distributed so that the Moran's I test equation becomes:

vector

of

(8)

Spatial autocorrelation testing with Moran's I on static Spatial panel data model (SAR and SEM) has statistical form
of Moran's I test as follows 11:
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(9)

with the time invariant weight matrix Wnwhere the value of weight W1=W2=...=WT

(10)
Based on the equation in OU 11 this paper developed moran's I test for spatial dynamic model as follows:
(11)
where lag 1 in the identity matrix I is performed to follow the presence of endogenous variables ynt 1.
The hypothesis used is as follows:
H0: there is no spatial autocorrelation
H1: there is spatial autocorrelation
If Moran's I test results fail to resist H0 then the model equation (5) would be:

with,
The value of Moran’s I standard is written as follows:
(16)
Testing the hypothesis will reject H0 if |𝒍𝒍| > 𝒍(𝒍/2) at a significant level α. The power of the hypothesis test is
the probability that the test correctly rejects H0 when H1 is true. Power a statistical test is worth between 0 and 1, and
as the power value increases in a test statistic, type 2 errors will decrease. Power test is used to see the ability of the
test statistic to detect special effects (if the effect exists), in this paper the particular effect is the presence of spatial
autocorrelation in the model. In this paper the test power is calculated based on the proportion of the number of
experiments when H0 is rejected by the number of repetitions of the experiments on the monte carlo simulations
performed. The simulation steps will be explained in the next section.
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The Monte Carlo Simulation for Power Moran’s I Test
The Monte Carlo simulation is used to show the change of power Moran's I test value when given the parameter
change δ0 with various N and T sizes from a Spatial panel data dynamic model.
The initial step of this simulation is to initialize the magnitude of the parameter values δ0 = 0.8,0.7,..., 0.1, -0.1, 0.2, ...,-0.8 with η0 0.99 δ0 (for stabile case) and βi = 0.8, 0.5 (with i = 1, 2) from Spatial panel data dynamic
model in equation (5). Next, generate a matrix X that distributes Uniform (0,1) of size NT x 2 as much as (NxT)
+100, and vector ε is Normally distributed (0.1). The weight matrix W is NTxNT that row normalized as much (NxT)
+100. Moran's I test statistic used is equation (11) and the magnitude of test power generated from Monte Carlo
simulation is used to see the performance of the test statistic.
This simulation uses different N and T values, in order to see the effect of N and T numbers on the Moran's I
statistical test performance in the dynamic panel data spatial model. This simulation is done with 100 repetitions and
repeteated two simulation where the first simulation is N = 10 with T = 5,10,15,20 and second simulation when T =
10 with N = 4, 8, 16, 64.

FIGURE 1. Power of Moran’s I test for (a) T=10, and (b) N=10
The results of power the Moran's I test simulation are fully shown in Fig. 1, and the power test value will be
greater as the numbers of N and T grow larger, this is in accordance with principle of the theorem limit center. The
value of the power test will tend to decrease when the parameter values δ approaches -0.4, and the performance
power test of the Moran's I looks better for the positive parameter values than the negative one, so the Moran's I test
will showed good performance when there is a positive autocorrelation spatial.
The value of power test at each parameter value δ with various value of N at time T = 10 and various values of T
when N = 10 can be seen completely in Table 1 and 2 which shows that the performance power of Moran's I test for
spatial panel data dynamic model very good when the parameter value
positive than when the parameter
negative both when the value of T is changing or when the N value is changing. The greater the parameter value
the better the Moran's I power test value of the spatial panel data dynamic model.
Moran's I test can measure the intensity of the spatial relations between units i and j positively. A large test
power value also indicates that I > E (I) means that each spatial unit tends to be adjacent (grouped) with spatial units
having the same attribute (in high-high or low-low relationship conditions).
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TABLE 1. Power Moran’s I Test values when N=10

TABLE 2. Power Morans’ I Test values when T=10

SUMMARY
In this paper we have developed Moran's I test statistic for spatial autocorrelation testing of the spatial panel data
dynamic models with time invariant spatial weight matrix. The Spatial panel data dynamic models used is The
spatial time simultaneous models with a stable transformed case approach. The Monte Carlo simulation results show
that power Moran's I test for The Spatial panel data dynamic models tend to be large when N and T are bigger, the
sign of spatial parameter dependencies
for endogenous variables also affects the value of test power where the
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performance power test is better if the parameter value δ positive, so the greater the parameter value
the better
the power value of Moran's I test of the dynamic model. Moran's I test can measure the intensity of the spatial
relations between units i and j positively. A large test power value also indicates that I > E (I) means that each
spatial unit tends to be adjacent (grouped) with spatial units having the same attribute (in high-high or low-low
relationship conditions).
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Abstract. This study aim to know characteritic of 16S rRNA gene sequence of Staphylococcus aureus bacterial strain
isolated from urinary catheter biofilm, namely MSSA 22187, to know the name of these species using molecular analysis,
and also to determine the phylogenetic tree of these bacteria. This was descriptive research. The sequence obtained by
isolation of total DNA specimen were then performed 16S rRNA gene amplification. The sequencing result were
analyzed using Geneious program, then performed in BLAST alignment to get the name of the species based on the
highest similarity base sequence of 16S rRNA gene between the voucher specimen in GenBank. The preparation of the
phylogenetic tree was done using software Mega. The result showed that the 16S rRNA gene amplification product of
1406 bp for MSSA 22187. While the name of the species based on the molecular analysis of 16S rRNA gene were then
aligned with BLAST was Staphylococcus aureus subsp. aureus for MSSA 22187. Phylogenetic tree construction showed
that MSSA 22187 located one cluster with Staphylococcus aureus subsp. aureus strain HG001, Staphylococcus aureus
strain FORC 027, Staphylococcus aureus strain SA40TW, Staphylococcus aureus subsp.aureus strain 2148.C01
chromosome and Staphylococcus aureus DNA complete genome strain 0C8. The results of bacterial strain characteristic
of Staphylococcus aureus subsp. aureus obtained from the cross section of urinary catheter was one of bacteria forming
biofilm cause of
S. aureus infection.
Keyword: bacterial biofilm, Staphylococcus aureus bacterial strain, 16S rRNA gene, and phylogenetic tree

INTRODUCTION
Biofilm S. aureus is associated with an increased formation of Urinary Tract Infection (UTI) based on catheter
insertion in patients 1. The formation of bacterial biofilms in difficult-to-treat catheteral infections, hospitalization
time is longer and maintenance costs are more expensive 2. The incidence of UTI in each country has different
statistical data, because of the level of health and medical services in the country. In indonesia, incidence and
prevalence are still high. This is what causes the level and level of public health that is still far from the standard and
the uneven level of social life of the economy, thus affecting the increase of UTI in Indonesia 3.
Bacterial identification is the first step in a series of studies on bacterial exploration and utilization. Identification
can be done conventionally through the characterization of biochemical and microscopic properties of bacterial
cells, to molecular-based. The method of identification of pathogenic microorganisms in clinical laboratories is
generally still done conventionally, either manually, automatically and semi-automatically 4. Conventional bacterial
identification errors are commonly found 4,5. Therefore, a relatively fast, efficient and accurate molecular method is
needed 6. Molecular identification using the 16S rRNA gene is one of the most commonly used methods for
identifying bacteria. This gene has a distinct and distinct sequence for each species of bacteria, relatively constant,
and has a small mutation rate 7,8. The use of 16S rRNA gene sequences along with bioinformatics analysis allows the
identification of clinical bacterial isolates to be carried out up to the species level and to be a verifier of conventional
identification results.
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The 16S rRNA gene sequence has several regions that have relatively conservative base sequences and some areas
of varying sequence of bases. A conservative base sequence comparison is useful for constructing a universal
phylogenetic tree because the sequence of bases in the 16S rRNA gene sequence is changing relatively slowly from
generation to generation and reflects the chronology of Earth's evolution. With phylogenetic tree can be known
species that have the closest kinship relationship 9. This study aims to know characteritic of 16S rRNA gene
sequence of Staphylococcus aureus bacterial strain isolated from urinary catheter biofilm, namely MSSA 22187, to
know the name of these species using molecular analysis, and also to determine the phylogenetic tree of these
bacteria.

EXPERIMENTAL DETAILS
This study used methicilin-sensitive Staphylococcus aureus (MSSA) 22187 as sample obtained from the department
of microbiology faculty of medicine airlangga university, surabaya, east java, indonesia. This bacterial isolates were
cultured on tryptic soy broth (oxoid) medium.
Bacterial isolate were cultured on 5 ml tsb medium for 24 hours. Suspension of bacteria was injected on fta card (ge
healthcare life sciences, marlborough, ma 01752, united states). Fta card was dried for one hour and stored until
required. Isolation of genomic dna was conducted by using geneius tm micro gdna extraction kit (geneaid biotech.ltd,
shijr city, new taipei city, taiwan). Concentration and purity of dna were calculated by using nanodrop.
Amplification of bacterial 16s rrna gene were performed by pcr with kod fx neo kit (toyobo co. Ltd, osaka, japan).
The purification and cycle sequencing process were performed to sequence analysis with zymoclean tm gel dna
recovery kit (zymo research, irvine, orange country, ca).
Phylogenetic tree is made using mega 6.06 software program. All sequence data is inputted in the data analysis
column. The phylogenetic analysis column is selected on the data menu. Types of phylogenetic tree compilation
methods are selected in the phylogeny menu, ie construct neighbor-joining tree and select the bootsrap icon. In the
manufacture of phylogenetic bacteria strain tree mssa 22187 selected bootstrap 1000. Then, the compute icon is
selected to obtain the phylogenetic tree.

RESULTS AND DISCUSSION
Identification of S. aureus 16S ribosomal RNA
Target band of MSSA 22187 were 1406 bp (FIGURE 1). The highest identical level of MSSA 22187 specimens
were 100% with E-value of 0.0 in Staphylococcus aureus subsp. aureus. Thus, the species name of MSSA 22187
after identification using a molecular approach through the amplification of the 16S rRNA gene is Staphylococcus
aureus subsp. aureus. Thus, the species name of MSSA 22187 is Staphylococcus aureus subsp. aureus.

FIGURE 1. Electrophoresis of encoding gene amplification of 16S rRNA bacteria S. aureus strain MSSSA 22187 with primer
8F and 1522R temperature 72 0C. Lane 1 is a DNA band encoding gene of 16S rRNA MSSA 22187 of 1407 bp. Lane
2 is a 100 bp DNA ladder marker.
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Phylogenetic analysis of S. aureus strain MSSA 22187
The phylogenetic tree forms two clusters based on their kinship between vouchers of GenBank which have the
highest similarity in the sequence of 16S rRNA gene with MSSA 22187 (Figure 2). The first cluster, branches (a),
(b), (c), (d), dan (e) are on the same branch with MSSA 22187. The second cluster, the branch (f), (g), (h), (i) dan (j)
are not on the same branch with MSSA 22187. It shows that phylogenetically, the bacterium MSSA 22187 has
similar species with branches (a), (b), (c), (d), and (e) in the first cluster of phylogenetic trees.

FIGURE 2. The bacterial association of S. aureus strains of MSSA 22187 through the manufacture of phylogeny trees and the
position of these bacterial strains in several S. aureus strains present in Genebank.

The study found that MSSA 22187 bacteria is not a new species, because it has been a sequences homology of 16S
rRNA in the Genbank gene of 100%. A new bacterial isolate can be said to be in a genus group with bacteria already
in the Genbank if it has been a sequences homology of 16S rRNA gene of 97% to 99% 10. The exact taxonomy
needs to be done to evaluate new bacterial samples such as evaluation of bacterial phylogenetic position with the
entire phylogenetic group in GenBank, chemotaxonomic evaluation and phenotypic evaluation of the closest
phylogenetic bacteria. If the results of phenotypic evaluation and chemotaxonomy support the results of
phylogenetic evaluation, then the bacteria can already be determined by the taxi group and named according to the
genus that has been evaluated.

SUMMARY
Bacterial identification is the first step in a series of studies on bacterial exploration and utilization.
Molecular identification using the 16S rRNA gene is one of the methods used to identify bacteria. The
sequence of the 16S rRNA gene has several regions that have a relatively conservative sequence and several
regional base sequences are varied. Another way to construct a universal phylogenetic tree. The existence of a
phylogenetic tree can be a species that has the closest kinship relationship to the species under study. The S.
aureus bacteria in this study produced molecular analysis results using a 16S rRNA -based sequence genes.
The results of bacterial strain characteristic of Staphylococcus aureus subsp. aureus obtained from the cross
section of urinary catheter was one of bacteria forming biofilm cause of S. aureus infection.
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Abstract. Most of provinces in Indonesia have problem with AIDS. The number of people who died because of AIDS is
different in each province. There is province with high number of AIDS infection as well as AIDS-related death and vice
versa. The unidentified number of AIDS issues may give difficulty to the government in dealing with policies related
AIDS for their province. Therefore, there is a need to identify and to group the province based on number of AIDS cases
and AIDS-related death. One tool that can be used to do so is by using IPA concept. By using IPA concept, it will reveal
which province has high number of AIDS infection and AIDS-related death so it can be organized from the highest to the
lowest one. From the result of IPA Concept, East Java Province and Central Java Province is the two highest provinces
with AIDS problem and AIDS-related death. This information is possibly helpful for the governor to make policies.
Keywords: AIDS, Importance Performance Analysis, Province

INTRODUCTION
HIV is a virus that can cause a disease namely AIDS. Since HIV appeared in 1980, it has become one of the most
pressing health problems in the world, it is mostly attacking young people who are economically active.
In Indonesia, based on data from Ministry of Health RI, the cumulative number of AIDS cases since April 1, 1987 to
December 31, 2016 is 86,725 people. In this modern age, adolescents and adults tend to have a free life-style.
Unwittingly, such disgraceful activities are capable of wreaking health problem like the HIV virus in which can
cause AIDS disease.
In every province in Indonesia, there are people with AIDS infection and people who died of AIDS. The number of
AIDS problem and AIDS caused death vary for each province. There are provinces that have high number of AIDS
cases and high number of AIDS-caused death, and vice versa. This can be difficult for the government when it
comes to policies making process in order to resolve the high number of AIDS cases without clear distribution. The
problem can be solved by using the IPA method.
The IPA method is one of methods used in descriptive analysis. In the IPA method, there are two components,
namely quadrant analysis and gap analysis. Quadrant analysis shows the relationship between the rating of
importance and the level of satisfaction. However, in this study quadrant analysis is used to show the relationship
between the number of AIDS cases and the number of AIDS-caused death. The results of quadrant analysis can be
seen in the curtsies diagram, in which there are four quadrant divisions. Based on the quadrant analysis results, the
researcher reveals which province has high AIDS cases and the number of AIDS-caused deaths. As further
consequence, those provinces with these criteria can be prioritized by the government in making the right policy in
order to suppress this problem. The Potential Gain Customer value (PGCV) method was used as a support method in
finding which province that needs to be prioritized in terms of addressing the spread of AIDS in Indonesia.
This IPA method is also used by researchers to see the shift in the number of AIDS cases and the number of AIDS
deaths per province from 2011-2016. It aims to see whether there are some increasing numbers or declining number
in every province. A declining number of AIDS cases may indicate the success of local governments in providing
policies to reduce the number of AIDS cases in the province. The government's policy in province with declining
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number of AIDS can be used as a reference for government in other province to do the same as an effort to reduce
the high number of AIDS case.

THEORETICAL BASIS
This research uses descriptive analysis method and Importance and Performance Analysis (IPA) method supported
by PGCV method and ratio calculation.
1. Descriptive statistics
Descriptive analysis is a way of describing problem according the data by organizing the data in such a way that
can easily be understood about its characteristics in which explained and used for the next purpose. Therefore, in
this case there is activity or process of data collection and data processing based on its prior purpose.
2. Importance Performance Analysis (IPA)
The method of Importance Performance Analysis (IPA) was firstly introduced by Martilla and James (1997) in
the aim to measure the relationship between consumer perception and priority of product / service quality
improvement, also known as quadrant analysis (Brandt, 2000 and Latu & Everett, 2000). IPA has been generally
accepted and used in various fields of study because of its easy application and the appearance of analytical
results that facilitates the performance improvement proposals (Martinez, 2003).
Quadrant A: The service quality of a variable is lower than the consumer's desire, so the quality of service must
be improved to become optimal.
Quadrant B: The service quality and consumer desires of a variable are at top and appropriate level, thus
maintaining the service quality of the variable is recommended.
Quadrant C: The service quality and consumer desires of a variable are at a low level, so the service does not
need to make improvements.
Quadrant D: The service quality is at a high level but consumers' desire for service quality of these variables is at
low, so companies need to reduce the achieved results in order to streamline the company's
resources.

FIGURE 1. IPA Graph

3. Potential Gain in Customer Values (PGCV)
This tool is used to complement the analysis results of importance and performance. This tool is used to
determine the priority of improvements that must be done by the manufacturer. The analysis of the importance
and performance give less recommendation to prioritize an improvement. Therefore, it is used another analytical
tool namely the PGCV which used index number.
The steps of the PGCV Index are:
i. Achieve Customer Value (ACV)
This is the result of the variable of importance with the performance variable. ACV shows the value achieved
from costumer’s opinion in the following formula:
𝐴𝐶𝑉 = 𝑋̅ x 𝑌̅ ..........................................................................................................................(1)
Where 𝑋̅ is average score of satisfaction level (Reality), and 𝑌̅ is average score of interest level (Expectation).
ii. Ultimately Desire Customer Value (UDCV)
The desired consumer final value is to find the value of UDCV by diverting the value of importance which
selected by the customer with maximum performance value using Likert scale in the questionnaire.
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The following formula is:
𝑈𝐷𝐶𝑉 = 𝑌̅ x 𝑋̅max ................................................................................................................(2)
Where 𝑋̅max is Maximum performance value with Likert scale on questionnaire, and 𝑌̅ is average score of
importance level (Importance)
iii.PGCV Index
The highest quality values of the PGCV index were the first priority for improvement. Then the second value
and sequentially become the order of further improvement. So we can see what consumer’s facilities or
attributes which should be prioritized for improvement to meet their satisfaction. (Suprayogi, 2014)
Indeks PGCV = UDCV – ACV ................................................................................................(3)
4. Ratio
Ratio is a mathematical expression that compares two or more digits. The ratio can be used to compare some
numbers or absolute values as well as to indicate a certain portion of the total amount.

EXPERIMENTAL DETAILS
There are 2 variables that used in this research namely the number of AIDS cases from 2011 to 2016 and the number
of people who died caused of AIDS from 2011 to 2016. In this study, researchers used the entire population of
Indonesian citizens in total of 257.912.349 inhabitants. The data of this study is secondary data that were obtained
from the fourth quarter report of the Ministry of Health in 2016 and from the report of the Ministry of Health in
every Province.

RESULTS AND DISCUSSION
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FIGURE 2. Distribution of AIDS cases

The highest number of AIDS cases in 2011-2016 in Indonesia is 10,866 located in East Java province.
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FIGURE 2. Descriptive of AIDS caused death number

East Java Province is more prominent than other provinces. The number of AIDS caused deaths in 2011-2016 in
East Java province is 2090, and the lowest is West Sulawesi province with 16 people.

Importance Performance Analysis (IPA)
In the IPA method, the authors conducted an analysis of provided data to see groups I, II, III, and IV from 2011 to
2016. The following are the results of the analysis in 2011.

FIGURE 4. IPA 2011
In the FIGURE 4. x axis represents the value of AIDS cases in 2011, while the y axis represents the value of the
number who died of AIDS in 2011. The intersection lines that make up the Cartesian diagram are obtained from the
x-axis which is the average of AIDS deaths in 2011 and x ̅ is the average of AIDS cases in 2011.
Quadrant I is a group with high AIDS case criteria and high AIDS caused death where there are 3 provinces in that
group. They are East Java, Papua, and Central Java.
Quadrant II is a group with low AIDS case criteria and high AIDS caused death where there are 7 provinces
included in the group namely South Sulawesi, North Sulawesi, Riau Islands, East Nusa Tenggara, West Nusa
Tenggara, Maluku and West Kalimantan.
Quadrant III is group of low AIDS case criteria and low AIDS caused death where consits if 21 provinces that are
NAD / Aceh, North Sumatera, West Sumatera, Riau, Jambi, South Sumatera, Bengkulu, Lampung, Bangka
Belitung, DI Yogyakarta, Banten, South Kalimantan, East Kalimantan, Central Kalimantan, North Kalimantan,
Central Sulawesi, Southeast Sulawesi, Gorontalo, West Sulawesi, North Maluku and West Papua.
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Quadrant IV is group with high AIDS case criteria and low AIDS caused death in which there are 3 provinces in that
group. They are DKI Jakarta, West Java, and Bali.

FIGURE 5. IPA 2012

AIDS cases and AIDS caused death in the province of North Sumatra increased in 2012 from 2011 to quadrant I.
According to the Head of Medan Plus, Eban Tatonka, HIV / AIDS case in North Sumatra is predicted to increase
due to the limited budget for the prevention of infectious diseases in 2012.

FIGURE 6. IPA 2013

In 2013, West Papua enters the IV quadrant with higher rate of AIDS cases. According to the Chief Medical
Officer of West Papua Otto Parorongan, the case is increasing allegedly due to the weakness of the citizens' interest
to get examined; the free sex culture without safety equipment also encourages the spread of HIV and AIDS.
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FIGURE 7. IPA 2014

West Sumatra experienced increasing of AIDS cases and AIDS caused death drastically in 2014 so it occupied
quadrant I. According to the Head of West Sumatra province, Rosnini Savitri, the increase of HIV patients is
suspected because of the increasing number of cases of free sex in West Sumatera. In addition, the presence of
migrants from various regions and other countries is also a factor triggering the increased transmission of the
disease.

FIGURE 8. IPA 2015

In 2015, DKI Jakarta moved to quadrant III, namely low AIDS cases and low AIDS caused death. This is because
DKI Jakarta held a workshop to suppress cases of AIDS spread every year. Head of Health Control of DKI Jakarta
Health Office Widyastuti said this number appears because of the control effort to find out as early as possible the
people with HIV / AIDS infection.
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FIGURE 9. IPA 2016

In 2016, Riau Islands experienced an increasing in the number of AIDS caused death. This is presumably because in
2016 most of the mothers suffering from HIV / AIDS are transmitted by her husband. The average HIV / AIDS
patient is the result of free sex, either between women and men, or gay and lesbian. This was revealed by the
Coordinator of the Secretariat of the AIDS Provincial AIDS Commission.
In addition, hundreds of infants in Riau Islands are identified as having HIV / AIDS. This is admittedly by the Riau
Islands Provincial Health Office, Tjetjep Yudiana, in Tanjungpinang who said that mostly infected toddlers are
living in Batam where the largest population is living there. In Tanjung Pinang, there are 25 infants affected by HIV.
Moreover, hundreds of infants with HIV / AIDS in Riau Island cannot get immunization because of their body is too
weak. This effected on the high number of AIDS cases and AIDS caused death in Riau.

PGCV
To determine which provinces are in the top priority of improvement and highly need more attention from the
regional government are using this following results:
TABLE 1. Result PGCV

Province
Jawa Timur
Papua
Jawa Tengah
Sumatera Utara
DKI Jakarta

Total
AIDS
10,866

Total
Meninggal
2090

Indeks
PGCV
154808.25

7,581
4,973
2,539
4,330

1010
863
915
532

58432.34
31873.52
29746.21
18849.18

Priority
1
2
3
4
5

The result of prioriticed improvement based on the rankings can be seen in the table. The first rank is East Java
province, the second position is Papua, the third is North Sumatra, and the fourth Central is Java and so on.

Ratio
Other than PGCV, to see provinces that become a priority for improvement is also can be done by looking at the
ratio or vulnerability of AIDS caused death in every province.
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TABLE 2. Vulnerability AIDS

Province
Papua

Population Density
(Jiwa/Km2)
10.05

AIDS-caused
death
1142

Ratio
113.632

Kalimantan Barat

33

403

12.212

Kalimantan Timur

27.13

225

8.293

Nusa Tenggara
Timur
Riau

106.81

531

4.971

74.7

351

4.699

The province of Papua has the highest ratio than any other province. It dues to the large population and wide
location, also the number of AIDS caused death is also high, so the ratio becomes large too. From the ratio, it shows
that Papua province has a high level of vulnerability to the spread of AIDS.

SUMMARY
1.

2.
3.
4.

The provinces that belong to group I in 2011 are East Java, Papua, and Central Java. The provinces that belong
to group I in 2012 are East Java, Papua, Central Java, DKI Jakarta, and North Sumatra. The provinces that
belong to group I in 2013 are East Java, Papua, DKI Jakarta, North Sumatra, and Central Java. The provinces
that belong to group I in the year 2014 are East Java, Papua, Central Java, West Sumatra, and East Nusa
Tenggara. The provinces that belong to group I in 2015 are East Java, Central Java, West Java, Papua, and Bali.
While the provinces that belong to the group I yaiu East Java, Central Java, South Sulawesi, and Riau Islands.
Province that experienced a shift from group I into group III was Papua. It was because the Dinkes Papua keeps
finding new AIDS cases and then quickly gives treatment to people with HIV / AIDS.
Provinces with priority of improvement based on the ranking are East Java province followed by Papua, North
Sumatra, Central Java and the lowest rank is North Kalimantan.
Provinces which has AIDS patient vulnerably to death according its population density is Papua

RECOMMENDATIONS
From the result, it can be conclude that when the government will make a policy to reduce the number of AIDS
cases in Indonesia, it should prioritize the province with the highest AIDS problems, which are East Java and Papua
Province.
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Abstract. IntroductionTyphoid fever is an acute infection of the small intestine with symptoms of fever for a week or more,
which usually accompanied by gastrointestinal disturbances and impaired consciousness. This disease is caused by Salmonella
typhi and is only found in humans (1,2). Globally, an estimated 17 million people develop the disease each year. Most of these
diseases are present in low-income populations, especially in Southeast Asia, Africa, and Latin America. This flagellinH1-d gene
contains a series of DNAs in the subspecies of proteins in bacterial flagellum that become potencial genes of invasive bacterial
power. (5,6) Serotype flagellar H1-d is common in possession of Salmonella typhi in patients worldwide. However, in further
investigation investigations of Salmonella typhi found serotype flagellar is different from H1-d.
Research methods This study used an experimental diagnostic research design. Experimental research is research where there is
treatment (treatment) to treatment variables, experimental research can provide an explanation of causal relationships that can be
known by researchers who are enabled to be able to perform treatment of the object of research. This study is a true experimental
post test by measuring the ability of Polymerase Chain Reaction (PCR) in terms of sensitivity and specific in the gene Hd
Salmonella typhi germs. This research will be conducted in March 2017 and done in two places, namely: Bangsal and polyclinic
of Ibnu Sina Hospital of Makassar for blood sample collection and Molecular Biology Laboratory of Microbiology Faculty of
Medicine, Hasanuddin University Makassar For PCR measurement. Samples were taken from positive patients with typhoid
fever at Ibnu Sina Hospital in Makassar. Samples are all affordable populations that meet the inclusion criteria of the study.
Sampling based on special selection or also called Sampling Purposive. A total of 3 samples derived from the positive subjects of
S. typhi culture in patients with typhoid suspect.
Result and discussion PCR test has been done on 2 samples of patients with typhoid fever. The electrophoresis result of
Salmonella typhi type Hd is indicated by the band at 1521 bp. The PCR product amplification results were then viewed using
electrophoresis with ultraviolet light. Markers (markers) are a mixture of molecules of varying sizes used to determine the size of
the molecules in the sample band. The bands on the sample lane can be compared with the marker bands to determine the number
of base pairs of DNA detected and isolated from the sample. On the negative result will not be formed ribbon. At the reading of
electrophoresis with ultraviolet illumination the bands are formed from all sample lanes and then matched with markers. In both
samples no bands were found at 1521bp, and found bands at 1273bp. This suggests that both samples of Salmonella typhi do not
have the Hd gene. From bacterial isolation performed on sodium agar and Mac Conkey bacteria colonies after 24 hours
incubation with 37oc temperature characterized by turbidity and irregular spherical colonies. Blood cultures were able to detect
40-70% and this sensitivity range was related to the number of blood samples, S. Typhi bacteremia levels, the type of medium
used, and the length of the incubation period (Rubin et al., 1989). Chomal and Deodhar (2000) 3279 samples yielded a positive
culture of 558 (17%) and successfully isolated 109 S. Typhi strains from a positive blood culture sample (19.53%).
Keywords : Polymerase Chain reaction, specificity, Salmonella thypi

INTRODUCTION
Typhoid fever is an acute infection of the small intestine with symptoms of fever for a week or more, which usually
accompanied by gastrointestinal disturbances and impaired consciousness. This disease is caused by Salmonella
typhi and is only found in humans 1,2. Globally, an estimated 17 million people develop the disease each year. Most
of these diseases are present in low-income populations, especially in Southeast Asia, Africa, and Latin America.
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This flagellinH1-d gene contains a series of DNAs in the subspecies of proteins in bacterial flagellum that become
potencial genes of invasive bacterial power 5,6. Serotype flagellar H1-d is common in possession of Salmonella typhi
in patients worldwide. However, in further investigation investigations of Salmonella typhi found serotype flagellar
is different from H1-d.

EXPERIMENTAL DETAILS
This study used an experimental diagnostic research design. Experimental research is research where there is
treatment (treatment) to treatment variables, experimental research can provide an explanation of causal
relationships that can be known by researchers who are enabled to be able to perform treatment of the object of
research. This study is a true experimental post test by measuring the ability of Polymerase Chain Reaction (PCR) in
terms of sensitivity and specific in the gene Hd Salmonella typhi germs. This research will be conducted in March
2017 and done in two places, namely: Bangsal and polyclinic of Ibnu Sina Hospital of Makassar for blood sample
collection and Molecular Biology Laboratory of Microbiology Faculty of Medicine, Hasanuddin University
Makassar For PCR measurement. Samples were taken from positive patients with typhoid fever at Ibnu Sina
Hospital in Makassar. Samples are all affordable populations that meet the inclusion criteria of the study. Sampling
based on special selection or also called Sampling Purposive. A total of 3 samples derived from the positive subjects
of S. typhi culture in patients with typhoid suspect.

RESULTS AND DISCUSSION
The ability and specificity of PCR
PCR test has been done on 2 samples of patients with typhoid fever. The electrophoresis result of Salmonella typhi
type Hd is indicated by the band at 1521 bp. The PCR product amplification results were then viewed using
electrophoresis with ultraviolet light. Markers (markers) are a mixture of molecules of varying sizes used to
determine the size of the molecules in the sample band. The bands on the sample lane can be compared with the
marker bands to determine the number of base pairs of DNA detected and isolated from the sample. On the negative
result will not be formed ribbon. At the reading of electrophoresis with ultraviolet illumination the bands are formed
from all sample lanes and then matched with markers. In both samples no bands were found at 1521bp, and found
bands at 1273bp. This suggests that both samples of Salmonella typhi do not have the Hd gene.

FIGURE 1. Electesophthesis results in a sample of typhoid fever patients

From bacterial isolation performed on sodium agar and Mac Conkey bacteria colonies after 24 hours incubation with
37oc temperature characterized by turbidity and irregular spherical colonies. Blood cultures were able to detect 4070% and this sensitivity range was related to the number of blood samples, S. Typhi bacteremia levels, the type of
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medium used, and the length of the incubation period (Rubin et al., 1989). Chomal and Deodhar (2000) 3279
samples yielded a positive culture of 558 (17%) and successfully isolated 109 S. Typhi strains from a positive blood
culture sample (19.53%).

Medium
TSIA (Triple Sugar Iron Agar)

SIM (Sulfur Indol Motil)

MR (Methyl Red)
VP ( Voges Proskauer)
Citrate
Urease
Peragian gula gula

Hasil
Slant : kuning (asam)
Butt : kuning (asam)
H2s : (+) hitam
Gas : (-) tidak ada gas
Sulfur: (-) tidak ada sulfur
Indol: (-) tidak ada cincin merah
Motility : (+) zig zag
(+) Merah
(-) tidak ada cincin merah
(-) hijau
(-) kuning
Glukosa : (-) merah
Laktosa : (-) merah
Sukrosa: (-) merah
Maltosa: (+) kuning
Gas : (-) tidak ada gas
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Abstract- Medical radiation workers are occupationally exposed to long-term low levels of ionizing radiation. So they have
higher risk to have DNA damage and potential to health hazards due to radiation exposure. In this study 33 blood samples
were collected from 33 volunteers that consisting of 24 nuclear medicine workers and cath lab and 9 non medical workers as
control and their ɣ-H2AX expression as a biomarker of DNA damage were examined with immunofluorescence method. It
was found that the mean of ɣ-H2AX foci index in medical worker was 0.19±0.20 and in control was 0.21±0.11. There was
no statistical difference between both groups, but ɣ-H2AX foci index of nuclear medicine worker was higher (0,39) than in
cath lab (0,19) (p=0,05). It is concluded that the potential of DSB DNA damage detected by ɣ- H2AX foci is similar
between medical radiation worker and non medical radiation worker (control). It also needs more intensive study with more
number of subject that include in the study and more parameters to support the finding of higher DSB DNA damage in
nuclear medicine than in cath lab workers.
Keywords: ɣ-H2AX, DSB DNA Damage, medical workers.

INTRODUCTION
Human cells have daily exposed to risk of damage to the genetic material, sources of whose include exogenous (e.g.
- plant toxins, UV, X and gamma rays, mutagenic chemicals, chemotherapeutic agents and viruses) and endogenous
(reactive oxygen/nitrogen species, estrogen metabolites, deamination, alkylations and so on). The increased degree
of DNA damage and inefficient repair mechanisms are molecular events of many diseases and neoplasma 1.
Genomic instability leads to the accumulation of mutations, is the beginning step in the carcinogenesis process.
The recent data point is related to genetic changes and cancer 2.
Ionizing radiation (IR) exposure causes direct damages to the DNA, with the formation of radicals that generate
lesions, such as single and double breaks in DNA strands, as well as a change in bases. The overall outcomes are the
disturbing effects on cell cycle, the repair effect capacity of genetic materials or cell dead in apoptosis 3, and
proceeding on oxidative damage to DNA, lipids, proteins, and cell essential metabolites, with changes in the
expression of proteins, metabolites, as well as in epigenetic events 4. In this term, the biological effects of IR in
humans exposed at low doses have been of relevant interests in relation to the effects of genetic instability,
circulatory problems and in cancer 5.
Medical radiation workers, including doctors, nurses and other medical staff, are exposed to low doses of ionizing
radiation from a variety of sources, including diagnostic x-rays and other medical devices 6, and constitute the
largest occupational group exposed to man-made sources of radiation 7. Some medical uses of radiation source, such
as nuclear medicine, may cause the exposure of staff to higher doses. Nuclear medicine employees are continuously
exposed to ionizing radiation in the workplace in spite of use radiation protection devices 8.
There is a possibility that medical radiation workers, cath lab and nuclear medicine employee in their activity have
a risk to be exposed to x-ray or gamma ray in diagnostic or therapeutic procedures. This risk will be increased when
some accidental conditions that result in overdose exposure. It also has potential to influence DNA damage both
double-strand break(DNA DSB) and single strand break. This study aimed to analyze the potential of DNA DSB by
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observing γ-H2AX as biomarker of DNA-DSB damage in medical radiation workers compared to control and
between cath lab and nuclear medicine employee by using an immunofluorescence method.

EXPERIMENTAL DETAILS
Subjects
The research protocol was approved by National Institute for Health Research and Development No. LB.
02.01/5.2.KE.171\2016. Thirty-three blood samples volunteers were collected from 24 medical radiation workers
that consist cath lab and nuclear medicine employee and 9 administrative staffs as a control in Hospital “X” in
Jakarta. All volunteers were informed about nature, aims, and intention of the study and signed an informed consent
form and questionnaire before providing blood samples. Any individuals suffering from an illness or taking any
medication were excluded.

Isolation of Lymphocytes
A heparinized whole blood sample was collected from volunteers in hospitals and transported to our laboratory.
Histopague separation method was used to isolate lymphocyte cells by layering 2 ml of whole blood mixed with an
equal volume of Free Calcium Phosphate Buffered Saline (PBS) pH 7.4 on to 2 vol of lymphocyte-separating
medium (Histopaque 1077) and then followed by centrifugation for 30 min at 1500 rpm. The lymphocyte cells that
appeared as a whitish/gray was transferred to a new 15 ml centrifuge tube with 5 ml of PBS and centrifuged for 15
min at 1000 rpm. The cells were washed three times and resuspended in PBS at a density of (5-6)x104/ml and put
on basic medium (RPMI). This method was adopted from some publications with any modification 9,10,11.

γ -H2AX Assay
Medium (RPMI) contained the isolated lymphocyte cells were dropped on hydrophobic slides and left for 15 min
(minutes). Cells were then fixed in 2% paraformaldehyde for 5 min, permeabilized for 5 min on ice in 0.25% Triton
X-100, and blocked in PBS with 1% BSA for 15 minutes at room temperature. After removing BSA the primary anti
ɣ-H2AX (mouse anti-Phospho-Ser139 ɣ-H2AX Antibody, ThermoFisher) and 53BP1 antibodies (ThermoFisher;
used for internal control staining) were mixed together at 1: 500 dilution in BSA. These antibodies were dropped on
the slides and incubated in a dark moist chamber for 45 minutes at 30 0C. To remove the first antibodies the slides
were washed with BSA 1 % for 3 x15 minutes, the second antibodies (Goat Anti-mouse IgG Daylight 488 and anti
rabbit-Daylight 594 nm, both from Thermo Scientific) diluted in BSA 1% and with DAPI (diluted 1: 500) and
incubated for 30 minutes at room temperature. After 2-3 washed with PBS every 15 minutes, slides were dried for
15 minutes with a fan. The mounting medium Vectashield was dropped and mounting with a coverslip and let 15
min in fridge. The observation was done by an experienced investigator (IK) using a fluorescence microscope
(Nikon) equipped with red, green and blue fluorescence filters and a 100x lens under immersion oil. Generally, 50
cells per slide ɣ- H2AX foci were counted per individual 9,12.

Statistical Analysis
In prior of data analyzed, Kolmogorov-Smirnov Test was used to determine normality of data distribution. TStudent Test is used to analyze data between γ- H2AX foci in radiation worker and administrative staff (control),
differentce of γ- H2AX foci between nuclear medicine worker dan cath lab, different γ- H2AX foci in duration
working time. All the data were analyzed with MedCalc Software 12.7.00.
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RESULTS AND DISCUSSION
Ionizing radiation effect not only high but also low chronic doses that is known as a mutagenic and carcinogenic
agent in mammals, including humans. Medical staff using radiation for diagnostic and therapeutic purposes are
potentially at risk of overexposure. Fortunately, due to the application of principles of radiological protection, the
levels of exposure of medical staff to ionizing radiation have been decreased, and they are usually below the limit of
20 mSv/year 13.
There were several publications about DNA damage in radiation medical worker. Dobrzyńska et al 13 analyze the
effect occupational exposure to ionizing radiation on the DNA damage in peripheral blood leukocytes of nuclear
medicine personnel with comet assay method. Their result shows that occupational exposure to ionizing radiation
leads to enhanced levels of reversible DNA damage in leukocytes of nuclear medicine employees the kind of work,
in this study, include 86 sample that consists 46 medical workers and 40 control. The level of DNA damage depends
on the kind of work. The data from our previous study found that no statistical different potential of DNA DSB
damage between medical radiation worker that majority consist of radiologist and radiographer operator with
administrative staff as a control. The DNA damage was detected by ɣ-H2AX assay, but in this study medical
radiation worker had not been grouped between clinical radiologist (medical doctor, nurse, and radiography
operator) and nuclear medicine employee 14. In this current study total, 33 volunteers which consist 9 control, 6
nuclear medicine workers (medical doctor and nurses) and 18 were cath lab workers as can be seen in Table 1. The
control consists of 6 women and 3 men with the average age of 42,11 years, nuclear medicine employee that consist
of 1 woman and 5 men with the average age of 41,83 years and cath lab consist of 8 women and 10 men and
average ages of 46,00 years. Expression of ɣ-H2AX and 53BP1 foci in nucleus lymphocyte cell as shown in
FIGURE 1 (a and b). The expression of ɣ-H2AX could be seen as bright green foci as result of bonding of antibody
ɣ-H2AX with Daylight 488 secondary antibody, and the expression of 53BP1 as internal control could be seen in
bright red foci were the result of bonding of antibody 53BP1 with Daylight 594 secondary antibody.
TABLE 1. Characteristic Volunteers of medical radiation worker and control

Subject

.

Gender (W/M)

Control
n=9
Nuclear Medicine
n=6
Cathlab
n=18
W = Women M = Men

Ages
(mean±SD, years)

W=6, M=3

42,11±13,03

W=1, M=5

41,83±10,32

W=8, M=10

46,00±9,97

b

a

FIGURE 1. Expression of ɣ-H2AX (a) and 53BP1(b) from medical radiation worker (Originally 10x100).

In FIGURE 2 a, there were no differences in the mean ɣ-H2AX foci between control and radiation workers
(p>0,05). The mean of ɣ-H2AX foci worker were 0,19 ±0,20 with range of 0,02-0,84 and 0,21±0,11 range 0,00-
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0,32 for control. Both of ɣ-H2AX foci worker and non worker were still in the range nornal value if compared with
Lavefre et al., 15 in French population who found ɣ-H2AX foci of 0,09 with range 0,01-0,17, whereas study from
Cuba it is 0,07 with range 0,01-0,15. This result was different with another study, Basheerudin et al., 16 found the
mean of ɣ-H2AX of healthy people (0.014±0.001) and in medical worker (0.068±0.005), it means that potential of
DNA damage in the medical worker to be exposed by occupational exposure is higher than healthy people. Other
publication obtained, Raavi et al., 17, the same result where ɣ-H2AX of healthy people is 0,042±0,001 and medical
worker is 0,066±0,005. From these two studies, it can assume that occupational exposure has higher risk to have
DNA damage compared to healthy people. It could be be the number of subjects that include in this study make
there were statistically significant different potential DNA damage between healthy people as control with medical
radiation worker in this hospital or some using an operational procedure that used safe enough to protect the worker
from overexposure of ionizing radiation.
An interesting data in this study is seen in FIGURE 2 b, where the mean of ɣ-H2AX foci in nuclear medicine staff
higher than cath lab, it reach statistical significant (p=0,05). Nuclear medicine workers were medical doctor and
nurse and the majority they received occupationally gamma-ray exposure, whereas cath lab were medical doctor and
radiographer who exposed by X-ray. Until now there was no publication that using ɣ-H2AX foci as DNA DSB
biomarker to detect of potential DNA damage in nuclear medicine employee compared with clinical radiologist
include as radiology intervention. Kopjar et al., 18, study DNA on damage nuclear medicine employee with comet
assay method was found the increase of DNA damage in personnel exposed to low doses of ionizing radiation. The
same result was also found by Dobrzyńska et al., 13, there was an increase of material genetic damage in a doctor,
nurse, PET CT, radiochemist as nuclear medicine employee compares with control. The exposure of patients and
workers to radiation in medicine is a direct consequence of the use of radiation to improve the health of the
individuals. Medical personnel employed in nuclear medicine departments is occupationally exposed to low doses
of ionizing radiation during handling and administrating infusion solutions containing different radionuclides, such
as Iodine 131 (I-131) and Technetium 99m (Tc-99m). I-131 decays by emission of β and γ-radiation, while Tc-99m
has single gamma energy 19. This result may be due to better radiation protection procedures or equipments in the
cath lab compared with nuclear medicine employee in reducing the potential of over exposure that caused risk DNA
damage of workers.

a

b

c
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FIGURE 2. ɣ-H2AX foci index in medical radiation worker and control (a)ɣ- H2AX foci index in nuclear medicine worker and
cath lab(b) and ɣ-H2AX foci index of radiation worker in different duration working time (c).

As in general, the effect ionizing radiation exposure in medical worker associated with chronic and acute exposures
are very different. The effects of radiation depend on factors such as dose levels, duration of exposure, type of
radiation and its energy, mode of exposure, a region of the body being exposed, radio-sensitivity of the organ, etc 15.
It assumed that related to the working duration of radiation worker both of nuclear medicine and cath lab. In this
current data, they were no different between ɣ-H2AX foci for the worker that working less and more the 10 years.
(p>0,05) as shown on Fig 2c. In this current study, duration of working as clinical radiologist cath lab and
radiographer operator have not different effect on DNA DSB.

SUMMARY
Potential of DNA DSB damage in medical radiation worker was not different with control but the potential of DNA
DSB damage in nuclear medicine employee is higher than clinical radiologist (medical doctor, cath lab, and
radiographer operator). It also needs a more intensive study with more sample to clarify higher of DSB DNA
damage in nuclear medicine than cath lab workers combine with several parameters as doses accepting and DNA
polymorphism of volunteers.
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Abstract. Detection Of Micronuclei and γH2AX on lymphocyte in Medical workers cronically exposed to Low dose
Ionizing radiation. Ionizing radiation can lead to various damage to deoxyribonucleic acid (DNA), especially doublestrand DNA (DSBs). The effects begins with damage to cells at the cellular or molecular level. Cell damage at this level
of which can be observed with biomarkers γH2AX and micronucleus. This study aims to determine the relationship
between γH2AX expression and micronuclei in individuals who worked on cronically exposed to low dose Ionizing
radiation. Using the γH2AX focus and micronucleus (MN) Assay, we analyzed peripheral lymphocytes from 12 sample
from radiation staff and 9 control. The mean occupational exposure to radiation for a mean duration of work were
15.75±10.217 years and the relative acceptance of the dose per 3 months at about 0.029±0.01 mSv.The mea γH2AX foci
calculated from the number of foci in 50 lymphocytes while the micronucleus average of 500-1000 lymphocytes. The
Study showed that the frequency of MN and γH2AX both in exposed and control group still in normal range and there
were no significance statistically significance both in γH2AX (p = 0.09) MN (p=0.34) to control. There were no
significance statistically significant correlation or association between the foci γH2AX and micronuclei (p = 0,006). From
this data it can be concluded that chronic low radiation dose exposure did not affect the expression of biomarkers γ
H2AX and micronuclei.
Keywords: ionizing radiation, γH2AX, mirconuclei

INTRODUCTION
Medical radiation consistently exposed to low doses of ionizing radiations (IR). IR causes different types of DNA
damage, such as base damage, single-strand breaks and DSBs, which are considered the most lethal and more
specific for IR than most other lesions. The double-strand break (DSB) is a molecular event that may impair
chromosome separation during mitosis and cause loss of genetic information or, when improperly repaired or not
repaired, chromosome aberrations, thus leading to genomic instability 1,2. Double-strand breaks are induced by
genotoxic agents ,including ionizing radiation. Phosphorylation of γ H2AX at serine 139 immediately after DSBs in
DNA generates H2AX. Different techniques have been developed to measure DSB formation, such as neutral
elution, pulsed field electrophoresis and comet assays; however, none is as sensitive as the γ H2AX foci assay. The
scoring of γ H2AX foci is used to quantitatively evaluate DSBs and to estimate doses after radiation exposure 3,4,5.
On the other hand the presence of micronuclei (MN) in proliferating cells is a sensitive marker of spontaneous or
induced chromosome damage 6. Acentric chromatid/chromosome fragments usually originate after extensive DNA
damage such as DSBs that if mis repaired result in asymmetrical chromosome rearrangements and exchanges.
Whole chromatids or chromosomes in MN are formed due to deficiencies in chromosome segregation during
anaphase usually caused by mitotic spindle failure, kinetochore damage, centromeric DNA hypomethylation, and
defects in the cell cycle control system (Mateuca et al., 2006). Micronuclei can be formed from both acentric
chromosomal fragments and whole chromosomes lagging behind in cell division, MN analysis allows us to evaluate
both clastogenic (DSB-induced) and aneuploid ogenic (chromosome mal segregation induced) events at the same
time 7.The micronucleus assay is used for genotoxicity screening of new and promising applications in medicine, for
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instance, genotoxic properties of carbon nanotubes which are used in, solar panels, as well as in medicine for cancer
treatment can induce micronucleus formation and DNA DSBs in lymphocytes 8 Micronucleus frequency was shown
to be correlated with DNA double-strand breaks (DSBs). And DNA recombination events in hematopoietic tissues
of fetal mice after in utero exposure to benzene 9. This study aims to determine the relationship between γH2AX
foci expression and micronuclei in individuals who worked on cronically exposed to low dose Ionizing radiation

EXPERIMENTAL DETAILS
Subjects and sample collection
The sample group consisted of 12 exposed groups working as medical radiation workers (MRW) in the radiology
and radiotherapy sections with mean occupational exposure to radiation for a mean duration of work of 15.75 years.
The relative acceptance of the dose per 3 months at about 0.029 mSv and the control group consisted of 9 unexposed
individuals. Peripheral blood samples were collected by venipuncture using heparinized vacutainer tubes (BD
Vacutainer systems). Informed consents were obtained from all the sampled individuals only after the approval of
the term and research project by the local Ethics Committee of the National Institute of Health Research and
Development, Indonesian Ministry of Health, number LB.02.01/5.2.KE.051/ 2015. A detailed questionnaire was
used to obtain information on age cumulative doses type of radiation and occupation. Characterization of sample
describes in (TABLE 1). The radiation workers were (physicians, nurses and radiological technicians) in a local
Hospital.
TABLE 1. Characterization of medical personal occupationally exposed to Ionizing radiation

Subject

Age(years)

Type of
Radiation

Dose(mSv)

MRW*1

24

X.β.ϒ-rays

0.028

MRW2

28

X.β.ϒ-rays

0.013

MRW3

22

X.β.ϒ-rays

0.028

MRW4

42

X.β.ϒ-rays

0.026

MRW5

39

X.β.ϒ-rays

0.039

MRW6

51

X.β.ϒ-rays

0.033

MRW7

50

X.β.ϒ-rays

0.027

MRW8

25

X.β.ϒ-rays

0.023

MRW9

26

X.β.ϒ-rays

0.056

MRW10

42

X.β.ϒ-rays

0.028

MRW11

40

X.β.ϒ-rays

0.032

MRW12

55

X.β.ϒ-rays

0.026

*Medical Radiation Workers
The Cytokinesis-block Micronucleus Assay
Micronuclei were prepared in cytokinesis blocked cells using cytochalasin B (Cyt-B) following the method
suggested by Fenech 10 with minor modification. The cultures were incubated for 72 h. After 44 h of incubation
cytochalasinB (Cyt-B Sigma) was added to the cultures at a concentration of 6 g/ml to block cytokinesis. The cells
were collected by centrifugation, and treated with a mild hypotonic solution containing 0.075M KCl for 3 min. After
centrifugation and removal of the supernatant, the cells were fixed with a fresh mixture of methanol/acetic acid
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(3:1). Centrifugation and resuspension were carried out three times and the cells were then dropped on to clean
slides for detection of micronuclei by conventional staining with 5% Giemsa. Observation were done at least 1000
binucleated cells scored for each person for the presence of micronuclei according to the criteria by (Fenech
2007)11.

γ -H2AX Assay
The procedure for γ H2AX foci assay was done according to published papers with some modification 12. Medium
(RPMI) containing the isolated lymphocyte from blood of MRW was put on hydrophobic slides and left for 15 min
(minutes). Cells were then fixed in 2% paraformaldehyde for 5 min, washed in PBS for 3 times for 10 min,
permeabilized for 5 min on ice in 0.25% Triton X-100, and blocked in PBS with 0.25% BSA for 3 -10 min at room
temperature. After removing BSA the primary anti-gamma γ H2AX (mouse anti-Phospho-Ser139 gamma H2AX
Antibody, ThermoFisher). The antibodies were dropped on the slides and incubated in a dark moist chamber for 45
minutes at 300C. To remove the first antibodies the slides were washed with PBS, 0,25% BSA 3 - 5 min. After that,
the second antibodies (Goat Anti-mouse IgG Dylight 488 and antirabbit-Dylight 594 nm, both from Thermo
Scientific) diluted in 1: 500 in PBS/BSA and with DAPI (diluted 1: 500) was added and incubated for 30 min. After
2-3 washes with PBS, slides were dried for 10 min with a fan. The mounting medium Entellan was dropped and
mounting with cover slip and let 15 min in fridge. Observation was done by an experienced investigator (IK) using a
fluorescence microscope (Nikon) equipped with red, green and blue fluorescence filters and a 100x lens under
immersion oil. Generally, 50 cell per slide ɣ-H2AX foci were counted per individual 13.

Statistical Analysis
Unpaired t-test was used to compare the frequency of micronuclei and γ- H2AX foci between expose workers and
control samples. Before data analyzed Kolmogorov Smirnov Test was used to determine normality of data
distribution. The Correlation between expression γ- H2AX foci and Micronuclei were analyzing with MedCalc
Software 12.7.00.

RESULTS AND DISCUSSION
The results from the present study of MN frequency in pheriperal blood limphocyte of medical radiation workers
compare to control group are showed in TABLE 2. Observation of Micronuclei (MN) in Cytokinesis block cell
(CBMN) showed that the mean frequencies of MN in MRW were in range 6-18/1000 cells whereas in control were
1-16/1000 cells. Micronuclei are not radiation specific. They can occur spontaneously, generally containing whole
chromosomes. Contributing factors include age, gender, diet and chemicals, which produce a variable background
level 14 ( IAEA 2011). Whereas γ H2AX foci in MRW were 0.02-0.32/50 cells and control were 0-0.32/50 cells
TABLE 2. The mean value of MN and γ H2AX foci and control groups.
Group

Σ of
sample

Mean Dose
(MSv)

Σ counted
Mean MN
cells (BNC)

MRW**
12
0.029±0.01
12.000
9.58±3.32
Control
9
9.000
7.9 ± 4.51
All samples
21
21.000
* Students t-test: P >0.05 (not different from control group)
**Medical Radiation Worker

Mean H2AX
0.1067± 0.106
0.19 ± 0.117
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FIGURE 1. The mean ϒ-H2AX foci in MRW and control (A) and The mean frequencies of MN and Control (B)

The Micronuklei frequency in 1000 BNC in MRW and in control is still within the normal range referring to the
IAEA reference. The MN frequency in healthy individuals is not obtained statistical significance between MN
frequencies in control and MRW (P=0.009). The mean ϒ-H2AX foci in MRW is (0.11 ± 0.11) and γ H2AX foci in
control were (0.19±0.12). ϒ-H2AX foci occurs as a consequence of indication DNA damage of double strand brake.
According to (12.13) ϒ H2AX foci can also form on normal cells with a certain range. It is known that the H2AX
histoon may undergo phosphorylation in the occurrence of non-lethal DSB. This phosphorylation forms a foci of
several megabases of chromatin close to the DSB position. This may occur spontaneously, incidentally or by certain
treatments. Small amounts of Foci may form spontaneously, as observed in mouse cell culture and it is concluded
that the formation of foci in small amounts is also a chart of the metabolic process. On the other hand, 1 foci juge
associated with the 1 DSB diffusion around the foci is also associated with the process of DNA repair and chromatin
rearrangement 15,16. Furthermore for the value of γ H2AX foci between medical radiation workers and control is
relatively significan different however this phenomenon can be understood as according to Frontier 17. H2AX foci
can also form on normal cells with a certain range. It is known that the H2AX histon may undergo phosphorylation
in the occurrence of non-lethal DSB. This phosphorylation forms a foci of several megabases of chromatin close to
the DSB position. This may occur spontaneously, incidentally or by certain treatments. Small amounts of foci may
form spontaneously, as observed in mouse cell culture and it is concluded that the formation of foci in small
amounts is also a chart of the metabolic process. The association between γ H2AX foci expression and micronucleus
formation in this study as shown in FIGURE 2 shows that there is no correlation between micronuclei frequencies
with γ H2AX foci expresion .

FIGURE 2. Assosiation between micronuclei and H2AX in hospital radiation workers
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According to several researcher reporting that the correlation between DSB formation, H2AX phosphorylation, and
MN lies in the fact that the rapid dephosphorylation of γ H2AX, which is the signal for the correct recruitment of
DNA repair proteins, can prevent the progression of DSB to chromosomal fragments and thus to MN 18,19.
Terradaset al. 20 explained that the local induction of the DNA damage Response in MN displaying γ-H2AX foci
after γ- ray treatment. The existence of DSBs in MN are the products of DNA damage, but the initiation of DNA
Damage Response is controversial as MN do not contain DNA repair machinery. In another research Terradas et al
21
mention that the micronuclei are envelope structure determines whether recruited repair factors can reach MN
chromatin. Nevertheles in this study its can be state that there were no different low doses of radiation exposure
that can be make the potential of DNA dsb both in expresi MN and γ H2AX foci. A number of studies have
suggested H2AX expression will increase with age, and the number of foci in men is greater than in women 22.
In this study the corellation between the cumulative doses (mSv) of HRW to expression of MN and γ
H2AX foci shown in FIGURE 3.

B
A

FIGURE 3. Corellation between cumulative doses (mSv) for over last 3 month and Micronuclei (A) and γ H2AX (B)

The mean cumulative doses of over last 3 month of MRW were 0.029±0.01 (range 0.013 - 0.056 mSv ). According
to this study no corellation both MN frequencies and γ H2AX foci to doses. Biologija 2007 23 reporting same result
that no corellation found between cumulative dose and MN in radiation workers and control This phenomena may
be atributed to several factor for instan the limited life span of lymphocyte and the variability of individual
radiosensitivy and adaftive response to a very low level on ionozing radiation 24,25. Future improvements from this
preliminary study are grouping sample age, length of work and sex so it can be studied the relative difference of
relation between expression γ H2AX foci as DSB DNA biomarker and micronucleus formation .

SUMMARY
In conclution of the present study showed that formation of micronucleated lymphocytes and foci H2AX both in
Medical radiation workers and control group still in normal range and there were no significance statistically.
There was no correlation between the γH2AX foci and the micronuclei index . It could be concluded that chronical
low dose radiation exposure had not influenced the expressions of γ H2AX foci and micronuclei biomarkers.
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Abstract. Leptospirosis is influenced by the presence of waste, rats and Leptospira bacteria. Lower sanitation conditions
such as waste become a risk factor for leptospirosis. Garbage will trigger the arrival of rats to carry some food scraps.
Waste as a rats nest helps the spread of leptospirosis. This research is conducted to know the effect of distance between
the houses with waste shelters on leptospirosis incidence. This study uses the observational analytic method with a cross
sectional design. The study had been conducted in 13 sub-districts located in Yogyakarta City. The variables researches
were the number of leptospirosis patients per sub district and the range of the patient's residence with the garbage dump.
Based on the determination of the distance of the patient's house with waste shelters by multi-buffer method. The result
shows that 20% of the patient's house was <250 m from the waste shelters, 47.7% lived in the location with distance 251
- 499 m, and 21.32%> 400 m from the waste shelters. The geographically weighted regression analysis shows that the
distance between a houses with waste shelters influences the incidence of leptospirosis in Umbulharjo, Kotagede,
Ngampilan, Kraton, Gondomanan and Pakualaman sub-districts (test t> 2.306). It concluded that there is a significant
influence the distance between the house and waste shelters on the leptospirosis incidence in Yogyakarta City, Special
Region of Yogyakarta.

INTRODUCTION
Leptospirosis, a zoonotic disease, is caused by Leptospira. This bacteria infected human through broken skin or
mucosal surfaces. There are many animal as reservoir for Leptospira, among others domestic animal, rodents, pigs,
dogs and cattle 1,2. The type of occupationally as risk factors for leptospirosis were famers, slaughter house, sewers
worker and laboratory workers 3. Smoking, drinking and eating at work had been identified as risk factors
leptospirosis for slaughter house worker 4,5,6. Smoking and eating increased the transmitted Leptospira from hand to
the mouth 7. The abiotic environmental influence leptospirosis incidence include high temperatures, floods and
rainfall 8,9,10,11. Proliferation of Leptospira related with soil types, moisture, especially alkaline and neutral soil types
9,12
. In urban slums, people who contact with garbage or sewage and have low socioeconomic status were high risk
for acquiring leptospirosis 13,14,15,16,17.
In Yogyakarta City, several environmental conditions create the development of leptospirosis cases. This study was
hold in Yogyakarta City Provinci Special Region of Yogyakarta. A geographically weighted regression analysis was
carried out to know the effect of distance between the houses with waste shelters on leptospirosis incidence. The
objectives of this study were to explore distance between houses of leptospirosis cases with temporary waste shelter.

EXPERIMENTAL DETAILS
This study was an observational analytic method with a cross sectional design. The participants was confirmed a
case of leptospirosis with clinical symptoms of leptospirosis and laboratory confirmed diagnosis. The sample size
was all patients with leptospirosis who lived in Yogyakarta City from 2011 to 2013 and recorded in public health
office and medical record in general hospital in Yogyakarta City. Exclusion criteria was patients who died. Total
samples in this study were 65 participants. Ethical approval for the participants study was granted by School of
Medicine Ethical Review Committee Universitas Muhammadiyah Yogyakarta. All patients in this study area were
visited before data collection for explain the study objectives. Informed consent was obtained to all participants. The
data collected included demographic characteristics, coordinate of location cases and location of temporary waste
shelter which is distributed in 13 sub districts. Determination of distance between houses with temporary waste
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shelter used multi buffer spatial analysis. ArcGis and GWR4 software were used to statistics analysis. The influence
of distance between house and temporary waste shelters with leptospirosis cases was analyzed by geographically
weighted regression method. Mapping used GIS software to make multi buffer spatial analysis and produce mapping
distance between houses with temporary waste shelters in 13 sub districts. Map of Yogyakarta City was obtained
from GIS laboratory Geography Faculty of Universitas Gadjah Mada Yogyakarta. Coordinated both location of
house with temporary waste shelters was obtained from GPS.

RESULTS AND DISCUSSION
Leptospirosis cases in Yogyakarta City had been described as follows majority patients were male, age more than 21
years old and the type of occupation was outdoors. Table 1 show the distance between house with temporary waste
shelters and its number for each sub district.
TABLE 1. The distribution of leptospirosis cases and temporary waste shelters in Yogyakarta City

Subdistric

Gedongtengen
Gondokusuman
Gondomanan
Jetis
Kotagede
Kraton
Mantrijeron
Mergangsan
Ngampilan
Pakualaman
Tegalrejo
Umbulharjo
Wirobrajan

Number of
cases

Number of
temporary waste
shelters

Average distance between house
with temporary waste shelters
(m)

t-test

3
4
5
2
7
2
7
8
1
4
2
18
2

4
13
18
3
3
2
2
3
0
3
2
2
2

492
386
622
291
407
259
740
483
175
317
445
586
147

<2.306
<2.306
>2.306*
<2.306
>2.306*
>2.306*
<2.306
<2.306
>2.306*
>2.306*
<2.306
>2.306*
<2.306

*significant
TABLE 1 illustrated that the most leptospirosis cases was found in Umbulharjo with 18 cases. The lowest cases was
encountered in Ngampilan sub district with one cases. The most widely of temporary waste shelters was owned by
Gondomanan sub district. Ngampilan sub district had no temporary waste shelters. The closest distance between
houses with temporary waste shelters was found in Wirobrajan sub district about 147 m. 48% house of leptospirosis
cases located between 251 to 499 m from temporary waste shelters. Geographically weighted regression analysis
signified that distance between houses with temporary waste shelters influenced leptospirosis incidence in
Umbulharjo, Kotagede, Ngampilan, Kraton, Gondomanan and Pakualaman sub districts in Yogyakarta City.
The similar study that waste shelters was risk factor leptospirosis cases in Rio De Jeneiro 15. The most leptospirosis
incidence located in area with distance from houses to temporary waste shelters about 250 to 500 m. In urban slum,
leptospirosis cases related with the house location to waste shelters under 250 m 14. The indicator low sanitation
condition among others garbage and existence rats. Ratts interested to come in area with many place of garbage.
According to Barcellos (1996), leptospirosis incidence was influenced with three factors i.e. garbage, rats and
Leptospira bacteria 15. In Salvador Brazil, midden was as risk factors leptospirosis cases and made the low sanitation
environmental 18. Based on the mapping of garbage risk area created by Yogyakarta City municipality, 26% of
leptospirosis cases live in high-risk area especially people who lived in Gedongtengen, Umnulharjo and Pakualaman
sub districts. This is consistent with the geographically weighted regression analysis that distance between house
and temporary waste shelters was risk factor leptospirosis cases in Kotagede and Pakualaman sub districts. Midden
drives the presence of rats to looking for food scraps. Garbage becomes rats nest, so its helps the transmission of
infection. Rats like to live near of waste shelters because there are many leftovers or food scraps, so moist and some
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cracks help rats to hidden from enemy threats. The house located that less than 500 meters from waste shelters
simplifies for rats to enter. Rats usually urinates in any place, affects promoted Leptospira transmission. In
Yogyakarta City, the presence of waste shelters around the house has a risk of 4.75 times infected of leptospirosis 15.
In worldwide, rats were considered as rodent reservoirs 21. One breeding, rats reproduced 5-8 tails. Rats enter to the
wall, get into the house through a gap of the roof. Moving area of rats was 60-80 meters from their nest. Leptospira
lived in the kidneys of rats and transmitted vial urine or tissue rats. So, the presence of rats was as risk factors of
leptospirosis incidence in Terceira Island 19, Thailand 20, Demak and Semarang 21. Inadequate sewage systems,
midden and the high densities of rats lead the contamination Leptospira in environmental. That its promote
pathogenic bacteria transmission in these communities 14,15,22-26. A significant association between rats and
leptospirosis human incidence had been reported in many studies. Therefore, it is important to rearrange the
placement of waste shelters away from the settlement and eradicate rats to stop the chain transmission of
leptospirosis.

SUMMARY
This study proves that distance between house and temporary waste shelters influences leptospirosis incidence in six
sub districts in Yogyakarta City of Indonesia. The geography spatial affected the presence of leptospirosis infection.
Municipally of Yogyakarta City must adopted a multidisciplinary policy to eradicate leptospirosis. Community
empowerment is also important to prevent transmission disease.
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Abstract. According to World Health Organization (WHO) data, at least 250,000 deaths from pesticide poisoning occur every
year. Approximately 5,000-10,000 people experience health effects such as cancer, sterility, birth defects, and hepatitis
especially in agricultural workers. The use of pesticides in the control of pest organisms is necessary but pesticides are toxic,
hazardous, irritant and corrosive substances so their use should be done wisely. Improper use of pesticides adversely affects
health and the environment. The danger of pesticide poisoning is an accumulation of poor usage behavior. The risk of poisoning
can be minimized if known behavior and safe work. Poor behavioral use of pesticides is made possible by low level of attitude,
knowledge, and handling of pesticides. Such behavior can lead to symptoms of pesticide poisoning. This study aims to
determine the relationship of knowledge, attitude, and action with poisoning symptoms on pesticide sprayers in Pematang
Cermai Village Serdang Bedagai District in 2017. The type of this research is observational analytic with cross sectional
approach. The population is rice farmers spraying pesticides. Samples taken by accidental sampling and get as many as 33
people. The variables studied were knowledge, attitude, spraying action and symptoms of pesticide poisoning. Data of
knowledge, attitude and poisoning symptoms were obtained by interview using questionnaire and action data obtained through
observation. Observed before pesticide dilution to finish spraying. The results obtained were analyzed using the exact fisher test.
The actions that affect the symptoms of poisoning are not wearing gloves, not wearing glasses, not washing hands after spraying
pesticides, and spraying doses do not match the label set. The result showed that there was a correlation between the action with
poisoning symptoms. The magnitude of the correlation between the action with poisoning symptomps is -0.608. This means a
strong correlation which is appropriate action will conduce no symptomps of poisoning on a pesticide sprayer. We recommend
for pesticide sprayers when spraying is required to wear presonal protective equipment.
Keywords: Pesticide sprayer, knowledge, attitude, action, and poisoning symptoms.

INTRODUCTION
Occupational health and safety is one aspect of the protection of labor which is the right of workers. The role of
government in this case is to conduct efforts to control the pesticides circulating in the community. The use of
pesticides in the control of pest organisms is necessary. The effort is in line with the government's program of
intensification programs but must be used properly.
According to World Health Organization (WHO) data, at least 250,000 deaths from pesticide poisoning occur every
year. Approximately 5,000-10,000 people experience health effects such as cancer, sterility, birth defects, and
hepatitis especially in agricultural workers. Pesticides are toxic, harmful, irritant and corrosive substances so that the
use of pesticides should be done wisely. Improper use of pesticides adversely affects health and the environment. A
study by Pan American Health Organization (2000) in Kishi (2002) showed that 76% of cases of pesticide poisoning
are related to work. The results of Budiawan (2013) study found that after spraying farmers often complain of
nausea due to exposure to pesticides due to not wearing a mask when spraying. In addition, research by Minaka
(2016) shows that more than half (60.9%) of horticultural farmers in Pancasari Buleleng Village, Bali have specific
health complaints related to the use of pesticides.
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The danger of pesticide poisoning is an accumulation of poor usage behavior. The risk of poisoning can be
minimized if known behavior and safe work. Poor behavioral use of pesticides is made possible by low level of
attitude, knowledge, and handling of pesticides. Such behavior can lead to the emergence of pesticide poisoning.
Serdang Bedagai Regency is one of the rice producing centers for North Sumatra. Serdang Bedagai Regency
consists of 13 districts. One of them is Tanjung Beringin District. The village of Pematang Cermai is located in
Tanjung Beringin sub-district which is one of the rice producing regions. Preliminary survey found that the handling
of pesticides has not done well and safe. The sprayers mix pesticides of several types of pesticides and do not read
the packaging labels. The sprayer dilutes and mixes the pesticides not using the stirrer but by hand. APD used only
long sleeves, trousers, and hats. The doses of pesticides used in the experience and direction of the spraying are done
in reverse.
The results of the interview sprayed symptoms of poisoning such as nausea and itching of the skin after the
application of pesticides. Symptoms are usually only left alone by the sprayers. Another case was found that a
pesticide sprayer experienced symptoms of vomiting during spraying. Pesticide spraying begins at 2 weeks of rice
until before harvest 5-8 times. Average pesticide spraying time 1-3 hours / day.
Based on the description above, the purpose of research is to know the relationship of knowledge, attitude, and
action with poisoning symptoms on pesticide sprayer in Pematang Cermai Village Serdang Bedagai Regency in
2017.

EXPERIMENTAL DETAILS
This type of research is analytic observational with cross sectional approach. The population is rice farmers who
spray pesticides. Samples taken by accidental sampling got 33 people. Data on knowledge, attitudes and symptoms
of poisoning were obtained by interviews using questionnaires and actions with observation. The variables studied
were knowledge, attitude, action and symptoms of pesticide poisoning. Data analysis using exact fisher test.

RESULTS AND DISCUSSION
Distribution of Respondents by Age
Age of respondents started from the age of 23 years as many as 2 respondents, ages 25 and 28 years as many as 1
respondent respectively. Age 30 years 2 respondents, age 31 years as many as 1 respondent, age 35 years 4
respondents, ages 37 and 38 years each 1 and 2 respondents. Respondents aged 40, 45, and 49 years of each as
many as 2 respondents, age 47 years 4 respondents. Respondents aged 50 years as many as 2 respondents and ages
52, 53, 55, 56, and 63 years each of 1 respondents. Respondents were the most at the age of 35 years and 47 years
(4 persons). Age of respondents entirely into the productive age.

Distribution of Respondents by Final Education
Table 1. Distribution of Respondents Frequency Based on Latest Education

No

Final
Education

1

Elementary

8

24

2

Junior High School

13

39

3

Senior High School

12

36

Total

33

100

Total

469
Copyright © The Annual Basic Science International Conference

%

The Proceedings Book of The 8th Annual Basic Science International Conference 2018
Based on TABLE 1 most of the last education level of respondents is Junior High School (SMP) as many as 13
people (39%). The lowest level of respondent education is elementary school (SD) which is 8 people (24%).

Pesticide Used by Respondents
The most widely used pesticide is pyperhroid pesticide as much as 9 respondents (27%) with active ingredient of
sipermetrin 6 respondents, lihda sihalotrin, bifentrin and alfametrin respectively 1 respondent. Organophosphorus
pesticides were 6 respondents (18%) with active ingredients chlorpyrifos 5 respondents, and asefat 1 respondent.
Pesticides class of neristoksin with active ingredients dimehipo 4 respondents. Pesticide class of neonicotinoid with
active ingredient imidacloprid 4 respondents. Pesticide carbamate group of 4 respondents with active ingredients
carbofuran 2 respondents, carbosulfan 1 respondent and metomil 1 respondent. Pesticide class ditiokarbamat with
active ingredient mancozeb as much as 2 respondents. The least used pesticides are benzimidazole pesticide active
ingredient karbendazim, avermectin active ingredient abamectin, benzoyl with active ingredient novaluron, and
fenoksi with active ingredient 2,4D dimethyl amine that is each counted 1 respondent (3%). All the pesticides used
by the respondents are registered at the Directorate of Fertilizers and Pesticides of the Ministry of Agriculture of the
Republic of Indonesia in 2016.

Distribution of Respondents Based on Poisoning Symptoms
TABLE 2. Frequency Distribution of Emerging Poisoning Symptoms

No

Symptoms of Poisoning

Total

%

1
2

Skin itching
queasiness

13
6

50
23

3

Irritating eyes

4

15

4

Skin feels hot

2

8

5

Hard to breathe

1

4

26

100

Total

Based on TABLE 2, the most common complaints were skin irritation, 13 respondents (50%) and at least 1
respiratory symptoms (4%).

TABLE 3. Frequency of Respondents Based on Poisoning Symptoms

No
1
2

Poisoning
Symptoms
Yes
No
Total

Total

%

26
7
33

79
21
100

Based on TABLE 3 it can be seen that as many as 26 respondents (79%) had symptoms of poisoning and 7
respondents (21%) did not experience poisoning symptoms. The use of pesticides should consider the type of
pesticide used. Pesticides are recommended for one plant is one type of pesticide in one spray. However, because
plant-disturbing organisms vary so that sprayers tend to use 2-3 types of pesticides in one spray. Usually a mixture
of insecticides and fungicides. Mixing 2 or more types of pesticides is not justified if there is no recommendation
on the label. This is because there will be interaction between the 2 types of pesticides. Such interactions can be
synergic, additive, and antagonistic interactions (Wudianto, 2005).

Distribution of Respondents by Level of Knowledge
Based on the interviews all respondents knew about the ban on eating and smoking while spraying pesticides
(100%). Most of the respondents knew that on the pesticide packaging label the safety instructions were listed
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(87.8%). The question of guidance on the dosage of pesticide use is that most of the respondents do not know that
the dosage guidelines are packaging labels (54.5%). The doses used by respondents are usually based on personal
experience or friends. The correct dose of use should be in accordance with the packaging label and adjusted to the
width of the rice field area.Respondents knew that nausea (87.8%) was one of the symptoms of
poisoning.Questions about personal protective equipment, the majority of respondents know that masks (96.9%)
and gloves (100%) are personal protective equipment.
Question about the direction of spraying, most respondents do not know that spray direction in the direction of wind
(60,6%). Respondents sprayed pesticides back and forth. The pathway of pesticides into the body, most respondents
know that pesticides can enter the body through the nose (90.9%) and the skin (100%). Most respondents knew that
the most dangerous activity when spraying was dilution (84.8%) and the easiest activity to enter the body through
the skin (90.9%). Most respondents knew that the action to be taken when poisoning symptoms appeared to stop
spraying (87.8%).
TABLE 4. Frequency of Respondents by Level of Knowledge

Level of
No

Total

%

Knowledge
1

Good

24

72,7

2

Poor

9

27,3

Total

33

100

Based on TABLE 4, the most respondents knowledge on the good category is 24 respondents (72.7%) while the
bad category is 9 respondents (27.3%). Good knowledge is more likely because most recent education is in Junior
High School and Senior High School (SMA). According to Parera (2004) in Sularti (2012), one of the factors
affecting knowledge on health is the level of education. The level of education of respondents that the majority of
junior and senior high schools enabled the ability of respondents to remember information about pesticides to be
good and impact on the level of knowledge of respondents to be good.

Distribution of Respondents by Level of Attitude
Based on the interview note that in the statement about having to read the label before using pesticides (54.5%) did
not agree. They reasoned do not need to read the label because it is experienced. Statements about not mixing
several types of pesticides if there is no recommendation on the label (75.8%) disagree. Respondents assume that
the more pesticides are used the better. The average respondent uses 2-3 types of pesticides in one use. Another
reason is because respondents consider spraying with 1 type of pesticide will make them repeatedly spray so
inefficient.
Most respondents agreed with the statement that high-dose spraying was a mistake (60.6%). According to them the
dose must be adjusted to the number of pests. Respondents who disagree reasoned if sprayed with low doses then
the pest will not die. Statement about poisoning symptoms can be prevented (100%) agree. They reasoned that
wearing masks could prevent toxins from entering the nose. Statement of protective clothing should be worn during
pesticide handling, (81.8%) agree but some others disagree. Those who disagree argue that some personal
protective equipment can actually hinder their working comfort like glasses. The glasses used can block their
eyesight because the pesticide granules are attached to the glass eye surface. Must comply with the instructions on
the label, (87.9%) disagree. They reasoned that the packaging label does not always match the reality on the
ground.
Most respondents agreed with the statement that meroko should not be done during pesticide spraying (91%). All
respondents agreed on the statement that working with pesticides the body condition should be in good health, must
cut the nails before using pesticides, and pesticide dilution must be done carefully. Most of the respondents did not
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agree to the statement after using pesticide should bathe with soap (78.8%). Respondents reasoned because there is
still work to be done.

TABLE 5. Frequency of Respondents Based on Level of Attitude

No

Level of

Total

%

Attitude
1

Good

23

70

2

Poor

10

30

Total

33

100

Based on TABLE 5 can be seen that the attitude of respondents in good category as much as 23 respondents (70%)
and bad category as many as 10 respondents (30%). Most repondent attitudes in either category are possible
because the majority of respondents are well-informed. This is in accordance with what is stated Notoatmodjo
(2010) that in determining the whole attitude, knowledge, belief, and emotion plays an important role.

Respondent Distribution Based on Conformity of Action
Based on observation result known as big of respondent action not according to guidance of guidance of pesticide
usage. Indicators of respondents' actions are that most respondents do not read the packaging label (54.5%) before
using pesticides. Respondents reasoned that they had been using pesticides for years and thus no longer need to
read labels. Respondents did not measure the dose according to the packaging label (72.7%). The majority of
respondents did not use masks (60.6%), gloves (84.8%), eye glasses (84.8%) and did not wash hands with soap
after pesticide spraying (84.8%). They reasoned if using a difficult breathing mask and unusual use of gloves
because the slick and glasses blocking the eyesight because of the pesticide granules attached to the glasses.
Most respondents used long-sleeved shirts (81.8%), trousers (84.8%), hats (91%), using aids (97%) in pesticide
dilution and no smoking when spraying took place (84.8% ). All respondents did not eat during the pesticide
handling process and used a non-leaking sprayer.
TABLE 6. Frequency of Respondents by Action

No

Action

Total

%

1

appropriate

5

15

28

85

33

100

Not
2
appropriate
Total

Based on the TABLE 6 actions that are not in accordance with guidance guidance pesticide handling that is as
much as 28 respondents (85%) and appropriate action as much as 5 respondents (15%).

Knowledge Relations with Poisoning Symptoms
TABLE 7. Cross-tabulation Knowledge with Poisoning Symptoms
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Poisoning Symptoms
Knowledge
N
Exact Sig (p)
Ya
Tidak
Good

18

6

24

Poor

8

1

9

Total

26

7

33

0,642

Based on TABLE 7 it is known that there are 24 respondents are well knowledge with the number of incidents that
experience poisoning symptoms as many as 18 people. Respondents who are poorly knowledgeable as many as 9
people with the incidence of symptoms of poisoning as many as 8 people. The results of the fisher exact test of
knowledge with symptoms of pesticide poisoning is p value = 0.642 where p> 0,05 then Ho is accepted. Based on
the p value, there is no correlation between knowledge and symptoms of pesticide poisoning. This suggests that a
good level of knowledge of respondents does not necessarily end in healthy behavior. Knowledge is only limited to
information and not enough to realize that the importance of maintaining health.
According to Notoatmodjo (2010) it can be concluded that in fact not all knowledge gained through sensing results
in health behavior. Health behavior is not only influenced by knowledge but also influenced by motivation, action,
facility and support from other side. According Djojosumarto (2008) although pesticide users have enough
information (good knowledge) but users often do not meet the safety requirements in using pesticides. Green theory
states that knowledge is not directly related to health status but must be through attitude and action but knowledge
will influence people to act.
This is also in accordance with Utami (2016) results concluded that there is no correlation between the knowledge
in the use of pesticides with the level of pesticide poisoning at farmers in Kembang Kuning Village Cepogo
Subdistrict (p = 0,143) using sperman`s rho test. The results of Walangitan (2013) based on the exact fisher test
showed no correlation between the level of knowledge about pesticides with poisoning pesticides on vegetable
farmers (p = 0.146) in Rurukan Satu Kota Tomohon. However, the results of this study differ from the results of
research by Prijanto (2009) which concluded that there is a relationship between the level of knowledge of
respondents with pesticide poisoning (p = 0,005) using chi square test.

Relationship Attitude with Poisoning Symptoms
TABLE 8. Cross-tabulation of Attitudes with Poisoning Symptoms

Poisoning Symptoms
Attitudes

Total
Ya

Exact Sig (p)

Tidak

Good

17

6

24

Poor

9

1

10

Total

26

7

33

0,397

Based on TABLE 8 it is known that there are 23 respondents have a good category attitude with the number of
events that experienced symptoms of poisoning as many as 17 people. Respondents who have bad category
attitudes as many as 10 people with the incidence of symptoms of poisoning as many as 9 people. The result of
fisher exact test between sprayer attitude and pesticide poisoning phenomenon is obtained p value = 0.397 where p>
0,05 then H0 is accepted. Based on the p value then there is no relationship attitude with poisoning symptoms. This
happens is possible because the attitude does not always turn into a health behavior. Establishment of health
behavior is not only influenced by positive attitude but also influenced by positive actions, facilities and motivation.
In accordance with the statement Notoatmodjo (2010) that the attitude is a readiness to act and not an
implementation of certain motives so that attitudes have not been able to realize health behavior but as a driver of
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the realization of health behavior. For the realization of attitude into a real action required supporting factors such
as facilities and support from other parties. Therefore, as good as any attitude of a person but not yet able to
determine whether the bad health status of a person.
Attitudes are also influenced by one's experience. Although the majority of respondents agree with the statement
about the safety aspect of pesticide use but the positive attitude is not followed by positive action. This is because
during the treatment of pesticides respoden has never experienced severe poisoning so that the respondents still
underestimate the risk of poisoning. Utami (2016) showed no correlation between attitude in the use of pesticide
and pesticide poisoning (p = 0,106) in Kembang Kuning Village Cepogo District.

Actions Relation to Poisoning Symptoms
TABLE 9. Cross-tabulation of Actions with Poisoning Symptoms

Poisoning Symptoms
Actions

Total
Ya

Exact Sig (p)

Tidak

appropriate

1

4

5

Not appropriate

25

3

28

Total

26

7

33

0,004

Based on TABLE 9 it is known that the respondent's actions in accordance with the guidance of pesticide use
guidance as much as 5 respondents with the incidence of poisoning symptoms as much as 1 person and
inappropriate action as many as 28 people with the incidence of poisoning symptoms as many as 25 people. The
results of the fisher exact test between the action with poisoning symptoms obtained p value = 0.004 where the p
value <0.05 then H0 rejected. Based on the p it is concluded that there is a relationship between the action with
poisoning symptoms.
The existence of the relationship between the action with the symptoms of pesticide poisoning due to the actions of
respondents is bad enough that does not implement the safety aspects during the handling of pesticides and Personal
Protective Equipment used incomplete. Negative actions will affect a person's health status. According to
Notoatmodjo (2010) concluded that what is meant by health action (positive) is what is done by the respondent to
related to health (prevention of disease), how to improve health, and how to get treatment. According to
Djojosumarto (2008), it is concluded that pesticides sold in Indonesia are safe enough to be applied properly, wisely
and legally in accordance with the demonstration of their use and terms of safety.
An 85% work accident is caused by human factors such as unsafe acts (Suma`m, 2014). Pesticide poisoning is one
of accidents that can actually prevent if the safety aspect in handling pesticides is obeyed. The results of Utami
(2016) also showed that there was a correlation between the actions in the use of pesticides with the level of
pesticide poisoning (p = 0.001 <0.05). According to Harrington (1992) in Kuswadji (2005) concluded that personal
protective equipment is used to control exposure. In addition Djojosumarto (2008) also states that personal
protective equipment should be used from the start before working with pesticides to completion. Proper use of PPE
can minimize pesticide exposure to the body.

SUMMARY
1. The magnitude of the correlation between the action with poisoning symptomps is -0.608. This means a strong
correlation which is appropriate action will conduce no symptomps of poisoning on a pesticide sprayer.
2. Relationship between action and symptoms of poisoning is very strong and the pattern is negative.

474
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

REFERENCES
1.
2.

______________2008. Teknik Aplikasi Pestisida Pertanian. Jakarta: Kanisius.
Budiawan, A.R. 2013. Faktor Risiko Cholinesterase Rendah Pada Petani Bawang Merah. Jurnal Kesehatan
Masyarakat. Kesmas (2) hal 198-206. http://jurnal.unnes.ac.id/nju/ind ex.php/kesmas. Diakses pada 26
Sepetember 2017.
3.
Djojosumarto, P. 2008. Pestisida dan Aplikasinya. Jakarta: PT Agromedia Pustaka.
4. Kementerian Pertanian RI. 2011. Pedoman Pembinaan Penggunaan Pestisida. Jakarta: Direktorat Pupuk dan
Pestisida.
5. Minaka,I.A., A.A.S. Sawitri.,D.N. Wirana. 2016. Hubungan Penggunaan Pestisida dan Alat Pelindung Diri
dengan Keluhan Kesehatan pada Petani
Hortikultura di Buleleng Bali. Laporan Hasil Penelitian,
Megister
Ilmu Kesehatan Masyarakat Universitas Udayana. https://ojs.unud.ac.id. Diakses pada 26
September 2017.
6.
Notoatmodjo, S. 2010. Ilmu Perilaku Kesehatan. Jakarta: Rineka Cipta.
7. Rijanto, T.B. 2009. Analisis Faktor Risiko Keracunan Pestisida Organofosfat pada Keluarga Petani
Hortikultural di Kecamatan Ngablak Kabupaten Magelang. Tesis, Program Pasca Sarjana Universitas
Diponegoro, Semarang. http://eprints.undip.ac.id/17895/ Diakses pada 10 Januari 2017.
8. Suma`mur. 2013. Higiene Perusahaan dan Kesehatan Kerja (Hiperkes). Jakarta: Sagung Seto.
9. Utami, C.U., Heru, S.K., dan Dwi, A. 2016. Hubungan Pengetahuan, Sikap, dan Tindakan dengan Tingkat
Keracunan Pestisida pada Petani di Desa Kembang Kuning Kecamatan Cepogo. (Publikasi Ilmiah),
Program Studi Kesehatan Masyarakat Universitas Muhammadiyah Surakarta.http://eprints.ums.ac.i
d/44461/1/NASKAH%20PUBL IKASI.pdf. Diakses pada 2 Februari 2017.
10. Wudianto, R. 2007. Petunjuk Penggunaan Pestisida. Jakarta: Penebar Swadaya.
11. Walangitan, R.A. Hubungan Antara Tingkat Pengetahuan Tentang Pestisida dan Penggunaan Alat Pelindung
Diri dengan Keracunan Pestisida pada Petani Sayur di Kelurahan Ruruk Satu Kecamatan Temohon Timur
Kota Tomohon. (Publikasi Ilmiah), Fakultas Kesehatan Masyarakat Universitas Sam Ratulangi. Diakses pada 6
Mei 2017.

475
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

Growth and Storage Medium for Endophytic Actinomycetes
UICC B-92
Rina Hidayati Pratiwi 1,a)
1

Department of Biological Education, Faculty of Mathematics and Natural Sciences,
Universitas Indraprasta PGRI, South Jakarta 12530, Indonesia.
a)

Corresponding author: rina.hp2012@gmail.com

Abstract. Actinomycetes are Gram positive bacteria that like molds morphologically. Both of them have similarly for the
growing pattern, but each of them have specifically medium for the growth and the storage. The aim of this research is to
study the appropriate medium that can use for growing and storaging endophytic actinomycetes especially strain UICC
B-92. Endophytic actinomycetes strain UICC B-92 is actinomycetes that isolated from the plant tissue of Neesia altissima
Bl. The result showed International Streptomyces Project number 2 (ISP2) medium that use for isolating endophytic
actinomycetes is more effective than Starch Casein Agar (SCA) and International Streptomyces Project nomer 1 (ISP1)
medium. Endophytic actinomycetes UICC B-92 could be grown faster on Gellan Gum added ISP2 medium than wihout
Gellan Gum. Gellan Gum is agar substitute gelling agent. It is water soluble anionic polisaccharide that is produced
Sphingomonas elodea bacteria. Its component lead to biodegradable characteristics microbiologically and suitable for the
growth of microbes. Therefore, we can use Gellan Gum added ISP2 medium for growing and storaging with freeze dry
methods.

INTRODUCTION
Actinomycetes are Gram positive bacteria that like molds morphologically 1. When actinomycetes growth on the
medium, the colony showed powdery and tight attached on the medium but without hypha like molds. Although
both of them have similarly for the growing pattern, but each of them have specifically medium for the growth and
the storage. Selective and differential media are used to isolate or identify particular microorganisms. The selective
media is very important because it allows certain types of microorganisms to grow, and inhibit the growth of other
microorganisms. The aim of this research is to study the appropriate medium that can use for growing and storaging
endophytic actinomycetes especially strain UICC B-92. Endophytic actinomycetes strain UICC B-92 is
actinomycetes that isolated from the plant tissue of Neesia altissima Bl. The species of that actinomycetes is
Streptomyces sp 2.

EXPERIMENTAL DETAILS
Medium for growing actinomycetes is Starch Casein Agar (SCA), International Streptomyces Project nomer 1
(ISP1), and International Streptomyces Project nomer 2 (ISP2) medium 3. The methods for storaging is L-drying
method with Gellan Gum (Figure 1). The first step is preparation of ampoules and spore suspension, then filling
ampoules and trimming cotton-plugs, next step is constricting ampoule, drying, sealing, and the last step is test for
vacuum 4.
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FIGURE 1. GELLAN GUM MEDIUM

RESULTS AND DISCUSSION
The result showed International Streptomyces Project number 2 (ISP2) medium that use for isolating endophytic
actinomycetes is more effective than Starch Casein Agar (SCA) (FIGURE 2) and International Streptomyces
Project nomer 1 (ISP1) medium. Actinomycetes that grew on ISP2 medium, had showed fast growing and dense
colonized. It looked clear-white colored homogeneous free flowing powder. That result because of the medium
contain. The differences of medium contain are carbohydrate source, nitrogen source, and complex ionic sources.
SCA medium has starch as the complex carbohydrate source and casein as nitrogen source. That medium provides
complex ionic sources. The complex ionic sources make the medium suitable for the detection of saccharolytic
marine bacteria and the isolation of actinomycetes. On the other hand, ISP2 medium has sources more complete than
SCA and ISP1 medium. ISP2 medium contains yeast extract, malt extract, dextrose, agar, and mineral salt as the
complex ionic sources, while ISP1 medium has simply casein and yeast extract.
The vitamin of B complex and complete amino acid in yeast extract and malt extract have give richness for medium
5
. Because of that, endophytic actinomycetes can grow up optimally. Endophytic actinomycetes UICC B-92 could
be grow faster on Gellan Gum added ISP2 medium than wihout Gellan Gum (FIGURE 3). ISP2 medium
supplemented with Gellan Gum can be used for preservation methods. Gellan Gum is agar substitute gelling agent.
It is water soluble anionic polisaccharide that is produced Sphingomonas elodea bacteria 6. Its component lead to
biodegradable characteristics microbiologically and suitable for the growth of microbes. Therefore, we can use
Gellan Gum added ISP2 medium for growing and storaging with L-drying methods. Both of actinomycetes and
fungi have the same of re-hydration fluid. The ingredients of re-hydration fluid for them are pepton, yeast extract,
and distilled water.
The methods for storaging is L-drying method (FIGURE 4). The L-drying is one of preservation methods have
described for stock cultures of bacteria. The L-drying method for microorganisms suspended in culture fluid or
resuspended in broth medium in a desiccator in vacuo over dehydrating agents such as H2SO4 or P2O5 7. The
suspensions are dried on sterile coverslips, filter paper, in small test-tubes, or more conveniently in sterile ampoules
which can subsequently be sealed off in vacuo. The ampoules are then attached to a manifold and the moisture is
drawn off by means of an efficient vacuum pump. Preservation of bacteria by drying have viability on storing for
long periods, approximately 20 years.
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(a)

(b)

FIGURE 2. Streptomyces sp. UICC B-92 on (a) ISP2 and (b) SCA medium isolated.

(a)

(b)

FIGURE 3. Streptomyces sp. UICC B-92 on (a) ISP2 and (b) ISP2+Gellan Gum medium preservated.

FIGURE 4. Preservation of Streptomyces sp. UICC B-92 in ampoules.
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SUMMARY
Endophytic actinomycetes UICC B-92 could be grown faster on Gellan Gum added ISP2 medium than wihout
Gellan Gum. Therefore, we can use Gellan Gum added ISP2 medium for growing and storaging with freeze dry
methods.
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Abstract. Free radicals contained in ciggerete smoke can cause oxidative stress, oxidative stress is a major factor of infertility in
men. Oxidative stress is caused by an increase in ROS (Reactive Oxygen Species) which will leads to agglutination of sperm that
can decrase sperm count. Extract purple sweet potato is antioxidant that suppresses the oxidative stress caused by cigarette smoke
purpose of this study demonstrate whether extract purple sweet potato can provide a different count of sperm male mice are given
exposure to cigarette smoke. This study was an true experimental study using a completely randomized factorial design. The
study subjects are 45 male mice, which were randomly divided into 3 groups. The first group was the control group who received
treatment (exposure to cigarette smoke 0, 5, 10, 15 minutes) without giving extract purple sweet potato, the second group is the
treatment group are given (0, 5, 10, 15 minutes and 10% extract purple sweet potato), and group II (exposure to cigarette smoke
0, 5, 10, 15 minutes and 30% extract purple sweet potato). Groups I and II were given purple sweet potato extract 0.5 ml/20-22 g/
BW orally for 35 days. The research results indicated that an increase in sperm count of mice was significantly (P<0.05) in
treatment group 2 average count spermatids of treated group 2 was 255.33. Extract purple sweet potato can increased the count
sperm after exposure to cigarette .
Keywords: Cigarette, Count Spermatid, Purple Sweet Potato

INTRODUCTION
Spermatogenesis is the development of spermatogonia into spermatozoa. This development begins with
spermatogonia turned into spermatocytes, then spermatids and eventually become spermatozoa. In humans
spermatogenesis takes in an average time of 74 hours, more or less than 4 days. In rats 48-52 days, in mice
approximately 35.5 days 1. The causes of infertility vary widely, but in men can be classified effect to disruption of
sperm transport and impaired sperm function. Modern lifestyles are highly influential to the high rate of infertility
associated with increased exposure to oxidative stress, such as the use of electronic devices with radiation wave
emissions, high pollution levels and varied and less healthy foods 2.
Smoking can affect the quality and quantity of sperm, in cases of infertility, sperm analysis results from patients
who smoke showed a concentration abnormalities, followed by morphology and motility of sperm 3. Cigarette
smoke which is the result of burning from cigarettes has been found to contain harmful chemicals other than
nicotine, tar and nitrosamine, also found carcinogens and mutagens such as polonium, benzo (a) pyrene, dimethyl
benz (a) anthracen, dimethyl nitrosamine, and napthalane. While CO2, H2O, NOx, Sox, and CO are compounds of
cigarette smoke and mercury, lead, and cadmium are also found in cigarette smoke 4.
ROS (Reactive Oxygen Species) produced by cigarette smoke is one of the free radicals and can cause damage to
spermatozoa DNA, resulting in increased apoptosis of this cell. When overproduction of ROS and weak antioxidant
defense mechanisms, oxidative stress can occur, so it will be harmful to spermatozoa. For that needed a cleaning
system that can neutralize the effects of ROS in the form of antioxidants 5.
Over-production of reactive free radicals or oxygen (ROS, reactive oxygen species) can damage sperm and ROS has
been recognized as one of the causes of infertility. Free radicals are physiologically present in human sperm 6. The
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onset of free radicals in the body is accompanied by an endogenous defense mechanism, by producing substances
that have an anti-free radical effect called antioxidants. However, as the ROS level rises beyond the body's
antioxidant defense system, oxidative stress occurs 3. Free radicals from cigarette gas particles also cause sperm
agglutination resulting in decreased spermatogenesis of sperm 7.
Purple sweet potato (Ipomoea batatas) is rich in vitamins (B1, B2, C, and E), fiber, carbohydrates. Also purple
sweet potatoes contain high levels of polyphenols such as anthocyanin and phenolic acids such as coffeic acid. The
content of phenol in purple sweet potato can stimulate FSH secretion in testosterone, testes, and epididymis. The
content of anthocyanins in purple sweet potato (Ipomoea batatas) and pholifenol causes an increase in the weight of
the testes and epididymis. Testosterone and follicular hormones that stimulate and maintain the process of
spermatogenesis, and sperm maturation leading to increased sperm count, motility and viability of spermatozoa 8.
Antosianin is one of the powerful antioxidants that can prevent various types of damage caused by ROS (reactive
oxygen species) that can protect cells from free radicals 9.
Based on the background that has been described then the researcher is interested to conduct research on " the effect
of extract purple sweet potato (ipomoea batatas.l) on the decrease in the count of spermatids in male mice (mus
musculus) exposed to cigarette smoke”.

EXPERIMENTAL DETAILS
This research is true experimental research using Randomized Completely Randomized Design (RALF) with 3x4
design. This research was conducted in Immunobiology laboratory of University of Mataram and examination of
spermatid done in Pathology Laboratory of Faculty of Veterinary Medicine of Udayana University, with span of
time around November until December 2017.The population of this study was male mice (Mus musculus), while the
sample in this study was adult male mice Strain Balb-C as much as 45 tail.
The extract was obtained by weighing purple sweet potatoes according to the required concentration, then adding the
aquades up to 100 ml volume. Blend the purple sweet potato extract and then filter using gauze then filter using
Whatman NO paper 2. Heat the purple sweet potato extract to boiling.
Purple sweet potato extract is administered to the once-daily peroral test animals, every morning. Each mice was
given 0.5 ml / 25-30 g BB mice, daily for 35 days. The 36 day all mice were killed by sevix dislocation, dissected
and taken testicles for microanatomy preparations. The exposure of cigarette smoke is done once a day for 3
cigarettes for 3 mice in each treatment, giving cigarette smoke for 35 days. The type of cigarettes used is salt
cigarette cigarettes are widely obtained and consumed by the community.
Then 15 mice in each group were treated. The mice were inserted into a rubber tub and then covered with a plastic
enclosure that had been connected to the aerator, the exposure was carried out for 0, 5, 10, 15 minutes, the smoke
exposure procedure was equal to group II and III after 30 minutes was given purple sweet potato (Ipomoea batatas)
according to their respective concentration of 0% extract of sweet potato purple, group II 10% purple sweet potato
extract, group III 30% purple sweet potato extract.
Preparation of microanatomical using paraffin method and staining of hematoxylin eosin. The testicular
microanatomical preparation is then observed under a microscope using 10 × 40 enlarged and photographed.
Observations were made on the seminiferus tubules which were cut off and taken randomly. Cell calculations start
from the top left, right top, bottom and center. The parameters observed include the count of spermatid cells. All
data were analyzed using ANOVA analysis and continued with BNJ test.

RESULT AND DISCUSSION
The observation of the growth of spermatid cells indicates the decline in spermatid cell population that occurs at all
concentrations and this decrease increases with decreasing concentration of purple sweet potato extract and
exposure to cigarette smoke provided. The results can be seen in TABLE 1.
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TABLE 1. The average count of spermatid values after treatment for 35 days in a male mice

Group

G. I

Purple
sweet
potato
U0
(0%)
U1 (10%)

G. II
U2 (30%)
G. III
Average

Exposure time of cigarette smoke (minutes)
A0
A1
A2
A3
0’
5’
10’
15’
256
248
221
255
326
322
128
233
254
249.22

218
182
251
315
256
280
281
307
277
263

211
231
241
213
257
224
222
299
265
240.33

164
132
142
221
213
182
231
264
233
198.22

Average

208.25

255.33

249.53

Information:
1. Repeat each treatment group 3
2. UO.A0. Control without treatment.
3. UO.AI.A2.A3, purple sweet potato extract 0% and 5.10,15 minutes exposure to cigarette smoke
4. UI.AO.A1.A2.A3, Extract purple sweet potato 10% 0,5,10,15 minutes exposure to cigarette smoke.
5. U3.AO.A1.A2.A3, purple sweet potato extract 30% 0,5,10,15 minutes exposure to cigarette smoke from
result of analysis of spermatid cell count with ANOVA α = 5% seen that there is significant influence from
treatment to number of spermatid cells.
The effect of purple sweet potato extract on the number of spermatid cells can also be seen from FIGURE 1.

FIGURE 1. Number of spermatid cells in seminiferous tubules after give of purple sweet potato extract and exposure to cigarette smoke. Crosssection; Staining: HE; Thick slices: 4 microns; Magnification: 400x
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TABLE 2. Result of mean analysis of spermatid spermatid cell count after administration of purple sweet potato
extract and cigarette smoke exposure for 35 days (mean ± standard deviation).

Tests of Between-Subjects Effects
SPERMATID
Source

Type III
Sum of
Squares

df

Mean
Square

F

Sig.

Corrected
Intercept

61229.639a
2033000.69

11
1

5566.331
2033000.69

5.519
2015.81

.000
.000

Purple Sweet Potatto

15927.722

2

7963.861

7.897

.002

Cigarrate Smoke

21202.750

3

7067.583

7.008

.002

Interaction Purple* smoke

24099.167

6

4016.528

3.983

.007

Error

24204.667

24

1008.528

Total

2118435.00

36

Corrected Total

85434.306

35

a. R Squared = .717 (Adjusted R Squared = .587)

FIGURE 2. comparison of the number of spermatids between groups I, II and III
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TABLE 3. The average number of spermatid values as in figure II

Group

A0

A1

A2

A3

UO

0’
241.6

5’
217

10’
227.6

15’
146

UI

301

283.6

238

205.3

U3

205

288.3

262

242.7

350
300
250
200
150
100
50
0

UO
UI
U3
0’

5’

10’

15’

A0

A1

A2

A3

FIGURE 3. comparison of the mean count of spermatid

Based on the results of existing research, 45 mice have been taken as experimental animals, 15 mice in group I and
15 mice in group II, and 15 mice in group III. In this study, the average spermatid in groups I, II, and III has
significant differences. This is shown in Table 1 and it appears that group II is experiencing an increase in the
number of spermatids compared to groups I and III. The decrease in spermatozoa quality is due to oxidative stress
caused by the increase of ROS (Reactive Oxygen Species) from cigarette smoke which will cause DNA damage and
ultimately apoptosis spermatozoa 10.
Purple sweet potato extract (Ipomoea batatas) is proven to prevent the decrease of spermatid amount, because it has
a high polarity which contains many strong antioxidants. In addition, free radical compounds (cigarette smoke) that
cause oxidative damage from spermatozoa DNA will experience the oxidation process with antioxidants found in
purple sweet potato.
Table 1 shows that there is a difference in the number of spermatids in male mice given the treatment of purple
sweet potato extract and exposure to cigarette smoke. In group 1, the mean spermatid amount was 208.25 in group II
with 10% of purple sweet potato extract and 0, 5, 10, 15 minutes of exposure to secondhand smoke were obtained on
average spermatid amount of 255.33 and in group III with 30% purple sweet potato extract and exposure to cigarette
smoke for 0, 5, 10, 15 minutes obtained an average spermatid number of 249.5.
Table 2 shows that the average number of spermatids gave the result that there was an increase in the number of
spermatids in U1A0. Based on the results of statistical analysis Anova that the effect of purple sweet potatoes of F
7.897 , cigarette smoke F 7.008 and interaction between purple sweet potato and cigarettes smoke of F 3.983 with
significant 0.05.

SUMMARY
Free radicals contained in ciggerete smoke can cause oxidative stress, oxidative stress is a major factor of infertility
in men. Oxidative stress is caused by an increase in ROS (Reactive Oxygen Species) which will leads to
agglutination of sperm that can decrase sperm count. Purple sweet potato extract (Ipomoea batatas) is proven to
prevent the decrease of spermatid amount, because it has a high polarity which contains many strong antioxidants. In
addition, free radical compounds (cigarette smoke) that cause oxidative damage from spermatozoa DNA will
experience the oxidation process with antioxidants found in purple sweet potato. Based on the results of statistical
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analysis that the effect of purple sweet potatoes of F 7.897 , cigarette smoke F 7.008 and interaction between purple
sweet potato and cigarettes smoke of F 3.983.
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Abstract. Dioscorea alata L. containing Diosgenin, the most important saponin steroids compound for having several the
biological function among others allergenic activity. The purpose of this research is to analyze allergenic potency of
saponin steroid isolates in ethanol extract tubers Dioscorea alata L. (EEDA) through the IgE and IgG1 cytokine profile of
lymphocytes in vitro. Experimental research in vitro with posttest only control group design, it uses lymphocytes cell
culture in the RPMI medium divided 13 groups that is the control group, 3 saponin steroid isolate tuber of Dioscorea alata
L. and diosgenin in 3 doses namely 0.05; 0.025; 0.0125 μg/ml. They incubated for four days in an 5% CO 2 incubator with
temperature 370C. In the 4th day of, cells harvested, lymphocytes isolated and stained with B220, IgE and IgG1 antibodies
cytokine profile continued with analyzed with Flowcytometer FACS Calibur. Data analyzed with ANOVA continued with
Tukey test. The result showed that majority of saponin steroid isolates and Diosgenin trigger B220IgE and B220IgG1
cytokine profile. The SUMMARY is steroidal saponin isolates and Diosgenin induced B220IgE and B220IgG1 so it could
allergic agent.
Keywords: B220IgE, B220IgG1, steroidal saponin isolate, Diosgenin, alergi

INTRODUCTION
Over the last 20 years there has been an increase in the incidence of allergies. Therefore it can cause problems for
the health world. Allergies can occur because the body's reaction changes become more susceptible to an ingredient
that exists in our everyday environment 1. Allergy is a reaction change or body defense response that rejects and is
not resistant to substances that are actually harmless 2. The term food allergy is also known as hypersensitivity to
foods that include immunologic reactions to food or food supplements 3. Food allergy is a condition caused by an
IgE reaction to a food substance (chemical substance) and is an alarming allergy type 4.
Dioscorea alata L. containing Diosgenin 5, the most important steroidal saponin compound for having several the
biological function among others allergenic activity 6. The previous research showed that ethanol extract tubers of
Dioscorea alata L. has potency as allergenic agent on mice digestive tract model allergy induced with ovalbumin 7.
The purpose of this research is to analyze allergenic potency of steroidal saponin isolates in ethanol extract tubers of
Dioscorea alata L. (EEDA) through the B220IgE and B220IgG1 cytokine profile of lymphocytes in vitro.

EXPERIMENTAL DETAILS
Culture Preparation. Our experiment used RPMI-1640 medium contains 10% Fetal Bovine Serum (FBS), 1%
antibiotics penicillin and streptomycin, 50 μM 2-mercaptoethanol and 1.0% α-CD3. This medium was sieved with
Millipore membrane (cell strainer).
Steroidal saponin isolate was made with bioassay-guided separation from the ethanol extract of Dioscorea alata L.
One (1) mg steroidal saponin isolate 1, 2 and 3 from Dioscorea alata L and Diosgenin were dissolved in 2 ml of
sterile water as a stock solution with 0,5 mg/ml concentration. 100 μl of stock solution was diluted in 1000 μl
medium as the solution with 0,05 mg/ml concentration as a dose 1 of steroidal saponin isolate and Diosgenin. Dose
1 of steroidal saponin isolate and diosgenin were also filtered with cell strainer and transferred to a new propylene
tube. 500 μl of dose 1 of steroidal saponin isolate and Diosgenin were diluted in 1000 μl medium, to obtain dose 2 of
steroidal saponin isolate and Diosgenin with 0,025 mg/ml concentration. 500 μl of dose 2 of steroidal saponin isolate

486
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

and Diosgenin were diluted in 1000 μl medium, and it would be dose 3 medium with 0,0125 mg/ml concentration.
So, three doses of steroidal saponin isolate of Dioscorea alata L. and diosgenin are 50; 25; 12,5 μg/ml.
Cell Isolation. The spleen is separated, washed in a petri dish containing PBS, which is then removed to petri dish
contained PBS and then ground. The suspension was transferred to a polypropylene tube and centrifuged at 10 0C at
1500 rpm for 5 min. The pellets are resuspended in 1 ml of media.
Cell culture. Lymphocytes were cultured in RPMI-1640 medium contains 10% Fetal Bovine Serum (FBS), 1%
antibiotics penicillin and streptomycin, 50 μM 2-mercaptoethanol and 1.0% α-CD3 supernatant in 48 well plates.
The lymphocyte cultures were incubated in 5% CO2 at 37 ° C for 4 days. After 4 days, lymphocyte cells were
harvested and then centrifuged at a speed of 1500 rpm for 5 minutes at 4 ° C. The supernatant were stained with the
cell surface molecule.8
Flow cytometry Analysis. The antibodies used in this research were B220, IgE, IgG1 antibody extracellular
staining. Samples incubated in the icebox for 30 minutes. Each sample was added with 500 μl of PBS and then
transferred to the flow cytometry cuvettes. The samples were ready to work with flow cytometry.8
Data Analysis. Flow cytometry results were visualized by the BD CellQuest PRO ™ software, tabulated and
analyzed with ANOVA used a significance level of 0.05%.
Financial Disclosure. This research was funded by LP3M Universitas Muhammadiyah Yogyakarta and the
Ministry Research Technology and Higher Education of Republik Indonesia.
Ethical Clearance. All procedures performed involving animal were approved by Medical and Health Research
Ethics Committee, Faculty of Medicine and Health Sciences Universitas Muhammadiyah Yogyakarta.

RESULTS AND DISCUSSION
The results isolation of ethanol extracts tubers of Dioscorea alata l. obtained 3 steroidal saponins isolates namely
isolates 1, 2 and 3. Each isolate made 3 dose variation that is 0.05 mg/dL, 0.025 mg/dl and 0.0125 mg/dL. On the
study of steroidal saponins isolate compared with steroidal saponin of Diosgenin which is the purely manufacture
product. Group of Diosgenin in this study was also made in the same doses 3 doses of steroidal saponins isolates,
plus a control group without any treatment so that there are 13 groups in this study. The results of the research on
the allergenic activity of steroidal saponins isolate in the ethanol extract of Dioscorea alata L. through measurement
of cytokine profile B220IgE and B220IgG1 on lymphocyte cell culture in vitro as seen in Figure 1.
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FIGURE 1. Percentage of B220IgE & B220IgG1 lymphocyte culture in vitro
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Steroidal saponins isolate 1, 2 and 3, as well as Diosgenin trigger the proliferation of the B220IgE and B220IgG1
except steroidal saponins isolate 2 doses 50 μg/ml and Diosgenin doses 12.5 μg/ml μg/ml compared with the control
group. It proved that steroidal saponins isolate 1, 2 and 3 and Diosgenin have an allergic activity.
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FIGURE 2.
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The result showed that majority of steroidal saponin isolates and Diosgenin trigger B220IgE and B220IgG1 cytokine
profile  depends on chemicals structure of steroidal saponin, dose of SS, Diosgenin and EEDA.
Steroidal saponin isolates and Diosgenin induced B220IgE and B220IgG1 so it could allergic agent.
Data spectra mass with Electro Spray Ionization (ESI) showed that:
-

on minute 3.38 have molecular weight 213

-

on minute 3.69 have molecular weight 303
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-

on minute 3.95 have molecular weight 331

-

on minute 4.62 have molecular weight 519

-

on minute 4.77 have molecular weight 495

SUMMARY
The summary is steroidal saponin isolates and Diosgenin induced B220IgE and B220IgG1 so it could allergic agent.
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Abstract. It has been identified thermophilic bacteria from hot springs in west Halmahera . The standard method for the
identification of bacterial species through DNA barcodes has been recommended that is 16 sRNA. The purpose of this
research is to determine the similarity level of DNA barcode sequence from thermophilic bacteria (Basillus sp) compared
to its relative species which have been recorded in NCBI Systems. DNA amplification with Polymerase Chain Reaction
(PCR) was used for the multiplication of available universal primary 16 sRNA fragments available. The results showed
that thermophilic bacteria samples from hot water sources in Halmahera were similar to 99% until 100% value
(identically) with Basillus licheniformis species recorded in the NCBI system. Bacillus licheniformis is one species of
thermophilic bacteria that potentially produces enzymes of amylase, protease and lipolytic groups potential for the
development of food and energy industries
Keywords: Profil, 16 sRNA, DNA Barcode , Basillus licheniformis, Halmahera

INTRODUCTION
One approach to bacterial identification in addition to cultivation is the molecular approach. Identification of
bacteria with cultivation or phenotype characterization has not been sufficient to provide clear information in
distinguishing intraspecies and interspesies strains 1,2,3. Application of molecular approach using 16sRNA gene 4.
Analysis of the encoding gene of 16sRNA can be a molecular marker because it is universal with identical function
in all bacteria 5. The 16sRNA gene has several regions with conservative base sequences as well as areas where the
base sequence is highly variable. A conservative base sequence comparison is useful for constructing a universal
phylogenetic tree, whereas a varied base order can be used to track diversity and place strains within a species 4. The
sequence of encoding genes of 16sRNA from various cultured and non-cultured organisms has been created in the
form of NCBI databases.
The thermophilic bacteria from the hot springs at Jailolo North Maluku have been isolated and identified with the
gene encoding 16sRNA for the first time. In this study, DNA isolation from thermophilic bacteria populations with
cultivation method has been done, then amplified the 16sRNA gene from the obtained chromosome DNA. The
obtained amplicon was further analyzed for the identification of isolated bacteria. This identification is very
important of the potential by thermophilic bacteria, especially the potential of thermostable enzymes its. The
objective of this study is for obtain local isolates of thermolipolytic bacteria from hot springs Jailolo, and isolate
characterization by molecular approach based on 16sRNA gene to determine the type of each isolate found.

EXPERIMENTAL DETAILS
DNA Extraction and Amplification of 16sRNA Gene Fragment.
The DNA isolation was done by using the Presto TM Mini gDNA Bacteria KIT (Geneid) DNA kit. The
amplification process using MyTag Red Mix (Bioline) 6. Primer Forward Bact27_F 5'-AGA GTT TGA TGG CTC
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AG-3 'and Revers Uni1492_R 5'-GGT TAC CTT ACG ACT T-3 '. A total of 30 mL of PCR reaction mixture
(MyTag Red Mix, Primer, ddH2O, and DNA template). The PCR process was performed at denaturation at 95 ° C,
annealing at 55 ° C, and extension at 720 ° C and post extension at 720 ° C. PCR products are purified using
Zimoclean TM DNA KIT DNA gel (Zimo research). Sequencing with bidirectional service using1st Base Malaysia

Phylogenetic analysis
The data obtained is analyzed with the help of computer program, among others: analysis. Alligment DNA with
MEGA 5 program, BLASTn DNA samples with DNA sequences present in GenBank, DNA sequencing from
GenBank, and phylogenetic tree construction Neighbors Joint (NJ) using MEGA 5 program.

RESULTS AND DISCUSSION
DNA isolation is an early stage for PCR process. The chromosomal DNA is isolated from the cultivated bacteria.
The isolation results obtained by nine chromosome DNA is chromosomal DNA. To find the chromosome DNA is
done electrophoresis agarose and quantitative measurements of DNA. The results of the measured concentration and
purity of DNA obtained (TABLE 1)
TABLE 1. Results of Isolation of chromosomal DNA

Sample name

Conc (ng/ml)

A260/280

A260/230

1A1
1C2
1D1
1B2
1F2
1D2
52B22
52B23
51A112

28.6
29.8
22,5
15,2
25,6
6,1
14,3
26.0
29,6

2.03
2.5
1.99
2.08
2.01
2.09
2.06
1.97
1,93

0,91
1.08
1,55
0.81
0.92
0.42
0.54
1.08
0.86

Volume
(microlit)
30
30
30
30
30
30
30
30
30

The results of quantitative analysis revealed that from nine bacterial isolates have a pretty good DNA concentration
with purity close to 1.8 until 2.0. Furthermore, DNA amplification was done by using
a gene encoding 16sRNA.

Amplification of 16sRNA Gene Fragment of Thermophilic Bacteria
The results of the 16sRNA gene amplification of the thermophilic bacterial isolates tested by electrophoresis are
presented in (FIGURE 1).
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FIGURE 1. Electroferogram of 16S rRNA gene amplification in thermophilic bacteria from Jailolo hot spring
Amplification of the 16S rRNA gene showed a DNA band of ± 1400 bp. Furthermore, BLAST (NCBI genebank)
exploration analysis found that isolate IA1, IC2 isolate and ID1 isolate were identical with Basillus licheniformis
and Basillus sononensis with 99% identic. Isolate IB2, ID2, isolate 52B22, isolate 52D23 identical with Basillus
licheniformis and Basillus sp with 99% identical. While isolate 51A112 is identical with Basillus licheniformis and
Bacterium DEN with 99% identic value. In general, isolate bacteria successfully isolated from Jailolo hot spring is a
group of bacteria Basillus licheniformis and Basillus sp. The data of similarity analysis results (BLASTn) from 4
isolates of Basillus licheniformis as in (TABLE 2).
TABLE 2. BLASTn Result of 4 isolates of Basillus licheniformis from Jailolo hot spring

Kode
Isolat
1D1

BLASTn
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52B22

52B23

51A112

Phylogenetic Analysis
To know the name of the type and position of the taxon from thermophilic bacterial isolates derived from Jailolo hot
springs, a selected isolate phylogenetic analysis was compared with data from genebank BLASTn search results in
NCBI. From this phylogenetic analysis can be known the position of taxon from selected bacterial isolates. The
result data of kinship (phylogenetic) analysis of 9 isolates as shown in (TABLE 3).
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TABLE 3. Phylogenetic Tree Analysis of 4 isolates of Basillus licheniformis from Jailolo hot spring

Isolat
code
1D1

Phylogenetic tree

51A112

52B22
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52B23

Phylogenetic analisys based on the nucleotide sequence of the 16sRNA isolate 1A1 gene. Isolate 1C2, 1D1 isolate
has a 99% identic to Bacillus licheniformis. Bacillus licheniformis is rod-shaped, Gram-positive and forms
endospores 7. These bacteria are widely used for industrial purposes such as the production of enzymes and
antibiotics, have a variety of enzymatic capabilities and the optimal temperature for enzyme secretion is 37 ° C 2.
The optimum growth temperature is 50 ° C, but can also survive at higher temperatures (Pikuta et al, 2003). In 1D2,
52B22 and 52B23 isolates have a 99% similarity with Bacillus spp having multiple enzymatic capabilities, and some
are capable of biodegradation of many recalcitrant compounds and xenobiotic. Besides, Bacillus is aerobic or
facultative anaerobic, has a wide growth temperature range, spore formers, cosmopolit, resistant to antiseptic
compounds, so it is potential to be developed in the biotechnology industry.

SUMMARY
The thermophilic bacteria from the hot springs at Jailolo North Maluku have been isolated and identified with the
gene encoding 16sRNA for the first time. In this study, DNA isolation from thermophilic bacteria populations with
cultivation method has been done, then amplified the 16sRNA gene from the obtained chromosome DNA. The
results showed that thermophilic bacteria samples from hot water sources in Halmahera were similar to 99% until
100% value (identically) with Basillus licheniformis species recorded in the NCBI system.
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Abstract. Fish Paste (or in Indonesian language, it is popular as "Petis") is a food product made from fish or shrimp. Less
attention on processing, raw materials, packaging, and distribution of hygiene makes fish paste easily to get contaminated
by bacteria from the raw materials itself or from outside, so it needs to do a research to isolate and identify the type of
bacteria found on fish paste. This study aims to isolate and identify the type of bacteria E. coli and S. aureus in fish paste
on the market. There are 5 samples of fish paste used in this research that was purchased from Pasar Baru Market in
Tuban district. The method used for the isolation of the bacteria was the pour plate method (cup pour) using a common
medium (nutrient agar), then it was calculated the number of bacterial colonies using ALT (Total Plate Count) method
and to identify the type of bacteria, it was carried out by conducting biochemical test by planting in the media of
MacConkey Agar, then it was followed by IMViC test for E. coli while the examination for S. aureus using MSA test and
continued with VJA test. The results of the 5 samples showed that only one of the samples was free of the bacteria E. coli
and the other 4 pastes were positive samples contaminated with E. coli bacteria while for S. aureus bacterial examination
of all the samples were free of the bacteria. Based on these results it can be seen that most of the fish paste sample was
contaminated with E. coli bacteria so that manufacturers should pay attention on the raw materials, processing, packaging
and distribution to reduce the level of microbial contamination.
Keywords: isolation, identification, E. coli, S. aureus, fish paste.

INTRODUCTION
Fish paste or in Indonesian language well-known as petis is commonly used by Indonesian people as food seasoning
on Indonesian local food such as rujak cingur, sayur petis, tahu campur, tahu petis, etc. The texture of petis is just
like soy sauce but more condensed and it made from fish or shrimp. Fish paste is made from fish broth with
condenser addition such as cassava and rice flour, also addition of some spices such as onion, garlic, bay leaves,
galangal, lemongrass, ginger, lemon leaves, salt, brown sugar, white sugar and MSG 1.
Fish paste texture commonly similar to sweet or salty paste due to addition of some ingredients such as sugar, salt,
and some other spices. It is suitable for side dishes, mix with sauce or food complement (Pramono, et al., 2008).
Fish paste was processed from a mixture of fresh prawn that has been washed, milled, chopped and cooked with
additional ingredient 2.
As one of food groceries, fish paste should fulfill the health requirement which containing nutrition also free from
harmful substances and microorganisms. Nutritional aspect of fish paste provides high protein. However, if its raw
materials, processing, packaging, and distribution are less hygiene, it is one of reason of microorganisms
contamination. There are a lot of microorganism that might causing this contamination, such as bacteria. Some
bacteria which can contaminate petis such as Escherichia, Staphilococcus, Pseudomonas, and Vibrio 3.
Based on the product quality standards in Indonesia (or SNI 01-2346-2006- Standart National Indonesia) for fish
paste , it recommends a maximum limit for bacterial contamination in the paste are the number of colony 5x102
colonies / g based on ALT (Total Plate Count) method and E. coli less than 3/g and for S. aureus should not appear
on it 4. E. coli contamination in food can caused by fecal contamination of human or warm-blooded animals. E.
coliare microbes that can cause diarrhea, fever, abdominal cramps, and vomiting 5.
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While S. aureus is a gram-positive bacteria and with cocci form. This bacteria is the member of the normal flora of
the skin, mucous membranes, respiratory, and gastrointestinal tract. Mainly S. aureus infections can cause disease in
humans, since it may cause purulent, abscess formation, a variety of pyogenic infections, and even fatal septicemia
and it can cause toxic schock syndrome due to food poisoning 6.
Based on the background explained previously, the authors wanted to do research on the content of the bacteria E.
coli and S. aereus contaminating fish paste so that the goal of this study is to isolate and identify the bacteria E. coli
and S. aereus found on the fish paste sold in Pasar Baru Market, Tuban city.

EXPERIMENTAL DETAILS
The research was conducted at Biology Laboratory of Ronggolawe University (UNIROW) Tuban and Center for
Drug Evaluation and Analysis of Surabaya University (UBAYA) laboratory. The 5 fish paste samples were obtained
from the Pasar Baru market at Tuban district on 2 October 2015. The isolation of bacteria on the fish paste was
done with the pour plate method (pour cup) using a common medium (nutrient agar) were then carried out by the
method of counting bacterial colonies ALT (Plate Count total). The identification of bacterial species with
biochemical test was performed by planting the media of MacConkey Agar, followed by IMViC test (test Indol,
Methyl Red, Voges Proskauer, and Citrate) for the inspection of E. coli, while for examination of S. aereus using
media MSA (Mannitol Salt Agar) and continued with VJA media (Vogel Johnson Agar).

Total Plate Count Testing
The total plate count testing was done in accordance with the test method procedures microbial contamination of
Indonesian National Standard or SNI 01-2897-1992. The samples of fish paste from the market weighed as much as
25 grams using analytical scale and dissolved in 225 mL of distilled water in order to obtain a solution erlenmeyer
250 ml of paste. Then it was taken 1 mL of the paste using a pipette and putting into a test tube containing 9 ml of
1.7% NaCl solution to obtain a dilution of 10-1. 10-1 dilution of 1 mL was taken and put into a test tube containing
9 ml of 1.7% NaCl solution so obtained dilution 10-2. This dilution process was conducted until obtained dilution
10-5. From each dilution sample, it was taken using pipette 1 mL into a sterile Petri dish, then poured 15-20 mL
medium Plate Count Agar (PCA), which had been melted and cooled until the temperature reached 45°C.
The petri dishes putted on shaker to spread the media evenly. The experiments were performed in duplicate and
include a petri dish containing medium that did not contain test samples as a testing control (blank). After the media
got freeze, then it was conducted an incubation of petri dish at 37 °C for 48-72 hours with an inverted position. The
number of growing colonies then calculated for each petri dish. The total number of bacteria in 1 mL sample was
counted by multiplying the average number of colonies in the petri dish with the dilution factor used.
Morphological observation and gram staining
The clean and fat free slides were prepared by washing them into 95% of alcohol. Two smears of bacterial colonies
were prepared on slides with about 2 cm of distance. Slides were then placed on a wire rack of staining box after
heat fixation. Primary dye (ammonium oxalate crystal violet) was dropped onto the smears then followed by 1
minute of incubation. The excessive dye was rinsed with distilled water. Smears stained with iodine grams was
drained then dropped after followed by 1 minute of incubation. The same way as previous steps were done to
discard excessive iodine. Smears were washed with 95% of ethanol for 30 seconds or until the first dye became
invisible. The counter smears were stained with dye (safranin) after being washed and drained, then followed by 1
minute of incubation. The slides then observed using microscope with 100X of magnification. The staining result
would be purple in color for gram-positive bacteria and red color for gram-negative bacteria.

The Identification of Escherichia coli
For testing of Escherichia coli, Tryptic Soy Broth (TSB) were used as the liquid medium or diluent for preliminary
testing. Then each positive culture for presumptions and confirmation test of E. Coli was taken one and inoculated
on Mac Conkey media added by the Durham tube and incubate at 37 ° C for 24 hours. If the media was growing

500
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

colonies of bacteria in red brick and formed gas in the Durham tube, it was noted that the sample was positive for E.
coli. This was because the media MacConkey has the privilege to sort enteric gram-negative bacteria that ferment
lactose, since this medium contains lactose, crystal violet and neutral red bile salt. If another colony grows, there is
no color because it is not able to ferment lactose. After incubation at 37 ° C for 24 hours, it was carried out IMViC
test which includes test Indol, Methyl Red Test, Citrate test and Praskauer Voges test (Habullah, et al. 2015).
Indol test
From the slopped NA cultures it was grown 1 inserted culture into tryptone broth. Then it was incubated
for 24 hours at a temperature of 37ºC, and then it was added by 0.2-0.3 ml indole reagent into each tube,
shaken and allowed to stand for few minutes. Cherry red color on the surface formed an indole ring
indicated a positive reaction, the orange color indicated indole reaction was negative.
Methyl Red test
From the slopped NA culture was grown 1 inserted culture into MR-VP. The it wasIncubated for 24
hours at a temperature of 37ºC. After the incubation, it was added by 5 drops of methyl red, shaken and
allowed to stand for few minutes. The yellow color indicated a negative reaction and the red color
indicated a positive reaction.
Voges Proskauer Test
From the slopped NA culture, it was grown 1 inserted culture into MR-VP seeding media. Then it was
incubated for 24 hours at a temperature of 37ºC. After incubation, it was added by 3 drops of alphanaphthol solution and 2 drops of 40% KOH solution, shaken and allowed to stand for few minutes. Pink
to dark red color indicated a positive result, and if it did not change, it showed negative result.
Citrate Test
From the slopped NA culture, it was grown from 1 inserted culture into seeding Simmons citrate, and
incubated for 24 hours at a temperature of 37ºC. The blue color indicated a positive result and the green
color indicated a negative result 7.

The Identification of the bacteria Staphylococcus aureus
The Identification of Staphylococcus aureus bacteria was done by using the MSA (Mannitol Salt Agar) and VJA
(Vogel Johnson Agar) media. After preparing the samples and MSA media. This selective and differential media
was specific for detecting pathogenic Staphylococcus (S. aureus). The suspension of bacteria was grown in parallel
scratches on the four quadrants of the media and incubated for 24 hours at 37°C and then observing the colony. Only
microorganisms that were resistant to salt that could grow on this medium, because of the high salt concentration.
As the decreasing of mannitol, the color changed from red to yellow, it showed that there found pathogenic
Staphylococcus aureus (SNI 2332.9: 2011)
Then it was conducted a further test using VJA media (Vogel Johnson Agar). The growing selective agar media test
was done by inoculating 1 ose of S. aureus bacterial culture then it was grown in selective media that is VJA,
positive results shown by the output of shiny black colonies and surrounded by yellow zones 8.

RESULTS AND DISCUSSION
Total Plate Count Bacteria
Based on the data from the colony counts from each sample was only calculated on dilution with colony number
between 30 to 300. The purpose was to minimize the possibility of errors in calculation. Because the experiments
were performed twice (duplicate) then had to use data from both repetition by taking the average of the two data,
then it was calculated and compared with the standard test of microbial contamination paste products.
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Sample
A
B
C
D
E

TABLE 1. Result of Total Plate Count on samples
Total Plate Count (Colony/g)
Predefined Standard
(colony/g)
7,5x106
5x102
6
5,5x10
5x102
1,2x107
5x102
7
2,2x10
5x102
7
2,1x10
5x102
7,5x106
5,5x106
1,2x107
2,2x107
2,1x107

A
B
C
D
E

5x102
5x102
5x102
5x102
5x102

Explanation
Not Eligible
Not Eligible
Not Eligible
Not Eligible
Not Eligible
Not Eligible
Not Eligible
Not Eligible
Not Eligible
Not Eligible

Based on the data from the colony counts from each sample was only calculated on dilution with colony number
between 30 to 300. The purpose was to minimize the possibility of errors in calculation. Because the experiments
were performed twice (duplicate) then had to use data from both repetition by taking the average of the two data,
then it was calculated and compared with the standard test of microbial contamination paste products

C

B

A

D

E

FIGURE 1. (A) Bacteria morphology from sample A (B) sample B (C) sample C (D) sample D (E) sample E

From characteristic observation of the bacteria from fish paste, its morphology showed in TABLE 2.
TABLE 2. Morphology of bateria found in fish paste

Sample
A
B
C
D
E

Shape
bacillus
coccus
bacillus
coccus
bacillus
bacillus
bacillus

Morphology
Gram-stain
red
red
red
purple
purple
red
red and purple
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Escherichia coli Identification
Escherichia coli identification done by using presumptive test and confirmative test. Media used for presumptive test
is MacConkey Agar added by durham tube. This media contain lactose, violet crystal and neural red bile salt.
Positive result can be seen if there are gases on durham tube and acid presented with colour change on media.
TABLE 3. Presumptive test result

Dillution
10-1
10-2
10-3

S(A)
(+)
(+)
(+)

Positive tube
S(B) S(C) S(D)
(+)
(+)
(+)
(+)
(-)
(+)
(+)
(-)
(-)

S(E)
(+)
(+)
(+)

Nb : S : Sample

IMVic test later conducted to confirmed type of E. coli present on samples. Result of the IMVic test can be seen on
TABLE 4.
TABLE 4. IMVic Test Result

IMVic
Indol test
Merah metil
VogesProskauer
Citrate

S(A)
(+)
(+)

S(B)
(+)
(+)

(-)
(-)

(-)
(-)

Result
S(C)
(-)
(-)
(+)
(+)

S(D)
(+)
(+)

S(E)
(+)
(+)

(-)
(-)

(-)
(-)

From IMVic result it is showed from five shrimp paste samples, there are four samples positive for E. coli .
Meanwhile only one sample shown no appearance of E.coli.

FIGURE 2. IMVic result on E. coli
(A) Indol (B) Merah metil (C) VP (D) Citrate

Staphylococcus aureus Identification
Staphylococcus aureus identification can be done using Gram-stain test. Purple coccus bacteria (gram-positive)
founded, so the test continued using MSA (Mannitol Salt Agar) media for first test and VJA (Vogel Johnson Agar)
media for the continuous test.
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TABLE 5.

Identification result for S. aureus with MSA and VJA media

Media
MSA
VJA

A
(-)
(-)

B
(-)
(-)

Sample
C
D
(-)
(-)
(-)
(-)

E
(-)
(-)

TABLE 5 showed from all five sample, there are no S. Aureus can be found. Result of this S. aureus identification
can be seen on figure 3.

b

a

FIGURE 3. (a) MSA media with no S. aureus present
(b) VJA Media with no S. aureus present

Shrimp paste is one of food product from fish and shrimp that can consumed directly. Raw material, production
process or its distribution need a strict screening and controlled frequently because all of these process can cause
contamination on it. TPC (Total Plate Count) is one of the important standard in evaluating edible food. TPC is one
of quantitative methods that can help to measure number of microbes in samples using agar media with result of
colonies that can observed visually. This result can also counted and intrepeted in number from colony (cfu) per
ml/g or colony/100ml 9.
All samples contain more microbes than predefined standards in SNI. 01-2346-2006. Predefined standard expect
maximum number of colony present is 5x10 2 colony/g, meanwhile as shown in Table 1 all samples have exceed this
safety standard. Sample with highest umber of microbes is sample D with 2,2x10 7 colony/g. High number of TPC
means abundance of microbes in a sample 5.
From previous study done by Fakhrudin (2009) total microbes from kupang paste reach out to 9,65x10 3 colony/mL.
TPC for this paste also exceeding quality standard by SNI 10. The other study linearly with this result also found out
ikan pindang paste from boiled process have 3,3x10 6 colony/g 11. The abundance of bacteria number on shrimp
paste can be caused by unhygiene raw material, production process, packing and distribution. There is attention
needed to have a high quality and hygiene shrimp with a new standard on all these aspects. In hope to get better
paste with its characteristic and smell without fungus appearance 3.
Else from TPC test, gram-stain can also used for bacteria identification. From gram-stained, each samples showed
morphology characteristic with similar shape colonies. Red bacillus bacteria grouped as gram-negative, meanwhile
purple bacillus/coccus grouped as gram-positive bacteria. Based of Sari, et al., (2013) cells that can’t released colour
will still have crystal ciolet colour that is called gram-positive bacteria 12. Meanwhile all cells that can release violet
crystal and can bind to safranin will have pink colour and grouped as gram-negative bacteria.
Gram stain test cannot identify bacteria type from fish paste, therefore biochemical check needed to be done.
Biochemical check can be done using MacConkay Agar and IMVic test. From this study it can be identified from
five samples, there are four positive samples contaminated by E. coli. There are four test on IMVic test, they are
Indol, Metil merah, Voges-Proskauer, dan Citrate. Indol test principle is if the pink ring present on culture after
kovaks reagent added means that the bacteria can made indol from tryptophan as its carbon source and showed
positive result 5.
Red Metyl test will present red colour at pH 4,4 and yellow at pH 6,2. This test will show positive result because
there are color change to red with metal red indicator. This means, the bacteria contain acidic mixture metilen
glikon from glucose fermentation from MR-VP media. On the other hand, VP test showed negative result, because
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there are no red colour on media after alfanaftol and KOH added. This is because the bacteria not producing netral
product like asetoin from glucose metabolism but producing acid. Citrate test is done to check bacteria ability to use
citrate as its only source of carbon. Negative result for uji E. coli because E. coli can’t use citrate for its source of
carbon 5.
E. coli is one of indicator microbes for sanitation that is also pathogen that can cause several diseases 5. This bacteria
come from family Enterobacteriaceae is natural flora in human intestines. Meanwhile food poisoning caused by this
bacteria can be happen by consuming food product that have lots of this bacteria on it. This bacteria can live on 8°46°C with optimum temperature of 37°C. If we keep bacteria on its minimum temperature, it won’t kill them. They
will in state of dormancy 13.
SNI standard quality measurement also reccomending all of paste product contain no bacteria such as
Staphylococcus aureus, therefore this study conducted on fulfilling those reccomendation. After checking with
MSA and VJA agar, it showed negative result, which means fish shrimp paste samples are not contaminated by S.
aureus. From early biochemical test using MSA media, all paste samples showed negative result from S. aureus that
can be seen by colour change in media from red to yellow.
Mannitol Salt Agar (MSA) is a diferential selective media based from reccomendation from Chapman for
Staphylococcus isolation. Almost all other bacteria cannot grow because of high NaCl concentation. Peptone and
beef extract mixture can be source of nitrogen nutrient, mannitol as carbohydrate source, phenol as pH indicator, and
bacteriology agar as compactor. Mannitol degradation by bacteria resulting acid product that can change media from
pink red to yellow. Pathogenic Staphylococcus that can fermented mannitol that can observed as big colony with
yellow zone on its surrounding, meanwhile non-pathogenic Staphylococcus can be observed as colony with red or
purple zone on its surrounding 8.
The continuous test also can be done using VJA media to confirmed availability of S. aureus. After all test, all
shrimp sample showed negative result for S. aureus that is shown by no appearance of black colony with yellow
halo and media colour didn’t change from red to yellow. VJA media that used for early detect of Staphylococcus
aureus by identifying positive koagulase and mannitol fermentation ability from the strain. On VJA media,
Staphylococcus degrades mannitol and it produces acid that can be seen from phenol red colour change to yellow 8.
Staphylococcus aureus is a gram-positive bacteria coccus shaped and non-motil, nonspore, anaerob facultative,
positive catalase and negative oxydase. This bacteria can growth in 6,5-46º C with pH 4,2-9,3. Colony can growth in
24 hours with diameter up to 4 mm. On early colony it is round, soft, bulge, glowing and gray in colour to dark
yellow gold. S. aureus produced lipochrom pigment that can cause colony to change colour from gold yellow to
orange yellow 6.
Infection caused by S. aureus that can cause diseases on human can cause sapuration, abses, pogenic infection or
even dangerous septichemia. This pathogenic bacteria can also cause blood hemolysis, plasma coagulation, also
resulting on different enzyme and extracellular toxic 6.
High number of colony (TPC) bacteria that surpassed quality standard from paste and contamination of E. coli from
all four samples from paste showed hygiene level of its raw materials, producing process, packing and distribution.
This showed hygiene level of each seller or any other factor among paste distribution did not get enough attention.
Therefore it is needed to have government to checked and tell producer, distributor or even seller how to sell
hygiene paste to its customer. This also as one of the purpose to put paste from Tuban with high hygiene level and
decreasing consumer sickness because of food poisoning.
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Abstract. The attitude of healthy living is a key determinant of healthy living behavior. Healthy attitude to life is the
basis in determining the quality of a person's health. Someone who does not have the basic knowledge of health
management, then the attitude in managing the body becomes unhealthy. Good body management can be achieved if you
have enough knowledge. Knowledge of health need to be supported harmony between the mind, emotions, mind and
body perfectly and so we need the support of a good physical intelligence. Increased physical intelligence can be done by
providing the skills for self-realization and insight, through education and training of physical intelligence. Based on this
background, the need to be examined on attitude formation of healthy life through physical intelligence. The study design
Pre-test Post test with the control groups: control group and the experimental group were conducted with a random. The
respondents are comprised of 10 people as a control group and 10 people as a group were given training to improve
physical intelligence during the fourth stage. Respondents worked as a factory worker in Yogyakarta leather gloves. Ttest analysis results indicate that the physical intelligence (sig = 0.001) and healthy life attitude (sig = 0,000) of the
respondents increased significantly. Result of analysis of linear regression between improvement of physical intelligence
with healthy life attitude show (R = 0,464) which mean correlation of increase of physical intelligence is not significant
to improvement of healthy life attitude. It was concluded that the improvement of physical intelligence had an
insignificant relationship to the improvement of healthy attitude toward the factory employees.
Keywords : Employee, Healthy Living, Physical Intelligence

INTRODUCTION
The attitude of one's life in health problems can not be separated from the environment of his work activity. In some
cases in 2007, employees at PT Jamu Air Mancur suffered work accidents causing the injury of 11 employees 1. The
incidence of hypercholesterolemia (21.1%) in employees aged 20 years and over in 7 types of factories in the
industrial area Pulo Gadung Jakarta 2. The latest case was delivered by Kristiawan (2013), that on 28 May 2013
there has been a work accident in the form of explosion of one of the pipes in the steam engine room of Madukismo
Sugar Factory Yogyakarta causing 4 employees to be injured.

Cases of work morbidity and accidents of this work can actually be minimized, ie by preventive efforts, among
others, to build a healthy attitude. Efforts to increase the formation of a healthy life can be done in various ways,
including the combination of emotional ntelligence and spiritual intelligence 3. In the opinion of Son & Wilson 4 the
body is a tool for the mind and conscience. Excellent physical condition (good physical intelligence) makes a
person's mentality capable of full concentration (focus) in learning, kretivitas, endurance, persistence, high courage
and better memory. Based on the above description it is important to examine the relationship of physical
intelligence in the formation of a healthy life attitude of factory employees.

EXPERIMENTAL DETAILS
This type of research is an experimental study that is done by providing training to improve physical intelligence.
The study design with Post-Test Pre-Test was accompanied by a control group (without physical intelligence
training). Respondents for the control group consisted of 10 people and the treatment group (given training) of 10
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people. Determination of research subjects with Purposive Sampling technique is by consideration of inclusion and
exclusion criteria(5). Inclusion criteria are permanent employee status at leather glove factory in Yogyakarta with
minimum 1 year working period. Exclusion criteria are permanent employees of leather glove factories in
Yogyakarta who are not suffering from mental illness or are not suffering from illness in the care of doctors.
The variables of this research consist of dependent variable in the form of healthy life attitude of the employees of
leather glove factory in Yogyakarta and independent variable in the form of physical acumen of the leather glove
factory employee in Yogyakarta.
Data collection was done by filling out the questionnaire as a measure of physical intelligence and healthy life
attitude questionnaire. This questionnaire is filled before and after the treatment of physical intelligence training.
This questionnaire measurement tool consists of 25 items of questions that have previously been tested for validity
with product moment and reliability testing with Alpha Cronbach. The result of physical intelligence questionnaire
test has r value count bigger than r table for n = 20 and α = 5% that is 0,444 so that item of question stated valid.
Reliability test results with Alpha Cronbach of 0.981 (meaning 0.981> 0.60) indicates that the physical intelligence
variables declared reliable. The condition of the validity test questionnaire validity of healthy life with r calculated
0.444 so it is said valid and test Reliability questionnaire attitude of healthy life with Alpha Conbrach of 0.763 (>
0.60) this condition indicates that the questionnaire is reliable.
The research was conducted in September-December 2015 at the meeting room of leather glove factory in
Yogyakarta. Prior to training, all respondents (control group and treatment group) measured physical intelligence
and healthy lifestyle with questionnaires. The training implementation process is carried out periodically with 4
levels. Each session takes 3 sessions with each session for 100 minutes. After completion of the training, then all
respondents (control group and treatment group) measured emotional intelligence and healthy life attitude. The data
obtained were then tabulated and analyzed by Pair Sample Test.

RESULTS AND DISCUSSION
Condition of physical intelligence of respondent (TABLE 1) before given training with material of physical
intelligence Healthy attitude of low score of 70,00 and highest 85,00. The score score of respondents' healthy
lifestyles before giving the lowest level of training is 63,00 and the highest is 91,00. The condition of physical
intelligence after the training of all respondents experienced an increase with the lowest score of 75.00 and the
highest 100.00, while for the score of healthy life attitude also increased with the lowest score 71.00 and 96.00 high.
TABLE 1. Results of Measurement of Physical Intelligence Before Nor After
After Training Respondent's Physical Intelligence

Result of t-test analysis measurement of physical intelligence score and healthy life attitude before and after giving
treatment of physical intelligence training can be seen in table 2, that is got value p = 0,001, it means there is a
significant increase of score of physical intelligence after giving treatment of training.
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TABLE 2. Physical Intelligence Tests and Healthy Lifestyle Attitudes Before and After Training

The result of regression analysis (TABLE 3) between the increase of physical intelligence toward the improvement
of healthy life attitude has correlation correlation with medium category (R = 0,464). This condition means that
increased physical intelligence after training is not strongly associated with improved healthy attitudes.
TABLE 3. Significance of Healthy Life Attitude Score to Physical Intelligence
Respondents

Based on T-test of physical intelligence (sig = 0,001) and healthy life attitude (sig = 0,000) of respondents that
increase significantly, it only has correlation with medium category (R = 0,464) between improvement of physical
intelligence with healthy life attitude and correlation relationship between the two become insignificant (sig =
0.177). This situation can be caused by several possibilities that is the nature of physical intelligence training
materials that are more oriented to science alone or skills with physical problems so as not to get into the heart (soul)
of respondents. Provision of material that is only in the form of physical intelligence alone, the knowledge insight
received only entered in the temporalist brain memory (hearing center) and the occipitalis (vision center). This
knowledge does not get into the limbic part of the brain to be able to affect the attitude changes so that the ability of
a person who has high physical intelligence is not necessarily good enough to form a healthy lifestyle because the
formation of a healthy life attitude is closely related to one's ability in self-control when faced with the choice which
involves an element of emotion as well as spiritual meaning (6). This condition is in accordance with that delivered
by Li(7) that the orientation of physical intelligence more emphasizes the aspect of brain memory in the short term so
that aspects related to the process of formation of attitudes required other factors that can facilitate the process of
formation of attitudes so reasonable if the improvement of healthy attitude of these respondents not strong enough to
relate significantly to the increase in physical intelligence.

SUMMARY
It was concluded that the improvement of physical intelligence had an insignificant relationship to the improvement
of healthy attitude toward the factory employees.
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Abstract. Antimicrobial activity of ethyl acetate extract of mesocarp of atung fruit (Atuna racemosa) against bacteria
(Mycobacterium smegmatis, Bacillus altitudinis, Escherichia coli) and yeast (Candida tropicalis, Saccharomyces
cerevisiae and Rhodorotula minuta) was investigated. Microdilution method using MTT (3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide) was used for toxicity test. This toxicity test is based on inhibition of MTT reduction by
oxidoreductase enzymes in cells. Minimum Inhibition Concentration (MIC) against M. smegmatis, B. altitudinis and E.
coli was 1024, 2048 and 1024 µg/ml respectively; whereas The MIC of extract against yeast R. minuta was 512 µg/ml. At
these MICs all bacteria tested and a yeast R. minuta did not grow; consequently, there was no MTT reduction. At extract
concentration of 2048 µg/ml yeast C. tropicalis and S. cerevisiae grew well but had lost their ability to reduce MTT. This
might indicate inactivation of mitochondrial oxidoreductase enzymes in these two yeasts caused by the extract.
Mitochondria as target of toxicity of ethyl acetate extract of Atuna racemosa fruit is discussed. In conclusion, ethyl
acetate extract of mesocarp of atung fruit might have antimicrobial activity against both harmful bacteria and fungi but
could potentially be toxic to human mitochondria as shown in yeast. GCMS MS analyses showed that the extract
contained palmitic acid, beta-Sesquiphellandrene, alpha-curcumene, 1,8-dimethoxy-anthraquinone.

Introduction
In “The Ambonese Herbal”, Rumphius noted that atung fruit (Atuna racemosa) (Figure 1) used for drug anti
dysentery which was confirmed by Buenz et al 1 and Buenz et al 2.

FIGURE 1. Fruits of Atuna racemosa
Other researchers 3, 4 found that activity of antibacteria of seed extract was more important than that of fruit
(mesocarp extract). Furthermore, atung seed extract was toxic to human cell due to induction of mitochondrial
dysfunction 4. By using disc diffusion method, our preliminary data showed that activity against bacteria and yeast
of seed methanol or ethyl acetate extracts of atung fruit from Ambon city, Maluku province was lower than that of
mesocarp extract (unpublished data). Ethyl acetate extract of mesocarp was the most active. We expect that activity
of an extract against yeast may reflect its potential of activity against pathogenic fungi. Furthermore, genetic
similarity between yeast (S. cerevisiae) and human cell enable the yeast to be a model system to study the response
to anticancer agents 5. It is therefore intriguing to evaluate activity of ethyl acetate extract against bacteria and yeast.
Reduction of MTT (Methyl Tetra Thiazolium) to formazan is a marker of living cells. Activity of death cells to
reduce MTT is low, however living but abnormal yeast cells may loss their activity to reduce MTT. Since formazan
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product is formed by functional mitochondrial dehydrogenases, mitochondrial viability may be assessed using an
MTT viability assay 6. We showed possibility to observe mitochondrial disorder in yeast Candida tropicalis by
using MTT (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide) assay as a colorimetric assay for
enumeration of living yeast cells based on capability of mitochondrial reductases enzymes 7. Human cells
mitochondrial disorders, particularly those resulting from impaired mitochondrial metabolism could be also happen
in yeast (S. cerevisiae) since genetic similarity between human and yeast cells 8. Having heterologous expression in
yeast of p53, BRCA1, and BRCA2, which are among the best-known cancer-susceptibility genes, yeast-cell-based
functional assays could be useful for cancer genetic testing 9.
The aim of this study was to evaluate antibacterial activity of ethyl acetate extract of mesocarp of atung fruit and
toxicity in yeasts based on MTT reduction. We expected that the data from this study could be a preliminary sign
about antimicrobe and mitochondrial toxicity of mesocarp of A. racemose.

EXPERIMENTAL DETAILS
Atung Fruit (Atuna racemosa Raf.)
The fruit was obtained from Amahusu village, Nusaniwe district, Ambon city, Maluku province. A. racemose
was identified in Herbarium Bogoriense (BO). Dried powdered mesocarp (40.5 g) was macerated with ethyl acetate
for overnight and subjected to extraction.

Bacteria and Yeast
Mycobacterium smegmatis, Escherichia coli were obtained from INACC, B. altitudinis was laboratory
collection. All yeast C. tropicalis, S. cerevisiae and R. minuta were obtained from INACC. Mycobacterium and
bacteria were grown in Nutrient Broth (NB) medium (Himedia, India). One litter NB contains peptic digest of
animal tisuue 5 g, sodium chloride 5 g, beef extract 1.5 g, yeast extract 1.5g. Yeasts were grown in YM Broth
(YMB). One litter YMB contains yeast extract (Himedia) 3 g, malt extract (Himedia) 3 g, peptone (Himedia) 5 g,
and glucose (Merck, Germany) 10 g.

Determination of Ethyl Acetate Extract of Fruit of A. racemose Compounds
The extract was analyzed by using GC Agilent 7890 B tandem Mass Spectrometry, with a 5977A detector, DBWax column (30 mm × 0.25 mm). The injector temperature was 250 ºC and the ion-source temperature was 150 ºC.
Helium was used as the carrier at a constant flow rate of 1 ml/min. The oven temperature was programmed as
follows: 40 ºC for 2 min, then heat up to 250 ºC (10 ºC/min) and kept at 250 ºC for 5 minutes. Mass spectra were
interpreted using the database of NIST and Willey.

Minimum Inhibition Concentration (MIC) Determination
Extracts were dissolved in DMSO (Dimethyl sulfoxide, Amresco USA). MIC was determined using the MTT
assay (Moodley et al., 2014; El Baz and Shetaia, 2005). Aliquots of 50 μl of NB or YMB containing series of
extracts concentrations were added to each well of a 96-well microtiter plate (Iwaki). The concentrations ranged
from 1 μg/ml to 2048 μg/ml. Cell suspension (50 μl) was added to the appropriate wells (final OD at 600 nm value
of 0.005). Plates were incubated at room temperature for 24 h (bacteria and yeast) or 48 h (mycobacteria).
Thereafter, 10 μl of the MTT solution (5 mg/mL) was added to the wells followed by 2 hr incubation. To each tube,
11 μl of propan-2-ol containing 0.04 M HCl was added and incubated for another 2 hr. The absorbance of the cell
suspension was measured at 595 nm. The MIC was defined as absorbance value of NB or YMB medium.

Viability of Yeast
Viable yeast cells in certain condition loses their activity to reduce MTT (Julistiono et al). Viability of yeast cell
was then confirmed by growing the cells onto YM Agar medium. Yeast cell population was given as CFU/mL
(colony-forming units per milliliter)
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RESULTS AND DISCUSSION
Phytochemical Contents
Ethyl acetate extract of 3.219 g was obtained from 40.5 g dry mesocarp of fruit. Important compounds detected
by GC MS is presented in table 1.
TABLE 1. Phytochemical constituents detected in the ethyl acetate extract of mesocarp of atung fruit
No
1
2
3
4

Compound
Palmitic acid
β-Sesquiphellandrene
α-curcumene
1,8-dimethoxy-anthraquinone

Antibacteria and Antifungi Activity
Antibacteria activity of extract is presented in table 2.

Bacteria

TABLE 2. Activity of extract against bacteria
Minimum Inhibition Concentration based on MTT assay (µg/mL)

M. smegmatis
1024
B. altitudinis
2048
E. coli
1024
*) No = there is no cell growth, by visual observation

Cell
growth *)
No
No
No

Antifungi activity of extract is presented in table 3.
TABLE 3. Activity of extract against yeast
Yeast
Minimum Inhibition Concentration based on MTT assay (µg/mL)
C. tropicalis
2048
S. cerevisiae
2048
R. minuta
512
*) No = there is no cell growth, by visual observation

Cell growth *)
grow
grow
No

When bacterial cells did not reduce MTT, cells growth was completed inhibited which was marked by the
absence of dense cell population. It indicated that loss activity in reducing MTT was due to inhibition of cell growth.
However, in yeast C. tropicalis and S. cerevisiae treated with 2048 µg caused loss activity to reduce MTT although
cells growth was not inhibited. When cells suspension of these two yeasts treated with the extract were inoculated
onto YMA, colonies were observed. We confirmed then that although cells of two yeasts had lost their activity to
reduce MTT, they were still life (table 4).
TABLE 4. Population of yeast treated with 2048µg/mL of extract
Population (CFU/ml)
Yeast
C.tropicalis

Untreated
30 x 106

Treated with extract of 2048 µg/mL
36 x 106

S.cerevisiae

35 x 106

36 x 106
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Antibacteria activity of some compounds of atung fruit i.e anthraquinone, palmitic acid and βsesquiphellandrene, α-Curcumene (Table 1) have been reported by many authors. In general, essential oils primarily
lead to the breakdown of membrane integrity and increased permeability, which disrupts many cellular activities,
including energy production (membrane-coupled), membrane transport, and other metabolic regulatory functions 10.
The important target of antifungal activity of palmitic acid or other free fatty acid target is the cell membrane. They
cause an increase in membrane fluidity, which will result in leakage of the intracellular components and cell death
11
.
Inactivity of viable yeast treated with extract to reduce MTT showed the possibility of mitochondrial
oxidoreducatse enzymes inhibition. To clarify this hypothesis, we should investigate yeast mitochondrial function
affected by the extract. Toxicity of some compounds listed in table 1 against cancer cells was also reported. Tyagi et
al 12 showed that β-sesquiphellandrene had antiproliferative effects in human leukemia, multiple myeloma, and
colorectal cancer cells. β-sesquiphellandrene was also found to be highly effective in suppressing cancer cell colony
formation and inducing apoptosis, cytochrome c release and activate caspases that lead to poly ADP ribose
polymerase cleavage. β-sesquiphellandrene was also found to be synergistic with the chemotherapeutic agents
velcade, thalidomide and capecitabine. Mericli 13 concluded that oleic acid, linoleic acid, and palmitic acid of
almond oil from Northern Cyprus and Turkey may have anticancer and antiproliferative effects on colon cancer cells
through molecular signalling pathways. Cell viability of human overian cancer, SiHa cells was inhibited more than
73% for 48 h incubation after treatment with α-Curcumene 14. Their data demonstrated that α-Curcumene induced
apoptosis by inducing nucleosomal DNA fragmentation. Various anthraquinones of rhubarb (Rheum palmatum),
emodin, aloe-emodin, and rhein were reported to have activity of anticancer 15. Emodin was capable of inhibiting
cellular proliferation, induction of apoptosis, and prevention of metastasis. Aloe-emodin was found to have antitumor properties. Rhein is the other major rhubarb anthraquinone, could effectively inhibit the uptake of glucose in
tumor cells, caused changes in membrane-associated functions and led to cell death.
Rossi et al 16 reported that other anthraquinones danthron and quinizarin had anticancer activity against B16-F10
melanoma murine cells. Anticancer activity was probably exerted through the induction of intracellular
transglutaminase activity. Treatment with G503, an anthraquinone compound, resulted apoptosis in gastric cancer
cells through the mitochondrial pathway 17.

SUMMARY
Ethyl acetate extract of mesocarp of A. racemosa fruit was active against bacteria and yeasts. Palmitic acid, betaSesquiphellandrene, alpha-curcumene, 1,8-dimethoxy-anthraquinone that are contained might be responsible for the
activity. In yeast C. tropicalis and S. cerevisiae, the extract caused viable cells had lost their activity to reduce MTT.
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Abstract. Diabetes Mellitus (DM) is a life style disorder that its prevalence keeps increasing globally, can cause
disability and mortality. The increasing DM incidence and less effective control of this disease in Indonesia cause it
needs treatment that can control this disease. Banana peel that during used as waste apparently contain some active
substance beneficial, there are pectin (10-21%), lignin (6-12%), cellulose (7,6-9,6%), and hemicellulose (6,4-9,4%).
Some research has been done show that pectin has antidiabetic activity. This research purpose to know the usage of
kepok banana peel waste to decreasing blood glucose of Rattus norvegicus induced streptozotocin. Experimental research
is done to 25 rats were divided into 5 groups with pre and posttest control group design. The procedures of this research
are the making of kepok banana peel (Musa paradisiaca) extract, rats grouping, streptozotocin induction, intervention,
taking blood sample and blood glucose examination. Data analyzed by Wilcoxon Signed Ranked Test and Kruskal Wallis.
Result analysis of blood glucose level of Rattus novergicus has been induced streptozotocin at intervention group of
kepok banana peel extract doses 400mg/kgBW, 200mg/kgBW, 100mg/kgBW (p=0,043) which is shows that there is
decreasing of blood glucose statistically significant after intervention of kepok banana peel extract. Extract of kepok
banana peel with doses 400mg/kgBW, 200mg/kgBW, 100mg/kgBW decreases blood glucose level of streptozotocin
induced diabetic rats.
Keywords: Musa paradisiaca, pectin, diabetes mellitus

INTRODUCTION
Diabetes is a lifestyle disorder that prevalence continues to increase globally. This is related to the increasing
population, widespread urbanization affecting lifestyle, increasing the prevalence of obesity and lack of physical
activity or so-called sedentary life1. The number of diabetics in Indonesia is ranked 7 th largest in the year 2013 that is
as many as 8.5 million2.
The underlying factors of diabetes mellitus are insulin resistance and pancreatic β cell failure that begins before
the development of diabetes, marked by an imbalance between insulin resistance and insulin secretion 3. Therapies
used so far to treat DM in the form of insulin use, but the main obstacle in the use of insulin is its use by injection
and the price is relatively expensive4.
The banana peach skin (Musa paradisiaca) in its processing is usually only discarded and not utilized, whereas it
contains some useful active ingredients such as pectin (10-21%), lignin (6-12%), cellulose (7,6-9, 6%), and
hemicellulose (6.4-9.4%)5. Several studies have been conducted suggesting that pectin compounds have antidiabetic
activity. Therefore it is necessary to do research to know the benefits of kapok banana peel (Musa paradisiaca).

EXPERIMENTAL DETAILS
This research is an experimental study to test the potency of banana peel extract (Musa paradisiaca) on
streptozotocin-induced Rattus norvegicus with pre and post-test control group design. The tested samples were
twenty-five white rats (Rattus norvegicus) strague-induced strague-avoided strepttozotocin strain with five
individuals per group. There were five groups: negative control group (without treatment), positive control group
(metformin 10mg / kgBW) treatment group of banana peel extract dose 100; 200; 400mg / kgBW. As the inclusion
criteria is Rattus novergicus strain Sprague dawley 2-3 months old, weight ranging from 100-200 grams with male
sex. As for Rattus novergicus who died during the study, was excluded from the study sample. As free variable is
banana peel extract with dose 400mg / kgBW, 200mg / kgBW, 100mg / kgBW for 14 consecutive days; while the
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dependent variable is the blood sugar level. Controlled variables were Rattus novergicus 2-3 months old with
gender, weight, pellet, study site, examination time, and the same length of treatment.
The material used in this research is banana kapok peel (Musa paradisiaca) extract with dose of 400mg / kgBW,
200mg/ kgBW, 100mg / kgBW, metformin, serum plasma of animal test, and streptozotocin. The tool used in this
research is rat cage, scales, oral mouse sonde, spektofotometer, syringe, micro capillary pipette, incubator, vertex,
and centrifugation tube. While the tools used to extract pectin on banana kepok peel include statif and clamps,
thermometer, stirrer, heating mantle, three-neck flask, and oven. The research has been conducted at Pharmacy
Laboratory of Gadjah Mada University (UGM) and Inter-University Laboratory Centre UGM. Implementation
begins with the provision of banana peel extract, which is 20 grams of fresh waste (waste <24 hours) skin of banana
kepok fruit that has been cooked and yellow is cleaned and then dried. Once dry, banana peel skin is destroyed by
using a blender. The banana peel bark is added with the solvent according to the variable (Hydrochloric Acid and
0.05 N sulfuric Acid) and then heated to 80 ° C for the time corresponding to the variables (1, 1.5, and 2 hours).
Furthermore, screening is done to separate the sediment with filtrate. The filtrate is added with ethanol and stirred
until blended. Each 1 liter concentrated filtrate is added with 1 liter of ethanol. Then the precipitate is separated from
the filtrate by using filter paper. Screening process done several times to extract the resulting maximum. The
filtration result was dried at 40oC for 8 hours.
The grouping of test animals was as much as 25 animals test weighted, then induced with streptozotocin at a
dose of 65 mg / kgBW and divided randomly into 5 groups. Each group consists of 5 Rattus norvegicus strains of
Sprague dawle. Group 1 was negative control group, not treated, group 2 was positive control group, given
metformin 10 mg/kgBW, while group 3,4,5 were given banana peel extract for 14 days 1 times daily 400 mg/kgBW,
200 mg/kgBW, 100 mg/kgBW. Blood glucose levels tested before and after treatment. Data were analysed by
Wilcoxon test and followed by Kruskal Wallis test.

RESULTS AND DISCUSSION
The results of rat blood glucose examination performed before and after the induction of streptozotocin to ensure
the subjects had diabetes mellitus. Comparison and interpretation of blood glucose levels before and after induction
with streptozotocin can be seen in Table 1. Table 1 Showed that average blood glucose levels in all groups
increased after induction with streptozotocin.
TABLE 1. Comparison of blood glucose levels of rats before and after induction of streptozotocin
No.
Groups
Blood glucose levels (mg/dl)
Before intervension
After intervension
1.
Negative Control
67.72 ± 14.7
266.73 ± 50.2
2.
Positive controls Metformin
89.56 ± 22.3
250.93 ± 13.5
10 mg/kgBW
3.
Extract 400 mg/kgBW
95.95 ± 21.1
337.75 ± 44.9
4.
Extract 200 mg/kgBW
80.45 ± 22.1
245.83 ± 6.9
5.
Extract 100 mg/kgBW
75.88 ± 16.7
275.98 ± 50.1
The results of the measurements showed that blood glucose levels in pre and post-induction of streptozotocin in
all groups were statistically significant (p = 0,000). These results showed that all groups had elevated blood glucose
levels significantly after steptozotocin-induced. This is due to the diabetogenic effect of streptozotocin.
Streptozotocin (STZ) is a chemical that is often used to induce diabetes in animal experiments. Increased blood
glucose levels due to STZ damage glucose 6 oxidation and decrease biosynthesis and insulin secretion. 7,8 STZ has
been observed to eliminate the response of β cells to glucose so that insulin production decreases. Decreased
production of insulin results in disruption of carbohydrate metabolism, glucose transport to muscle disrupted, the
process of glycogenesis to muscle and liver are also disrupted. This causes glucose does not enter the tissue so that
blood glucose levels increase.9
The compare blood glucose levels of rats before and after treatment that can be seen in table 2. Table 2 showed
that blood glucose levels in all intervention groups decreased significantly. The average blood glucose levels in all
the intervention groups experienced a significant decrease. It can be observed that the average blood glucose level
before the intervention in the treatment group was 245 - 337 mg / dl and after the intervention was 114 - 203 mg / dl,
this showed that banana peel extract (Musa paradisiaca) can lower blood glucose level at diabetes mellitus.
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TABLE 2. Comparison of blood glucose levels of rats before and after intervention of banana peel extract
(Musa paradisiaca).
No.
Groups
Blood glucose levels (mg/dl)
Before intervension
After intervension
1.
Negative Control
266.73 ± 50.2
267.53 ± 50.9
2.
Positive controls Metformin 10 mg/kgBW
250.93 ± 13.5
158.79 ± 62.5
3.
Extract 400 mg/kgBW
337.75 ± 44.9
203.01 ± 47.6
4.
Extract 200 mg/kgBW
245.83 ± 6.9
144.32 ± 42.9
5.
Extract 100 mg/kgBW
275.98 ± 50.1
171.75 ± 42.4
Table 2 showed that blood glucose levels in all intervention groups decreased significantly. Normality test to
data with Saphiro-Wilk test obtained by result of abnormally distributed data (p> 0,05), then test non parametrik
Wilcoxon to know the existence of difference of blood glucose level before and after treatment and test of Krukal
Wallis to know existence of difference blood glucose levels between groups. Different test results of blood glucose
levels before and after treatment with Wilcoxon test showed a significance value of 0.000 (p <0.05) which means
there is a significant difference between blood glucose levels before treatment with blood glucose levels after
treatment. The Kruskal Wallis statistic test resulted in a p value of 0.025 (p <0.05) which means there was a
significant difference between negative control group, positive control, intervention group of banana peel extract
(Musa paradisiaca) at doses of 400 mg / kgBW, 200 mg / kgBW , and 100 mg / kgBW. The result of measurement
in negative control group showed blood glucose level before and after treatment there was no statistically significant
difference (p = 0,08). This is because the test animals in the negative control group were not given any treatment
after streptozotocin induced. Measurements in the control group showed that there was a statistically significant
difference in blood glucose levels after STZ induction and after metformin (p = 0.043). This is due to metformin
given to the positive control group is a biguanida group drug used as an oral hypoglycemic drug in patients with
DM. This drug works by increasing the sensitivity to insulin so as to improve peripheral glucose uptake and inhibit
gluconeogenesis thereby reducing the production of liver glucose. 10 Blood glucose level in treatment group of
banana peel extract (Musa paradisiaca) dose 400 mg / kgBW; 200 mg / kgBW; 100 mg / kgBW showed that there
was a decrease of blood glucose level in treatment group of banana kepok peel extract (Musa paradisiaca) which
was statistically significant (p=0.043).
Kruskal Wallis test showed that the result of significance was 0.025 (p <0,05). There were significant difference
between negative control group, positive control, intervention group of banana peel extract (Musa paradisiaca) with
dose 400 mg /kgBW, 200 mg/kgBW, and 100 mg/kgBW. To determine the dose of banana peel extract (Musa
paradisiaca) which is most effective to reduce blood glucose level, then non-parametric statistical test Mann
Whitney. From the results obtained by the treatment group of banana peel extract (Musa paradisiaca) dose 400 mg /
kgBW, 200 mg / kgBW, 100 mg / kgBW, the three were significant group to the control group.
This is because the banana peach skin (Musa paradisiaca) contains active substances in the form of pectin (1021%), lignin (6-12%), cellulose (7,6-9,6%), and hemicellulose (6,4- 9.4%).5 Several studies have been conducted
suggesting that pectin compounds have antidiabetic activity. Pectins isolated from the stem of Musa sapientum
increase glycogen synthesis, lowering glycogenolysis and gluconeogenesis. 11 Chauhan et al. (2010) suggests that the
polysaccharide type pectin compounds contained in the Radix rehmanniae rod exhibit hypoglycemic activity in
normal mice as well as diabetic rats induced by streptozotocin by stimulating insulin secretion and reducing blood
glucose levels in mice.12
Banana kepok (Musa paradisiaca) contains active compounds such as phenol, tannin, flavonoid, terpenoids,
alkaloid, and pectin which are also contained in the stem of Musa sapientum. The results of Dikshit et al. (2012)
showed that after staphous M. sapientum on Streptozotocin-induced Rattus norvegicus there was significant
improvement of liver and muscle glycogen and increased glucokinase activity. Improvement of liver and muscle
glycogen is thought to be associated with an increased effect of insulin secretion. Insulin stimulates the synthesis of
glucokinase enzymes and increases the activity of these enzymes. 13 While the increase in glucokinase activity is
thought to contribute to the decrease in blood glucose levels through the flow of glucose to the process of glycolysis.
Increased glucokinase activity is thought to result in an increase in the amount of glycogen in the liver and muscle. 14
Flavonoids contained in the banana skin kepok (Musa paradisiaca) also have a role in decreasing blood glucose
levels. Patel et al. (2015) suggests that M. paradisiaca contains phenolics and flavonoids that can increase the
activity of free radical binding to potentially as an antioxidant. 15 Phenolics are able to bind free radicals, chelate
metal catalysts, activate antioxidant enzymes, reduce α-tocopherol radicals, and inhibit oxidation.16,17 The ability of
antioxidants Musa paradisiaca allegedly can regenerate pancreatic β cells damaged by free radicals so that the

518
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

function of the pancreas to function better in insulin secretion which then can lower blood glycemic levels in
diabetes mellitus condition.

SUMMARY
The kepok banana peel extract (Musa paradisiaca) dose 400mg / kgBB; 200mg / kgBB; 100mg / kgBB decreased
blood glucose levels and lowering blood glucose levels not much different from metformin 10 mg/kgBW. The
kapok banana peel extract dose of 400mg / kgBW higest to decrease blood glucose level.
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Abstract. Dengue is transmitted through the bite of Aedes mosquito and the event is multi factorial. Mode of transmission and
influencing factors play a role in the pattern of the disease spread. This study aims to reveal the spreading pattern of dengue
compared among several years, because the incidence is fluctuating every year. The patient's addresses and the time of illness
were obtained from the Sleman Regency Health Office. The patient coordinate point is obtained by visiting the patient's home
and recording the coordinate point from the GPS. The data were processed by using ArcGIS 10.1 for autocorrelation test with
Moran's I. The result showed that there was clumped pattern of dengue in 2010, with Moran’s Index I = 0.568. The descriptive
study showed that there was an anomaly of climate in 2010, which was year-round rain. It can be concluded that only in 2010 the
incidence of dengue was clustered with moderate strength levels and possibly most related to climatic conditions, that is, it rains
throughout the year.
Keywords: dengue, Moran’s I, spreading pattern

INTRODUCTION
Dengue hemorhagic fever is a viral disease transmitted through the bite of Aedes aegypti and Aedes albopictus
mosquitoes. Globally, dengue fever is prevalent in the tropics and is a public health problem but is now widespread
in sub-tropical areas 1. Geographical spread is estimated to occur due to global climate change, because it is
suspected the main factors affecting the incidence of dengue is a climatic factor.
Serial observation shows that the incidence of dengue is fluctuating each year with increasing tendency. In
Indonesia, the observation of dengue events throughout the year shows a seasonal pattern with increasing cases in
the rainy season and decreased in the dry season. Seasonal patterns indicate that the possibility of climate has a
major effect on events. The mode of transmission of dengue fever through mosquito bites leads to the suspicion
that dengue disease tends to be clumped. It is well known that Aedes aegypti as a primary vector has a close human
life, that is, habitat in and around the home2, blood sucking preferences in humans3 endophagic and endophilic4 very
short flying distance5 and interrupted feeding blood behavior 6,7. However, many factors affect the occurrence of
DHF, such as climate factors8,9,10, community mobility11 socio-economic12, natural geographical conditions13,14 and
virulence virus15.
Several previous studies have proven that dengue disease tends to clump 16,17,18, and is used to study various
aspects of dengue epidemiology. In this study, data between years was compared to reveal whether the incidence of
DHF is always grouped each year, considering inter-year observations show that the incidence of dengue is
fluctuating. It is assumed that the dominant factor is not the same every year.

EXPERIMENTAL DETAILS
Study design
This study is retrospective observational by taking data of DHF incidence in 2008-2013 in selected locations in
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Sleman District. Risk factors as attribute data are environmental factors such as climate (rainfall, temperature and
humidity), altitude and land cover, demography factor is population density, and dengue eradication program factor
is fogging effectiveness.

Data Collection
Data of DHF patients from 2008-2013 and their home address was obtained from Sleman District Health Office
used to obtain coordinate point of the patient. Climate data that is rainfall, temperature and monthly humidity from
2008-2013 obtained from The Office of Meteorology, Climatology and Geophysics of Yogyakarta Province.

Statistical Analysis
Spatial autocorrelation tests are used to determine the presence or absence of spatial relationships between values
at dengue occurrence points. An autocorrelation test is used to determine the pattern of events, whether clustered,
uniform (disperse) or random. This study uses Moran's I test to determine whether there is spatial relationship.
Moran's I test is a development of Pearson correlation test on not spatial data. Moran's I coefficient is used to
determine spatial dependencies or autocorrelation between locations. Interpretation of Moran's I test results seen
from p-values and Moran's I Index. If p value is not significant, spatial distribution is random. If the p value is
significant, then it should be seen whether the index is positive or negative. The index value of Moran's I positive
and close to +1 denotes strongly grouped data properties and has a similarity value between adjacent locations.
Conversely, if the index value of Moran's I negative and close to -1 indicates the data spread (disperse) and there are
differences in values coming from adjacent location, so it is not systematic. The more Moran's I index approaches 0,
meaning the closer correlation between sites is getting weaker.
Hypothesis of Moran’s I autocorrelation noted as H0:I = 0 (there is no autocorrelation between locations); H 1:I ≠
0 (there is autocorrelation between locations). Deecision making of H0 rejected if │Z calculated│> Z /2 or p value
< =5%. I Index value is between -1 and 1. If I > 0, it means that there is positive autocorrelation, and if I < 0, it
means that there is negative autocorrelation, and if I = 0, it means that there is no autocorrelation between locations.

RESULTS
The geographic dispersion patterns of the points of an event, can give meaning so that it can be analyzed further.
One of the assumptions that must be fulfilled in spatial modeling is the existence of spatial autocorrelation.
Spatially, there are three spatial spatial distribution patterns that are clustered, dispersed and random. The spreading
pattern is called clustering if several dots are close to each other and there is a large area containing few dots, where
there is a meaningless distance. The spreading pattern is said to be spreading if from one point to another is far apart
and distance, its proximity is meaningless. It is said to be random if the points are in random locations and the
position of one point with another point is not interrelated.
If a disease has a clustered spatial distribution, it can epidemiologically prove that the event may be related to
one another and related to local environmental conditions. If the spreading is random or dispersed,
epidemiologically it cannot be analyzed in relation to certain environmental factors.
There are two tests used to detect spatial patterns, namely Approximate Nearest Neighbor (ANN) and Morans I
spatial autocorrelation. ANN test is only based on the distance between points of occurrence, whereas in spatial
autocorrelation test of Moran's I, it is not only by distance but also the value of each location, so that the results of
Moran's I autocorrelation test can describe the spatial correlation between data.
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FIGURE 1. The location of dengue occurrences in 2008-2013 at selected locations in Sleman District,
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Figure 1. illustrates
the spread of dengue fever spots from 2008-2013. Moran's I test results are presented in
Table 1. It shows that only dengue incidence in 2010 showed positive autocorrelation with p = 0,019 with Moran's I
index of 0,568. This means that the incidence of dengue fever in 2010 is clustered with the level of close to
moderate. In
addition
2010, the the
p> 0,05
so interpreted
is no
autocorrelation,
or the distribution
random.
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Moran's I index in 2011 data indicates that the spread is likely to be dispersed, but not significant.
Based on the result of Moran's I test, it is concluded that only 2010 data can be analyzed further to
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TABLE
Result
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Sleman Regency Year 2008-2013

TABLE 1. Spatial Autocorrelation Test Result of dengue incidence in
Sleman Regency Year 2008-2013
TABLE 1. Spatial Autocorrelation
Result of dengue
incidence
Regency Year 2008-2013
Year
PTest
value
Moran’s
I in Sleman
Interpretation
Index
Year
P value ns Moran’s
I
Interpretation
2008
0,566
0,092
random
Index
ns
2009
0,571
0,099
random
ns
2008
0,566
0,092
random
s
clustered
ns
20092010 0,5710,019
0,0990,568
random
ns
2011
0,438
- 0,499
random
s
2010
0,019
0,568
clustered
ns
2012
0,205
0,652
random
2011
0,438 ns ns
- 0,499
random
2013
0,963
0,005
random
ns
2012
random
ns 0,205
s 0,652
: 0,963
not significant;
: significant
ns
2013
0,005
random

ns
: not significant; s: significant
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Epidemiologically, the spread of a disordered disease indicates that a disease point is related to other points of
incidence in one group, so that it can be analyzed by the variables attributed to the points of occurrence 20. In
addition, spatial patterns that are clumped also indicate that the disease is easily spread in place or from people who
are in the place to others 21. In contrast, the random nature of the disease cannot be identified, so it cannot be
analyzed further to obtain spatially correlated factors.
When further observed, the graph in Figure 2. shows that in 2010 there was an anomaly of climate, which
happened rain throughout the year. The occurrence of year-round rainfall led to climatic conditions supporting
vector capacity, so the role of vectors in dengue transmission was more pronounced in 2010. This needs to be further
proven. While in the years other than 2010, it is likely because there are other propulsion factors that influence the
vectors that also play an important role, resulting in a random pattern. The driving factors of transmission that are
likely to cause random patterns are population mobility 11.
Epidemiologically, clustered spatial patterns make it easier to determine the source of the disease 22 since
adjacent areas tend to have similar physical and social conditions 23. Similarly, the clustered areas of dengue, have
similar physical and social characteristics, in terms of conditions that support transmission. Transmission of dengue
through vector mosquito bites, so the formation of clustered areas of dengue cannot be separated from the nature of
bionomy and biological mosquito vector.
In terms of bionomy, Aedes aegypti as the main vector has anthropophilic blood-sucking habits3, endophagic and
endophilic 4. Although Aedes albopictus as a secondary vector of dengue is generalistic, exophylic and exophagic
(Delatte et al. 2010),7 but both Aedes aegypti and Aedes albopictus species have a short flight distance of only about
65 m (50 -100 m) 5. Aedes aegypti 6 and Aedes albopictus 7 also have a habit of switching hosts before they are full
of blood (interrupted feeding) to allow the transmission of dengue fever from the same mosquitoes in adjacent times
and places.
In terms of biology, Aedes mosquitoes have close habitat with humans and have adapted to human life. Aedes
aegypti as a primary vector of DHF has more proximity to humans than Aedes albopictus which is a secondary
vector 2. In its life cycle, female mosquitoes lay eggs in clear water pools inside the house and surrounding areas
either artificially (Ae aegypti) such as bathtubs, flower vases, dispensers, scrap tires or other used goods and bird
drinking places or natural (Ae albopictus), such as tree holes, sidelines of tree bark and cut bamboo trees 2. The
place of longing close to human residence is what causes the presence of Aedes mosquitoes related to the physical
condition and social environment of society, especially in the clustered area.
The physical condition in question is abiotic environment. Abiotic environment can be divided into two abiotic
environments cannot be controlled by humans, such as climate factors such as rainfall, temperature 8,9 and humidity
10
and the environment abiotics that can be controlled by humans, for example the existence of breeding places
(breeding places) 2.
The social environment of the community in question is the knowledge, attitudes and behavior of the community
in relation to the eradication of DHF. The socio-economic status of the
community is still a debate regarding its role in the occurrence of DHF. Several studies in Indonesia indicate a
linkage between knowledge, attitudes and community behavior with the incidence of DHF, especially in suburban
areas. In Wajo South Sulawesi, research on human attitudes and behavior has been shown to influence the
environment in relation to efforts to reduce the incidence of dengue 24 and in Kuta, Bali 25. In the suburban areas, the
level of community knowledge 26 and the lower-educated but well-educated 27 have a positive influence on larvaefree rates (ABJ). As we know that ABJ is an indicator to measure the density of mosquitoes, it can illustrate the risk
of DBD transmission and illustrate the success of disease control through environmental management.
Research on the relationship between economic status and DHF incidence shows inconsistent results, and most
studies in many countries show no relationship between socio- economic levels and dengue events 28. According to
Qi et al 12. dengue endemic areas in China which are not affected by climatic factors, they influenced by socioeconomic factors.
Based on the discussion, it can be emphasized that the occurrence of dengue fever in 2010 have patterned in
clusters and have positive autocorrelation. This is likely to be related to climate anomalies in 2010, which is yearround rain. It is expected that year-round rain can create appropriate conditions to support vector capacity, so local
transmission due to mosquito bites present in endemic areas is more pronounced in shaping clustering patterns than
transmission as the result of others such as community mobility from and to other areas.
The study included factors other than climate, ie altitude, land cover, population density and fogging
effectiveness. However, altitude, land cover and population density factors are linear changes, so they may not be
related to fluctuations in dengue events each year. This needs to be further proven.
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SUMMARY
The incidence of dengue in Sleman Regency in 2010 is clustered and there is a correlation between the points of
events with each other. The nature of this positive autocorrelation may be related to climate anomaly in that year
where rain occurs throughout the year.
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Abstract. The development of a good and systematic learning tool is expected to improve students' activity in the laboratory in
teaching and learning process. Thus students are expected to be actively and physically, emotionally and intellectually involved
which in turn the concept of change taught by the teacher can be understood by the students. Therefore, a new learning device
based on PAIKEM teaching strategy with Discovery Learning model is needed. PAIKEM is a kind of teaching strategies which
stands for Active, Innovative, Creative, Effective, and Fun. The learning model with this strategy illustrates the learning proces
which more enjoyable to motivate learners to participate actively during the learning process. In realizing the active and fun
learning process, of course, it is needed creative ideas and innovative teachers in selecting teaching methods and designing the
learning materials. The researchers here applied the 4D model of Research and Development (R & D), this model was developed
by Thiagarajan (1974) which standa for these words, namely Define, Design, Development and Dissemination. Then, the Data of
observation result were analyzed by SPSS 17 to know the difference of average before and after learning, and the SUMMARY
was the the result of Friedman test, namely the nonparametric test in each meeting with sample as many as 26 students, the mean
in the first meeting was 62,42, the second meeting = 85,62, and mean of the third meeting = 93,46 with the value of symp . sig. p
= 0.000 or p <0.001, and p <α then 0.001 <0.05, so that it could be said that there was significant difference before and after
using new learning devices. From the description above it could be concluded that the development strategy of science learning
based on PAIKEM with Discovery Learning model can improve students' learning activities in the laboratory and it could be
used as a new learning reference.
Keywords: Development of learning, product, students' activity

INTRODUCTION
Science learning for some teachers, it tends to be taught conventionally, it is like lecturing, memorizing and is not
concerned with the process of understanding the concept of science. Because of the reason above, we need a strategy
of science learning which based on PAIKEM (Active, Innovative, Creative, Effective, and Fun Learning) with
Discovery Learning model. It is a kind of teaching approach and teaching model which is considered effective, it
mathes with the characteristics of science subjects and the characteristics of students, so that it can increase students'
learning activities in laboratory, especially in the sub-topic "Understanding Environment", according to some
researchers, it is the most appropriate solution. PAIKEM is highly relevant to the government curriculum 2013,
namely scientific learning approach (Observing, Asking, Gathering information, Processing information,
Communicating), it is suitable to be appled for learning activities at elementary, junior and senior high school levels.
Learning is an attempt to conduct individual activities in order to achieve comprehensive change of attitudes as a
self-experience in interaction with its surroundings1. There are so many learning resources,2 classifying learning
resources into 5 categories: people, books / libraries study, mass media, environment and media of education.
Hypermedia authoring is an alternative to facilitate the development of students' cognitive abilities and motivate
them to learn. Students' involvement in making tasks as potential way to improve their creative thinking3. As a
teacher, they must be able to motivate students to be able to understand the concept of learning in a systematic,
effective, attractive and appropriate way. Active learning requires students to undertake meaningful learning
activities and remember what they are doing4 . In the laboratory school, it is a place to measure students' skills both
observation, experiment, processing data, making SUMMARY, finding and evaluation5. Affirming that game-based
learning can give students more ways to communicate and obtain information. Through the use of games, students
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easily gain new knowledge, because they have to look for it, understand it and use it in discussion with other student
whom are members of other teams.
Discovery learning model is a learning process which is defined as a learning process that occurs if the learning
material is not presented in the final form, but it is expected the students themselves who organize it. In addition,
learning strategies used by teachers now days in teaching class, it is still less varied, so that students become tired of
sitting and they feel difficult to concentrate on the lesson which causes students less directed in learning, and thos
condition make them having low cognitive understanding. 6stated that by using PAIKEM as teaching approach, it
can improve students' learning outcome. PAIKEM approach is developed based on several changes or transition.
They are as follows7:
a. The transition from individual learning to cooperative learning.
b. The transition or changes from learning by rote learning to learning to understand
c. The transition which starts from knowledge-transmitted theory to interactive forms, processing skills and
problem solving.
d. The transition of paradigm from teacher teaches/ teacher center to student learning/ student center.
e. Transition or changes from traditional evaluation form to authentic assessment form, such as portofolios,
projects, student reports, or student performance
(Shadiq in Shah and Kariadinata, 2009: 2-3.
Changes in time like today, the globalization era where teachers and students are demanded for having more skill
than theory. There are some teachers who are less interested in using laboratory facilities as a place of learning, due
to various factors. Based on the monitoring results of the Directorate of Secondary Education and Inspectorate
General, many laboratories of IPA program (science program) are not used optimally or they are not used at all.
This condition is caused by various factors, namely, 1) Lack of ability and mastery of teachers on equipment and
utilization of practice material, 2) Teachers are afraid to conduct experiment related to electricity, chemicals and
others 3) The absence of laboratory staff/lack of staff, 4) No practical manual, 5) Many laboratory equipment and
materials are broken, 6) Insufficient tools and materials so that not every student has opportunity to learn to conduct
experiments, 7) Incomplete facilities and poor infrastructure, such as: lack of water, insufficient electricity, etc. 8)
Absence of Principal's concern about laboratory management 9) No additional fee for practicum activities 10) No
subjects tested in various tests .
IPA teachers are highly demanded in term of their creativity in making simple tools which are able to be use to
explain the theory and concept of IPA (science) itself, in accordance with the existing equipment and local condition
to be visualized so it will easily understood by students. Therefore, the role of science laboratory becomes very
important, because the laboratory is the center of teaching and learning process to conduct experiment, investigation
or research. The role of school laboratory are: 1) Laboratory of school as a place for the appearance of various
problems as well as a place to solve the problems appear, 2) School laboratory as a place to practice skills and habits
to find a problem and meticulous attitude, 3) Laboratory school as a place that can encourage the students' spirit to
strength then their understanding of a fact which is investigated or observed, 4) School laboratory also served as a
place to train students to be patient, honest, critical and dexterous, 5) Laboratory as a place for students to develop
their knowledge8.
As a professional teachers, they should be able to develop the preparation of teaching including good, logical, and
systematic learning tools. Teachers' preparation has deep enough meaning not only as routine activities to fulfill or
complete administrative form but is a reflection of teachers' professional views, attitudes and beliefs about what's
best for students. 9 For the preparation of a mature teaching before starting the lesson, both written and unwritten
preparation. 10Stating that a teacher is a decisive factor or effort for one's success in education. 11 In his book Master
and Disciples in Interaction Education, explains that one of the required roles of a teacher is as role of being a
mentor / counselor.
Based on the Law Number 14 Year 2005 regarding Teachers and Lecturers, in Article 10 paragraph (1), Pedagogic
competence is one of the competencies that must be possessed by a teacher and it is part of the learning that is
inseparable from the four main competencies of teachers, namely pedagogic competence , personality, social, and
professional. PAIKEM as a teaching strategy is designed to activate children, develop innovation and creativity so
that it is effective and enjoyable12. In addition, based on the characteristics of Discovery Learning model, that is the
role of teachers as mentors, students learn actively as a scientist, and teaching materials are presented in the form of
information and students perform activities to collect, compare, categorize, analyze, and make SUMMARY, so that
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students get bored in learning, because teachers are not only fixated on one model, method and media. Thus, it is
hoped that through this PAIKEM approach with Discovery Learning model, it can create a conducive learning
environment, give students the skills, knowledge and attitude to learn. The steps of the Model Discovery Learning
are briefly presented in Table 1 below.
TABLE 1. The Steps of Discovery Learning Model

Steps

Description

Step 1
Preparation

Paikem approach

Teacher determines the learning
objectives,
identifies
students'
characteristics
(initial
abilities,
character, interests, and learning
activities)

Observation

Teacher start the learning activities
by
asking
questions,
reading
suggestions, and preparing for
learning activities in the laboratory
that
lead
to
problem-solving
preparation. By forming study
groups. Stimulation has aim to
motivate the learning process that can
develop and assist students in
exploring teaching materials.

Asking question

Teachers help students to identify the
learning resources and provide
opportunities for them to select and
determine many problems which is
relevant to the lesson, then one of
them is selected and formulated in
hypothetical form.

Collecting
information

Teacher guide the students to collect
data and distinguish the data as result
of observation to be included in the
table. Teacher help students to
explore observational data for
presentation

Processing/analyzin
g data

Preparation of students in preliminary
activities with shared apperception of
teachers and observe instructional media
with teacher's guidance.
Step 2
Giving Stimulation

Giving stimulation with teacher guidance.
Step 3
Identifying problems

Identifying
hypotheses

problems

in

form

Step 4
Collecting data

of

Collecting data with teacher's guidance.
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Step 5
Processing/analyzing data

Giving information
through presenting
hypotheses.

Teacher guide the students in
activities to process data and
information that have been obtained
by each group either through
interviews,
observation,
and
presenting to other groups as
experimental materials.

Communication

Teacher guides the students to make
observation or experiment carefully
to prove whether or not the
hypothesis is established with
alternative finding, connecting it to
the results.

Finding

Teacher guides the students to
formulate the principles, summarize
the results of observation and
generalize the finding. It is expected
that the students read further
materials at home for future learning.
Continued
the
evaluation
of
review/reflection.

Reflection/review

to other groups
the results of

Step 6
Making Proof

Making proof and demonstrating the
results of hypotheses that have been made
Step 7
Making SUMMARY and evaluation

Making SUMMARY
guidance.

with

teacher's

Source: Syamsudini , 2012 13.
The ideal learning goal is to guide students to adapt in the real world, to be critical and creative thinkers, problem
solvers, and decision makers. Stating that students are expected to be motivated to read books more often, so that to
achieve higher grades and show more persistence than students who are outside 14. Students' learning activities
during the learning process reflect the motivation or their desire to learn. Students' learning activity can be classified
as follows: 1) visual activity, 2) verbal activity, 3) listening activity, 4) writing activities, 5) drawing activities, 6)
metric activities, 7) mental activities, and 8) emotional activities15. Through learning activities in the laboratory,
students are expected to do two aspects: observation and presentation of the results of the discussion.

EXPERIMENTAL DETAILS
The type of this research is a Research and Development or R & D, Research and Development was used as the
research method here. The 4-D model (four D model) was used as research design i this research 16. This study had
purpose to develop PAIKEM-based learning for IPA (science) Learning with Discovery learning model to improve
students' learning activity in the laboratory17. This 4-D research consisted of 4 steps. The four D Model is a product
development which includes four processes, namely definition, design, development and dissemination.
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RESULTS AND DISCUSSION
Things that become the criteria of assessment are the completeness and quality of learning tools owned by teachers
in the form of RPP (Learning Implementation Plan/lesson plan) and LKS (Student Worksheet), textbooks, the
implementation of students' activities in the laboratory, and the integration of learning devices owned by teachers
with students' learning activities in the laboratory. To evaluate the RPP or lesson plan and LKS products, textbooks,
and students' activities, observation sheets was used through a preliminary assessment questionnaire of expert
validators with a summary of the results provided in TABLE 2 below.
TABLE 2. The Summary of Product Validation as Results from Lecturer / Validators

Validators
products

Lecturer I

Lecturer II

Avarage

Category

3,4
3,5
3,6

3,4
3,5
3,6

3,4
3,5
3,6

Very good
very good
Very good

RPP lesson plan and LKS
(students' workshert)
Text book
Obersvation Sheet

In the validation steps of RPP and LKS, the validators did not provide any suggestion for improvement, so that in
the validation step of RPP and LKS, it was feasible to be used without revision., In the phase of textbook validation,
the lecturers ( 2 validators) advised the corresponding correlation between the number of indicators in the lesson
plan with the time allocation which are given. In the validation phase of the students' activities through assessment
sheet, the lecturer, 2 validators gave suggestion for the improvement related to the word "role" in question was the
functional role (activity) or role in the context of categorization. It was appropriate to be tested with revision based
on suggestion.
The result of observation on students' activities in the laboratory was tested using SPSS version 17, with Friedman
test, it was nonparametric test to test the samples which were more than three pairs of sample. The hypotheses were
as follows18:
Ho: The results of the activity assessment of each meeting were the same
Ha: The results of the activity assessment of each meeting were not the same
In making decision, first, it was based on t hitung and t table comparison, the provision was if t hitung ≤ ttabel then Ho
was accepted, and if thitung > ttabel then Ho was rejected. The second decision, it was based on the probability value, if
the probability value ≥ 0.05, then Ho was accepted, otherwise if the probability value <0.05 then Ho was rejected.
The indicators of students' learning activities can be seen in the Table 3.2 below.
TABLE 3. The Indicators of Students' Learning Activities

No.
1.

2.

3.

Aspects of Activities
Thinking
of
some
quetions/problems in the LKS
(students' worksheet)
Pair discussion

Sharing the results of discussion
to the whole groups in the
classroom

Indicators
Reading relevant books and making observation on the
media.
Explaining and solving the problems with the group,
uniting their two answers, and summarizing the results of
the discussion
Sharing the results of the discussions which are obtained
from other groups, responding to the results of the
discussion by asking and answering questions from other
groups. Paying attention to the group and presenting the
results of the discussion.

Source : Ibrahim. (2000: 29)19
TABLE 4. The aspects of Assessment on Students' Learning Activities
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No.
1.

2.

The Aspects of Assessment
Making
observation
experiment.

Presenting
discussion.

the

and

results

Rules of Assessment

3. Performing appropriate procedures, recording correctly

and
systematically,
writing
the
SUMMARY
appropriately.
2. Performing which was based on procedures, listing
isinhich less correct and not systematic, inappropriate
SUMMARY.
1. Not performing observation based on the procedure, not
registering correctly, not writing the SUMMARY
of 3 Systematically presentation, using the media and it was
based on the results of the discussion.

2. Presenting systematically, but it was not in accordance
with the results of the discussion.

1. The presentation was not systematic, without using media
and it was not in accordance with the result of discussion.
One of Students' learning activities can be seen in this following figure . FIGURE 4

FIGURE 1..Discussion Activities and Data processing

The average result of students' learning activity by using PAIKEM approach with Discovery Learning model, it
shown in the following table. TABLE 5 is as follows.
TABLE 5. The Average Result of Students' Learning Activities

The Aveage Score of Students' Learning Activities
Meeting 1

Meeting 2

Meeting 3

62,42

85.62

93.46

The results of SPSS with version 17 test and the Friedman test, the nonparametric test which was at the first meeting
until the third meeting tested, the samples were more than three pairs of related samples. It can be seen in the
TABLE 6 as follows:
TABLE 6. The Results of Descriptive Statistics and The Friedman Test

Descriptive Statistics

N

Mean

Std.
Deviation

Minimum

Maximum

25th

Percentiles
50th
(Median)
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Before
After 1
Before 2

26
26
26

62.42
85.62
93.46

7.690
6.255
8.434

50
83
83

67
100
100

50.00
83.00
83.00

67.00
83.00
100.00

67.00
83.00
100.00

TABLE 7. The Average Results of Rank of Each Group

Ranks
The Mean of Rank
After
1.00
Before 1
2.27
Bedore 2
2.73
SUMMARY: In the treatment "The second phase",the students' learning activity has the highest value, and the
phase"Before treatment" in term of students' learning activity has the lowest value.
TABLE 3.7. The Result of Friedman Test

Statistics Testa
N
26
Chi-Square
47.217
Df
2
Asymp. Sig.
.000
a. Friedman Test
SUMMARY: The symp value. sig. was 0.000 or p is 0.001 or it could be written as p value < 0.001. P < alfa (with
alpha 5% or 0,05), hence in the third meeting in term of students' activity, there was significant difference.

SUMMARY
In the tes step of RPP and LKS products, textbooks, and observation sheet on students' learning activities in
the laboratory using a preliminary questionnaire assessment from some expert validators, RPP and LKS products got
an average of 3.4 with the category of "Very Good", the textbook got an average of 3.5 with the category "Very
Good", and on the observation sheet in term of students' learning activities in the laboratory, it got an average value
of 3.6 with the category of "Very Good". The friedman test on students' learning activity in the laboratory showed
that there was a significant difference with the average value of each group, the first meeting was as much as 62.42,
the second meeting was 85.62, and the third meeting was 93.46. Based on the results of nonparametric test with
friedman test, there was a significant difference in the ability of students' learning activity between those three
meetings in the laboratory (before treatment, after treatment 1, and after treatment 2) (chi-square (2) = 47.217, p <
0.001).Chi-Square (2) = 47.217, p < 0.001.Chi-Square (2) where 2 was d.f (degree of freedom), 47.217 was the
value of Chi-Square; p < 0.001 was the value of asymp.sig. In short, PAIKEM-based science learning strategy with
Discovery Learning model could improve students' learning activity in the laboratory and it could be used as a new
learning reference.
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Abstract. The purpose of this research was investigate whether the Thinking Aloud Pair Problem Solving Strategy is effective
on student’s achievement and curiousity about mathematics. The steps of TAPPS are (1) creating pairs, (2) giving problems, (3)
problem solving, (4) presentation, and (5) SUMMARY. This study was a quasi-experimental research with reesearch design
using One Group Pretest Posttest Design. Participants in this study is class VIII student, aged 11, 12 and 13. The instruments
used in this study were multiple choice questions to measure learning achievement and curiousity quetionnaires. Based on the
hypothesis test using 5% significance level, it can be concluded that TAPPS strategy is effective for student’s achievement and
curiousity abous mathematics.
Keywords: Thinking Aloud Pair Problem Solving, Student’s Curiousity

INTRODUCTION
Learning is a system whose elements interact with each other. Interactions that occur in learning involve not only
teachers with students, but also involve students with learning resources used to achieve learning objectives. The
success of students in learning one is shown by the achievement of learning achieved in their cognitive abilities.
Learning achievement is usually indicated by the result of the test score or the value of the assignment given by
teachers. Learning achievement is a very important part in the learning process.
According to Cizek learning achievement can be defined as acquired knowledge or skills developed in school
subjects2. Learning achievement is usually indicated by the results of the test scores or the value of the assignment
given by the teacher, or both values. Student achievement is a very important part in the learning process. This is in
line with the opinion of Maslow which reveals that the achievement of learning in school is one of the important
goals in education4.
Although mastery of mathematics is important, but not all students have a positive attitude towards mathematics.
Some sociors often have negative attitudes toward mathematics subjects and assume that mathematics is limited to
knowledge related to numbers, calculations and can not be applied widely in everyday life. It is also found by
Kennedy, Tipss & Jhonson that many students who look at mathematics are irrelevant and boring, whereas math is
in fact very useful and interesting when studied, ie when individuals find that they can learn math by which varies
and realizes that math is beneficial in everyday life including in work5.
The existence of a negative view of school mathematics must be need to serve as a reflection of how math is taught
in schools. Various efforts are made to improve and improve the learning of mathematics in schools, which aims to
get students good learning achievement and math lessons.
However, the fact that said mathematics learning achievement is still not meeting expectations. It can be found
based on the TIMSS survey in 2011, the achievement of Indonesian students mathematics is at the 38th position
from 42 countries with average score 386 which is attended by students of grade VIII SMP. In line with
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PISA test that stated Indonesia's mathematical achievement is ranked 69 out of 76 countries that follow PISA with
average score 386.
In addition to learning achievement, affective factors also need to be considered in learning. One of the important
affective factors that students have is curiosity.
I’m as researcher conducted a pre-study by giving a questionnaire to one of the junior high school students in
Yogyakarta to see how the curiosity of the students. Pre-study results show that the curiosity of junior high school
students is included in the medium category. This is felt less because it sees the importance of curiosity to be owned
by students. Based on the above description then one of the affective values of curiosity is also important to be a
focus in learning.
Curiosity is important because it can stimulate students to learn new material. This is in line with Nowotny (2008)
statement, "The fascination with the new, by contrast, is activated by curiosity and the desire to explore the
unknown"7. One has a curiosity when pointing out several things, among others 6:
1) React positively to something new, strange, mismatching, or something mysterious by exploring and
manipulating it.
2) Showing the desire to know more about himself or his environment
3) Look around and look for new experiences
4) Diligent to test or explore stimuli to know more.
Many factors affect the learning achievement and curiosity of students, among others, is a model of learning used by
teachers. Learning model is intended as a pattern of student interaction with teachers in the classroom that involves
strategies, approaches, methods, and learning styles that are applied in the implementation of teaching and learning
activities in the classroom. One of the learning strategies that can be applied in the classroom is Thinking Aloud Pair
Problem Solving (TAPPS). The TAPPS strategy was chosen because this strategy emphasizes the process rather
than results. This is in line with Barkley (2010) statement that TAPPS places the emphasis on the problem solving
process rather than the product1.
The steps in the TAPPS learning process are: (1) preparing handouts and splitting groups with one group of two; (2)
one person in the group will serve as anexplainer and one person as a questioner; (3) in solving the explainer
problem is assigned to put forward the idea in solving the problem while the questioner is tasked to listen and ask if
there is an unintelligible or unclear explanation; (4) ask randomly 1 group to explain ahead for discussion.
By the steps of TAPPS, it expect that TAPPS strategy give the effect to leraning achivement and student curiousity.
So, based on the description, the purpose of this research is to examine the influence of TAPPS strategy in terms of
learning achievement and curiosity of junior high school students.

EXPERIMENTAL DETAILS
This type of research is a quasi-experimental research with one group pretest posttest design design. the steps in this
study are (1) doing the pretest, (2) distributing the initial questionnaire, (3) doing the learning with the TAPPS
strategy, (4) doing the posttest , (5) distributing the final questionnaire.
Participants in this study were grade VIII students aged around 11, 12 and 13 years old. While the school where the
study is located in urban areas.
Techniques and instruments of data collection in this study in the form of learning achievement test and
questionnaire student curiosity. The learning achievement test consists of pretest and posttest questions with the
same number of items. Problems of multiple choice with four choices of answers. For questionnaire Questionnaire
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students use Likert scale with five answer options, ie always (SL), often (SR), sometimes (KD), Rarely (JR), and
Never (TP) with number of 30 points.
Data analysis technique used is inferential analysis with paired t test and proportion test to know the influence of
TAPPS strategy in junior high to student achievement of mathematics and curiosity of student.

RESULT AND DISCUSSION
Mathematics Learning Achievement Data
Normality test is done with the help of spss 21 for windows program. The summary of normality test can be seen in
the following TABLE 1.
TABLE 1. Normality Test of Data
The results tested
Normality Test (kolmogorov-smirnov)
Sig
Α
Ket
Pretest Learning Achievement
0.479
0.05
Normal
Posttest Learning Achievement
0.491
0.05
Normal
Pretest Want to Know
0.793
0.05
Normal
Posttest Curiosity
0.641
0.05
Normal
Based on table 1, all sig values > 0,05 are obtained which means all data comes from normally distributed
populations.
Mathematics learning achievement data of students described in this research consist of pretest and posttest
data. Description of data can be seen in TABLE 2 below.
TABLE 2. Average score, Percentage of students reaching KKM Achievement of Mathematics Learning
Description
Pretest
Posttest
Mean
38.71
80.97
Percentage of students reaching KKM
0%
90.32%
Based on table 2 it is known that the average achievement of students' mathematics learning in junior high school
before being given treatment has not reached the average of 70 and the presentation of students who reach KKM has
not reached 75%. Whereas after being given treatment the average score of mathematics learning achievement of
students in junior high is above 70 and the percentage of students who reach KKM also has reached 75%.

Student’s Curiousity Data
The student's curiosity data described in this study consisted of pretest and posttest. Description of data can be seen
in TABLE 3 below.
TABLE 3. Average Score and Student Percentage achieving High Sense of Knowledge of Students category
Description
Pretest
Posttest
Mean
86.81
108.87
Percentage of students reaching
6.45%
90.32%
KKM

Data Analysis
In this study, learning using TAPPS strategy is said to have an effect on student achievement and student's curiosity
if:
Learning achievement
1) The average posttest score is better than the average pretest value
2) Over 75% of students achieve KKM
Curiosity

537
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

1) The average posttest score is better than the average pretest value
2) Over 75% of students reach high criteria
a.

Paired t test for learning achievement data

b.

Based on the analysis results obtained count = 23,3656 while t table = 1.6973 so that the value of t arithmetic >
t table, meaning the value of posttest student achievement in junior high better than pretest value.
Paired t test for student's curiosity data

c.

Based on the analysis results obtained count = 21.3868 while t table = 1.6973 so that the value of t arithmetic >
t table, meaning the value of posttest curiosity students in junior school better than the value of pretest.
Test proportion of learning achievement data

d.

Based on the results of the analysis obtained z arithmet = 1.9702 while z table = 1.645 means z arithmetic > z
table. This means the percentage of student achievement of junior high school students who passed KKM more
than 75%.
Test proportion of student's curiosity data
Based on the results of the analysis obtained z arithmet = 1.9702 while z table = 1.645 means z arithmetic > z
table. This means the percentage of curiosity of junior high school students who passed KKM more than 75%.

Based on the above test results it can be concluded that the learning with TAPPS strategy affect the learning
achievement and curiosity of junior high school students. This is in line with research conducted by Jeon, Huffman
and Noh (2005) which shows that the use of TAPPS can improve students' problem-solving skills. Problem solving
abilities are closely related to students' mathematics learning achievement because the higher the problem solving
ability of the students will be wasted with the higher the learning achievement of mathematics.
But learning using TAPPS can cause noise in the classroom as students have to express their thoughts
verbally. Therefore, teacher must be able to control the class well so that no one speaks too loudly so that interfere
with other friends. Teachers should emphasize that the need to hear what the student thinks of the problem solver is
his or her partner so that it does not have to speak too loudly which can cause a commotion.
In the application of the TAPPS strategy students are sometimes embarrassed to talk about how problem solving is
given because they are not used, so teachers should try to monitor and motivate students to express what they
think. Where appropriate, teachers can provide an example first to the students so that they will be accustomed to
using the TAPPS strategy and no longer shy to express the idea orally.

SUMMARY
Based on the results of data analysis and discussion, it can be concluded that the TAPPS strategy influences the
learning achievement and curiosity of junior high school students.
Based on the above SUMMARY, the implication of this research is TAPPS can be one of alternative learning that
can be used to improve student's learning achievement and curiosity. However,this study is not fully in accordance
with the research plan, but there are some limitations that occur in the field, such as the allocation of time at each
meeting sometimes not in accordance with the plan, so the duration of lessons is reduced. There is a time lag in this
study so that the results obtained may not be maximal and there are some students who can not follow the overall
implementation of the study.
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Abstract.This study aims to produce criteria of chemistry teaching materials based on KAPRA-based learning models
that are feasible, practical, and effective for improving learners' learning outcomes. This teaching material was developed
using the Thiagarajan 4D model reference. In this study only use three stages of development, namely define, design, and
develop. Experimental validation test results and field trial results show that chemistry teaching materials based on
KAPRA based learning model with electrolyte and non-electrolyte grade X / SMA / MA class materials is feasible,
practical with good and effective response in improving learners' learning outcomes.
Keywords: Teaching materials, guided discovery, KAPRA, learning outcomes, 4D model

INTRODUCTION
One's learning outcomes are influenced by several factors, one of which is the factor from outside the individual is
the availability of teaching materials as a means of learning. The fact that after learning activities ended there are
still learners who have not mastered the subject matter seen from the results of learning achievement of students
who are still low and also there are lessons that are less favored learners because it is considered difficult by high
school students 7.
Another fact that is based on the results of initial observations of researchers disalah one school in Kediri district
that is SMAN 1 Kediri that textbooks in use by teachers only in the form of LKS and in the form of chemistry
textbooks in libraries or buy in bookstores such as books LKS chemistry for SMA / MA class X and electronic
school books (BSE). Overall the books still have some drawbacks in terms of appearance, simple content packed
content, long reading editors that make learners feel bored or bored when reading the books. Chemistry teacher in
SMAN 1 Kediri also revealed that interest in reading the students is still very less because the chemistry books used
are less interesting so that some students are difficult to understand the learning materials, this has an impact on the
learning outcomes of learners. Another fact is also that the teacher has never developed a learning tool either
teaching materials in the form of modules, handouts, LKS or other that support the learning process. Teaching
materials as one of the learning tools and learning resources for learners should have a role important in the learning
process to help teachers in directing learning to run more optimally. One of them is by developing teaching materials
that can be varied with the learning model.
The recommended learning models to be used in learning in the Curriculum 2013 are discovery / inquiry learning
and problem / project based learning (PBL / PJBL) (Permendikbud No.22 of 2016). However, not all learning
models can be applied to address the problems that occur, among many types of existing learning models the
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researcher chooses to apply the guided discovery learning model. Bruner (2006) in (Rijal, 2014) suggests that
learners should learn by actively participating and making discoveries to gain experience allowing them to discover
the concepts and principles themselves. This can be facilitated through guided discovery learning. Carin et al.,
(1989) in (Nuriyatin, 2016) also states that "guided discovery teaching provides opportunities for greater
involvement, giving children more chance to gain insights and better develop their self-concepts". These guided
discoveries provide learners with the opportunity to be directly involved in learning, and also provide more
opportunities for learners to gain insight and better develop learners' self-concepts. This model can improve the
learning outcomes of learners because it encourages learners to be directly involved in the learning process (Rostina,
2016). The learning process with this guided discovery model in improving learning outcomes can be integrated
with KAPRA-based. According to Juan et al (2012) and Apriyani et al (2015) KAPRA is a learning step consisting
of linking components, experiencing (Nature), reflecting (Thinking), negotiating meaning (Negotiating) and
strengthening (Apply). The learning steps of the KAPRA will be integrated with the steps of the guided discovery
learning model that are expected to facilitate the improvement of learners' learning outcomes. Therefore, the
development of this instructional material as a form of solution offered to be able to solve problems in teaching and
learning activities so that researchers conduct research with the title of development of chemistry materials KAPRAbased guided discovery model to improve learning outcomes of learners. In short the purpose of this research is to
produce criteria of chemistry teaching materials based on KAPRA guided model that is feasible, practical, and
effective to improve learning outcomes of learners.

EXPERIMENTAL DETAILS
This research is research development (Research & Development / R & D). In this development research used 4D
development model. The 4D model stands for Define, Design, Develop, Disseminate, developed by Thigarajan,
Semmel, and Semmel 1974 (Kurniawati et al, 2013). In this research development is limited to define stage, design
and develop and not until disseminate stage. This research is focused on product development in the form of
chemistry teaching materials with KAPRA-based invention approach to improve students learning outcomes.
Products developed by chemistry materials in the form of Handout.
Determination of sample research conducted by using non-probability sampling. Where the target sample here
school SMAN 1 Kediri class X semester 2 with the number of students 21 people. Methods of data collection in this
study using test sheets, questionnaires, validation and documentation.
Data analysis techniques used in this study as follows:

Feasibility Analysis
the feasibility of development outcomes is quantitative data obtained through assessment activities of experts,
teachers and learners. Quantitative data dianalisis using quantitative descriptive analysis techniques and qualitative
descriptive analysis techniques using the following formula percentage:
P=

Ʃx
Ʃxi

𝑥 100%

Instrument criteria using the criteria proposed by Suharsimiarikunto (2010) as follows:
TABLE 1. Eligibility criteria scoring

Percentage (%)
81-100%
61-80%
41-60%
21-40%
0-20%

Cateogry
Very Decent
Well Decent
Quite Decent
Not Decent
Not Feasible
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Analysis Learning outcomes
To know the mastery of learning then use percentage that describes the improvement of learners' learning outcomes
from the value before learning (pretes) to the value after learning by using chemistry materials of KAPRA based
guided discovery model by using formula according to (Hikmah, 2016)
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒(%) =

𝐹 (𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑒𝑎𝑟𝑛𝑒𝑟𝑠 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑)
× 100%
𝑁(𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑒𝑎𝑟𝑛𝑒𝑟𝑠)

Individual learning completeness obtained from the KKM for learning chemistry established school that learners
who declared thoroughly if it has obtained a value of at least 70 and under 70 declared unfinished. Response
Analysis of learners after learning.
Questionnaire response learners changed from qualitative data to quantitative by conditions (Susilo dkk., 2015) as
follow:
TABLE 2. Response Criteria Learners
Response Value
3,25 < x ≤ 4,0
2,50 < x ≤ 3,25
1,75< x ≤ 2,50
1,0 < x ≤ 1,75

Criteria
Very good
Good
Quite Good
Not good

RESULTS AND DISCUSSION
The product produced in the form of chemistry teaching materials of KAPRA-based invention in the form of
handouts on the material of electrolyte and non-electrolyte solution of class X SMA / MA Semester 2. This
chemistry teaching material is the result of what has been studied in the process of developing chemical materials,
validation of teaching materials by validators, validation testing by learners and teachers, learning outcomes of
learners after using chemical materials, and also the response of learners to teaching materials that have been
developed. This research is a kind of development research with 4D development model which until develop stage.
One of the steps included in the core step of development of teaching materials is the validation test. Validation tests
are conducted in an attempt to produce good teaching materials that are relevant to the theoretical foundation of
development (Hera et al, 2014). Assessment of validation by experts or validators is very important so that we can
know the weakness and strength of the developed teaching materials (Sugiyono, 2017). Experimental validation
results by experts or validator on chemistry materials of KAPRA-based guided discovery model that developed this
is equal to 73.99% so provide with the feasibility category that is feasible to be continued which is in accordance
with the eligibility criteria applied by BSNP. Furthermore, the components assessed from these chemistry materials
are the feasibility of presentation, content and language components. However, although it is declared feasible but
there are still some shortcomings contained in the chemistry materials (handout) is one of them is less design
(consistency, format, and attractiveness). Weaknesses contained in it will be fixed by completing the existing
shortcomings, so that the presentation can be presented in full and supported by a display that attracts learners to
read it. Once validated by experts or validators, teaching materials are then tested for validation of the learners and
teachers. This validation test is an individualized trial with five learners as an appraiser.
Based on the results of individual trials it is found that chemistry teaching materials based on KAPRA based
learning model get the criteria of "feasible" with a feasibility percentage of 75%, so that according to the five
learners are suitable chemistry materials used in learning. This is in line with research with Mashami et al (2014)
and Nasir et al (2015) which indicates that the instructional device of one of these developed learning materials gets
the category worthy to use. In addition, it also shows that the developed teaching materials have good quality and
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can be used in the learning process. The feasibility level of design and content of chemistry teaching materials
based on KAPRA based innovation based on four components, namely the components of motivation, language,
material and graphics.
The feasibility test is also very important as Widyaningsih (2013) argues that a feasibility assessment is essential to
ensure that proper teaching materials are used in the learning process. In addition to the learner's response to a
feasibility of this chemical resource, the teacher's opinion in this development is also important to get inputs that can
be used as reference material in improving the chemistry materials (handouts). Teachers' response, teachers
responded very well to handouts with a percentage of 67.59%. Teachers argue that development handouts facilitate
the delivery of material, practical, substitute notes to learners' replacement, the questions contained within it are
developed to make learners a way of thinking in a critical direction and find their own concepts. Exercise questions
and activities in it fosters the critical thinking attitude of learners who can solve the problem well also increase the
curiosity of learners through learning models of KAPRA-based invention.
By passing validation test and feasibility of teaching materials, chemistry instructional material in the form of
development result handout is considered feasible for learners in learning process. With the model of presentation of
materials that suit the needs of learners (tailored to the results of define analysis) it is expected that the teaching
materials (handouts) can improve the knowledge and learners learners. Handouts are written materials containing
important concepts of a learning material (Wulandari et al., 2016). According to Amrullah in (Hera, 2014) teaching
with this instructional material is an effort to organize individual teaching that allows learners to independently
construct concepts from one unit of learning material or more in accordance with the contents of the design of the
handout.

The Effectiveness of Using Chemistry Material of KAPRA Based Guidance Model on Main
Material of Eletrolite and Non-Electrolyte Solution
The feasibility of the learning tool developed is a good teaching material according to Nieeven in (Kurniawan et al.,
2016) that is the effectiveness. The effectiveness of chemistry teaching materials guide discovery based on KAPRA
is based on learners 'learning outcomes and students' responses to the learning process. Student learning outcomes
are obtained from the value of pretest (before learning) and posttesnya value (after experiencing learning by using
chemistry instructional guide discovery model based on KAPRA). Learning outcomes or completeness of individual
learning obtained from the KKM for learning chemistry class X IPA set by the school that learners declared
complete if it has obtained a value of at least 70 and under 70 declared unfinished. The classical completeness value
used is 75% (Mashami et al., 2014). Learning outcomes of learners after experiencing learning by using chemistry
teaching materials guide discovery based on KAPRA based learning model shows that from 19 students who follow
this posttes only 15 people who expressed complete so that the percentage of completeness is 78% of 19 learners.
Therefore, it can be said that the completeness of classical learning is considered successful, because the percentage
of learners who complete the study or learners who get the value of ≥ 70 is greater than or equal to 78% of the total
number of learners so that the classical completeness is more than 75%. On the other hand, the pretest results
indicate that all learners are not complete or learners get a score below 70 (KKM value). It shows the improvement
of learning outcomes of learners that can be seen from the value of individual completeness to reach KKM value
with percentage value of 78% after experiencing learning by using chemistry instructional model of guided
discovery based on KAPRA compared to before learning chemistry lesson model of guided discovery based on
KAPRA with the value of individual completeness that no one achieves the value of KKM. Then the learner's
response to the practicality of teaching materials that have been in use after the learning process shows the average
result of student response that is 2,88. That means reponing learners in either category.

Advantages of Chemistry Instruction Material of Guided Discovery Based KAPRA
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Student learning outcomes in field trials with the use of chemistry teaching materials based on KAPRA-based
guided discovery model showed positive results. This can be seen from the average learning outcomes that increased
up to 78% of the classical completeness of more than 75% and received a good response from learners. Thus the
learning chemistry learning materials are effectively used in learning. This is because this resource has several
advantages, namely: a. Teaching materials are structured with structural sequence or sequence of concepts, making
it easier for learners to learn. b. The existence of illustrations related to the application in everyday life helps learners
to better understand the chemistry and its benefits in life. This is different from the textbooks commonly used by
learners. In the book less illustrated related to the application in everyday life. c. Learners have the opportunity to
build their own knowledge and find the concepts needed to fulfill competence in electrolyte and non-electrolyte
solution materials through general questions given at the beginning of the material. In textbooks, the material is
presented in the form of information, so learners can only read and memorize the information. d. The teaching
materials are arranged with short, concise sentences. In textbooks, the material is presented in text form that tends to
be boring. e. Display of interesting teaching materials. This is different from textbooks that only provide text and
information, so the display is less interesting. f. This instructional material can summarize long learning time, so that
teachers can still meet the target curriculum and learners can still master the concept well. This illustrates that the
development of this resource can produce a good resource criteria with the advantages given (Rosidah et al., 2013).
The advantages given in this teaching materials can not be separated from the learning model that is varied in the
teaching materials that is guided discovery model based on KAPRA.

SUMMARY
Based on the result of research of development of chemistry instructional model of guided discovery based on
KAPRA, it can be concluded that: 1) chemistry teaching material of KAPRA based invention model developed with
model of development of three D (3D) teaching materials adapted from Four D (4D) teaching material development
model; 2) Chemical teaching materials (handout) of KAPRA-based invention-based models designed according to
the validation test results by a team of experts meeting highly valid criteria; 3) Chemical teaching materials
(handout) of KAPRA-based invention-based models according to the average assessment of respondent groups
(expert teams, teachers, and learners) are eligible for use in the learning process on electrolyte and non-electrolyte
solution materials; and 4) The use of chemistry teaching materials (handout) of KAPRA-based invention model can
improve students' learning outcomes on the material of electrolyte and non-electrolyte solution of class X SMA /
MA semester 2 and also the response of learners to the good categorized material.
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Abstract. The field of Chemistry is very complex. The lack of visualization is one of its problems which needs to be
more considered, besides the need of learning method enrichment. By using blended learning, we can integrate classes
with better Chemical visualization. Therefore, misconceptions could be suppressed, the understanding of Chemistry
could be more profound, and time efficiency could be achieved. Limitations of space and time are no longer a problem.
Blended learning has met the its proper – the next generation – users. Limitations of technology or school infrastructure
can be overcomed because the learners have already had their own gadget (e.g. smart phone) that can be used for
learning. The restrictions of the use of gadget in schools need to be reviewed, then. This paper will discuss various
alternative uses of blended learning in Chemistry class that can be considered for passionate Chemistry teacher.

Keywords: Blended Learning, Chemistry, Learning Method

INTRODUCTION
In the field of education, blended learning is not a new thing; it has been commonly (but not fully) used, instead. It is
a kind of learning combining two particular learning methods, technological basis and the conventional one. In this
context, the term of technology, is assumed as a mere physical technology specifically used onto the media of
learning.1 Learning media is everything that could be used to enhance the process of learning, and help the learner.
The technology or the learning media used in 90s was certainly had so many differences with what is used recently.
It is because technology always develops trough the age. Technology development provides unlimited accesses
which previously limited in the small space and time. Now, with the used of developed technology, students could
have a new virtual exploration to the museum, do a dangerous nuclear reactor simulation, by clicking their computer
mouse pad, or even just by touching their android (or ios?). Many things could be done easily, even just for sending
their task by email to their teacher somewhere. With these sorts of eases, why don’t we use that in our very classes?
Learning with electronically tool basis firstly appeared in 90s. It is commonly known as e-learning or electronic
learning. It can be done within both by online and offline system. Online learning is a sub division of e-learning
which can be done only by using internet network system. In its first emergence, training institution was one of
many other institutions where technological basis of learning was mostly used. In this place, e-learning had been
widely improved for succeeding the training in many companies. Time and space limitation between the institutions
and the companies which needs the training became the trigger for the use of those kinds of e-learning and online
learning. Yet, the trainings which were done by e-learning and online learning as like CD-for-training making,
conference video, e-mail report, seemed ineffective. Was it efficient? Yes, it could be. Yet, it would never be
effective. It was because employees had their own jobs as priorities that more importantly needed to be done beside
their training duties. Moreover, the control function also could not be done optimally. Soon, those training
1
It is needed to be particularly explained because the term of technology could have two kinds of meanings, which are technology as
tool and thought.
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institutions made the combination between face-to-face learning and e-learning or online learning. The result
changed to be astonishing. This kind of learning was soon called by blended learning. Then, How is about the use of
blended learning in the formal classes?
In the first 90s, e-learning did not get much attention from educational institutions for their own learning purposes,
especially elementary and junior high school. Yet, in the university, e-learning was quickly and widely used within
the Program Computer Assisted Instruction (CAI). Its first program was PLATO belonged to Illinois University.
This computer-based learning had been improving from a mere tutorial learning, simple game, to the simulation
learning and artificial-intelligence-based of learning in which computer acted like the real instructor or teacher
(lecturer).
Talking about blended learning means talking about the area of educational technology, which is especially, the use
of learning media. E-learning tools as like computer, internet network, multimedia, and telecommunication; are
examples of tools that can be used for learning in the class.
In this chance, I do not limit my research only in the case of time efficiency in the learning situation. Yet, I tend to
give more consideration on how to reach a meaningful learning and let the student to gain full understanding of
every terminology they would learn in the class. It is not about how to accelerate the class time from one-year round
to be a-half-year round, yet, it is more about how to give the deeper understanding and more meaningful lesson to
the students by the role of technology on learning condition, without override the intimacy between teachers and
students in the learning situation. Besides, I try to do research about alternative materials that can be used in the 21st
century school classes.

What is Blended Learning (BL)?
BL is not a new terminology in the field of education. Many sources define BL within their own different ways as
like what had been summarized by Graham showed in the TABLE 11. Some defines BL as a combination of many
learning sources or learning media, while some defines it as a combination of learning methods. It is because all
kinds of learning can use multiple media and method of learning, so then, those two definitions are not appropriate
to describe about what is the Blended Learning (BL) specifically. A learning system combining face-to-face (F2F)
learning and e-learning or online learning would be the most specific definition for BL, based on its emergence
which is because of the limitation of online learning, as like the lack of interaction and intimacy between teachers
and students in the learning situation.
TABLE 1. Definitions of Blended Learning

Researchers
Bersin & Associates (2003); Orey (2002);
Singh & Reed (2001); Thomson (2002)
Driscoll (2002); House (2002); Rossett (2002)
Reay (2001); Rooney (2003);
Sands (2002); Ward & LaBranche (2003); Young
(2002)

Definition
Combining
instructional
modalities (or delivery media)
Combining
instructional
methods
Combining online and face-toface instruction

The combination between those two methods (F2F and online learning) would fulfill one and other. 2,3,4 The forms of
combination could be different among every institutions, yet, the most important is how the different composition or
learning portion between F2F and online learning within the blended learning system is used. Some BL model had
been offered by Powel et. al, i.e. (a) rotational model (e.g. station-rotation; lab rotation; flipped-classroom;
individual-rotation); (b) flex model; (c) self-blend model; and (d) enriched-virtual model.[5] For fulfilling the need of
learning, some tools and platform can be used, as like LMS (Learning Management System) and mobile tools such
as tablet and smart phone.
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Why Do BL Adaptive to the New Age?
Talking about technology is talking about innovation. It is because technology is developed adapting the human
needs, those needs always point out the efficiency and practical side. So, then, when we talk about the adaptation of
a sorts of innovations we have to look at how the characteristic belongs to the generation collided with those
innovations. We get used to hear people talk about the terminologies of Gen-X, Gen-Y, or Millenial Generation.
But, what are exactly those generations mean?
Generation is a bunch of people that deal with the same historical event. So, what is the need of learning the theory
of generation? Every generation has their own particular characteristic. That is why by learning the theory of
generation we can use these sources to be used in the learning situation in the class. Table 2 shows every generation
in their time period from many sources that had been summarized by Reeves. 6 In this case, we have to find out what
generation in which our students deal with. It becomes really important when we have to choose the most
appropriate and interesting method, model, or technique for our students in the class. By knowing the recent
development or trend for our students, we can build intimate connection with them. Based on table 2, Students in the
grade I to XII would be labeled as Generation Z. So, then, we have to consider what their characteristic are. Then,
choose the proper information that can be used in the class.

TABLE 2. Label of Generations

Generation Z are they who were born from 2001 until now. Their characteristic such as: (a) social media (recently
and the future); (b) Human connection is more important than any other else; (c) skill gaps; (d) global mindset, local
reality; and (e) infinite diversity. Some proofs related to the fact of Generation Z were given by Asosiasi
Penyelenggara Jasa Internet Indonesia (APJII) from the survey in 2017. The data showed that the most use of
internet is they are who were on their 13-18 years old (75, 50%), they are exactly the Generation Z. The raise of
internet users in Indonesia seems to be so high. In the last seven years has been raising more than a hundred per
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cent, which is 88, 29 millions of people. Here, some areas which are frequently accessed are chatting (89, 35%),
social media (87, 31%), search engine (78, 78%), finding image (72, 79%), and watching video (69, 64%). The use
of internet for educational purposes is commonly for reading article (53, 30%), watching tutorial video, sharing
article or educational video, taking online course, and school admission.8

What Are The Problems in Chemistry?
Chemistry, by its nature, is highly conceptual (abstract). 9,10,11 Learning about chemistry is learning about how
something can happen. By learning chemistry, we are able to explain, for instance, why salt and sugar disappear
when we put them in the water, or why detergent can be used for laundry, or why meat can be soften when it is
boiled within orange water, and many other practical thing in our daily live. But, unfortunately, many of our
teachers do not understand to necessity of those practical needs, related to the case of helping students to build the
connection between the real life to the field of chemistry which seems abstract. Chemistry is represented as
knowledge which explains about the macromolecule, micromolecule, and symbolic world. Some chemistry
representations from different researchers can be seen in Table 3. Learning chemistry is learning how a
macromolecule phenomenon (could be said as the real world) happens, by the micromolecule or atomic world
concept in which for the purpose of knowing the concept and how the atomic world works, we are required to
master symbolic world that is full of symbol and mathematical calculation. In the other word, micromolecule and
symbolic concept is the key to explain how things can happen. Both have abstract characteristic including
explanation which cannot be sensed directly.
TABLE 3. Chemistry Representations from Researchers

Researcher
13,14

10

Johnstone
; Gabel ;
Harrison & Treagust15
Robinson16 ; Dori &
Hameriri17
Ashadi18
Talanquer19

Interconnecion of
Macro, Sub-micro, Symbolic
(representational14)
Symbolic, Macro, Micro, Proccess
aspect
Real world, Atomic world,
Symbolic world
Experience, Model, Visualisation

The challenge is how we bring the abstract concepts (micromolecule and symbolic) becomes as real as possible,
because research has shown that students are easier to learn concrete things or what exactly exist in this real world
instead of learn micomolecule scale of things which can be seen by human five senses directly. The solution is by
visualizing those abstract things to be the concrete forms. Those can be done by the use of computer, i.e. multimedia
(e.g. animation, simulation, etc.). In this case, technology has a very important role for learning of chemistry.

The (UN) Availability of High Quality Learning Sources
Unfortunately, the need of computer-based learning sources is not equal to the availability of free
multimedia access with high quality. One problematic issue is the lack of language skill. Actually, there are so many
sources of chemistry learning with high quality which are available in internet, but almost all sources uses English
language without subtitle attached. So, then, teachers have an additional duty which is transforming those learning
sources to bahasa Indonesia. Let’s check learning sources on chemistry with the keyword “kimia” on YouTube so,
then, we will find many channels, such as “Jagoan Kimia”, “Dewa Kimia”, “Chemistry Zone”, Bimbel SMARRT”,
Zenius Education” (accessed at March 27, 2018). Let’s focus on chemistry channels belong to Indonesian video
creators or private courses, especially for High School Student, we will find most videos are presented with this
format: the teacher was recorded and explained the materials by writing on whiteboard, screen mirroring, or a piece
of paper. Based on the need of visualization problem, which is the importance of the visual concept to make the
abstraction chemistry concept to be easier to be understood, we could conclude easily that the format of those videos
is not so effective for the students to gain the deep understanding.
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Blended Learning on Chemistry
The practice of BL in Indonesia which has been recorded by some researchers shows that most BL has been done
within the rotational model; even though on their report they do not attach them with one particular model of BL.
That concept deals with the use of online learning which is done in afterschool-time as homework or in the class in
which students are asked to download material, task, multimedia, or LKS (Lembar Kerja Siswa / Student
Paperwork). Media development is the main goal of BL practice in Indonesia.
Talking about BL is talking about system. There are two kinds of BL’s system, i.e. offline and online system. On
chemistry, for the abstraction problem (the lack of visualization), we would focus on the online system. It is because
this system provides us many accesses to the visualization media. In this system, teachers will need an interactional
place for them and students that is connected online to facilitate what are needed on their learning process, such as
discussion, material sharing, giving tasks, and evaluation (such as test or scoring). The platform to fulfill those needs
is called by LMS (Learning Management System)
Moodle, WebCT, Edmodo dan Blackboard are some examples of LMS or e-learning based that are most frequently
visited in Asia. Bringing many advantages, LMS has facilities supporting learning situation, such as file sharing (ebook, power point, video, animation, multimedia interactive, or links), on-line quizzes, assignment, etc. LMS is a
space for many learning activities in which teachers can manage and design their own online class based on what
they need. Teacher can put some materials that can be accessed by internet. In this case, we can see the important of
knowing how to deal with internet for every contemporary teacher. Moreover, LMS provides us the internet-save
site, in which teacher and student can have surfing experiences with save, appropriate, and guided materials for
educational purpose.
Finally, right after finding out available learning environment, teachers should design their learning process using
online learning. Some sites provide information and media needed for the contemporary teacher, as like free site for
downloading e-book school book, YouTube for videos, Google, Wikipedia, Appstore for many application, etc.
those eases would be great helpers for teachers to cleverly choose and design the proper class to their students.

ACKNOWLEDGEMENTS
We would also like to show our gratitude to the committee of the 8th Annual BaSIC Conference 2018 for accepting
our manuscript to be published in this conference proceeding.

REFERENCES
1.

2.
3.

4.
5.
6.

Graham, C. R., S. Allen, and D. Ure. (2005). Benefits and Challenges of Blended Learning environments. In
M. Khosrow-Pour (ed.), Encyclopedia of information science and technology (pp. 253-259). Hershey, PA: Idea
Group
Watson, J., A. Murin, L. Vashaw, B. Gemin, and C. Rapp. (2010). Keeping Pace with K-12 online learning: An
annual review of policy and practice. Durango, CO: Evergreen Education Group
Powell, A., Watson, J., Staley, P., Horn, M., Fetzer, L., Hibbard, L. et al. (2015). Blending Learning: The
Evolution of Online and Face-to-Face Education from 2008-2015. International Association for K-12 Online
Learning
Reeves, T. C. & Oh, E. (2007). Generational Differences. Handbook of Research on Educational
Communications and Technology, 295–303.
Tulgan, Bruce. (2013). Meet Generation Z: The second generiation within the giant “Millennial” cohort. New
Haven: Rainmaker Thinking
Infografis Penetrasi & Perilaku Pengguna Internet Indonesia 2017. (2017). Asosiasi Penyelenggara Jasa
Internet Indonesia [APJII].

550
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

Johnstone, A.H. (1984). New Stars for the Teacher to Steer By?. Journal of Chemical Education, 61(10), 847849
Gabel, Dorothy. (1999). Improving Teaching and Learniing through Chemistry Education Research: A Look to
the Future. Journal of Chemical Education, 76(4), 548-554
Sirhan, Ghassan. (2007). Learning Difficulties in Chemistry: An Overview. Journal of Turkish Science
Education, 4(2), 2-20
Gabel, Dorothy. (1999). Improving Teaching and Learniing through Chemistry Education Research: A Look to
the Future. Journal of Chemical Education, 76(4), 548-554
Johnstone, A.H. (1991). Why is science difficult to learn? Things are seldom what they seem. Journal of
Computer Assisted Learning. 7, 75-83
Johnstone, A. H. (2000). Teaching of Chemistry – Logical or Psychological?. Chemistry Education: Research
and Practice in Europe. 1(1), 9-15
Harrison, A.G. & Treagust, D.F. (2000). Learning about Atoms, Molecules, and Chemical Bonds: A Case
Study of Multiple-Model Use in Grade 11 Chemistry, Science Education. 84, 352-381
Robinson, W.R. (2003). Chemistry Problem-Solving: Symbol, Macro, Micro, and Process Aspect. Journal of
Chemical Education, 80(9), 978-982
Dori, Y.J. & Hameriri, M. (2003). Multidimensional Analysis System for Quantitative Chemistry Problems:
Symbol, Macro, Micro, and Process Aspect. Journal of Researceh in Science Teaching, 40(3), 278-302
Ashadi. (2009). Kesulitan Belajar Kimia Bagi Siswa Sekolah Menengah, Pidato Pengukuhan Guru Besar, 20
Agustus 2009. Surakarta: Universitas Sebelas Maret
Talanquer, Vicente. (2011). Macro, Submicro, and Symbolic: The many faces of the chemistry “triplet”.
International Journal of Science Education, 33(2), 179-195

551
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

Science Process Skill (SPS) of Elementary Students in
Indonesian Curriculum (2013 Curriculum)
Elfrida Novianty1,a), St. Y. Slamet2), Sri Yamtinah2 and Idam Ragil Widianto
Atmojo3
1)

Magister Program of Elementary Education, Universitas Sebelas Maret
Faculty of Teacher Training and Education, Universitas Sebelas Maret
3)
Doctoral Program of Science Education, Universitas Sebelas Maret
Jl. Ir. Sutami No. 36A, Surakarta, Central Java, Indonesia 57122

2)

a)

Corresponding author: elfridanovianty@gmail.com

Abstract. The purpose of this research is to know how the application of science process skill (SPS) in elementary school
especially on curriculum applicable in Indonesia and its comparison with other ASEAN countries. SPS is a very
important skill possessed by students because it determines how scientific attitudes and scientific products are produced
by students, besides SPS is included into the 21st century skills that must be had for to improve competitiveness in the
era of globalization. This research method is a literature review, which collects and analyzes the literature in the form of
international journals, national journals, and books affirming SPS and its application in Indonesia and in some countries
in ASEAN. The result of this research is SPS has been facilitated its application in curriculum applicable in Indonesia
today, that is curriculum 2013. SPS become very important because related to 21 st century skill as emphasized in
curriculum 2013. In some country in ASEAN, SPS become important component in learning. SPS becomes a provision
for students to develop their scientific ability in the next level of education and daily life so that evaluation is needed for
SPS which the results can be used as a reference for students to improve their skill. Several previous studies in the
country have developed assessments for SPS in Elementary Schools, in Indonesia alone has been undertaken research on
SPS assessments in secondary and upper secondary schools but no one has developed according to the current curriculum
in Indonesia, the 2013 curriculum. the findings of this study are the need for the development of an appropriate
assessment instrument of thematic learning in the 2013 curriculum in Elementary School to measure the extent to which
the students' skills.

INTRODUCTION
The era of globalization makes life in the world boundless while the technology and information dissemination grow
very rapidly and will have an impact on the dissemination of science. Four main domains in the skills of 21 st century
exist, namely digital-age literacy, inventive thinking, effective communication and high productivity 1.The skills of
21st century need to be instilled into students to prepare for competitiveness in facing challenges in the era of
globalization in addition to their academic ability. The skills of the 21st century taught by teachers to students are
essential, including critical thinking and problem solving, communication, collaboration, creativity and innovation
2,3,4,5
. These four skills are integrated with the SPS in learning.
SPS are the skills used to acquire, implement and explore some of the scientific concepts and theories needed by
students need to identify problems and solve them in the learning process 6,7. These SPS will later become the
provision of students' thinking skills 8,9. In addition, SPS is useful for students to know the world around them
scientifically so that in the future, they can build a concept of science 10. It is therefore important for a teacher to
understand the application of this SPS, especially at the elementary school level. The elementary school level is the
right time to strengthen the instilling of a concept in order to form students to have the SPS so that later on at the
next level, they can implement it well. Based on this argument, it is important that there is an in-depth study
pertaining to the SPS, especially for elementary school students in line with the latest curriculum in Indonesia,
which is the 2013 Curriculum.
.
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EXPERIMENTAL DETAILS
This research used literature review method. This research was conducted to find out how the SPS contained in
the 2013 Curriculum were, especially one of elementary school students. In addition, the literature review was
conducted to find out previous researchers on the SPS so that the researchers can compare them with current
relevant problems and then find the right solution. In this research, the researchers conducted a review of
international journals, national journals of Indonesia, and books.

RESULTS AND DISCUSSION
Science Process Skill
SPS is one of the most commonly used thinking skills and is very important for students as a means of using
scientific methods in developing science. Moreover, it is expected for them to acquire new knowledge or develop
the knowledge that they already have 11,12. SPS is the scientific skills needed by students to identify problems and
solve them in their learning process 6,7. Supporting the statement, Siahaan et al reveal that the SPS are skills that
focus on developing students' skills in understanding knowledge or concepts, independently finding and developing
important facts 13. Learning using theses kills of science process not only emphasizes the transfer of knowledge but
also emphasizes scientific inquiries. In this process of learning science, teachers act as facilitators who guide and
manage students’ learning activities so that students are able to build new facts, concepts, and values needed in their
lives independently 13.
The science process skill (SPS) is divided into two levels, namely basic and integrated science process skill
1,10,14,15,16,17
. The basic skill of SPS includes observation, classification, communication, measurement, prediction and
intervention. The integrated skill of SPS includes 5 skills such as identifying, and controlling variables, defining in
an operational manner, formulating hypotheses, experimenting (must be able to design and test hypotheses by using
existing procedures to obtain reliable data), interpreting data and making SUMMARY.
SPS are essential in teaching students how to achieve knowledge as well as it becomes an important goal in
science learning; in addition, SPS is a bridge to regulate knowledge about the environment and relate the
experiences that students have and new experiences 4,17. Seeing the importance of SPS for students, students should
be trained and instilled in these skills since the time in elementary school.

Science Process Skill on Elementary School Students in 2013 Curriculum
The enactment of the 2013 Curriculum in the education system in Indonesia shows the urgency of change from the
previous curriculum 18. A paradigm shift emerges as a problem in the development of the 20 th and 21st centuries that
must be transformed through education. The Government of Indonesia launched Permendikbud Number 65/2013 on
the principle of applied learning that should use a process approach as a strengthening of the use of scientific
approaches, from teachers as the only source of learning into learning based on various sources of learning as well
as from learning that emphasizes a single answer into learning with answers about the multi-dimensional truth.
Improvement or revision of the 2013 Curriculum in 2017 emphasizes the strengthening of character education in
learning, integration of literacy, the skills of 21 st century a.k.a. 4C (Creative, Critical thinking, Communicative, and
Collaborative), and integration of HOTS (Higher Order Thinking Skill). The instilling of literacy and the skills of
21st century are integrated with the science process skill. One of the literacy that must be embedded in the science
literacy, in which there are three parts, which are science as a product, science as a process, and science in
developing scientific attitude 19,20 . Science as a process deals with how scientists discover data and facts as a
product of science. The gain of science products is carried out methodically through a series of activities embedded
in scientific methods. In practice, this process of science gain involves a number of science process skills. Although
the 2013 Curriculum in 2017 no longer requires the use of scientific approach in learning but in practice, the
approach is needed in the delivery of learning, especially to elementary school students. Learning is directed toward
using a scientific approach including observing, asking, trying, negotiating, communicating, and working. The skills
of the scientific process are integrated with the scientific approach, which are the skills to formulate the problem
(observation and question), develop the hypotheses (observation and question), understand the variables
(observation and ask), data processing (experiment), and analysis of research. Skills of students' science process can
be formed through such an approach so that the goal of enacting the 2013 Curriculum in 2017 can be achieved well.
Based on that explanation, the skill position in the current 2013 Curriculum is very important, especially for
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elementary school students, so that there is a need of teachers’ understanding and instruments that support the
instilling of science process skills.

Application of Science Process Skills in Other ASEAN Countries
In Malaysia, SPS divided into two, namely basic and integrated science process skill 21. The teaching of science
process skills in Malaysia was explicitly emphasized during a curriculum review of national science in 2002 for
elementary and secondary schools (Ministry of Education Malaysia, 2001). SPS has become an important
component of the science curriculum at all levels and is also one of the most current approaches to providing science
education more efficiently to children. Therefore, curriculum development in Malaysia also emphasizes the
development of reliable and valid instruments that are capable of evaluating achievements in these skills 4. With the
development of the instruments, then the students' science process skill can be measured in a valid manner.
Singapore is also a country that emphasizes the application of science process skills in education. In Singapore, the
MOE Primary Science syllabus emphasizes the basic teaching of process skills and some integrated skills, while the
LSS (Lower Secondary Science Syllabus) emphasizes the use of skill processes to plan creative investigations and
problem-solving, and other thinking skills 22.The core of the curriculum framework is to instill a spirit of scientific
inquiries, referring to the attainment of the skills of the 21st century. The conduct of investigation is based on three
integral domains of (a) Knowledge, Understanding, and Application, (b) Skills and Processes and (c)Ethics, and
Attitudes. These domains are very important for the practice of science. The curriculum design seeks to enable
students to see the pursuit of science as a meaningful and useful instance. Therefore, the investigation is based on
knowledge, problems and questions related to the role that science plays in daily life with the society and
environment. To find out the extent to which the application of science process skills is applied, the teacher must
prepare appropriate assessment instruments in order to obtain valid results. The elementary school syllabus in
Singapore includes several types of assessments that can be used in science-based learning of science processes,
including through tests, practices, projects, teacher observation, checklists, self-assessments or journals, as well as
debates. Below is the framework of the elementary school science teaching curriculum in Singapore :

FIGURE 1. The framework of elementary school science teaching curriculum in Singapore

The framework above shows the integration between SPS and other components in science learning in elementary
school students in Singapore. The components in the framework are interrelated and must be implemented in the
learning process to achieve the intended purpose. Based on this it can be seen that the Singapore government has
facilitated SPS in the applicable curriculum there.
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SUMMARY
Science process skill becomes an important component in the application of the 2013Curriculum, especially in
elementary schools. Students are taught to identify problems and find solutions to solve them. Science process skill
help students in scientifically recognizing the environment and can also develop students' thinking skills. The
existence of this science process skills drives the achievement of the 21st century as well as the emphasis on the
2013 Curriculum in 2017.To find out how far the successful application of science process skills in Indonesia in line
with the current curriculum, appropriate assessment instruments are needed so that valid results can be obtained. As
applied by other countries, especially the closest country to Indonesia, Malaysia and Singapore not only emphasize
the application of science process skills but also evaluate it to know the extent of their success.
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Abstract. Biology studies complex and complicated subjects, of which the physiology process cannot be directly
observed. Students find difficulties in understanding the concepts delivered by the teachers through lecturing method.
Teachers are struggling to explain a particular process that cannot be observed directly. Difficult materials and
monotonous methods in explaining the materials need particular aids in the form of learning media that can visualize
even the smallest tangible object. This media help to gain students’ interest. Based on the cone of experiences, students
will understand the materials through direct observation and imitated objects due to direct contact with the objects. The
media is displayed in the form of adoble flash, poerpoint and video. Based on the validation and reliability test indicate
that the media product including the criterion is feasible, so it can be used as an alternative of learning media to increase
student learning interest.
Keywords: Development of Media, Respiratory System, Interest

INTRODUCTION
Biology studies complex and complicated subjects, of which the physiology process cannot be directly observed.
The use of learning media, which is appropriate for the characteristics of the materials, is one of the efforts in
overcoming the problem. In the learning process of biology, particularly on the topic of respiration – the sub-concept
of the exchange of O2 and CO2, it is necessary to change the abstract nature of the process into more concrete ones.
Students find difficulties in understanding the concepts delivered by the teachers through lecturing method. They see
the materials are abstract in nature, leading to the difficulties in understanding the physiological processes of the
respiratory system. Besides, scarcity of relevant learning resources adds to the problem. The obstacles have lowered
the students’ learning interest.
Similarly, teachers are struggling to explain a particular process that cannot be observed directly. They tend to use
textbooks in explaining the materials, as well as applying several methods, such as lecturing, giving assignments,
question and answer, and group discussions. These gain less interest from the students. Thus, students do not easily
receive the whole concept, thereby lessening their learning outcome. Difficult materials and monotonous methods in
explaining the materials need particular aids in the form of learning media that can visualize even the smallest
tangible object. This media help to gain students’ interest. Based on the cone of experiences, students will
understand the materials through direct observation and imitated objects due to direct contact with the objects.

Literary Review
Media is a medium to deliver messages. Instructional media help to present the materials more understandable,
instead of verbalistic. Provided with the examples that include facts, data, figures, graphics, pictures, or video, the
learning activities are more attractive. The materials are presented in a series of events either simplified or enriched,
diminishing the monotonous explanation (Akbar, 2015). Instructional media is an integrated media with the aims
and contents to develop the willingness and interest of the students, increase the motivation and stimulation in the
learning process, and psychologically influence the students.
The use of media can overcome the problem of limited spaces and time, as well as the skills of the senses, related to
the size of the objects. Thus, they are converted or imitated into the forms of picture, figures, or models. Meanwhile,
tiny objects can be enlarged by means of projectors. Movements, either speed or slow processes, can be managed by
regulating the pace of the presentation.
In addition, learning media helps to manage various learning styles, interest, intelligence, limited ability of the
senses, disabilities, or geographical and time span (Sardiman, 2012: 14). Besides, the learning process will be more
interesting and help students with different learning styles, hereby facilitates students and teachers to understand and
explain the materials (Arifin, 2012: 44).
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Arsyad (2011: 26) suggests several functions of learning media. Those are (1) to elaborate the messages and
information that help to smoothen and improve the learning processes and outcomes; (2) to improve the motivation
and efficiency of information delivery; (3) to improve the effectiveness and efficiency of information delivery; (4) to
increase the variation of presenting the materials; (5) to arouse students’ enthusiasm and willingness with
appropriate media, thereby preventing the boredom; (6) to simplify the materials that will be easily remembered by
the students; (7) to provide a more concrete experience; (8) improve students’ curiosity; and (9) to provide stimulus
and encourage students to respond to the materials.
Multimedia, as a collection of computer-based media and communication system, serve to develop, store, send, and
receive information in the forms of text, graphic, audio, video, and others. Multimedia is said to be valid if it has
been approved by expert. It is said practical if teachers and students find it easy to use. It is called effective if
students are willing to follow the learning process (Akbar, 2015).
Willingness means higher tendency or bigger desires or willingness to do anything (Muhibbin Syah, in Musthofa,
2017: 78). Besides, Winkel (1984) states that interest is the permanent tendency upon a subject, making them
interested in particular field or topics and happy to work on it. If an individual gains his interest in learning, he tends
to stay in the learning situation and avoid any distractor.
Slametto (2010: 57) explains that interest means the tendency to pay attention to and memorize several activities.
The activities are stored in memory and individuals do them happily. Interest is the intrinsic factor that influences
the learning outcome. An individual who is interested in a subject has the tendency to learn seriously. Conversely, a
less interested individual tend to be reluctant to learn. Interest is the tendency to follow and stimulate various
activities.
Further, interest is defined as one of the key factors influencing students’ learning outcomes. It is often considered
as a process contributing to the learning achievements (Harackiewicz & Hulleman, 2010). Several indicators of
learning interest, according to Safari (2003) are happiness, interest, attention, and participation.
Learning is the process taken by an individual in the attempts to gain a change in the behavior and it is relatively
permanent. It includes mental and psychological activities in active interaction with the environment, resulting in the
change of knowledge, understanding, skills, and attitude. There are three elements of interest, namely attention,
feeling, and motives (Sakti, 2012: 4).
Adobe flash, according to Murawan (2015: 214) is a popular program to create 2D animation based on vector. In
addition, Reimers and Stuart (2007: 365), states that it is an application that uses vector graphic and combination of
programming language called Actionscript, as well as animation based on simple frame, which is mostly applied to
create interactive moving animation. There are four categories to meet the students’ need. Those are (1)
representation of ideas and/or process which is difficult to present without the use of technology; (2) information
that provides the access to the data and contents which are previously cannot be used in the classroom; (3)
transformation that changes the nature of the assignments where learners become the participant of a series of
events; and (4) collaboration that facilitates communication and collaboration of peers and experts. Adobe flash is
one of the software to achieve these four elements.
Harackiewiczl, J.M., & Hulleman, C.S. (2010) suggest several benefits of using flash as learning media. First is
scalability, where we can enlarge or reduce the graphic presentation without reducing the quality. Second is
independence, where the program does need any support. Third is consistency, meaning that it will not cause any
difference when opened in other browser or operating systems. Fourth is integration of sound, meaning that it is easy
to insert music or audio. Fifth is small files, for it is vector-based. The last is high quality graphics, that it has higher
quality because it is based on vector. There other advantages of adobe flash. Those are (1) text that compresses the
information and simplifies complex materials; (2) audio to improve learners’ motivation and focus; (3) video to
present the real condition and object, which can be replayed and provided with clear steps and procedures; (4)
graphic, in order to identify and clarify the objects, showing the spatial relations of object and explaining the
abstract concept; and (5) animation which shows the ideal characteristics of an object, gives particular effects,
explains difficult concepts, explains abstract concepts and clear steps.
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EXPERIMENTAL DETAILS
The method used in this research is meta-analysis. It belongs to statistical technique that combines two or
more similar researches to obtain quantitative data. In this method, data recapitulation is conducted without
experimental manipulation.

RESULTS AND DISCUSSION
The research conducted by Akbar (2015) entitled Pengembangan Multimedia Interaktif IPA berorientasi
Guided Inquiry Pada Materi Sistem Pernapasan Manusia has developed a highly practical, interesting, and effective
multimedia appropriate for learning process. The use has improved the students’ interest, participation, and learning
outcomes. The practicality score, which was 91.7%, was gained from the teachers and the students. It is in the
criteria of highly practical. Similarly, the score of attractivenessof the multimedia was 93.5%. The interactive
multimedia was developed as alternative learning resources to be used by students. It facilitates their learning in
accordance with their various styles and speed.
Ravi and Malathy (2010: 45) states that learning interest is also influenced by the interactivity of the instructional
technology in the form of multimedia (audio, video, text, graphic, and figure), presented through digital information
using Macromedia Flash software (now changed the name into Adobe flash). The control group and experiment
group consist of 25 respondents for each. The control group and the experiment group reached the score of 18.4%
and 30.4%, respectively. It showed that the experiment group has higher score with the gap of 12%.Thus, it is
evident that the use of multimedia, with the main property of interactivity, improve the students’ interest. Further, it
leads to the stimulation in the interaction among users that encourages the students to look for information,
implementing it in the assignment and revision (according to the feedback).
The research conducted by Sakti (2012) entitled Pengaruh Media Animasi berbasis Macromedia Flash terhadap
Minat Belajar dan Pemahaman Konsep, shows that students’ learning interest is improved in the experiment class.
Sakti (2012) states that the class following direct learning method using animation media reached higher score
compared to the control group that used conventional method.
The research conducted by Wahyudin (2010) proves that the multimedia-assisted learning is effective in improving
students’ responses. In general, the score obtained for each indicator in the questionnaire is improving. The
improvement is possible due to students’ participation and willingness in following the discussion and question and
answer session. The positive responses by the students show that they are interested and enthusiastic in the learning.
The improvement of cognitive learning outcomes also improved. It is shown in Cycle 1 and Cycle II.

Animation media is completed with sound and describes a process from abstract to concrete one. The cognitive
function of animation media as visual media through picture or visual symbols is to accelerate the achievement of
learning goals, which are to understand and memorize the message/information in the picture or the visual symbols
(Sanaky, 2011). The improvement of interest, understanding, and skills in learning in groups is an additional value
to the use of animation in learning. Animation video media is highly potential in the learning class. It provides
indirect experiences for the students. In addition, it also helps students to understand abstract materials (Noviyanto,
2015). Animation media has another advantage. It can be used repeatedly by students, individually or in groups in
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the classroom. It is no longer necessary for teachers to explain the materials, for they have been presented by the
media.This media can also simulate dangerous object and present particular objects in details. It does not require
dark room and users can adjust the speed (Noviyanto, 2015).
The research conducted by Noviyanto (2015) entitled Penggunaan Media Video Animasi Sistem Pernapasan
Manusia helps to improve the learners’ learning outcome. The percentage of tN-Gain explains that the use of
animation video media has higher influence on the improvement of students’ score. A theory proposed by Piaget, in
Noviyanto (2015), on the theory of cognitive learning, shows that an understanding is gained through a process of
storing information in the forms of symbols in the cognitive structures of the students. If a student learn a concept,
the information is entering the short term memory on the left brain through ears or eyes. From the short term
memory, the information forms various symbols and they are then stored in the long term memory on the right brain.
To make the information more meaningful to the student and stored in the long term memory, the information
should be presented using audio and video, such as animation video. Thus, it helps students to store the information
at the cognitive structure on the concept of human respiration system.
The learning of human respiratory system using animation video media facilitates the students to understand the
various processes in it. The video media can explain the concept in details. It can also give particular effect in the
movements showing how the process of breathing. This way, the abstract concept becomes concrete. It is based on
the cone of experience proposed by Dale. Conversely, students who were treated using power point media, which
does not include moving effects, still question the concept of respiration process. Even if it is supported by several
arrows indicating directions of the movement, students find it difficult to understand. Referring to Dale’s cone of
experience, power point media that emphasizes on stagnant visual effect does not change the abstract concept into
concrete.
Animation video as educational media serves to expose something complicated or complex in simple and easy ways.
The use of the media explaining the materials related to human body operating system, such as respiration, helps
student to get the message or information during teaching and learning process.
The research conducted by Tiurma on the effectiveness of the use of multimedia can improve the score of students
learning interest. The mean of students’ interest of first and second group after the treatment is different. In the first
group, the mean is 80.90 categorized in high criteria. While the second group reached 69.50, which is in medium
criteria. The improvement occurs in the group treated using multimedia. Effendi (2016) conducted a research on
designing application program of natural science subjects on the topic of Respiration system for students with
disabilities. Students with special needs require more attention to improve their focus on learning. It can be
conducted by ignoring the defects and taking maximum use on their potential through other senses. Appropriate
learning process may result in satisfying learning potential.
The creation of multimedia-based textbook materials for students with special needs emphasizes the use of graphics,
animation, and sounds because they have different characteristics. Thus, they should be treated using different
methods. Students with special needs in natural science subject needs visual materials. Since human and animal
respiratory systems are complex, the materials are presented using visual animation completed with sign language.

SUMMARY
Based on the discussion, it can be concluded that the development of learning media of respiratory system can
improve students’ learning interest.
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Abstract. Intended development research are to 1) produce prototype of science book for teacher and student, 2) describe
the effectiveness of learning and 3) describe student’s critical thinking skill after learning using prototype of Teacher and
Student Book. Results of analysis in 2007 and 2011 in science that student of Junior High School in Indonesia more than
95% only able to reach the middle level, is until applying level. This happens because the lack of students to be trained to
think critically. So it is achieved then the required learning tools that can train critical thinking skills that will help
students to survive in the future. The research procedure used by the researcher refers to Educational design research
using the 4D model. The tool was tested on 16 students in Sekolah Alam Insan Mulia Surabaya with the following
results: the effectiveness of the learning is very effective, seen from the test of student learning outcomes that previously
had an average of 56 after learning increased to 82 with a normal gain score of 0.6 (medium). Likewise with the critical
thinking tests that previously average class of 34 increased to 80 with a normal gain score of 0.77 (High). These findings
informed us that this prototype is feasible to apply to science learning of class VII Junior High School.

INTRODUCTION
The 21st Century Skills 2013 required skills include creativity and innovation in which creative people will be able
to develop, execute, convey new ideas, be openly responsive to new and different perspectives. Critical thinking and
problem solving in which a critical thinking person is able to use his or her own ability to attempt to solve the
problems he or she faces independently, also has the ability to compose and disclose, analyze, and solve problems.
Communication where students are required to understand, manage, and create effective communication in various
forms and contents in oral, written, and multimedia. Collaboration in which students must be able to work together,
group and leadership, adapt in various roles and responsibilities, work productively with others, place empathy in
place, respect for different perspectives. The need for the future will be realized if it starts from an education that is
in an interactive learning process, cooperative team based learning is also from factual thinking to critical
accompanied by creativity.
In the Curriculum 2013 is released Student Book and Master Book which is one of the tools of the implementation
of Curriculum 2013 in the learning oriented to the development goals of the Curriculum 2013 itself that has been
adjusted with Permendikbud No. 71 of 2013 on Textbook Lesson and Teacher Handbook. Master's Book is a guide
for teachers in carrying out learning that includes preparation, implementation and assessment as well as guidelines
for the use of Student Books. The Master's book consists of two parts, the first part is a general guide that contains
information about the scope and scope of the subject matter, objectives, and learning strategies. While the specific
purpose consists of some information for teachers to prepare for the implementation and assessment of such
learning.
Graduate Competency Standards (SKL) in the skill domain is having effective and creative thinking and acting skills
in abstract and concrete realms according to what is learned in school or other sources similar to those obtained from
school. In the realization of the ability of thought and creative action has not seen that is marked by not trained
fluency, flexibility, originally 1. Critical thinking is characterized by students performing interpretation, analysis,
evaluation, inference, explanation and self-regulation 1. While in the Student Book for critical thinking students are
only required to connect, and discuss. In the 2013 Curriculum implementation training for Student Books it is hoped
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that there will be concept maps used to assist students in understanding the concepts in the material, but in reality
they do not yet exist.
The purpose of this research is to produce a prototype of K-13 Teacher Book and Student Book to train critical
thinking skill of VII Junior High School students which can be described in the following research objectives:




Describe the effectiveness of learning using prototype of Teacher Book and Science Student Book to
improve critical thinking skill of class VII students of SMP which can be described as follows:
Describe the learning outcomes of students in learning using prototype of Teacher Book and Science
Student Book to improve critical thinking skill of grade VII students of SMP that developed?
Describe critical thinking skill after learning by using prototype of Teacher Book and Science Student
Book to improve critical thinking skill of grade VII students of SMP that developed

EXPERIMENTAL DETAILS
The research procedure used by researchers refers to Educational design research by Tjeerard Plomp & Nieveen
(2010) using the 4D model by Thiagarajan, et al. (1974). The 4D model itself in the development process consists of
four stages, namely define, design, develop, and disseminate. The use of this 4D model is limited to three stages, ie
without spreading because the results of the research are not disseminated to other schools (only schools used
research). The subject of this development research is the prototype of the Master Book and Student Book to
improve students' critical thinking skills on energy matter in life system. The object in the pilot phase 1 involves 16
students of grade VII of Sekolah Alam Insan Mulia and then This study implemented a One Group Pre- and Posttest
Design 3. The same instrument was used as a pretest and posttest. The pretest was conducted at the middle of
semester, the posttest was conducted at the end of semester after the finishing of the the school chemistry subject.
Research design of the research as follows: Pretest Instruction Posttest A: O1 ----------X---------- O2 105 A
represents class, O1 represents pretest score and O2 represents posttest score. The effectivity of the strategy is
analyzed quantitatively using normalized gain score. The average N-gain score is defined as (g) =
(posttest−pretest)/(100−pretest), where the maximum score has been scaled to 100. In this study, the categorizations
used were: low if (g) ≤ 0.30, medium if 0.30 < (g) < 0.70, and high if (g) ≥ 0.70.

RESULTS AND DISCUSSION
TABLE 1. Individual learning completeness data
No.
Name of Learning Outcomes
Student
Value
U1
U2
1
45
75
1
2
45
70
2
3
55
85
3
4
75
100
4
5
55
75
5
6
60
70
6
7
60
80
7
8
65
85
8
9
65
85
9
10
55
85
10
11
50
90
11
12
55
95
12
13
50
75
13
14
50
75
14
15
60
80
15
16
75
80
16
Average
56
82

Complete
U1
TT
TT
TT
T
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
T

U2
T
TT
T
T
T
TT
T
T
T
T
T
T
T
T
T
T

Critical Thinking test
Value
U1
U2
20
65
25
75
20
70
40
85
35
85
35
80
50
85
50
90
40
75
35
70
35
85
40
90
40
95
35
95
20
75
25
75
34
80
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Completeness
U1
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT

U2
TT
T
TT
T
T
T
T
T
T
TT
T
T
T
T
T
T
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Learning Outcome Completeness

18.25 %
Complete
Not Complete

81.75 %

From the data obtained can be seen that the average class value before the learning activities with this device
developed is below the value of KKM that is equal to 56 while after doing the learning activities by using this device
that developed the value of students to rise that is equal to 82. Thought critically trained, as proposed by Ennis
(1993) 4 are: 1) analyze, 2) identify and solve problems, 3) conclude. From the data obtained can be seen that the
average value of critical thinking students in one class before the learning activities with this device is far below the
value of KKM that is equal to 34 while after doing the learning activities by using this device rose by 80 sensitivity
item testes learning outcomes have range between 0.46-0.66. According to Aiken, items that are capable of
measuring the effects of learning are items that have a sensitivity of ≥0.30. This means that the items in this study
can be used as a benchmark achievement of learning objectives in learning. the test of student learning outcomes
that previously had an average of 56 after learning increased to 82 with a normal gain score of 0.6 (medium).
Likewise with the critical thinking tests that the average class of 34 increased to 80 with a normal gain score of 0.77
(High). Thus, from this research has succeeded in developing learning tools that are valid, practical and effective for
melatihkan critical thinking skills, so as to facilitate students to learn, as well as in accordance with the 2013
curriculum.

SUMMARY
Research development of learning device of student's book and teacher's book to trained students critical thinking on
energy material which have been developed produce instructional device covering student book and teacher book in
which there is RPP student worksheet and appraisal. This research has succeeded in developing learning tools that
make it easier for teachers to teach and facilitate students to learn, as well as in accordance with the curriculum
2013. With these results the prototype of teachers books and student books that have been developed is very feasible
to apply to learning.
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Abstact. The aims of this study to produce a chemical learning device using a valid, practical and effective VAK (Visual
Auditory Kinesthetic) model. To optimize the critical thinking skills of learners chemistry. Development refers to the
Borg & Gall model. Broadly speaking, includes: (1) determination of learning materials and basic competencies, (2)
needs analysis, (3) development of learning tools, and (4) learning device test. Subject of this research is lecturer, teacher
and student of class XI IPA 9 SMA Negeri 3 Mataram 2016/2017. The research method is done by descriptive analysis
about validity, practicality, and effectiveness of learning device. The results obtained: (1) the validity of learning tools
consisting of the value of the validity of the syllabus with an average of 3.5; RPP 3.4; LKPD 3,4; all of these learning
tools are in very valid categories. (2) the practicality of instructional tools consisting of the average value of the
implementation of learning tools 3.4, teacher response average 3.69 and the response of learners 3.62. In a whole, this
learning device is very practical. (3) the average learning outcomes of critical thinking of learners increased after the
learning device developed, an increase in the average score between pretest and posttest, from 6.65 to 17.18. After
searching for gain score ternomalisasinya, got score 0,73 which means gain score is in high category.
Keywords: critical thinking skills, learning model VAK (Visual Auditory Kinestetik)

INTRODUCTION
Regulation of the Minister of Education and Culture Rebublik Indonesia Number 81 A. 2013 on the implementation
of the curriculum of future needs states that the future needs of the students' competencies are among others the
ability to communicate, think critically and creatively by considering the values and morals of Pancasila to become
citizens who democratic and responsible, tolerant in religion, and living in a global society, have a broad interest in
life and readiness to work, intelligence in accordance with his talent, and care for the environment 1. Critical
thinking is a well-organized mental process and plays a role in decision-making in solving problems by analyzing
facts, triggering and organizing ideas, maintaining opinions, making comparisons, drawing SUMMARY, and
evaluating arguments. Critical thinking is the ability that should be instilled and developed from an early age to
learners. Embedding critical thinking skills early on will have a very positive impact on subsequent levels of
education, and in the day-to-day life of today's learners and their future, they will be more sensitive, strong and
ready to deal with various problems in everyday life and avoid mistakes in decide the important things in life. 2.
One of the learning objectives of chemistry listed in the Regulation of the Minister of Education and Culture of the
Republic of Indonesia Number 22 Year 2016 on Process Standards states that every educator in the education unit is
obliged to prepare a complete and systematic Learning Plan (RPP) for learning to take place in an interactive,
inspirational, challenging, motivating learners to participate actively, and providing sufficient space for initiative,
creativity, and independence according to the talents, interests, and physical and psychological development of
learners. Every educational unit is necessary doing learning planning, implementation of learning process and
process assessment learning with the right strategy to improve the efficiency and effectiveness of the achievement of
graduate competency.
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The results of interviews and observations of 3 chemistry subjects subjects SMA Negeri 3 Mataram indicate that:
learners are not optimal in developing their potential. The learning implementation plan developed by the educator
has not fully illustrated the individual differences of the learners, the learning tool is not prepared independently.
The media has not been used optimally to support the learning activities, the unavailability of chemical learning
devices that can facilitate learners for active learning, in the process of learning, especially on chemistry subjects are
still dominated by teachers means that teacher activity in the class is more stout than the students. Based on the
information obtained from chemistry subject teachers in SMA Negeri 3 Mataram who teaches in grade XI semester
1. The average of students' learning outcomes in the 2017/2018 School Year is 60 out of 40 students in a class.
Learners who reach the Minimum Exhaustiveness Criteria (KKM) 76 that is only 15 people with a value of 76-80
thus only 37% of learners are completed in the learning process. The data shows that the students' learning
achievement of chemistry is still low based on Minimum Exhaustiveness Criteria (KKM) established in the school.
One of the models to be studied in this research is the VAK-style learning model. This VAK (Visual Auditory
Kinesthetic) learning model can train learners to prove a statement or hypothesis learned so that participants students
can experiment with their own experiences in accordance with the style learning to see or remember (Visual),
learning by listening (Auditori), and learning with motion or emotion (Kinesthetic).
Learning by using the VAK model, Learning can be effective, not only learning memorization of concepts on
learning materials, but also involving learners activities in finding and understanding a concept through physical
activities such as demonstrations, experiments, observations, and active discussions to solve problems 3.
Based on the above description, the researcher is interested to conduct a research entitled "Development of VAKbased High School Chemical Learning Tool to Optimize Critical Thinking Skills of Learners".

EXPERIMENTAL DETAILS
This development research was developed by adapting the Bord and Gall (1988) model in Sugiyono (2010) 4, into
10 steps; 1) potentials and problems, 2) data collection, 3) product design, 4) design validation, 5) design revisions,
6) product trials, 7) product revisions, 8) trial usage, 9) product revisions, 10) mass products. Learning tools
developed include syllabus, RPP, LKPD. Dedicated learning tools aimed at developing valid VAK-based chemical
learning devices, developing chemical-based devices Practical VAK, developing an effective VAK-based chemical
device, to improve the critical thinking skills of learners. Before the validity, practicality and effectiveness test are
performed, first tested by a validation instrument validation instrument. Inputs, criticisms, suggestions made in the
questionnaire instrument are used to perfect the learning tool. Chemistry learning tools for SMA, which includes
syllabus, RPP, LKPD validated by science education experts consisting of 4 lecturers of science education. Learning
tools and critical thinking skills that have been improved based on expert input and practitioners, then further
evaluated through the comments of lecturers on the validation sheet that has been prepared. To test the practicability
is done through the dissemination of questionnaire instruments of teacher and student response. To test the
effectiveness of the device conducted the test results of critical thinking skills. Data on validation of learning tools
covering syllabus, RPP, LKPD, were searched through check list filled by 4 science education experts who were
involved as sample. Data on learning device validation were analyzed descriptively and given qualitative mean by
using guidance conversion qualification as in TABLE 1 below. TABLE 1 conversion guidelines for learning device
validity qualification.
TABLE 1. The Kevalidan Criteria and Learning Devices

No
1
2
3

Value (%)
3,26-4,00
2,51-3,25
1,76-2,50

Quality
Very Valid / Decent
Valid/Layak
Less Valid / Eligible
digunakan

4

0-25

Invalid / Eligible

Information
Can be used without Revision
Can be used with little revision
Can not because it needs revision
Can not be used
(Sugiyono, 2012)

Data on the practicality of instructional tools covering syllabus, RPP, and LKPD, were searched through check list
filled by 2 chemistry teachers on the learning implementation sheet and questionnaire response of teachers and
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learners. Data on the practicality of instructional tools are analyzed descriptively and given qualitative meaning by
using the qualification of conversion guidance as in table.
TABLE 2. Criteria for Practicality of Learning Devices

No
1
2
3
4

Value (%)
3,26-4,00
2,51-3,25
1,76-2,50
0-25

Kualitas
Very Practical
Practical
Less Practical use
Not Practical
(Sugiyono, 2012)
To know the effectiveness of chemistry learning tools that have been designed and developed this. Empirically
tested using the critical thinking skills of learners. Data on critical thinking skills of learners is measured using
prettest and posttest. Then the data analysis in this study using the calculation of normalized average gain skort data
(N-Gain) developed by Hake (1999) with the following formula 5:
˂𝑔 >

𝑆𝑝𝑜𝑠𝑡−𝑆𝑝𝑟𝑒
Smaks−Spre

Keterangan:
˂𝑔 >
Spost
Spre
Smaks
Smaks

= Normalized average gain scores
= The average score of the final test of
the learner
= The average score of the initial test of
the learner
= maximum score
= maximum score
TABLE 3. Gain Score Criteria
Classification of Gain Skore
0,7 ˂ 𝑔 ≤ 1
0,3 ˂ 𝑔 ≤ 0,7
𝑔≤ 0,3

Category
High
Medium
Low
(Hake, 1999)

RESULTS
The result of data analysis of validity of learning device based on VAK by 4 experts of science education showed
that the three components of learning device meet the requirements very valid. This means that all components of
the high school chemistry learning device developed in this study are feasible to be implemented in the classroom
learning process. In detail, the results of validation by 4 experts of science education, for each component are
presented in TABLE 4 below.
TABLE 4 validity of each component of high school chemistry learning device.

No
1
2
3

Learning Device Components
Syllabus
RPP
LKPD

Average Score
3, 5
3, 4
3, 4

Category
Very Valid
Very Valid
Very Valid

Based on the assessment of 4 experts IPA education as presented in table 04, syllabus designed and developed in
this study with VAK-based model was very valid applied in the chemistry learning process. The syllabus component
which includes the relevance of KD to the breadth and depth of teaching materials, the organizing of teaching
materials, learning activities, assessment, time allocation, learning resources. it is very valid with the average score
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of 3, 5. Thus the syllabus can be used as a guide in designing RPP. Assessment of validators of 4 science education
experts on RPP developed in this study, including aspects of the formulation of learning objectives, basic
competencies and indicators of achievement of compotence, systematic organizing of teaching materials, learning
strategies, learning scenarios, language aspects, and time allocation, all included in the category very good with an
average score of 3, 4. This means that the RPP is designed and developed within this research is very feasible to
apply.
The result of questionnaire analysis to LKPD by 4 science education experts, materials, objective task, curiosity
generator, illustration picture and also language aspect show that LKPD is very feasible to be used. In relation to
learning implementation component, the evaluation result shows that high school chemistry teachers assess the
implementation of VAK-based learning apparatus is very good to be implemented in class. Almost all aspects are
executed in real class. The results of all aspects required in the implementation of a learning program have been met
well. The average of the skort is 3.4 with very valid category. High school chemistry teacher's response to VAKbased chemistry learning device was very positive, with a mean score of 3.62.
The high school chemistry learning tool, the chemistry learning tool developed in this study, was empirically tested
using the one-group pretest-posttest design to obtain information about its effectiveness in the learning process.
Empirical test is done by involving 40 high school students of class XI by applying VAK-based chemical learning
model. Efektivnya measured through critical thinking skills. Skills Critical thinking has improved indicating the
average score between pretest and postest, ie from 6.65 to 17.18. Having sought the normalized gain score, obtained
score 0.73 which means the gain score is in the high category.

DISCUSSION
The results discussed include the stages of learning device validation, the practicality level of instructional devices,
and the effectiveness of learning tools.
Some of the factors that lead to the acquisition of highly valid learning tools are as follows; first there is kesesuian
components of learning devices with instrument indicators of the validity of learning devices that have been
declared feasible to use by the validator, so that obtained average validity score of learning devices in the category is
very valid. Second, the fulfillment of the aspects of the measurement of the validity of the learning device is the
validity of the content and the validity of the construct. Fulfilling the validity of the content because during the
development of learning tools has been based on the theories used in the formulation or preparation of learning
tools. While the fulfillment of construct validity means that in the development has been concerned about the
relationship between the components of the learning device in the syllabus. RPP, and LKPD. Third, the development
steps that have been done have been prepared in accordance with the demands of curriculum that existed in the
school that is the 2013 revision curriculum 2016 and already using the model and method, so that the learning
device generated systematically and in accordance with the learning objectives. Fourthly, there is consistency
between the part of the device developed from syllabus, RPP, and LKPD based on VAK. Where the development of
learning tools is started from the development of syllabus that contains learning steps VAK-based on learning
activities. Then on the RPP described learning steps, which is described activity learners and teachers who
implement the VAK syntax. In LKPD according to VAK-based model. Some of these factors cause the learning
devices developed to meet the valid criteria, so it is said both in terms of content and the construct of a successfully
developed learning device meets the expected validity criteria. Practicality of learning tools viewed from three
aspects namely; 1) learning device implementation, 2) teacher and learner response to ease of learning device.
Convenience in the sense that learning tools are arranged easy to understand and easy to implement.
The results showed that VAK-based chemistry learning device has fulfilled the criteria of practicality of learning
device. The acquisition of practical learning tools because it has been done improvements at each meeting, so that
the weaknesses in the learning phase can be resolved.
The acquisition of VAK-based chemistry learning tools is effective in increasing the learning outcomes of learners.
Measured through the skill of critical thinking there has been an increase in the mean score between pretest and
posttest, from 6.65 to 17.18. Having sought the normalized gain score, obtained score 0.73 which means the gain
score is in the high category. It is this factor that causes the developed learning tool is said to be effective. Thus in
general, successful learning tools have been developed to meet the overall quality aspects of learning tools that are
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valid, prktis, and effective, which means the learning tool has been final and ready to be implemented in a wider
scope.

SUMMARY
Based on the results obtained in this study, it can be concluded as follows.
1. The VAK-based chemistry learning tool developed has fulfilled the validity requirement with the average
validity of syllabus 3,5, RPP 3,4 and LKPD 3,4.
2. The VAK-based chemical learning tools developed have fulfilled the practical requirements. This can be seen
from the average score of learning device implementation 3.4, average response of learners 3, 62 and teacher
response 3, 69.
3. The VAK-based chemistry learning tools developed have been successful in optimizing the critical thinking
skills of learners. Test results Critical thinking skills have taken place increase shown the average score
between pretest and posttest, from 6,65 to 17,18. After searching for gain score ternomalisasinya, got score
0,73 which means gain score is in high category.
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Abstract. This research development was intended to produce a physics learning device with guided inquiry model’s use
virtual laboratory on kepler laws, practical, and effective to increase yields of senior high schools. The development of a
learning device use 4D model’s and tried out to XI class of MAN Sumenep student’s with one group pretest-posttest
design. A learning device developed covering syllabus, lesson plans, BAS, LKS and worksheet study results. Parameter
research measured is validity, practicality, and effectiveness learning device. This research conducted validation obtained
through method, observation, tests and survey. The results of the study have been analyzed a sort of descriptive set of
qualitative and quantitative, with the result in terms of: (1) validity of learning device to promote disorder to be
evaluated by looking at: (a) the results of validation of the syllabus, lesson plans, student book (BAS as a continual
reminder), students activity sheets (LKS), and tests of study result of the perfectly valid, (b) BAS reading’s continual
reminder (86 %) and LKS (85,6 %) are easy to understand by students; (2) practicality learning device in terms of: (a)
lesson plans is very good, (b) the student activity category active, (c) problems for learning insurmountable; (3)
effectiveness of in terms of: (a) study results knowledge students competence increase by average N-gain 0,85 with hight
category’s, (b) students positive response (97 %). Based on the results and analysis of data can be concluded that physics
learning device with guided inquiry model’s use laboratory virtual developed being used valid criteria, practical, and
effective used to improve learning outcomes high school students.
Keywords :Learning Device, Guided Inquiry, Virtual Laboratory, Learning Outcome

INTRODUCTION
Physics is one branch of science that underlies the development of technology and the concept of living in harmony
with nature. At the high school level, Physics is considered important to be taught as a separate subject with some
considerations. First, in addition to providing knowledge to students, Physics subjects intended as a vehicle to foster
the ability to think useful for solving problems in everyday life. Second, the subjects of Physics need to be taught for
a more specific purpose of equipping learners of knowledge, understanding and a number of abilities required to
enter higher education and develop science and technology. Physical Learning is conducted in scientific inquiry to
cultivate thinking ability, work and be scientific and communicate as one important aspect of Life Skills.
Physics Learning in schools generally still gets a poor response from students. Students mostly do not like Physics
lessons because Often Physics material is considered a difficult lesson. The results of interviews with physics
teachers in Sumenep, Bangkalan, Surabaya, and Sidoarjo indicate that there are still many students who do not like
Physics lessons because they are considered difficult. The concepts that exist in Physics are also difficult to implant
in the minds of students. This is evident from the results of interviews with one of the physics teachers at MAN
Sumenep, he said that the results of studying physics lessons compared with other subjects. After searching more
deeply it turns out that the low result of student learning influenced by some thing that is student have initial
perception that physics is a difficult lesson, student less motivated to follow study of physics because many concepts
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of physics hard to be observed, and teacher tend to dominate learning (teacher centered learning) so that less space
for students to be active in learning.
A learning activity should be designed an activity for the development of attitudes, knowledge, and skills in various
combinations and emphases 1. In this case the teacher should be able to make a renewal in the learning activities in
school so the students are able to understand the concepts of physics that are considered difficult. Updates can be
done through a learning strategy 2. Teaching strategies needed by teachers, one of which is a rich learning resource
and accompanied by the provision of a more varied source of learning from literature, virtual, and the real
environment. Teachers should not just be master of the subject matter that becomes their field and be master of the
science of learning, but also must be master of the technology by integrating learning materials on technology
through learning models that support students to learn actively. Selection of learning model is very influential on the
success and in learning 3. Learning model that is able to encourage students to think actively and creatively in the
learning process one of them is the inquiry learning model. The inquiry learning model not only develops
intellectual capabilities but all of the potential that exists, including emotional development and skill development.
Using inquiry models effectively and efficiently reduces the teacher's monopoly in mastering the learning process,
and the boredom of students in receiving lessons will be reduced 4. Beside it, the inquiry learning model, is expected
to increase students' understanding of the material being taught and student learning outcomes will also increase.
Most of Physics Learning need a visual medium or supporting tool to facilitate the understanding of the material
especially for material related to natural phenomena. Experiments are one of the common methods used to facilitate
students' understanding, but in reality there are some obstacles such as limited time available, inadequate equipment
and lack of student response to what is being dealt with. Learning with the help of computer-based media is one
alternative choice that can be used to achieve the purpose of learning physics. The computer-based media in
question is a virtual lab. The virtual laboratory is a form of laboratory with observation activities performed using
computer software and looks like real laboratory equipment 5.
Related to the above view, the main purpose of this research is to develop learning tools in guided inquiry model
using virtual laboratory on Kepler's legal materials to improve student learning result. Development of a good
learning tool, will provide benefits for teachers and students. Benefits for teachers and students can be used as an
alternative problem solving in implementing practicum activities and improve student learning result.

EXPERIMENTAL DETAILS
This research is a research development or Research and Development (R & D). Development product in this
research is learning device of guided inkuri model using virtual laboratory to improve learning result. Learning tools
developed include: syllabus, learning implementation plan, student activity sheet, student textbook, student learning
result test. The product development steps use the design of "Four-D Models" learning tool developed by
Thiagarajan which includes define, design, develop, and disseminate stages. Implementation of research using One
Group Pretest-Postest Design design. Subjects in this study is a learning device inkuiri physics model guided using a
virtual laboratory in Kepler Law material to improve learning outcomes tested try to class XI students in MAN
Sumenep with two observers.
Data collection techniques are the conceptual validity of instructional devices, tests, questionnaires, and
observations / observations. Data analysis techniques include:
1.

Learning Device Validity Analysis
After the development learning device is completed, the next step is validation by experts. Scores of
each aspect obtained from all validators will be calculated the average, then interpreted in the form of
scores like:
TABLE 1. Average Score Interval and Average Validation Score Criteria

Average score interval

Average scoring criteria

1,0 – 1,5
1,6 – 2,5

Invalid
Less valid
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Average score interval

Average scoring criteria

2,6 – 3,5
3,6 – 4

Valid
Very Valid
(Adapted from Ratumanan & Laurens, 2006 6)
Calculation of instrument reliability assessment of learning devices using this formula:
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡 = [1 −

2.

A−B
A+B

] x 100%…………………. (1)

Information:
A = Frequency of assessment by a validator that gives a high score
B = Frequency of judgment by a validator that provides a low value
The assessment instrument will be good (reliable) if reliability is obtained ≥ 75% 7.
Practicality Analysis of Learning Device
a. Analysis implementation of learning implementation plan
Scores of each aspect that obtained from all meetings that have been implemented, calculated the
averaged, then interpreted in the form of scores like:
TABLE 2. Category Percentage Score Observation Performance
Average score interval

Average scoring criteria

1,00 – 1,99
2,00 – 2,99
3,00 – 3,49
3,50 – 4,00

Not very good
Not good
Good
Very good
(Adapted from Ratumanan & Laurens, 2006 6)

b.

Student Activity Analysis
Data were analyzed using this formula:
∑𝐾

𝑃 = ∑ × 100% ................................................. (2)
𝑁

Arifin, 2009

Keterangan :
P
= percentage of execution
∑K
= the number of frequencies per activity that appears
∑N
= the sum of all activity frequencies
The result of percentage of student activity observation is described :
1,0 – 2,0 atau 0% - 50%
2,1 – 3,0 atau 50% - <65%
3,1 – 4,0 atau 65% - < 85%
4,1 – 5,0 atau 85% - 100 %

: not very good
: not good
: pretty good
: good
(Adapted Ratumanan dan Laurens, 2006)

c.

Implementation Problems of Learning
Problems of learning implementation are analyzed descriptively qualitative, data obtained by notes
by observers and researchers as well as providing solutions to overcome them.
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3. Analysis of The Effectiveness of Learning Device
Analysis of the effectiveness of instructional tools includes analysis of learning outcomes, and analysis of student
responses.
a. Analysis of Learning Results
From the pretest and posttest result, N-Gain Score analysis was performed. The N-Gain Score shows
the difference in knowledge before and after the learner is calculated using the equation:
(𝑔) =

𝑆𝑝𝑜𝑠𝑡 −𝑆𝑝𝑟𝑒
𝑆𝑚𝑎𝑥 −𝑆𝑝𝑟𝑒

……………………………………. (3)

Kardi, 2002
Information:
(𝑔) = value gain
𝑆𝑝𝑟𝑒 =pretest value
𝑆𝑝𝑜𝑠𝑡 = posttest value
𝑆𝑚𝑎𝑥 = maximum value
Furthermore from the calculation of N-Gain then converted to the criteria according to Hake (1999) is
divided into 3 levels following:
TABLE 3. Normalized Gain Criteria

Skor N-gain
0,70 <N-gain
0,30 <N-gain < 0,70
N-gain < 0,30

Skor Normalized Gain
Tinggi
Medium
Low
Hake, 1999 8

b.

Analysis of Students Response
The completed questionnaire is calculated based on the following formula 9 :
Number of criteria scores = maximum score of each aspect x number of aspects
% Criteria =

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑠𝑐𝑜𝑟𝑒𝑠
𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑠𝑐𝑜𝑟

𝑥 100 % ................ (4)

TABLE 4. Likert Scale Criteria Student Response

Skor
0% - 20%
21% - 40%
41% - 60%
61% - 80%
81% - 100%

Kriteria persepsi
Very less
Kurang
Enough
Good
Very good

RESULTS AND DISCUSSION
Learning Device Validity
The guided inquiry learning guided Inertial Physics device developed by researchers has been reviewed and assessed
by experts before being implemented. Validation result from some validator indicate that average of validation result
to syllabus is 3.58 with valid category, mean of validation result to Learning Plan Execution (RPP) that is 3,67 with
category very valid, mean result of validation of Textbook Student (BAS) is 3.67 with very valid category, the
average of validation result of Student Activity Sheet (LKS) is 3.53 with valid category, the result of validation test
result learn knowledge aspect is 3.50 with valid category, the average result of validation of test result of skill aspect
learning is 3,63 with very valid category, and average result of validation of test result of learning attitude aspect is
3.56 with valid category. While for BAS readability is 92,6% and utuk readability of LKS is 91,7% with easy
category understood by student.
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Practice of Learning Devices
Practicality of learning tools in terms of some aspects of the implementation of RPP, student activities, and
constraints that occur during research.
1) Implementation of RPP
Implementation of RPP at the first meeting until the third meeting can be seen in Figure 1 below.
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FIGURE 1. Stem Diagram Results Observation Imlementation of RPP

Based on FIGURE 1 above, it can be seen that at each phase for every meeting in general has increased
especially in the management of time significantly increased among other categories. Overall implementation of
the learning implementation plan that has been done for three meetings has increased. This means that the
implementation plan of learning can be said to be practical and the researcher is quite successful in applying the
learning tools that have been developed in the actual learning process.
2) Students Activity
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FIGURE 2. Graph Results Observation Student Activity

Based on FIGURE 2 above, it is seen that the activity of class XI IPA 1 students for every meeting in general
has increased but on activity 10 (irrelevant behavior) decreased significantly. Activity 3 (formulating the
hypothesis) has increased significantly among other activities, this is because students who initially had never
know about the hypothesis with applied this research makes students more tau about what is the hypothesis so
that this activity has increased significantly at each meeting.
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3) Problems during the learning process
Every learning process always has constraints or obstacles that affect the success of the expected learning
objectives. The most dominant constraint on learning is the matter of time. Inquiry-based learning takes a
relatively long time this is because students are not yet accustomed to doing learning-based investigation. The
solution proposed for time constraints is to anticipate the learning time by implementing each learning stage in
accordance with the time allocated to RPP by giving students guidance and guidance on the implementation of
each learning activities undertaken by students and keep the focus of students in carrying out their duties by
making the classroom remains conducive .

Effectiveness of Learning Devices
The institutionalized learning tools must meet the effective constituents when used in learning activities. The
effectiveness of instructional tools can be seen from the test data of learning outcomes, and analysis of student
responses to learning.
1) Learning result
Learning outcomes are certain competencies or abilities of either cognitive, affective, or psychomotor achievable or
mastered learners after following the teaching and learning process 10. Learning outcomes can be used as a
benchmark of learning success (santoso, 2007). Knowledge competence is closely related to the ability to think,
including the ability to memorize, understand, apply, analyze, synthesize, and the ability to evaluate (Rusdiana &
Ratnawula, 2015: 58). Based on that, then one way that can be done to determine the ability of students in the
cognitive domain is to do pretest and posttest. Based on permendikbud no 104 2015 students expressed reach
completeness if it reaches a minimum score of 2.67.
Data acquisition of learning outcomes in the knowledge (cognitive) aspects is obtained through the provision of
written tests in the form of multiple choice questions and descriptions (essays). Based on data of learning result can
be seen that at the time of pretest all students got score ≤ 2,67 which mean all student expressed not complete. This
is because students have not received the material related to Kepler's Law so that they feel sincere in answering the
problem, but after the learning process using learning tools that have been developed and done posttest found that all
students achieve score ≥ 2.67. The lowest score generated by 3.14 with the predicate B and the highest score of 4.00
with the predicate A so it can be concluded that all students complete. Based on the pretest and posttest result, the
average value of n-gain is 0.85 with high category. Based on the results obtained from the value of N-gain and the
value of the knowledge aspect shows that a good learning media can improve students' understanding so that the
learning process becomes more effective and efficient. So the use of virtual laboratories in learning can be said to
improve students' knowledge and make the learning process more effective and efficient.
2) Students response
Student response is one indicator of teacher learning success. Good student response indicates that students are
happy to follow the lesson. With the responses of students happy in learning, indirectly students will be enthusiastic
in following the learning that can ultimately increase student knowledge and student learning outcomes will
increase. Student responses to the components of learning activities are obtained through a questionnaire given to
the students.
Based on the questionnaire results, students' responses indicate that 97% of students are happy with KBM. 94% of
students felt new to the ongoing learning. 97% of students feel very happy when practicum using virtual lab. 95% of
students feel happy about the guided inquiry model that teachers apply. As many as 97% of students said easy about
the evaluation of learning. So the average percentage of 97% states that students are interested and feel new to the
delivery of the material model in the Student Handbook (BAS), Student Activity Sheet (LKS), the method of
teaching, the way the teacher teaches, and the stages directed by the teacher in the learning process.
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SUMMARY
The result of data analysis is descriptive quantitative and qualitative that is: (1) Kevalidan instructional device
viewed from: (a) The result of validation to syllabus, lesson plan (RPP), Student Textbook (BAS), Student Activity
Sheet (LKS), and test categorized learning results are very valid, (b) Readability of BAS (86%) and LKS (85.6%)
categorized easily understood by students; (2) The practicality of instructional tools is reviewed from: (a) The
implementation of RPP is categorized very well, (b) Activity of active category students, (c) constraints during
learning can be overcome; (3) The effectiveness is evaluated from: (a) The students' learning achievement of
knowledge competence increases with average N-Gain 0.85 high categorized, (b) Positive student response (97%).
Based on the results of the analysis, discussion, and discussion, it can be concluded that the guided inquiry learning
model device using a virtual laboratory developed feasible use with valid, practical, and effective criteria used to
improve student learning outcomes SMA / MA.
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Abstract. The purpose of this research is to know the improvement of science process skill using guided discovery
learning model in biology learning. This research uses meta-analysis-data in the from of descriptive exploratory
qualitative. The results of this meta-analysis study resulted in the SUMMARY that the use of guided discovery learning
models in learning in various materials gave positive results on the science process skills in terms of observational
quality, quantity measurement, sorting or classifying, summing up, predicting, experimenting, and communicating.

INTRODUCTION
The biology lesson could provides various learning experiences for learners, because in learning biology lesson; the
learners are demanded to be able to think analytically, inductively, and deductively in order to solve the issues
associated with the surrounding natural events. In the process of biology learning, the findings regarding facts,
principles, models, and natural law are not the sole things that being promoted, in fact, the biology lesson also
requires an inventing process. According to Collete & Chiappetta (1994:30) 6, the characteristics of natural science
are (1) a body of knowledge, (2) a way of thinking, and (3) a way to investigating. According to those science
natures/characteristics, thus, the biology lesson in school is expected to become a facility for learners to recognize
themselves and the surrounding environment as well as to successfully implement the lesson in everyday life. The
biology lesson also emphasizes a direct experience on developing the capability of learners, therefore, they would
have competencies in understanding the surrounding environment through the discovering and doing processes, as
the result, it able to assist them to acquire skills and further understanding towards biology science. In that order,
through the activity and experience in the biology learning, the learners should acquire various skills, including the
cognitive (intellectual), manual (psychomotor), and social (attitude). Those skills are the skills that involved in the
science process skills 13.
Discussing in further, National Research Council’s 12 explained that the discovery model characteristic is the
learners that actively involved in hands-on and minds-on. This argument is in line with the statement of Christensen
5
stated that “minds-on an activity is an activity that focuses on the basic concept, which allows the students to
develop their science process skills and encourage them to ask and seek answers that improve their knowledge and
thus they can gain an understanding of the universe in which they live”. The argument of Christensen has a meaning
that the minds-on is the activity that focused on the basic concept that allows the learners to develop their science
process skills and motivate them to ask and seek for answer to improve their knowledge. In order they would
acquire the knowledge about universe in which they live. In this research, the intended “minds-on” is the science
process skills.
As for the research associated with the discovery learning was conducted by Ilmi, et al 7 who explained that the
implementation of guided discovery is able to enhance the science process skills of high school students, while the
research conducted by Kumalasari 8 explained that the discovery learning model is also able to improve the science
process skills and the result of student’s cognitive learning.
The improvement of science process skills by using the guided discovery model in learning has become significant,
this condition would influence their speed in absorbing the learning materials and become more knowledgeable
regarding the materials.
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EXPERIMENTAL DETAILS
The method used in this journal is the meta-analysis method. Meta-analysis method is the statistic technique that
combines two or more similar studies, thus, the variety of data is acquired quantitatively. In this method, the data
recapitulation is conducted without performing experimental manipulation.

RESULTS AND DISSCUSSION
According to Debbye Vitti (2006: 3) who stated that the science process occurs naturally, spontaneously enters our
mind and logically breaks down the steps. With our minds, we able to use the science process to discover the efforts
in order to answer our questions regarding how the world works. The science process is not only useful in science,
but also in any situation requires a critical thinking. The science process skills include observation quality,
measuring quantity, sorting/classifying, concluding, predicting, experimenting, and communicating.
According to J. Longfield (2003), the science process skills are including:
Basic Science Process Skills - in reference to the development stage of 5-11 years old:
a.
b.
c.
d.
e.
f.
g.
h.
i.
j.

Observing, using the sense to acquire information.
Comparing, finding the similarities & differences between objects or events.
Classifying, grouping in accordance with the characteristics.
Measuring, determining dimension (length/square), volume, mass/weight, or the time of object or event by
using measuring tools.
Communicating, using images, writings, or oral language to describe an event, action, or object.
Concluding, creating a report regarding the observation that provides sensible explanation.
Predicting, guessing the result of an event will be based on the observation, and usually based on the past
knowledge regarding the similar event.
Hypothesis, stating the issue that has to be solved as a question.
Planning an investigation, implementing the sensible procedure that can be followed to test the suggestion or
hypothesis - defining and controlling variable.
Data interpretation, formulating or using table, graphic, or diagram to manage and explain information.

Science process skills are the skills conceived in conducting scientific investigation/research. Science Process Skills
are a set of skill that transferred in accordance to the quantity of science discipline that reflects science nature 9.
The discovery learning model as the effort to enhance skills through science process. This model is emphasizing on
the active role of learners in learning process, while teacher only works as a facilitator in supporting the learners to
discover and construct the learned knowledge. The learners are having responsibility to conclude a characteristic
based on the performed simulation 14.
The research of Saragih Sahat (2015) about the materials learning through the utilization of Guided Discovery
Learning is also able to improve the understanding towards concept and think critically which presented in the table
as follows:
TABLE 1. Concept understanding, cognitive learning result, and affective learning result
of learners by using the guided discovery learning model.

`
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Bamiro 4 stated that the utilizations of integrated discovery guidelines and think-pair-share strategy are able to
promote learning through discovery which as a result able to be directed towards the development of higher
cognitive quality that basically able to improve the problem-solving skills of students.

(Source: Arifiana Nur Kholifah, et al. Bio-pedagogic, vol. 4, no.1, 2015, page 12-18)
The results of data analysis above that compares the guided discovery learning model with conventional model have
indicated that the utilization of guided discovery learning model is more prominent and can be use as a consideration
in biology learning. The research of Khasnis et al (2011) presented that the learning results from the utilization of
guided discovery model are higher than the conventional method, and the guided discovery model is also able to
develop the creative-thinking of students . Alex et al 2 concluded that there are significant differences between the
mathematics learning results which stimulated by guided discovery method and the one with conventional learning
process.
Discussing in further, Mirasi et al 11 explained that the average of learning results from the utilization of guided
discovery model is higher than the average of learning results from the other learning methods. Teaching and
learning activities by using the guided discovery learning are demanding the teacher to be more creative in creating
situations that able to induce the learners to actively find their own knowledge. By applying the guided discovery
learning, the teacher acts as a guidance who provides the opportunity for students to learn in active manner, as the
opinion in which the teacher should be able to guide and direct the learning activity of students according to the
objectives.
Sinulingga Kara (2015:2) concluded that the implementation of guided discovery learning is aimed to seek for any
differences between Science Process Skills and cognitive ability of students in controlled class. The research is
conducted in three meetings for both classes to discover Science Process Skills and physics cognitive ability of
students. The results of Science Process Skills of each meeting are presented conclusively in the figure below.

581
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference 2018

According to the research results, it is acquired that the average value of students’ science process skills in the
experiment class is 69.26 while the value in controlled class is 47.72. Aktamis 1 argued that through the science
process skills; students’ achievement and scientific creativity are able to be improved in comparison to the teachercentered method.

SUMMARY
According to the discussion results, it can be concluded that the utilization of guided discovery learning can be used
as an alternative in improving science process skills. It has been proved that the utilization of guided discovery
learning is able to improve the science process skills, concept understanding, and learning results. Not only in
cognitive learning results, but the students’ independence attitude in learning, their interests, and motivations are
also increasing.
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Abstract. This study aims to determine the effect of Project Based Learning Model on Metacognitive Skills of students in
Chemistry Learning. This research used meta-analysis method. Meta –analysis is a study of a number of research result in
similar problems . The unit analysis in this study are the written documents in the form of national journal article,
international journal article, and research reports taken purposively based on their suitability with the research theme.
Meta-analysis is performed based on the following aspects: 1) Research Objectives; 2) Research Design; 3)
Population/Sample; 4) Methods or Techniques of Data Collection; 5) Data Analysis Technique; and 6) Components of
Metacognition. Project Based Learning (PJBL) steps are : 1). Define fundamental questions; 2) Designing Project
Planning; 3) Prepare the Project Implementation Schedule; 4) Monitoring; 5) Testing of Project Results; 6) Evaluation of
Experience. Metacognitive Knowledge include: 1) Declarative Knowledge; 2) Conditional Knowledge; and 3) Procedural
Knowledge. Metacognitive Skills include: 1) Planning; 2) Monitoring; and 3) Evaluation.The Data analysis used was
quantitative data with the percentage and qualitative data analysis for data of result of a narrative study to research that
found. The results of the analysis show that the Project Based Learning Model can improve the meta-cognition skill of
students in learning chemistry.

INTRODUCTION
Learning paradigm of the 21st Century emphasizes the ability of students in seeking information from various
sources, formulating problems, analytical thinking, cooperation, and collaboration. 1 Learning 21st century has the
following framework: a) citical thinking and problem solving; b) creativity and innovation; c) communication; d)
collaboration; e) contextual learning skills independently; f) literacy skills. 2 The achievement of 21 century skills
can be done by improving the quality of learning, helping students improve and develop participation, encourage
cooperation and communication, cultivate creative thinking skills so that student-centered learning with teacher
guidance and supervision.3 Learning Science (Chemistry, Physics and Biology) in Indonesia should be able to
develop high order thinking skills, including critical thinking, creative thinking, metacognitive and process skills. 4
So it is necessary to consider a stratedy or learning model that can develop higher order thinking skills.
Project Based Learning (PjBL) is a learning model oriented to a constructivist theoritical framework. PjBL is a
learning methode that uses project/activities as a medium. Learners do exploration, assessment, interpretation,
synthesis, and information to produce various forms of learning outcomes. 5 PjBL is a learning activity that enables
students to work in teams, finding skills in planning, organizing, negotiating, being responsible for assigned tasks,
learning to gather information and communicating them scientifically can improve problem solving skills, enhance
creativity, innovation, teamwork and communication skills te good one. 6
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Project Based Learning (PjBL) is one of the learning models that can support student’s metacognitive skills.7
Metacognitive is needed to succeed PjBL learning.8 Metacognition is often defined using descriptions such as
thinking about thinking9 , knowledge and regulation of ones’s own cognitive system 10 , and the capacity to reflect
upon one’s actions and thoughts 11 . Metacognition and high-order thinking skills (HOTS) are the basic potentials
that need to be developed in student.12 Students who have high metacognition awareness will succeed in learning.
Metacognition is an important factor in the learning process because metacognition has a positive relationship with
the success of student learning. This means the higher the metacognition awareness the better the student's learning
outcomes.13 When associated with the learning process, metacognitive ability is the ability of students to control
their learning process, starting from the planning stage, selecting appropriate strategies to solve problems,
monitoring progress in learning, correcting mistakes that occur during understanding the concept, and analyzing the
effectiveness of selected strategies.14
Metacognition is generally thought to be a key to deeper, more durable, and more transferable learning. It is
important for chemical educators to understand for at least two reason: awareness of one’s own thought is important
for developing and understanding of ideas 15-17, and awareness and control of thinking have been shown to have a
significant impact on problem solving9-15.

EXPERIMENTAL DETAILS
This research used meta-analysis method. Meta-analysis is a study of a number of research result in similar
problems. The unit analysis in this study are the written documents in the form of national journal article,
international journal article, and research reports taken purposively based on their suitability with the research
theme. The population in this study is an article in an online research journal published on the Application of
Project-Based Learning in Chemical Learning.

RESULT AND DISCUSSION
Meta-Analysis Based on Research Objectives
The objectives of Project Based Learning (PjBL)’s researchs in Chemistry Learning are as follows : test of impact or
influence of PjBL, developing Learning Tools, developing Metacognitive Instrumen, Corelation, Comparison, and
Describe. Based on a study of 50 research articles, the following data are presented in TABLE 1.
TABLE 1. Objectives in Project Based Learning Research
No

Research Objectives

1
2
3
4
5
6

Test of impact or influence of PjBL
Developing Learning Tools
Developing Metacognitive Instrumens
Corelation
Comparision
Determine Metacognitive Levels
Total

Frequency

Percentage (%)

18
10
5
7
4
6
50

36
20
10
14
8
12
100

Meta-Analysis Based On Research Design
The studies on Project Based Learning (PjBL) uses several research designs, including: Experimental, Quasi
Eksperimen, Research and Development, Descriptive Correlational, Comparative, Survey, and Action Research.
Based on a study of 50 research articles, the following data are presented in TABLE 2.
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TABLE 2. Research Design in Project Based Learning Research

N
o
1
2
3
4
5
6

Research Designs

Frequency

Percentage

15
15
5
4
7
4
50

30
30
10
8
14
8
100

Experiment/ Quasi Experiment
R and D
Survey
Action Research
Descriptive correlational
Comparative
Total

Meta-Analysis Based On Population/ Sample
The population or sample used in the Project Based Learning study or the subject research are students at Primary
Schools, Junior High Schools, Senior High Schools, College students and Teachers. Based on a study of 50 research
articles, the following data are presented in TABLE 3.
TABLE 3. Population/ Sample in Project Based Learning Research
No

1
2
3
4
5

Population/ Sample

Frequency

Primary School
Junior High School
Senior High School
College Student
Teachers
Total

Percentage (%)

3
10
22
10
5
50

6
20
44
20
10
100

Meta-Analysis Based On Methods / Data Collection Technique
Methods/ Techniques of Data Collection used in Project Based Learning Research consist of: test method,
observation, questionnaire /MAI, and Interview. Based on a study of 50 research articles, the following data are
presented in TABLE 4.
TABLE 4. Methods/Data Collectin Technique in Project Based Learning Research
No

1
2
3
4
5

Methods/ Data Collection Technique

Test
Observation
Questionnaire (MCA-I)/ MAI
Questionnaire
Interview

Frequency

Percentage (%)

10
8
13
12
7

20
16
26
24
14
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Meta-Analysis Based On Data Analysis Technique
Data analysis technique used in research on Project Based Learning, such as
TABLE 5. Data AnalysisTechnique in Project Based Learning Research
No

1
2
3
4
5

Data Analysis Technique

Frequency

ANAVA
Uji-t
Descriptive Quantitatif
Descriptive Qualitatif
ANACOVA

Percentage (%)

9
15
9
9
8

18
30
18
18
16

SUMMARY
Based on the studies that have been conducted on research articles on the Application of Project Based Learning
Model in Chemical Learning, it can be concluded that PjBL model can improve students’ metacognitive skills and
high-order thinking skill (HOTS).
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Abstract. Biology learning as a science refers to three aspects: processes, products, and attitudes. Learning by utilizing
environment as a learning resource will make the learning process more meaningful. Learners are faced directly to an
actual or natural situation, where they learn things real and factually. The application of the outdoor learning model
emphasizes direct experience to develop ability of learners so that they have competence in understanding natural
surroundings through process of finding out and performing. Thus helping them to acquire deeper skills and
understanding of biological sciences, the cognitive and the affective component will be achievement. The results of this
meta-analysis study resulted the application of outdoor learning model in various learning subjects gave positive results to
learning outcomes, conceptual understanding, activities and also the motivation of the students to learn, and be able to
improve the ability of learners to write scientific papers.
Keywords : Biology Learning, Learning outcomes, Outdoor Learning

INTRODUCTION
Learning is a system consisting of many components. The main components are learners who are domiciled as
subjects of learning and teachers as facilitators of learning. This is in accordance with learning process in the 2013
curriculum for all levels implemented by using a scientific approach that is a learning approach centered on learners.
In addition to these two things, there are still many other components such as materials, learning methods and
learning resources, facilities and infrastructure. Learning by utilizing natural-environment as a learning resource will
make the learning process more meaningful. Learners are faced directly on the actual or natural situation. Learners
learn something more real and more factual. The majority of teachers always conduct learning activities in
classrooms and in accordance to schedule of learning that has been set. With learning outside classroom, learners
will gain meaningful and memorable experience so that learning is more conveyed (Widiasworo, 2017; 20)
In one hand, learning outside classrooms using natural-environment around the school is rarely done because it is
related to the difficulty of managing the lesson that troubles teachers. Furthermore, in the implementation, it needs
more detailed time management in accordance with the allocation of learning time. On the other hand, many
advantages can be obtained by utilizing natural-environment around the school as a source of learning. It allows
students to learn natural phenomena directly based on their own observations so that the learning process is more
meaningful (Ramadhani, 2016).
Biology learning more emphasis on direct experience to develop learners' abilities to master the competence in
understanding natural world through process of finding out and doing so that it can help them acquire deeper skills
and understanding of biological sciences.
With the enactment of the 2013 curriculum, teachers must be able to contextualize learning with the real world.
Learners should get a real picture of what they have learned in school with what they see in everyday life. Learning
model of outdoor learning emphasizes learning process with the subject matter directly, making it more memorable
and meaningful. The results of Wulan Suci Ramadhani’s research (2016) showed that learning by outdoor learning
method can facilitate students to acquire a concept, improve students' responses and activities and improve learning
result completeness, with percentage of 81.3% on plant classification materials.
To use the environment as a learning resource, Hendriani (2010) revealed several stages that teacher should
do, among others :

588
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference
1.

2.
3.

Preparatory phase
In the preparatory phase, teachers must first prepare the goals to be achieved and find a concept to be
implanted. Then, teachers need to pass survey on places to be used as learning site and create worksheets that
are used to achieve the goal. After the required worksheet or instrument is completed, teachers need to prepare
necessary tools and materials or other facilities.
Implementation phase
At the time of execution, teachers guide students to do activities according to the worksheets
Post-activity phase
Upon returning from the place of learning, students should make a report of what they have done and how the
outcome.

According Sumarmi (2012) outdoor learning has power to test hypothesis by empirical method. There are several
advantages of outdoor learning, namely: (1) improving students' learning capacity, (2) revealing facts and obtaining
data in the field, (3) encouraging student learning motivation, (4) developing social-physical skills, and (5) being a
meaningful activity. Outdoor learning method in addition to having advantages there are also shortcomings. One of
the drawbacks of outdoor learning methods is that teachers find many difficulties in organizing / managing learning
in field. It also sometimes requires travel expenses.

EXPERIMENTAL DETAILS
The method used in this paper is the meta-analysis method. Meta-analysis method is a statistical technique that
combines two or more similar research to obtain a quantitative data alloy. In this method, data recapitulation is done
without experimental manipulation.

RESULTS AND DISCUSSION
Biology learning ideally suits its essence as science, which is at least referring to three things: processes, products,
and attitudes. Biology learning ideally enables learners to undertake a series of science process skills ranging from
observing, grouping / classifying, questioning, summarizing, controlling variables, formulating problems, making
hypotheses and designing investigations. After conducting a series of science process skills, learners will construct
biological material concepts. During a series of scientific processes is being conducted, it is expected that learners
will develop scientific attitudes such as: honest, objective, meticulous, respect for others, discipline, etc. (Suciati,
2015).
To achieve ideal biology learning, we should strive to present learning activities referring to the three things. Much
can be done to achieve this, one of them by utilizing the environment around the school for learning (outdoor
learning). Outdoor learning is a learning activity outside classroom that can add to aspect of fun and also grow sense
of love to natural-environment. By observing independently, students will know the beauty of nature as well as ways
to maintain and preserve the environment. More than that, they will realize spiritual values of the universe creation
by God Almighty (Widiasworo, 2017).
Research from Okky Irmina Safitri et al (2014) on implementation of Outdoor Learning on plant classification
materials that can increase student activity and learning outcomes is presented in the following table:

TABLE 1. Score activity students in OLP using a classification board
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TABLE 2. Results of students learning

Application of learning strategy of outdoor learning improves student activity during learning. This is because
outdoor learning provides a pleasant atmosphere so that students are happier to follow learning activities. The
strategy provides an opportunity for communication and interactions to students with their peers and teachers, so
that students more easily understand the subject matter. Because Outdoor learning implements learning by doing
techniques that give students opportunity to conduct and practice their own observational experiences (Paisley et al,
2008: Puspawati, 2009; Safitri et al, 2014), students can find concepts and develop their ideas in form of group work
and scientific activities which is expected to be achieved. This is in line with Wulan Suci Ramadhani (2016) that in
her research on the application of learning outdoor, learning through use of school parks as a source of learning
materials in plant classification can increase student activity and learning outcomes. Students are very active in
observing plants in open nature around the school. Students are motivated to learn because using the open nature as
a classroom can increase student's sense of pleasure. Utilization of school garden as a learning resource can facilitate
students' understanding on plant classification materials.
In Tri Hastutiningsih et al (2016) research on development of outdoor learning guides containing environmental
characters on ecological lesson, it is proved that outdoor learning is able to instill environmental caring character in
students and effectively improve student learning outcomes.
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FIGURE 1 and FIGURE 2 above show that teachers and students are enthusiastic on outdoor learning. Outdoor
learning can educate students, encourage them to master subjects, and improve achievement.

The results of Tri Hastutiningsih et al show that outdoor learning is one alternative in biology learning that is
accordance with scientific spirit to find out and develop students' skills. Through outdoor learning, various student
potentials get more opportunity to develop more optimally because there is a real interaction. Moreover, students are
more concerned on the environment.
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Outdoor learning in addition to improving student learning outcomes can also improve students' writing skills. This
has been proven by Sumarmi et al (2016) in her research on the influence of outdoor learning method on the ability
of students to write geography scientific papers. With outdoor study students can (1) observe directly the object of
geography, (2) get inspired to pour ideas to be written, (3) observe, interview, and document everything in field that
make them more understand on writing. Direct observation gives the most intact and meaningful impression of
information and ideas. The use of outdoor studies makes students more active in learning so that their understanding
is better to write scientific papers. Further, it makes them more actively discuss and do questions and answers
towards a better understanding.

SUMMARY
Based on the results of the discussion, it can be concluded that outdoor learning can be used as an alternative to
improving the understanding of concepts in biology learning. It is proven that the use of outdoor learning models in
learning increases activity, motivation, scientific attitude, caring for the environment and student learning outcomes.
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Abstract. This study aims to solve practical, contextual and actual problems related to the development of the instrument
of student attitude instruments in statistics learning. The population as the test instrument in this study is all students of
Semester IV of Islamic Education Management, Faculty Tarbiyah and Teaching Sciences, State Islamic of Gorontalo.
The technique sampling conducted in this research is random sampling with 111 students as the sample. The data
collection is a questionnaire of student’s attitude based on the dimensions, indicators and items of statements assessed by
using Likert scale with 6 choices of answers. Technic of data analysis is the factor analysis by using the exploratory
factor analysis (EFA) which is appropriated with the number of factors which is theoretically estimated. The finding
shows that the development of student attitude in statistics learning has fulfilled the process of the development of
instrument by noticing technical aspect and its substances. These findings become relevant for statistical lecturers to cope
with low student attitudes in statistics learning. A positive attitude allows students to develop statistical thinking skills,
apply the knowledge gained in everyday life, and have a pleasant experience.

INTRODUCTION
Statistics is urgently needed in higher education level in every country, because this skill is really needed by the
students in their work. The challenge faced by lecturer is there are many students that consider this lecture as a very
difficult, complex, and scary thing. May be this presumption is based on the material in this class which is
dominated by counting. Even, mastering the counting will not be that hard if we are keeping practice.
Students’ understanding is broadly consisted of feeling conviction and tendency response in positive and negative.
Attitude is broadly consists of the trust about feeling and the behavior of tendency to the directed object 1. Attitude in
here is defined as an attitude combination of students to the use of statistics in their major and the attitude of
students when learn about statistics2,3. Therefore, the attitude is more directed on the tendency of the response in
positive or negative form. So, the attitude is more directed to the tendency of response in positive or negative form.
The Characteristic of students which is positive attitude in statistics learning showed by their ability in developing
thinking skill in the daily life, and their longing to learn advanced statistics in the future4. The Characteristics from
the students who have negative attitude can be identified by their absence in the class. Suggest that lecturer should
play a role in handling two groups of students who have different attitude 5,6.
Students who have negative attitudes may create problems in effective learning. Negative attitudes are widely
perceived and tend to degrade students' academic performance in statistics learning, preventing them from acquiring
statistical thinking skills, and having confidence in solving statistical problems in the real world 7. Studies by
Karmawati stated that some students admitted that he did not feel sad even though their test scores were bad, and
they were not trying to improve their ability in order to get better grades8. It shows that the student does not have a
high interest in statistics learning.
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Although students participate in the classroom, it does not guarantee that students will understand and use statistics
to think practically. In achieving the ability to apply Statistics well, good value is also not enough. Students who are
able to apply statistics are they who understand the importance of statistics in their personal and professional life,
and they believe they can understand and use statistics well9.
In their research, Judi, et al., (2011) found that the lecturer of statistics usually face big challenge when they are with
students in the class. That big challenge is the students are not quite interesting with the subject. The students show
the negative attitude and uninterested behavior such as feeling tired in the class, they cannot appreciate the benefits
of statistics, they cannot be focus in the class, and also they bother their friends 10. This kind of attitude is very
important because it influences a whole learning process in the class. The positive attitude helps students to develop
statistical thinking skill in implementing the knowledge in their daily life and in having a nice experience.
Some researches had been done related to the assessment of students’ attitude in statistics learning. Schau (2003)
introduced an instrument called as Survey of Attitude towards Statistics (SATS). This instrument is used to measure
six attitude components which consist of influence, cognitive ability, difficulty value, interest and effort 11.
Onwuegbuzie (2003) said that from two-thirds for four-fifth students feel anxious about statistics and the
methodological research method. Of course this assumption needs further research12. By creating an instrument to
measure statistical worry in the Rusian sample, the researcher adapts the instrument of Schau (2003) about Survey of
Attitude towards Statistics (SATS)13. This survey conducted by Nolan, et. al (2012) said that the number of surveys
had been done in purpose to measure the students’ attitude in statistics learning, but the validity comparison and the
reliability only based on the interpretation of the value that they need 14. Unfried, et. al (2015) suggest the use of
those four factors to measure students’ attitude in 21 th century15.
In Indonesia, the study conducted by Margono (2014) develop the attitude measurement instrument of statistics on
students at the Research and education evaluation program, post graduate program in a State University by using the
semantic differential scale16. Herlina (2016) did a research about the comparison of learning achievement observed
by interest and GPA on statistics lecturing17.
Various researches above show that many researcher are interested in assessing and valuing the attitude of students
in predicting academic works in statistics learning and it helps to observe the resulted attitudes from that learning
practice. Meanwhile, the people who want to develop the attitude instrument are so tiny in numbers. Whereas, the
presence of valid and reliable instrument to measure students’ attitude in statistic learning is absolutely needed to fix
the negative perspectives which consider this lecture as the difficult one and it is really scared to be studied. Of
course this assumption needs further research, to prove the existence of the developed instrument validity and after
that it empirically shows the measurement results. The analysis which can be used in this research is exploratory
(exploratory factor analysis, EFA) and (confirmatory factor analysis, CFA) until it gets suitable model18. Then, it is
really needed to estimate the construct reliability that shows the reliable instrument.

EXPERIMENTAL DETAILS
This study is a development research that aims to solve practical, contextual and actual problems related to the
development of the instrument of attitude assessment and student interest in statistics learning. The development
procedure used is procedural development because it is a descriptive reserach, which outlines the steps that must be
followed in producing the product. The development procedure of this instrument refers to the development of nontest instrument proposed by Mardapi with the following steps: a) Developing dimensions and indicators of research
variables; b) Making the outlines of the instrument; c) Setting magnitudes or parameters; f) Writing items of
instruments that may take the form of questions or statements; e) Expert validation stage; g) Revisions or
improvements based on expert’s advice; h) copying the instrument limited experiment’s needs; i) Testing of
instruments in the field is a part of the empirical process; j) Determining the validity and reliability of the
instrument; 10) Assembling the valid instrument items for final instrument 19.
Population in this research is all students of Semester IV of Islamic Education Management Faculty Tarbiyah and
Teaching Sciences, State Islamic academic year 2016/2017. The technique sampling conducted in this research is
random sampling which consist of 111 students as the instrument research subject.
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The instrument used to measure attitudes and students’ interest in the statistics learning at this study is a
questionnaire of attitudes and students’ interest based on dimensions, indicators and items of statements assessed by
using Likert scale with 6 choices of answers for a positive and negative statement.
Technic of data analysis is the analysis factor by using exploratory factor analysis (EFA) which appropriates with
the number of estimated factors. The Analysis was conducted through the following steps: 1). Correlation matrix
which is generalized for all items (as variable) and form correlation coefficient order by each other. That coefficient
correlation geometrically is the cosines function. In this matrix, it is required some items as follows: (a) KaiserMayer-Olkin Measures of Sampling Adequacy (KMO MSA) is an index which compares coefficient correlation. (b)
Barlett Test of sphericity (X2), is an independent level of test from variables. (c) Anti Image Correlation (AIC) with
criteria measures of sampling adequacy (MSA) > 0.5; 2) using Principal Component Analysis (PCA) approach, it is
extracted from correlation matrix results factor with some criteria as follow: (a) Communalities as joint variant
factor; (b) Scree plot is a diagram which show how big the tendency of Eigenvalues degradation, and it is used to
subjectively determine the used factor: 3) after that, the factor is rotated by maximizing the relation among variables
with some literacies. Varimax method is selected in purpose to rotate the initial factor, so in the end there is a
rotation result in which one column of available values as much as possible approaches the value column as close to
zero as possible. The statement item will be aborted when the rotation on the factor load <0.5 or the largest load is in
two simultaneous factors (they measure more than one theoretical dimension); 4) Giving the name of the factors that
formed.

RESULTS AND DISCUSSION
As the purpose of this research, in developing the attitude instrument and students; the interest in statistic learning,
so this instrument is experimented to 111 students to examine the attitude instrument which consists of 32 items of
attitude instrument with 21 positive questions and 11 negative items. The 32 items of attitude instrument are the
combination of five attitude dimensions by Sax (1980), those are: characteristics of behavior are aim, intensity,
vastness, consistency, spontaneity20.
The factor analysis as the research requirement test analysis by using Kaiser Meyer Olkin Measure of Sampling
Adequacy (KMO MSA) and Bartlett Test of Sphericity is managed by the help of SPSS for Windows Version 24
software. At the first step of factor analysis for the attitude instrument is obtained the 32×32 correlation matrix as
the computation result which is used as reference with factor analysis result about the sample adequacy which shows
Chi-square values at Bartlett’s Test of Sphericity which has value 3138,916 with freedom degree 496 and probability
value p 0,0001. This result shows that the sample consists of 111 students. The sample used has been enough or
qualified to be much more analyzed, and it was also empowered by using aiser Meyer Olkin Measure of Sampling
Adequacy (KMO MSA) as much 0,925 which was bigger than 0,5, so it can be concluded that the result was so
great, because the correlation matrix formed was not an identity matrix. The complete result can be seen at the
TABLE 1 below:
TABLE 1. Output KMO and Bartlett's Test For 32 Item

Kaiser-Meyer-Olkin Measure of Sampling Adequacy
Bartlett's Test of Sphericity
Approx. Chi-Square
Df
Sig.

.925
3138.916
496
.000

Based on the output Anti Image Matrices which was involved on Anti-image Correlation (AIC) along the main
diagonal with sign ‘a’ showed from 32 items there was 1 item which had low correlation under 0,5,, that was on
item 25 which only 0,319, the rest had high correlation above 0,5. The item which has MSA value < 0,5, it was
supposed to be excluded and the test was retook because the purpose of the factor analysis was to get the dominant
factors. Therefore, from the output Anti Image Matrices, item 25 was excluded from the test and the process of test
had been retaken from the beginning and it became 31 items to be involved. At the step of factor analysis
furthermore had obtained 31×31 correlation matrix as the computation result which was used to show the Chi-square
value at Bartlett’s Test of Sphericity as much 3116,024 with the freedom degree 465 and the probability value p
0,0001. This result showed that the sample consists of 111 students. The sample used has been enough or qualified
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to be much more analyzed, and it was also empowered by using aiser Meyer Olkin Measure of Sampling Adequacy
(KMO MSA) as much 0,930 which was bigger than 0,5, So it can be concluded that the result was so great, because
the correlation matrix formed was not an identity matrix. The complete result can be seen at the TABLE 2 below:
TABLE 2. Output KMO and Bartlett's Test For 31 Item

Kaiser-Meyer-Olkin Measure of Sampling Adequacy
Bartlett's Test of Sphericity
Approx. Chi-Square
Df
Sig.

.930
3116.024

465
.000

Based on the output Anti Image Matrices at the anti-image correlation (AIC) column shows that there is no
correlation value under 0,50, therefore the process is continued with factoring by using Principal Component
Analysis (PCA) exploratory method at the output communalities for item 1 as much 0,851. This means that 85,1%
variance of item 1 can be explained by the formed factor. The item which has the biggest variance is item 17 as
much 98,6% and the item which has the smallest variance that is item 10 as much 63,5%.
The determination of the number of factors which is decided to represent the variables which will be analyzed based
on the eigenvalue and also the value of the variance’s total percentage. If a variable has eigenvalue which is ≥ 1, it
is considered as a factor. At the output total variance explained, with 31 items which are included to the factor
analysis, it is obtained the eigenvalues >1 which consists of 5 factors. Based on the cumulative percentage, it can be
explained that the variance from five factors, that is the first factor with the variance as much 65,77%, the second
factor with the variance as much 5,73%, the third factor with the variance as much 4,11%, the fourth factor with the
variance as much 3,40% and the fifth factor with the variance as much 3,24%. Therefore, from the 5 factors, there is
82,28% of variance which can be explained. This thing is also shown by the scree plot in the graphic which
describes the relation between the factor and eigenvalue. The axis Y shows the eigenvalues, and the axis X shows
the number of factor. From the first, the second, the third, the fourth, and the fifth, the direction of the line is shortly
declined. After that, it is under the number 1 from Y axis eigenvalues, as shown in FIGURE 1 below:

(a) Scree Plot instrument of attitude For 32 Item

(b) Scree Plot instrument of attitude For 31 Item

FIGURE 1. Scree Plot instrument of attitude

It is concluded that the number of factors in measuring the attitude of students to the statistics is 5 factors as the
number of dimension or indicator which can be theoretically estimated. This thing shows that the developed
instrument in measuring the attitude of students through the statistics is a valid reviewed from unidimensionally
construct validity.
Then, the matrix factor, the factor is transformed into the simpler matrix to make easy the interpretation. The factor
rotation which uses the varimax procedure, it obtained the output Rotation Component Matrix with the rotation
converged in 6 iterations, it can be seen from the covered components at every factor. The coefficient of factor
which has absolute value > 0,5 shows the high relation between factor and component. Those components are: at the
factor 1 joined the item 6,7,8,9,10, 25, 26, 27, 28, 29 and item 30, at factor 2 joined item 1,2,3,4, and item 5, at the
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factor 3 joined the item 15,16, 17, 18, 19, and item 20, at factor 4 joined the item 21, 22, 23, 24 and item 31,
meanwhile at factor 5 joined item 11, 12, 13, and item 14.
Based on the factor analysis result, it can be concluded that 31 items are analyzed in the grouping into 5 factors.
Those all five factors can explain 82,28%% from the variability of 31 items which are analyzed. After the
component from each factor is formed, furthermore it is given the name based on the theory assumed by Sax that the
attitude dimension consists of the dimensions as follow: characteristics of behavior are aim, intensity, vastness,
consistency, spontaneity. Then, the naming of factor content at the item can be seen in the TABLE 3 below:
TABLE 3. The naming of factor and factor distribution at the item
Factor
Factor’s Name

1
2
3
4
5

Item Distribution

Intensity
Characteristics of behaviour are aim
Spontaneity
Vastness
Consistency

6,7,8,9,10, 25, 26, 27, 28, 29, 30
1, 2, 3, 4, 5
15,16, 17, 18, 19, 20
21, 22, 23, 24, 31
11, 12, 13,14

The factor distribution at the item can be seen in the appearance of the component plot in the rotated space which is
the result of factor rotation as shown at the FIGURE 2 below:

FIGURE 2. Component Plot in Rotated Space.

Taking a close look of output factor transformation matrix, it is obtained the absolute value which is located in the
main diagonal as > 0,5 that is between component 1and component 2 as much 0,909,between component 2 and
component 3 as much 0,831, between component 3 and component 4 as much 0,894, between component 4 and
component 5 as much 0,891 and between component 5 and component 2 as much 0,863. This thing shows that those
all five formed factors have high correlation, it can be seen at TABLE 4 below:

TABLE 4. Component Transformation Matrix
Component
1

1
2
3
4
5

.909
-.147
-.151
.014
-.360

2

3

4

5

.347
-.218
.227
-.190
.863

.145
.831
-.349
-.376
.160

.111
.326
.894
-.167
-.234

.142
.367
.071
.891
.213

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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The data above describe the factor value which explains the indicator variance. It is noticed that every indicator
always has a positive value. This thing gives the information about the good correlation among all indicators. In the
other words, the positive value does not create the confusion among indicators. Based on the exploratory factor
analysis, it can be concluded that the developed instrument is valid to measure the attitude of students in the
statistics learning and it is empirically proved. It is obtained the valid instrument of the items to be made as a final
instrument in measuring the attitude of students which consists of 31 items with the reliability coefficient as served
at TABLE 5 as follow:
TABLE 5. Reliability Coefficient

Experiment

Reliability Coefficient
0,957
0,985

First
Second

Based on the summary table of the reliability coefficient at the first test and the second test to the attitude
instrument, which makes the increase of reliability coefficient to the first test as much 0,957 and the second test as
much 0,985. If it is compared by using the alpha testing criteria > 0,7, so the instrument is approved as a reliable
instrument. The result which is showed by the reliability value for the attitude instrument at the first test or the
second test is very competent so the developed attitude instrument can be used as the measuring tool to measure the
attitude of students in the statistics learning.
These findings become relevant for statistical lecturers to cope with low student attitudes in statistics learning. A
positive attitude allows students to develop statistical thinking skills, apply the knowledge gained in everyday life,
and have a pleasant experience. On the other hand, negative attitudes make them feel tired to learn, unable to
appreciate the benefits of Statistics, unable to focus in the classroom, tend to interfere during class and often absent
in class. The instrument assessment of student attitudes which is developed can be used as a reference to assess
attitudes of students in other subjects that have been rarely lecturers do so in accordance with the assessment
process. The developers or researchers may conduct assessments and assessments on other dimensions and
indicators of attitudes in addition to this product.

SUMMARY
The development of student attitudes instruments to study Statistics in the Islamic Education Management has
fulfilled the process of developing the instrument by noticing the technical and substantive aspects. It can be
concluded that 31 items are analysed in the grouping into 5 factors. Those all five factors can explain 82,28%%
from the variability of 31 items which are analysed and it is named based on the theory assumed by Sax that the
attitude dimension consists of the dimensions: characteristics of behaviour are aim, intensity, vastness, consistency,
spontaneity. So the resulted instrument can be used to measure and assess the students’ attitudes in the Statistics
learning.
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Abstract. The purpose of the research to know the implementation of remedial learning at high school level in terms of
the type of school. This research is a survey research with qualitative descriptive approach. The research was conducted in
SMA, MA and Islamic boarding schools based on school. Type of School includes; A high school as a public school, high
school B as a school under the Ministry of Religious and High School C as an integrated Islamic boarding school based on
school. The sample of the research was Obtained by the sample population technique consisting of the XI biology teacher
in each school. The research instrument uses an observation note sheet, a remedial learning questionnaire questionnaire
and an interview guide. Analysis of observation and interviews of data using qualitative descriptive analysis.
Documentation Data is Analyzed using learning tools such as Learning Implementation Plan (RPP) used by teachers. The
results of this study are as follows: (1) The three types of SMA have been implementing remedial learning (2) Each type
of school in the implementation of remedial learning is not in accordance with technical guidance from the Directorate of
High School Development 2010 (3) there is a difference in the timing of the implementation of remedial, high school A is
held in the lesson, in high school B with the assignment and SMA C outside the lesson (4) After the remedial learning is
done there is an Increase of learning outcomes of learners both in Senior A, Senior B and SMA C.
Keywords: remedial learning, remedial learning implementation, type of school, learning outcomes

INTRODUCTION
Learning thoroughly in the process of competency-based learning requires learners thoroughly mastered the basic
competencies of the entire certain subjects. Complete learning is learning by using the principles of completeness
individually. Learning remedial essentially part of the overall learning, to achieve the educational goals that have
been set. In practice, not all students achieve mastery in learning, meaning that there are students who do not reach
the standard of competence stipulated in the implementation of learning are implemented. To provide an opportunity
for students who are "late" achieve mastery master the subject matter, held remedial learning.
Remedial learning is essentially the provision of assistance to students who experience difficulties or delays in
learning. Remedial learning is learning that corrective action be given to students who have not achieved the
minimum competency in a certain basic competencies. Mulyana (2014: 151) confirms that in the curriculum of 2013
held a repair service on learners who have the ability under normal with improvement program. The method used
can be varied according to the nature, type, background and learning difficulties experienced by learners and
learning goals was formulated in accordance with the difficulties experienced by learners. On remedial learning
programs, learning media should really be prepared teachers to facilitate learners to understand the lesson that is
considered difficult. Evaluation tools used in remedial learning also needs to be adapted to the learning difficulties
experienced by learners.
The purpose of this study was to obtain a description of the enforceability of the procedure undertaken remedial
program high school biology teacher in Kulon Progo.
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EXPERIMENTAL DETAILS
The study was conducted at several high schools in Kulon Progo, SMA, MAN and high school boarding
school.The research was conducted in the month of November to December 2017. The descriptive survey method.
The data in this study obtained through several ways: (1) Observation of Teaching and Learning Activities (KBM)
eleventh grade biology teacher; (2) Questionnaire keterlaksanaan remedial program activities, which filled nine
teachers and 15 students. (3) Interviews conducted here is One-on-One Interviews, students interviewed three people
and one teacher at each sampled school. The data were analyzed with descriptive analysis of the survey results
reported in terms of frequency and percentage.

RESULTS AND DISCUSSION
Context Remedial Teaching and Learning in Kulon Progo
Students who attend classes in the development of intellectual abilities vary greatly, and we should help students to
survive and be able to study these subjects. Thus the school should create a good learning for the above average or
are under rerarta, in the form of learning environments and experiences that enable students to learn. Most students
of general education learning environment at school. It's just that there are some students who are relatively require
further guidance, intensive and systematic learning from a teacher to happen to him. In class, the students learn to
refer to the same curriculum as other students associates. There was a group of students require extra time,
specialized management, additional duties, and the provision of special replay may orally. This is to make it easier
to meet their needs so they can belajar.Bantuan the teacher to the students to do individually, according to each
student's difficulties.
Some of the principles in membentu students in remedial learning is as follows:
First, the preparation of teaching and learning is the process of identifying the needs of students and prepare lesson
plans in order to effectively. Second, designing a wide range of activities; classify various learning activities for
students who vary in achieving the same goal. It would be more effective to prepare some simple activities for
students to share their experiences, rather than a single activity that takes a long time. Third, to design meaningful
learning; designing meaningful situations, for example in the form of games (games) that provide learning
experiences that appeal to him and raised his learning initiatives.
Forth, choice of approaches; approach to learning that allows students to learn from the examples of concrete before
entering into an abstract concept. Teachers can discuss new concepts of the various views, so that students learn
significantly through the repeated illustration. Can also use information technology to attract students and provide a
more attractive illustrations.
Fifth, give clear direction; remedial teaching should provide clear guidance to avoid confusion. This is done because
the students who have learning difficulties usually lack the ability to understand a text. If necessary, students are
asked to repeat each direction had to do, to ensure that they are clearly taking the direction of activities.
Sixth, the formulation of the main ideas; ask students to formulate the main idea of the study in accordance with the
difficulty experienced, when it needs to be written on the board to make it easier to remember and understand it and
read it kemambali.
Seventh, increase the willingness to learn and motivation; because too often have difficulty in learning, can lead to
frustration on the students.
Eighth, encourage students to participate actively in class. Usually students have difficulties in learning, passivity in
the classroom.
Ninth, focusing on the learning process. Learning does not only care about mastery of concepts, but it is also
essential to have the benefits of students in the learning process.
Tenth, showing concern for the individual student. Students may have difficulty different from one another.
Some models of learning remedial that can be implemented in accordance with the conditions in the schools:
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some learning models remedial Intensive, namely: (1) learning outside school hours, (2) taking in particular, the use
of the teaching team
1.

Learning Model remedial outside clock

This model makes learning remedial to help students' learning difficulties to one or more of the subject matter,
before or after school hours implemented
remedial learning some of the advantages of this model include the following:
1). Students receive extra time discussing the return of only followed the usual lesson in class
2). Students get help identify areas studied hard and give footbridge to fill the gap by organizing additional
information in order to easily understand overage
3). Student groups were similar level of intellectual development in remedial learning are given the opportunity to
ask difficulties and assistance appropriate approach to better understand
4). In small groups on remedial classes, will greatly help the interaction between teachers and students during the
learning that results in students during the learning that results in student learning with meaningful
2. Learning model remedial Separation
Model implementing learning remedial, by separating the students from regular classes, into remedial classes. This
separation aims to provide basic knowledge of the subject matter covered. This model is not used for all subjects,
usually only the topics that are considered essential as a foundation of knowledge and / or advanced.
Some of the advantages in implementing remedial learning model, as follows:
1). As a group of students who are relatively very few (small classroom), teachers can better understand the needs of
individual students, the performance (perfomansi) students in the class, and each student difficulties in learning.
2). Allows teachers to provide guidance and assistance to enable students to better understand the topics that are
considered difficult by students.
3). Help improve learning in terms of teacher interaction with students during learning, which allows the student to
learn more intensively.

Based on data from observation, researchers stratified sample of schools into three grades, namely grade A, grade B
and grade C

The Execution of Analysis Remedial Teaching at the High School Kulon Progo
Learning Difficulties Diagnosis Students
A grade school the number of students who take remedial teaching for motion system by 17 , 4% and grade B 65.7
to 73.3%. The number of students who take remedial to the circulatory system, grade C of 51.7 to 58.9%. School
grade A, grade B and grade C implementation diagnosis of student learning difficulties, a technique that is often
done is almost the same percentage of students behavioral observation techniques appropriateness, school grade A
by 67.9%, from 34.8 to 45.5% and a grade B grade C 58.6 to 60.4%. While the percentage of students interview
techniques A grade school appropriateness of 35.5%, from 17.8 to 25.5% B grade and C grade from 28.3 to 43.7%.
According to the teachers not yet implemented diagnostic test techniques to determine the students' learning
difficulties, the reason is the limited time availability. During this time the teacher perform diagnostic analysis of
students' learning difficulties by observing the behavior of students during the process of teaching and learning in
the classroom.
According to the Ministry of Education (2008), the diagnosis of students' learning difficulties are done to find or
define clearly on the difficulty level of the student. Is classified as mild, moderate or severe. Techniques used
include: test prerequisites, test Diagnostics, interviews with students, and careful monitoring of behavior of learners
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School grade A, grade B and grade C implementation of a diagnosis of students' learning difficulties, a technique
often do almost the same, the technique behavioral observation pupils and students interview techniques.
Remedial Learning Implementation
Based on the results of questionnaires percentage keterlaksanaan implementation of remedial learning, teachers
often use a form of re-learning, school grade A 47.6%, from 35.8 to 37% B grade and C grade from 25.5 to 34.9%
and shapes giving the school a special duty of 86% grade A, grade B from 64 to 69.7%, and grade C 75.2 to 77.4%.
Further action the teacher gives the task, and the task is considered to help achieve the KKM.
According to MONE, 2008, that the granting of a special task individually, taken to implement the principle of
repetition, practice assignments do the problems multiplied, so that learners do not have difficulty in working on the
final test. After the students are given practice questions and is considered to be doing well, then the learners are
given remedial tests to measure the achievement of competencies that have not yet reached KKM.
Use of the forms of learning the methods and media are different, based on data from interviews of 30 students,
most students say that teachers do not repeat the subject matter with the methods and media are different, just review
some things that are important in general in the classroom. Providing guidance in particular in the implementation of
remedial, based on data from interviews 30 students, only 5 students who responded that teachers 'never' give
individual instruction. The use of peer tutors are generally infrequent, based on interviews, just in SMA A ever use
peer tutors in the implementation of remedial.
According to MONE, 2008, is a peer tutor classmates who have learned more speed. With the expected role of peer
learners with learning difficulties learning difficulties will be more open and familiar, compared with the teacher.
The Timing of the Remedial
Percentage keterlaksanaan remedial actions Biology time by students, that remedial lessons conducted within hours
of grade A by 38.5%, from 77.7 to 85.7% grade B, grade C 69.5 to 78.8%. Means about 14.3 to 22.2% of the
students found, the execution time remedial sometimes done outside of school hours.
The percentage of time the implementation of remedial keterlaksanaan implemented after studying KD or specific
decree, or after carrying out daily tests, grade A 87.7%, from 57.5 to 68.8% grade B and grade C from 60.8 to 77%.
Meaning about 23% -31.2% of the students found, the execution time remedial sometimes performed after multiple
daily tests, or after the end of the semester replications.
School grade A, grade B and grade C for the implementation of remedial learning time, its implementation is almost
the same in the clock-face lessons. This is done due to the material motion system and circulatory system, including
material that is tough and basic competencies that are taught quite a lot. So that the implementation is done in the
lesson.
The timing of the remedial there are several alternatives, such as the implementation of daily tests, after studying
KD or after studying the KI consisting of some KD, Ministry of Education (2008). Remedial learning and retest
carried out clock-face, Ministry of Education (2010).
Remedial Results Rate
Percentage remedial activity tests given to students who have attended remedial learning, school grade A amounted
to 93.7%, from 81.6 to 90.6% grade B, grade C 87.1 to 97.3%. Percentage keterlaksanaan remedial teacher's scoring
does not exceed the limit of KKM, school grade A by 88.4%, from 74.6 to 81.8% B grade and C grade from 78.2 to
85.6%.
Based on the results of student interviews grade A, that they are working on remedial test questions sometimes after
re-learning teachers do, after learning with peer tutors. The resulting value is remedial, is the maximum value
dibatas KKM. The results of student interviews grade B and grade C, most of the remedial value they earn no more
than the KKM, but teachers give extra value 2- 4.
According to the Ministry of Education (2008), remedial tests given to students who have attended remedial learning
programs, in order to know the achievement of mastery in the mastery of competencies that have been determined or
not. While the results of the remedial value does not exceed the KKM. According to the Ministry of Education
(2010), all forms of remedial lesson ends with a retest.
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SUMMARY
Based on the research data it can be concluded keterlaksanaan remedial teaching high school biology teachers do in
Kulon Progo not entirely follow the procedure that should be done under the guidelines of the Ministry of Education
procedures, including:
1. Schools Grade A, the general procedure implemented remedial program in accordance with the instructions
technical of the Ministry of National Education, 2010. But there is one thing that does not meet the technical
guidelines, ie teachers implement remedial learning and remedial test in face to face teaching hours.
2. School Grade B, remedial program procedures implemented in accordance with guidelines from MONE, 2010.
However, there are some things that have not been appropriate technical guidance, the first teacher did not
perform the analysis results of daily tests that matter given remedial tests do not test indicators are not completely
alone, but all the indicators tested again. Both remedial tests given before the students follow remedial learning.
3. School Grade C, partly remedial program procedures implemented in accordance with guidelines from MONE,
2010. However, there are some things that have not been appropriate technical guidance, the first teacher did not
perform the analysis results of daily tests, so that remedial given test questions do not test indicator not completely
alone, but all the indicators tested again. Second, the number of students who take remedial more than 50%, not
given re-learning the different methods and media but given individual tasks, all three remedial tests given before
the students follow remedial learning.

SUGGESTIONS
After considering the results of the research, and the summary advice from researchers:
1. Teachers should always try learning program planning, program assessment and remedial programs to complete.
2. Teachers should refract themselves analyzing the results of daily tests, so as a matter of incomplete indicator
clearly visible, and the teacher can choose remedial learning strategies are most appropriate.
3. Teachers should be able to undertake remedial learning activities in schools, in accordance with the technical
guidelines.
4. Bale Kulon Progo Department of Education through the superintendent of each builder will need to monitor
remedial assessment process in high school, Kulon Progo so that teachers are accustomed to doing it.
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Abstract.This study aims to produce chemistry-based learning materials based problem model of learning (PBL) that is
feasible applied in schools. The research method used in this research is research and development (R & D) by following
the 4-D development model according to thigarajan, semmel, and semmel which is adapted from muchayat which
includes four stages. However, this development research is limited to three stages: 1) Define stage, aimed at identifying
and developing a clear understanding of the needs of learners 2) Design stage aims to prepare the design of chemistry
teaching materials model problem based learning (PBL) 3) stage development (Develop) aims to produce problem-based
chemistry-based learning materials (PBL) in the form of revised handouts based on input from validation experts by 4
validators on acid-base material class XI SMA / MA. The results showed that the results of expert validation test and
field trial results showed that the learning materials based on problem based learning (PBL) with acidic base material is
feasible and effective in improving learners' learning outcomes.
Keywords: teaching materials, problem based learning (PBL), learning outcomes, 4D model

INTRODUCTION
One of the problems faced in our education is the problem of wDeseak learning process. Weak learning process
leads to a lack of understanding of learners of the lessons. The teacher presents the material from beginning to end
so that learners receive only the knowledge of what the teacher gives. Learners are not given experience and
opportunities in learning to gain knowledge itself 1.
Independence of learners in learning, especially in finding solutions to problems that occur in the classroom in the
learning process is very less. So the low quality of the learning process of chemistry that resulted in low learning
outcomes of learners. Chemistry includes chemical knowledge in the form of facts, theories, principles, and laws
based on scientists' findings and scientific work. Therefore, in chemistry learning in high school teachers have to
pack the presentation of material in order to help learners understand the material well 2.
Based on the facts from the early observation in the school there are some problems such as the lack of
understanding of learners of the material taught because the use of learning resources in the school is still using the
old LKS and the use of teaching materials that are limited to the LKS alone makes the learners less gain knowledge
related to materials that are taught, in addition to the material in the LKS that only a few, resulting in learners can
not develop their abilities.
The use of teaching materials is one of the media utilization in a learning process. The use of teaching materials in
the learning process becomes an alternative teacher to make it easier in teaching materials to learners. The lack of
availability of teaching materials becomes one of the impacts of teacher-centered learning processes, so learners do
not have an independent learning culture. Packaging of teaching materials so far is still linear and has not presented
teaching materials that hone the ability pesrta students. Teaching materials are the information, tools and texts that
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teachers need for planning and reviewing the implementation of learning 3. Exposure to teaching materials should be
able to trigger the curiosity of learners so that there is a process of constructing the concept of learning activities of
the book 4.
In addition to teaching materials to improve learning outcomes of learners, an innovation is needed to the learning
process. Innovation can be done using several approaches, strategies, methods, and learning models. Learning model
that can be used to create effective learning and many fun, one of them is by using Problem Based Learning (PBL)
or problem based learning model 5. PBL is a constructivist learning strategy, centered on learners where learners
work collaboratively to solve problems and reflect on their learning experiences to advance or gain new knowledge
6
. According to Adiga (2015) 7 in the complex real-world PBL approach the problem is used to motivate learners to
identify and examine concepts and principles, they need to know to address the problem. The main purpose of this
PBL model is to help learners who are intrinsically motivated to build their thinking process, develop higher
knowledge and become independent learners and can collaborate and collaborate in groups 8. Therefore, PBL model
can be integrated in teaching materials that are used to assist chemistry teacher in conducting teaching and learning
activities.
Based on the above explanation, the development of this instructional materials as a form of solution offered to
solve problems in teaching and learning activities. Preparation of teaching materials based on PBL is feasible and
practical is expected to optimize the learning outcomes of learners, therefore it is important to do research with the
title " Development Of Teaching Materials Based On Problem-Based Learning (PBL) To Improve Student Learning
Outcomes. In short the purpose of this research is to produce criteria from PBL chemistry materials that are feasible,
practical, and effective for improving learners' learning outcomes.

EXPERIMENTAL DETAILS
The type of this research is This research type is research development (Research & Development / R & D).
Research development is a research method used to produce a particular product, and test the effectiveness of the
product 9. In this development research used 4D development model. The 4D model is an abbreviation of the
definition, design, development and dissemination developed by Thigarajan, Semmel, and Semmel 1974
(Kurniawati, 2013). However, in this study only to the stage of development, because pengeyebarannya only done at
the school place under study alone. The reasons for choosing the 4D model in this research are: (a) 4D model
arranged in a systematic sequence of activities; (b) a 4D model specifically developed for the purpose of developing
instructional tools and not the design of learning; (c) 4D model has been widely used in research development of
learning devices. This research is focused on product development in the form of chemical materials with PBLbased to improve learning outcomes. The development of this model consists of four stages: define, design, develop,
and disseminate. However, in this study the development stage will be adjusted to the research focus. In addition,
because the results of this development of teaching materials will not be disseminated in other schools then the
development is only done until the third stage, namely the development stage.
Determination of research sample is done by using non-probability sampling. Where the target sample here MADIPI
school Nurul Hakim Kediri class XI semester 2 with the number of students 19 people. Methods of data collection in
this study using test sheets, questionnaires, validation and documentation. Based on the results of the validator
assessment can be known the feasibility student’s worksheet that has been made, instrument criteria using the
criteria proposed by Suharsimiarikunto (2010) as follows:

TABLE 1. Eligibility criteria scoring

Percentage (%)
81-100%
61-80%
41-60%
21-40%
0-20%

Cateogry
Very Decent
Well Decent
Quite Decent
Not Decent
Not Feasible
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To know the mastery of learning then use the percentage that describes the improvement of learners' learning
outcomes from the value before learning (pretes) to the value after learning by using chemistry by Hikmah (2016)10.
Individual learning completeness obtained from the KKM for learning chemistry established school that learners
who declared thoroughly if it has obtained a value of at least 70 and under 70 declared unfinished.
Response questions learners change from qualitative data to quantitative based on conditions 11 as follows:
TABLE 2. Response Criteria Learners

Criteria
Very good
Good
Quite Good
Not good

Response Value
3,25 < x ≤ 4,0
2,50 < x ≤ 3,25
1,75< x ≤ 2,50
1,0 < x ≤ 1,75

RESULTS AND DISCUSSION
This study is the result of what has been studied in the process of developing teaching materials of learners,
including the validation of teaching materials by validators, the activities of learners during the learning, learning
outcomes of learners after using the teaching materials, and also the response of learners to the teaching materials
that have been developed. This research is a type of 4D development research.
PBL-based chemistry teaching materials contain material that is short, dense and clear so easily understood by
learners, in addition there are also exercises that function to train the ability to think learners. The resulting product
in the form of teaching materials of chemistry on acidic base material. This teaching material is the definition of one
of the chemicals in high school class XI semester 2. In this problem-based teaching materials, the material is
presented with different packaging. The material does not contain long, tedious phrases, but in the form of short,
clear sentences. The material begins with the phenomenon that exists in everyday life, then from that fact learners
are guided to think about the cause of the phenomenon and its relation to the material being studied. In order to learn
more focused learners, also given fundamental questions that help peseta learners build knowledge and find the
desired concept. After the acid-base material development products are designed, then validated (assessed
feasibility) by experts, ie lecturers and teachers. This validation is a process of activity to assess whether the product
design, in which case the new teaching method will rationally be more effective than the old or not. Said rationally,
because the validation here is still an assessment based on rational thinking, not field facts. Therefore, each expert is
asked to assess the product, so it can be known weakness and strength 12.
The criteria used to evaluate the feasibility of learning materials of chemistry learning are adapted to the criteria of
standard of assessment of teaching materials from National Education Standards Agency (BSNP) which outline
three components, namely the assessment of content components, linguistic components and presentation
components. Based on the validation results, learning materials have the criteria of "feasible". Assessment of the
feasibility of chemistry by experts or teachers and teachers are presented in table 1 and table 2 below.
TABLE 3. Data Result of Assessment of Expert Lecturer (Validator)

No

Validator

1
2
3
4

Validator 1
Validator 2
Validator 3
Validator 4
Average

The assessed component
Contents
Presentation Language
84,1%
75%
87%
75%
75%
75%
86,3%
79,1%
75%
75%
75%
75%
80,1%
76,02%
78%

Average

Category

82,03%
75%
80,13%
75%
78,04%

Very decent
Decent
Very decent
Decent
Decent
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TABLE 4. Data on Teacher Assessment Results

3

Maximum
score
4

Number of
values
75

Eligibility of content

27

36

80,5

Very decent

Practical Aspects

10

12

83,3

Very decent

No

Rated aspect

Scores gained

1

Eligibility cover

2
3

Critetia
Decent

238,8

Total

79,6

Decent

Thus the PBL-based chemistry material is feasible for use in learning. Once validated by experts and teachers seen
from these results that is 78.04% and 79.6% can be in katakana feasible. This is in line with research with Mashami
et al (2014) and Nasir et al (2015) 13,14 which indicates that the instructional device of one of these developed
learning materials gets the category worthy to use. After going through the validation and revision phase, the
teaching materials will be tested on the learner. The purpose of the validation test on the learners is to anticipate
errors that can occur during the actual product implementation (Mulyatiningsih, 2011). The first trial is an
individualized trial with 5 learners as an appraiser.
Based on the validation of individual by the learners obtained the criteria "very feasible" as seen from the average
validation percentage of 84.68%, so according to the five learners are learning materials are very worthy of use in
learning. The feasibility of the design and content of teaching materials based on the subject matter of basic acid is
assessed based on four components, namely the components of motivation, language, material presentation, and
kegrajisan.
Based on the validation and feasibility test of PBL-based chemistry (handout) material, it is considered very feasible
to be used by the students. Presentation model of material in accordance with the needs of learners (tailored to the
results of define analysis) it is expected that the teaching materials handout can improve the knowledge and
understanding of learners. A handout is usually a written learning resource that contains important concepts from a
part of a learning material or a complete material 15. Handouts also direct students to be more active and also include
illustrations and contextual issues close to the students. The content of the handout has also been in accordance with
realistic learning criteria 16. According to Fauzi (2017) 17 handout function is as a tool so that learners better
understand the material being taught.
After the validation test, the effectiveness test of PBL-based teaching materials is conducted. The effectiveness of
the use of teaching materials is seen from the learning outcomes of learners and the response of learners after the
learning process. Completeness of individual learning obtained from the KKM for high school learning Class XI
IPA established the school that learners declared complete if it has obtained a value of at least 70 and under 70
declared unfinished. The classical completeness value used is 75%.
From the results obtained showed that of 19 students who followed the postes only 17 people who declared
complete and 2 people are declared unfinished so that the percentage of completeness is 89% of the 19 students are
students. Therefore the classical completeness is declared successful because the percentage value is above 75%.
While on the pretest of 19 students there is no learner that can be stated due to the result value of the petes no one
can score above the KKM that has been determined by the school that is 70. Based on these results indicate the
improvement of learning outcomes of learners after experiencing the process learning using PBL-based chemistry
teaching materials compared with before learning process using PBL-based teaching materials. After doing the
learning process using PBL-based teaching materials then the next response to learners about teaching materials that
are in use. From the results obtained showed the average response of learners to PBL-based chemistry materials that
is 3.43. It shows repon learners in very good category.
PBL-based teaching materials in the form of handouts after field trials show positive results that can be seen from
the increase of learners' learning outcomes of the pretest and postesnya and the response of learners who showed
good category. Thus the learning material is effectively used in learning learning. This is because these teaching
materials have several advantages, namely: a) Teaching materials are structured with a flow or sequence of
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structured concepts, making it easier for learners to learn. b) The existence of illustrations related to the application
in everyday life helps learners to better understand the chemistry and its benefits in life. This is different from the
textbooks commonly used by learners. In the book less illustrated related to the application in everyday life. c)
Learners have the opportunity to build their own knowledge and find the concepts needed to fulfill the competence
in acid-base material through the general questions given at the beginning of the material. In textbooks, the material
is presented in the form of information, so learners can only read and memorize the information. d) Teaching
materials are arranged with short, concise sentences. In textbooks, the material is presented in text form that tends to
be boring. e) Display of interesting teaching materials. This is different from textbooks that only provide text and
information, so the display is less interesting. f) learning materials can summarize the long learning time, so that
teachers can still meet the target curriculum and learners can still master the concept well.

SUMMARY
The SUMMARY that can be drawn from this development research are (1) The result of instructional material
development in the form of handout based on PBL learning model, (2) Feasibility test result by experts and teacher
of PBL based chemistry on acidic base material shows that the feasibility criterion is flat (3) The result of the
validation test for five students indicates that PBL-based chemistry teaching materials are categorized as feasible,
(4) The results of field trials show that PBL-based chemistry is effective in improving learners' learning outcomes
and also the learner's response to the teaching baghan developed a good average.
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Abstract. The result of the previous research shows the mathematic ability of Civil Engineering students is very
heterogeneous. There are students who are able to get maximum results, on the other hand many students are not able to
solve math problems, especially on solving “Maximum and Minimum” subject. Therefore it is necessary to solve the
problem with an alternative learning. One possible alternative is problem solving with the Polya model. Polya model is
one way to solve mathematics problem, because the problems on “Maximum and Minimum” are expressed in verbal
sentences, like an essay. According to Polya, to solve the mathematics problem requires four steps, they are (1)
understanding the problem, (2) making plan, (3) carrying out the plan, and (4) looking back. The objective of the research
is to describe the application of Polya Model in solving problem of "Maximum and Minimum" in Civil Engineering
Department of State Polytechnic Malang. The research uses the qualitative approach and type of Classroom Action
Research. Data collection is done through Pre-Test, Post-Test, Observation, and Field Notes. The result of research is
average score of Pre-Test 55,2; Post-Test 47,5 and Remedial Test 58. The percentage of Polya Model is obtained as
follows; 100% students understand Step 1 and Step 2, 50 % students understand Step 3, and no body understand Step 4
(0 %). According to students, the last Step "Looking Back" is the most difficult Step, because in Step 4, students are
required to solve problem in other ways.
Keywords: solve problem, application

INTRODUCTION
In Civil Engineering Department, mathematics is given one semester with the time allocation 3 hours a week with
Matrix, Determinant, Equation and Variables, Trigonometry, Geometry, Derivative, Maximum and Minimum, Basic
Integral, and Derive Program. Many Polytechnic Malang students had difficulty in mathematics problem. This was
reflected in the result of low mathematics score, so that many of them had to take remedial test. The lecturers are
expected to give the remedial test, so that the student can get minimum C score. In the curriculum of State
Polytechnic Malang, the students may not get E, or else, they will be dropped out. Based on the researcher's
experience, Geometry and Maximum Minimum subjects are the most difficult material for students. Math lecturers
need to provide an alternative learning so the students could understand the material given. Previous research shows
the use of teaching aids can increase students' abstraction in solving geometry problems 1. According to Marlina
(2013) 4, the Polya can help solve the Essay problem which is the subject of “Maximum and Minimum” expressed
in verbal sentences like an essay. The expected objective in this research is to describe the application of Polya
model which has four step, they are (1) understanding the problem, (2) making plan, (3) carrying out the plan, and
(4) looking back.

MATH LEARNING WITH POLYA MODEL
According to Mudjiono (2012) 6, the mathematic ability of State Polytechnic Malang students is very heterogeneous.
This is because the educational background is different. Students who come from Senior Vocational High School
(SMK) have more difficulty than Senior High School (SMA) alumni. Therefore it is necessary to provide an
alternative way of learning, so that the students ability increases. According to Hidayat (2014) 2, solving the Polya
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model problem can improve student analysis in solving math problems. In the Polya model there are four steps of
completion described as follows.

Understanding the Problem
On understanding the problem it must be clear what is desired, the student knows what is known and what is asked.

Making Plan
On making plan must observe various related elements. This is needed in solving problems that requires abstraction
abilities. Commonly is expressed in terms of equations or mathematical models

Carrying Out Plan
On implementing plan requires ability to the concepts related to mathematic model and computing ability.

Looking Back
On looking back step, the completed result is reviewed and re-checked. Also to be tried whether there is other easier
way. Whether the answers are the same.

EXPERIMENTAL DETAILS
Approach and Type of Research
The focus of this research is to see how students learn and lecturers teach mathematics. Thus, relevant research is
qualitative approach. This is because the study focuses on the acquisition of data that is factual, natural, and more
directed to the process than the result. According to Bogdan and Biklen 7 states, that qualitative research has
characteristics: (1) natural, (2) researcher as the main insrument, (3) descriptive, (4) more verbal data, (5) more
emphasizing on the process than the outcome, and (6) the analysis is inductive. The design of this study uses
Classroom Action Research (PTK), because the research is conducted based on the problem of learning in the class.

Researcher Presence
The presence of researchers in this study is very important, because they act as teachers, observers, and data
collectors. To obtain optimal observation, field notes are added. Thus there are no missing data which may be useful
for supporting research problem solving.

Data
The data collections in this research are as follows.
 The results of student answers in solving mathematical problems, includes pre tests, group work, and post
test.
 The results of observations and field notes on the activities of researchers and students by using the
observation sheet that has been provided.
The data source of this research is one class out of seven classes of D4 Civil Engineering students, which is 1MRK7
in even semester of 2016/2017. This is based on the consideration, that there is no workshop schedule for this class.

Data Collection Procedures
The data collection procedure in this research is described as follows
 Test
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The tests to be given are pre test and post test. The pre test is given to determine the subject of the study
with the Derivatif test material, while the post test is given to see the results obtained in solving the Polya
Model problem.
Observations
Observations observed the activities of researchers and students, the study is an effort to determine the
suitability between planning and implementation of action. This observation is based on the provided
observation sheet.

Data Analysis
Data analysis was performed using qualitative data analysis techniques developed by Miles and Huberman (in
Mujianto: 2007) consisting of three steps of activities performed sequentially: (1) reducing data, (2) presenting data,
and (3) draw SUMMARY and verify data.
 Reduce Data
Reduce the data is an activity to do the selection and simplification of all data from the beginning to the
preparation of reports in order to obtain accurate SUMMARY.
 Presentation of Data
The presentation of data is done by arranging the narrative reduction result, which is described in verbal
sentences so as to enable to make SUMMARY and take action.
 SUMMARY and Verify Data
Drawing SUMMARY is an activity in giving SUMMARY to the results of interpretation and evaluation.
This activity includes searching the meaning of data along with explanation, while data verification is an
activity to test the validity of data.

RESULTS AND DISCUSSION
The explanation of Maximum and Minimum given on Wednesday, May 3 rd 2017 with Polya model are as follows
 Understanding the Problem
In the process of understanding the problem, students write down what is known and what is asked.
 Making Plan
In this process students are required to make the formula in accordance with the question.
 Implementing Plan
Students solve problems according to the formula and theory of Maximum and Minimum.
 Looking Back
In this last step, the students check the answers that they have done and try to answer in the other way.
Example of questions have been taken from the Applied Mathematics Module. Discussion is solved classically with
question and answer method with Polya model step.
Problem:
A sheet of metal of size 24 cm x 9 cm will be made into a box without lid. The box is made by cutting identical
squares on the four corners and folding up the sides. Find the box size with maximum volume.
Answer:
Step 1: Understanding the Problem
Is known:
The metal sheet of size 24 cm x 9 cm as follows
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9 cm

24 cm
Asked:
Find box size with maximum volume
Step 2: Making Plan
The metal sheet will be made into a box by cutting identical square at the four corners as follows.
x

9 cm

24 cm

Step 3: Implementing the Plan
In this example, the maximum box volume is summarized as follows.
A box volume formula, V = plt
From step 2, after the four corners are cut x m, then the box volume formula becomes as follows.
V = (24 - 2x) (9 - 2x) x
To determine the Maximum or Minimum, look for the first derivative as follows.
V = (24 - 2x) (9 - 2x) x
= (24 - 2x) (9x - 2x2)
= 216x - 48x2 - 18x2 + 4x3
= 4x3 - 66x2 + 216x
V '= 12x2 - 132x + 216
Maximum or Minimum, from V '= 0
12 (x2 - 11x + 18) = 0
(x – 2)(x – 9) = 0
x = 2 or x = 9
x = 9 does not exist, because the metal width is 9 cm, can not be cut into a box.
Thus the size of the box is as follows.
Height = x = 2 cm
Length = 24 - 2x = 24 - 4 = 20 cm
Width = 9 - 4 = 5 cm
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Step 4: Looking Back
In Step 4, check again Steps 1 through 3, and try the other way. In this example, start from Step 3. Finding the
𝑑
Derivative using the formula (UVW) = U'VW + UV'W + UVW '
𝑑𝑥
V = (24 - 2x) (9 - 2x) x
V '= - 2 (9 - 2x) x + (24 - 2x) (- 2) x + (24 - 2x) (9 - 2x)
= - 18x + 4x2 - 48x + 4x2 + 216 - 48x - 18x + 4x2
= 12x2 - 132x + 216
This means, the way of derivative formula obtained the same answer. The next step is the same as Step 3. To
practice the problem is done in groups of two students with heterogeneous ability. Each group solve the different
problem, The choice of problem is done in random. The students pick up the problem by lottery.

SUMMARY
Based on the above description, it is concluded as follows.
1. The subject of the research was class 1MRK7 of 24 students. The learning subject of Maximum and Minimum
with Polya model steps obtained result as follows.
Pre-Test Results: The Highest Score = 100
The Lowest Score = 15
The Average Score = 55.2
Post-Test Results: The Highest Score = 80
The Lowest Score = 30
The Average Score = 47.5
Remedial Test Results: The Highest Score = 100
The Lowest Score = 30
The Average Score = 58
2. Percentage criteria of success with Polya model steps are as follows.
- Understanding Problem 100%
- Making Plan 100%
- Implementing Plan 50%
- Looking Back 0%
3. According to the students the most difficult step of Polya Model is "Looking Back", the students have difficulties
to find the other way.

SUGGESTIONS
The expected suggestions in this research are as follows.
 Various methods should be given by Math lecturer to optimize the student ability
 Remedial test should be given to students who did not meet the criteria of success.
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Abstract. The article describes meta-analysis result of Problem Based Learning (PBL) model to improve student’s
metacognition. The meta-analysis method in this study is based on Hunter Schmidt calculations. The unit of analysis in
this study are written documents about PBL model research on metacognition in the form of article journal that are taken
provosive sampling based on conformity with the research theme. The sample in this study amounted to 850 students.
This study was found that there are the impact of problem based learning model on metacognition with the value of effect
size is 0.56 and the confidence interval is 0.09 to 1.03. Futher, the impact of incorrect sampling is relatively small at
1.23%.
Keywords :Meta-analysis, Problem Based Learning, Metacognition.

INTRODUCTION
Education is an ongoing process of development and change. Major changes are happening in the current learning
process, where the current educational system has been directed to prepare students alive in the 21 st century. The
challenges that may be faced in the implementation of 21 st century learning also need to be well understood so that it
can be implemented in the learning process. Challenges 21st century learning, demanding pedagogical ability of
educators to better able to design learning to be more interesting and meaningful for students. Educators should be
able to facilitate and encourage students to think critically, logically, and systematically, and have High Order
Thinking Skill (HOTS). High level thinking skills that need to be trained by educators in managing learning in the
class one of them is metacognition. Metacognition need to be empowered in the students themselves, because
metacognition can lead to students awareness in learning, attitude, and can also control the students habits that can
be useful in the learning process.
One of the learning models that can improve metacognition is Problem Based Learning (PBL) model. PBL is a
learning model that involves students to solve problems through stages of scientific method so that they can learn
the knowledge related to the problem and have the skills to solve the problem 9. PBL is a learning model that can
train and develop ability to solve problem oriented authentic problems from the students actual life and to stimulate
high level thinking skills. Therefore, students can actively build their own knowledge so that the learning process
becomes less boring 12. The steps in the PBL model are (a) orientation on the problem, (b) organizing learners to
learn, (c) guiding learners in conducting investigations, (d) develop and presents problem solving data, and (e)
evaluation of problem solving.
Research conducted by Azhari 2 shows that there is a significant difference between the students metacognition
skills those who learned using the PBL model and conventional model. This is because the PBL model students train
in solving their own problems associated with daily life. There is a positive influence of PBL model that students are
more actively seeking information from various sources of learning and freedom to use various learning media to
build their own knowledge, so that students become aware of what they do 1. The same is also supported by Fitriyani
et al (2013), Sa’dah et al (2015), Clikeret al (2015), Bahri and Corebima (2015), Gholami et al (2016),
Kusumaningtias et al (2013), Danial (2010), Nurisya and Corebima (2017) and lestari etal (2017).
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Those studies have proven that the PBL model can significantly influence to metacognition. Nevertheless, it is still
needed an analysis to relate the correlation between PBL model and collective metacognition quantitatively. One
possible way to use is that using meta-analysis. It is a statistical method emphasizing on a certain value as a
collectively representative study. Meta-analysis was performed by comparing some primary outcomes of the study
to produce secondary outcomes. Meta analysis is based on the value of Effect Size is a value that shows how much
influence a variable to other variables. Hence, the writer intends to conduct meta-analysis method on some studies to
examine the influences of PBL model on metacognition.

EXPERIMENTAL DETAILS
This research uses meta-analysis design. Meta-analysis can simply be interpreted as an analysis of the analysis. As a
study, meta-analysis is a review of a number of research results in similar problems. The meta-analysis method in
this study is based on Hunter Smitch calculations 8. The sample used is a article journal consisting 9 articles from
national journal and 3 articles from international journal taken by proposive sampling. The sample is selected
because it meets the criteria of using PBL model as independent variable, metacognition skills as dependent
variable, and has statistical value to support the analysis (number of respondets, value “F” or “t”). According to
Hunter and Schmidt (1990) there are stages in performing meta-analysis including :




Changes the algebraic equation of the value “F” becomes the value of “t” and “r”.
Bare Bones Meta Analysis for sample error correction, done by calculating (a) the correlation population,
rxy variances, (c) variance of faulty sampling, and (d) impact of sampling
Artifacts other than fetch error is samples for error correction measurements made with how to calculate (a) the
combined average, (b) measurement error correction on X and Y, is the actual correction of the population, (c)
number of quadratic coefficients of variation, (d) the reference variance variation artifacts,
variance of correlation, (f) the confidence interval, and (g) the impact of variation in reliability.

The rating criteria on Effect Size are based on the classification of Cohen (1992) where it is of little value if ≤0.20,
medium value if around 0.50 and is of great value if ≥ 0.80.

RESULTS AND DISCUSSION
In principle, the purpose of doing meta-analysis is to analyze data from a number of primary studies. This metaanalysis study is deemed necessary, in addition to providing specific guidance for subsequent research as well as to
train other researchers to be critical with the results of existing research, as there is a possibility that the results of his
research can not be trusted entirely. This is because of the artifact or possible mistakes made by researchers. The
following table 1 shows brief data of various studies. In addition, presented the results of calculating the conversion
of the value “F” or “t” to the value of “r”.
TABLE 1. Results of calculating the conversion of the value “F” or “t” to the value of “r”.
No
Years
Researchers
N
F
t
r

1
2
3
4
5
6
7
8
9
10
11
12

2015
2015
2013
2015
2016
2015
2015
2016
2013
2010
2017
2017

Aisyah & Ridlo
Fitriani, et al
Azhari, et al
Sa’dah, et al
Rizkita, et al
Cliker, et al
Bahri & Corebima
Gholami, et al
Kusumaningtias, et al
Danial
Nurisya & Corebima
Lestari, et al

78
76
30
54
63
113
140
40
68
73
47
68

5.03
100.8
19.05
26.25
13.95
-

1.39
2.24
16.76
2.50
10.04
6.00
4.24
4.36
5.12
3.73
4.38
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0.16
0.25
0.95
0.33
0.79
0.49
0.86
0.57
0.47
0.52
0.49
0.47
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The “r” values obtained based on the transformation above (table 1) are used as the basis for performing the error
correction and the error measurement. The meta-analysis study found that the correlation coefficient of the
population after corrected by the sample size was 0.53, the correlation variance of 0.05 with the standard deviation
(SD) value of 0.23 and the interval between 0.09-0.98, because the result of the calculation of the correlation
coefficient of the population after corrected by the number of samples of 0.53, this means entering the acceptance
interval.
Furthermore, real population correlation (ρ) was found after corrected by measurement error (effect size) of 0.56,
population variation of 0.06 with standard deviation (SD) of 0.23, and confidence interval between 0.09-1.03. Since
the calculation result (ρ) is 0.56, this means entering the acceptance interval. The magnitude of the effect size gives
only medium effect based on the Cohen classification 5. This shows the PBL model requires a better media
combined with the need for creativity of teachers in processing so as to produce better learning.
Another aspect that needs to be considered and can be done in the meta-analysis of studies in some primary studies
about the effect of PBL model on metacognition is the sampling error and measurement error. The summary of
sampling error correction and error measurement results can be seen in TABLE 2 and TABLE 3 below.
TABLE 2. The summary of sampling error correction results
Variable
Value

N
Number of studies
Correlation population
Varian
Interval
Error variant on taking sample
impact of sampling

850
12
0.53
0.05
0.09-0.98
0.00061
1.16%

TABLE 3. The summary of error measurement results
Variable
Value

N
Number of studies
Average of Rxx and Rxy
Correlation population
Varian
Interval
Measurement error variant
Impact of variation in reliability

850
12
0.94
0.56
0.05
0.09-1.03
0.00064
1.23%

Based on TABLE 2 and TABLE 3 the percentage value generated by error sampling is 1.16% and error
measurement is 1.23%. The value indicates that the error in sampling and error measurement is small. Based on the
results of analysis of meta-analysis data analysis it can be said that the hypothesis that the influence of PBL model
on metacognition is acceptable. This is because the PBL model provides more opportunities for students to seek
information in various learning sources and the freedom to use various learning media to build their own knowledge.
In addition, the PBL provides real or theoretical problems to be investigated in various learning sources such as
laboratory investigation activities. This activity makes students more actively looking for problem solutions so that
students become aware of what they are doing.
There is 1 of 12 researchers using PBL model combined NHT model by Kusumaningtias et al (2013) 10. The results
showed that students who were taught using PBL combined NHT obtained higher metacognitive ability results than
students using conventional model, where the learning allows students to help each other and interact with each
other, in completing tasks structured and constructed a concept.
As a comparison, there 9 of 12 researchers used only the conventional model as the control class and 2 of 12
researchers Fitriyani et al (2015) and Lestari et al (2017) 6,11 used guided Inquiry model in the control class and 1 of
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12 studies using the Jigsaw model in the control class 1. But the results obtained are not much different. The low
learning outcomes in the conventional learning model because the students in the learning process only be passive
hear the material explanation from the teacher and record the material from the package or teacher books just to give
the material.
Other factors that support the success of the PBL model are improving critical thinking (Fitriani et al, 2015,
Gholami et al, 2016, Kusumaningtias et al 2013, and Nurisya & Corebima 2017), Inquiry skills and social skills
(Sa’dah, 2016), motivation (Bahri & Corebima, 2015), problem solving abilities (Lestari et al, 2017), and outcome
learning (Rizkita et al, 2016).

SUMMARY
Based on the results of research and discussion it is concluded that there is a significant influence between the PBL
model of metacognition even though the value of effect size is obtained including the medium. This suggests the
need for teachers creativity to collaborate on PBL model with media or other method and encourage students to
become thoroughly active. The meta-analysis results are sufficiently representative with the support of low sampling
error and reability variation.
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Abstract. This study aims to determine the utilization of forests conducted by communities in forest areas Wolasi sub-district.
This research was conducted in Wolasi forest sub-district of Southeast Sulawesi Province. The research method used was survey
and interview method with sampling 86 and 87 respondents in a porposive sampling by taking two different village
characteristics to represent forest utilization form in different area, that is, (villages in lowland landforms) and Aoma villages
(villages in the form of hilly terrain). The results showed that land use by the community has a diversity, the closer a village with
the forest the higher the use of forests in the form of forest resources (firewood, timber, honey, rattan and medicines) for the
fulfillment of the necessities of life. from a geographical perspective this study also finds spatial variation based on two types of
villages depicting different forms of forest utilization by the community. Forms of forest use and forest resources will differ when
communities view the forest as a common property and open access property. In Aoma village, the community mostly uses
forests as lands for gardening and farming, while in Leleka village, most of them view forests to obtain timber on a small or large
scale, but not infrequently utilizing only forest wood products.
Keywords : Community in District Wolasi, Forest, Utilization

INTRODUCTION
The existence of a community around the forest is an integral part of the forest itself. The suburb of Wolasi has a
large forest with a folded forest resource. The community has a high profile of its forest resources 1. Forest resources
play an important role in providing industrial raw materials, income sources and job opportunities. the advantages of
forests as a component of life (biotic) and as a source of society 2. Commercial use of forests puts forestry as one of
the aspects of the economic recovery of the community. Dudley (2006:6) Most commercial attempts to manage
forests have focused primarily on timber and ﬁ bre, and indeed the increased efﬁciency of forests as producers of
valuable raw materials has been a major driver behind the changes in the quality of the forests that remain. Forests
play an important role, especially for people living near forests for both food and income sources Forests and treebased systems are part of broader economic, political, cultural and ecological landscapes that typically include a
mosaic of different food production systems and other land uses (Parotta 2015:155). Residents of the village of
Wolasi, in particular, view the forest as an economic source, using forest products, timber sales, domestic needs and
alternative land for agriculture and horticulture from small to large scale. Forests and people (communities) are two
things that can not be separated, the dependence of both sides can be described as follows, (FIGURE 1)

(productions
flow)

(Need of People)

FIGURE 1. Forest and human relations
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Forest and human relations is an inseparable link where forest and its functions can not be separated from human
influence in manipulating the use and utilization of forest resources for the benefit of life and the environment 3. PP
/ No.6 of 2007 which is intended to utilize forest land is an activity to exploit forest area, utilize environmental
services, utilize timber and non timber forest products and collect timber and non timber forest products optimally
and fairly for community welfare while maintaining its sustainability. Rural communities living close to the forest
mostly regard forest resources as common property, even open access property that can be harvested by anyone 4.
From the statement states that the use of forests is very meaningful for people, especially people who live with
forests.

EXPERIMENTAL DETAILS
The basic method used in this research is survey and interview method. The subjects were subjected to two different
topographic characteristics to represent forest utilization in different areas, ie, forested villages (villages in the form
of paddy fields) and Aoma villages (villages in the form of hilly terrain). Primary data collection is obtained through
survey or direct observation in the field that is observation, interview, questionnaire, documentation and secondary
data collection besides also conducted data collecting from various institutions that support the purpose of research.
Primary data collection was conducted in a participatory manner through interviews with the community while
secondary data were obtained from previous research reports, village monograph data, and other supporting
literature. The selection of community respondents was conducted in a porposive sampling based on the
characteristics of forest utilization that had been determined as representative of the population with samples 86
samples and 87 respondents with different village characteristics.

RESULTS AND DISCUSSION
Wolasi sub-district has large enough forests with mixed natural resources and people who still hold village traditions
and thus have a high dependence on forest resources to support their lives. Wolasi sub-district has a large protected
forest of 3,369,499 ha. The existence of the protected forest itself has a very significant role as a balancing
ecosystem and as a form of protection of the buffer system to regulate the water system, flood, erosion and maintain
soil fertility. In addition to other types of forest forest protection in the woolen sub-district such as Forest Production
fixed 420.518 Ha, 361.031 ha of fixed production forest, Forest Production remains 41.102 Ha. (FIGURE 2)
4,000.00
3,500.00
3,000.00
2,500.00
2,000.00
1,500.00
1,000.00
500.00
0.00
protected
forest

permanent
production
forest

limited
production
production forest is not
forest
fixed

FIGURE 2. type and extent of forest in Wolasi sub-district

Land use by community in Kecamatan Wolasi
Land use is related to community activities directly related to land, where land use and land use and resources exist.
Land use is divided into two dimensions, namely the use of dry land covering the garden and yard, and the form of
wetland utilization in the form of rice fields. Use of forest land in woolen sub-district (TABLE 1)
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TABLE 1. Land area according to its use (hectare) in Wolasi
Land Use

The Large area

Wetlands

303

House compound & surrounding

330

Westeland/garden

1.650

Field/shifting field

1.100

Meadows

40

Temporarily follow land

820

Wooded land

800

Estates

1.300

Dykes & water ponds, forest, etc

9.226

Source: BPS prov.south sulawesi 2010
The more widely used land area is in ponds, ponds, state forests with an area of 9.226, while the least used is on
grasslands with an area of 40 so it states the amount of land-use activity compared to vacant land and state forest
land. The existence of land use activity by the community in wolasi district explains that agricultural and plantation
activities are still trusted by the community as a source of income and their work. In relation to land use by
communities where a region is a suitable and comfortable place to live for the population and includes a pleasant
survival.

Condition of Leleka Village and Aoma Village
Wolasi sub-district has an area of 160.29 cubic kilometers, consisting of 10 villages. Wolasi sub-district is a subdistrict located on a plateau flanked by mountains and hills with an area of 4,292,140 ha. Astronomically, the wolasi
sub-district lies between 04: 17'47.47 "south latitude and 122: 68'66" east longitude. Condition of the village in
Leleka and Aoma (TABLE 2)
TABLE 2. description of the condition of the village of Leleka and Aoma village
Regional Description

Type 1
(Leleka Village)
21.28 km2
610
28,67
55 km

Total Area
Population
Density
Distance of the village to the district
capital
Source: BPS prov.south sulawesi 2016

Type 2
(Aoma Village)
4,09 km2
646
157,95
53 km

The relatively low population and educational emphasis also contributes to the fulfillment of the need for
sustainability, especially in rural communities largely dependent on forests. The increasingly crowded area with
such a large population squeezes people to survive, so people use the forest so creatively to survive.

Forms of community forest utilization
The forest utilized by the wolasi sub-district is firewood, timber, uses forest land for gardening, rattan, sago, honey,
and vegetables nails and bamboo shoots, ornamental ornamental plants. Utilization of forest products conducted by
the community is inseparable from the existence of the forest itself. The purpose of forest utilization based on Law
No. 41 of 1999 on Forestry and Government Regulation Number 6 of 2007 on Forest Management and Forest
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Management Plans and Forest Utilization is to obtain the benefits of products and services sourced from forest
resources optimally, fairly, and sustainable for the welfare of the people. People living close to the forest make
forests a very meaningful function for them to survive by utilizing the resources available in forests such as fuel
wood, foodstuffs, building materials and other forest products that add value to their lives . (FIGURE 3)
40
35
30
25 17.44
16.0915.12
20
15
10
5
0

35.63
19.54
11.63 12.79
9.3
8.14 9.98
8.05
6.9
5.75 5.75 8.14
4.65
2.3

Leleka Village

Aoma Village

FIGURE 3. results of community forest utilization in Leleka and Aoma villages Firewood

SUMMARY
Forms of forest utilization in the woolen sub-district by the community are divided into two, namely the utilization
of timber and non-timber forest (rattan, sago, vegetables nails and bamboo shoots, ornamental plants of honey, and
forest land used for gardening). Communities in the Aoma village use more forests for gardening and farming, while
in Leleka village, the basis for them is forest exploitation in the form of timber but it is not uncommon to use nontimber forest products.
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Abstract. This research is based on the critical thinking skill of high school students which still low, while the purpose of
education itself, among others, is to equip students to think critically. So this research is done to develop prototype of
physics book for teacher and student with guided inquiry model to train critical thinking skill of high school students,
which aims to: 1) produce prototype of physics book for teacher and student, 2) describe the practicability in learning and
3) describe student’s critical thinking skills after learning. This research was developed with 4-D model which was tested
to 15 students of Islamic Senior High School 2 Gresik Class XI with One Group Pretest-Posttest Design. Data collection
used observation, tests, and questionnaires. Data analysis technique used quantitative and qualitative descriptive analysis.
The results of this study indicate: (1) The validity of learning tool is evaluated from: (a) The validation result on learning
device categorized as valid, (b) Readability of Student Book Prototype (92.78%) and students worksheet (95.37%)
categorized as easily understand (2) Practicability of lesson plan (94.75) categorized as very well, (b) student’s activities
categorized as very active (3) The effectiveness of learning device is evaluated from: (a) Student’s learning outcome
previously had an average of 30,93 after learning increased to 78,93 with average N-gain score of 0.7, (b) student's
response was positive (97,05%). These findings informed us that this prototype is valid, practical, and effective to train
high school student’s critical thinking.

INTRODUCTION
Innovation in learning today is very necessary because the learning process is not fully able to accommodate all
teacher explanations so that the learning outcomes increase. Therefore, the emergence of ideas in conducting
research so that not only the results of learning are increased, but the pattern of high-level thinking of students also
increased.
Critical thinking is part of higher order thinking skills, critical thinking is activated when the individual / learners
experience an unprecedented problem, uncertainty, questions, and in making a decision 1.
One of the learning models that can be used to empower students' critical thinking skills is the guided inquiry model.
Inquiry itself is an activity that involves students doing observations, asking questions, checking books and other
sources of information, planning investigations, reviewing experimental results, analyzing or interpreting data,
proposing answers to data, explaining predictions and communicating the results 2. The inquiry process requires
students to identify assumptions, use critical and logical thinking in each of the investigation steps and provide
explanations for alternative solutions.
In fact the books of students which are less to train critical thinking on students. Whereas in teacher's book there is
also inconsistency with existing student book and display of teacher book separate with student's book also
sometimes making it difficult for teacher in using it separately. So that researchers want to develop the book of
teachers and books of students which are relevant by using guided inquiry model to train the thinking skills in high
school students
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EXPERIMENTAL DETAILS
Type of Research
Development research with 4D learning device development model by Thiagarajan

Subject of Research
Students of Islamic Senior School 2 Gresik at Grade XI

Design of Research
Pre-Test
O1

Application
X

Pro-test
O2

RESULTS AND DISCUSSION
Learning device Validity
No.

Device Type

Average

Category

1

Syllabus Validity

3,77

Valid

2

Lesson Plan Validity

3,85

Valid

3

Teacher Book Prototype Validity

3,79

Valid

4

Student Book Prototype Validity

3,81

Valid

5

Student’s Worksheet Validity

3,81

Valid

6

Assessment Sheet Validity

3,77

Valid

Learning Feasibility in Every Phase
Opening
4,34
4,50
4,33
4,39

1st meeting
2nd meeting
3rd meeting
average

Main Activity
4,16
4,55
4,50
4,40

Closing
4,16
4,16
4,50
4,27

Class Condition
4,58
4,92
4,66
4,72

Based on the table all the stages in the lesson plan are implemented and on average the overall implementation
score is 4.48 with very good category 3. The lesson plan implementation instrument has an average reliability of
94.75% and is categorized very well.

Learning Outcome
Pretest Result
No

Posttest Result
N-gain

Category

T

0,79

Tinggi

B-

T

0,53

Sedang

2,96

B

T

0,66

Sedang

82

3,28

B+

T

0,72

Tinggi

TT

88

3,52

A-

T

0,81

Tinggi

TT

88

3,52

A-

T

0,82

Tinggi

O1

S

P

exp

1

44

1,76

C-

2

38

1,52

3

24

4

%

O2

S

P

exp

TT

88

3,52

A-

C-

TT

71

2,84

0,96

D

TT

74

35

1,40

D+

TT

5

38

1,52

C-

6

32

1,28

D+

30

%

100
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29

1,16

D

TT

71

2,84

B-

T

0,59

Sedang

8

21

0,84

D

TT

76

3,04

B

T

0,70

Sedang

9

26

1,04

D

TT

71

2,84

B-

T

0,61

Sedang

10

29

1,16

D

TT

76

3,04

B

T

0,66

Sedang

11

32

1,28

D+

TT

79

3,16

B

T

0,69

Sedang

12

26

1,04

D

TT

74

2,96

B

T

0,65

Sedang

13

29

1,16

D

TT

76

3,04

B

T

0,66

Sedang

14

29

1,16

D

TT

79

3,16

B

T

0,70

Sedang

15

32

1,28

D+

TT

91

3,64

A-

T

0,87

Tinggi

Students Learning Outcome increase with average of N-Gain 0,7 as categorized “moderate” and increase the
classical average from 30,93 to 18,93

SUMMARY
Based on the research result and the analysis, it can be concluded that teacher’s and student’s book which has
been developed with Guided Inquiry model is valid, practical, and effective to train senior high school student
critical thinking skill.
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Abstract. The most decisive factor in saving ourselves from a disaster is the mastery of knowledge possessed by "self" toward
the risk of disaster. The mastery of knowledge on disaster risk threats is obtained through disaster education. Right now, Disaster
education has been integrated into the curriculum 2013 at Senior High School for geography lesson. The study aimed to know
and examine the effect of integrating disaster management materials into the curriculum of geography subjects on the mastery of
knowledge possessed by "self/students" to save themselves from the risk of disaster. This research method was a quantitative
research which conducted by observation and test to measure the level of students' mastery in disaster knowledge, it was as a
parameter for facing the disaster preparedness. To know the effect of curriculum integration, the subject of research was done in
two different schools; (1) School which still applied the KTSP ( The curriculum did not integrate disaster education yet), it was
SMA N 4 Pangkalpinang, (2) School which applied curriculum 2013 (The curriculum has already integrated disaster education) it
was SMA N 2 Pangkalpinang. The result showed that the mastery of students’ knowledge on disaster risk at SMA N 4 was
obtained 22% the students were very ready, 31% ready, 13% almost ready, 34% less ready, 0% not ready. The mastery of
students' knowledge on disaster risk in SMA N 2 Pangkalpinang, the resulted showed 22% the students were very ready, 74%
ready, 4% almost ready,0% less and not ready. The level of mastery of students' knowledge on disaster risk indicates that the
school had applied the Curriculum 2013 which integrated toward disaster education had higher level of preparedness than the
school still applied the KTSP Curriculum which specifically integrated disaster education in Geography Subjects.
Keywords: Curriculum Integration, Disaster Education, Disaster Risk Knowledge Master

INTRODUCTION
The goals of education in Indonesia include the goals of national education, institutional goals, curriculum
objectives and learning objectives. The purpose of the curriculum is the task that the subject must achieve. The
cornerstone of the curriculum development is the state of the environment 1. The geographic environment of
Indonesia has a complex geological structure, located in a three-tier meeting of the Eurasian, Indo-Australian and
Pacific plates, and also took place at a meeting of two active fire mountains in the world, namely the Pacific and
Mediterranean sercum or often called "rings of fire" Judging by the potential of existing disasters, Indonesia is a
country with higher hazard potency. The BNPB published the results of a survey in Japan about the occurrence of
the 1995 Great Hanshin Awaji earthquake, which shows that the percentage of survivors caused by "themselves"
35%, family members 31.9%, "Friends / neighbors" 28.1% , Passers by 2, 60%, SAR team - 1.70% and others
0.90% 2. Based on the illustration, it is clear that the most crucial factor is the mastery of the knowledge that the
"them selves" possesses in order to save one self from the disaster risk that one of them has received through
education in the field of natural disasters.
The object of geographical study was geosphere 3. Geographical study saw and examined areas on the distributed
earth surfaces to form specific geographical environments indicating specific area and environment systems. Of the
reality, it was clear that geographical learning played a vital role in solving disaster. That is why disaster education
is integrated into curriculum 2013 on geographical subjects 4.
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EXPERIMENTAL DETAILS
This method of investigation is a quantitative study conducted by observation and testing. Research subjects were
conducted in two different schools to determine the impact of the integration of curricula among others; (1) Schools
that still use KTSP (a curriculum that has not been specifically integrated with disaster education) is SMA N 4
Pangkalpinang, (2) Schools that use the 2013 curriculum (curriculum specifically integrated with education on
natural disasters), is SMA N 2 Pangkalpinang. Measurement of the level of mastery of knowledge about the
disasters of students using one of the parameters of the preparedness for natural disasters developed in accordance
with LIPI-UNESCO / ISDR, which is knowledge and attitude 5. The knowledge and relationships parameter
develops in several variables, which are knowledge of the event of a natural disaster (type, magnitude, location,
impact), disaster risk analysis and knowledge of the event of natural disasters. Below is the index level preparedness
in facing disaster seen from disaster seen from mastering of knowledge on Disaster Risks.
TABLE 1. Preparedness Index in facing disaster seen from disaster seen from mastering of knowledge on Disaster Risks

The Value of the index
80-100
65-79
55-64
40-54
Less than 40

Category
Very Ready
Ready
Almost Ready
Less Ready
Not Ready

Source: LIPI -UNESCO/ISDR, 2006

RESULTS AND DISCUSSION
Education means to build attitudes, knowledge and skills. Disaster in Indonesia caused many lives, especially the
children. One way to reduce casualties when disaster mitigation. Disaster mitigation covers before, during and after
the disaster. Increased preparedness was done before a disaster occurs. Disaster education is a way of improving
preparedness. The cultivation of student preparedness was done through disaster education integrated into the
educational curriculum. The integration of disaster education contained in the Curriculum of 2013 for Geography
subjects in high school. The purpose of integrating the disaster curriculum was to instill the mastery of disaster risk
knowledge. Mastery of disaster risk knowledge reflected students' preparedness in the face of disaster.
The test was conducted on two research samples: in schools where KTSP is used (a curriculum that has not yet been
specifically integrated with education on natural disasters), such as SMA N 4 Pangkalpinang and schools that used
the 2013 curriculum (curriculum specifically integrated with disaster education) - SMA N 2 Pangkalpinang, Disaster
Preparedness Indicator for students learned through knowledge of disaster risk management in SMA N 4
Pangkalpinang showed that 22% of the category is very ready, 31% are ready, 13% are almost ready, 34% less
ready, and none of the students indicate a category that is not ready (FIGURE 1). The data showed that there were
still many students who less ready in facing disaster.
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FIGURE 1. Preparedness Index in facing disaster of SMA N 4 Pangkalpinang showed from
mastering of knowledge on disaster risks

Preparedness index in facing disaster of students of SMA N 2 Pangkalpinang indicated that 22% of them were very
ready; 74% were ready; 4% were almost ready; and there was no student indicated less ready and not ready
categories (FIGURE 2). The data showed that there were still many students who ready in facing disaster.
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22
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FIGURE 2. Preparedness Index in facing disaster of SMA N 2 Pangkalpinang showed from
mastering of knowledge on disaster risks

The results show that the level of knowledge about the risk of disasters in schools that implemented the 2013
curriculum integrated with education in the field of natural disasters has a higher level of preparedness, indicating
the mastery of knowledge about the risk of disaster than in schools where the KTSP curriculum is not designed
specifically to integrate disaster education on geography. The following is a comparison of the disaster preparedness
indicator between SMA N 2 Pangkalpinang and SMA N 4 Pangkalpinang (FIGURE 3).
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FIGURE 3. Comparisons of Preparedness Indexes in facing disaster between SMA N 2 and
SMA N 4 of Pangkalpinang seen from mastering of knowledge on disaster risks
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SUMMARY
The results of the research for two schools showed the effect of curriculum integration on the knowledge of student
preparedness. Students who had received disaster education materials which were integrated with the curriculum of
2013 for geography subjects indicated a high level of preparedness rather than the school which did not apply it. The
research conducted to encourage every student to get disaster materials to realize the people of Indonesia were alert
to the disaster.
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Abstract. The Students’ Mapping Tools (SMT) based on psychological response is a descriptive study using qualitative
methods to obtain a complete picture that is an effective progress recorder of students used by the teachers to design a lesson
plan in accordance with the needs of students. Within the SMT based on psychological response, there were three important
of psychological aspects with objective to identify students of (1) intellectual aspects, (2) aspects of learning attitudes, and
(3) aspects of personality. The SMT made by the school also, can be used as reference guides and effective way of filling
students with their potential strentgh, weakness, and help the teachers to identify who are the potential student's, student's
with potential development (some student's that can be develop of their capacity in some of psychological aspects) and
student's at risk. The extract data were provided will be used as a basis to (1) assess and plan for school needs, (2) monitor
individual student progress, (3) evaluate the efficacy of the interventions being used, and (4) assist schools in reporting and
student management.
Keywords: student mapping tools, psychological response, student at risk.

INTRODUCTION
Many boarding schools in Indonesia did not aware about the importance of Student Mapping Tool (SMT)
especially for new learners, because data and information were usually used for administrative purposes only.
Whereas data and information is a valuable input for how to further design learning programs for learners.
Therefore, SMT is a mapping instrument based on a series of assessment results of responses that appear and / or
raised by each learner, whether in the form of an academic assessment, health assessment, or psychological
assessment, in which the response is an indispensable data extract as a foothold in identify student at risk and design
lesson plans and interventions for learners.
Concept maps previously used as for formative assessment 2. The concept map must identify student’s strengths
and weaknesses. The state that had already used SMT as a guided for the teachers is Department of Education of
Victoria Australia1. Until now, in Indonesia almost many school used SMT only as a tool for assessing students to
received or refused the prospectus student especially in private school, but there were a little school aware that SMT
can be used in the future as a tool to identify who potential students, potential student's that still need to be
development with their strength and weakness and also student's at risk.

Student Mapping Tools (SMT)
Student mapping tools (SMT) are an effective way of serving students according to their potential strengths and
weaknesses. Inside the SMT is a characteristic of the learners both in the form of strength and needs, so ideally the
teachers (educators) can be grounded to design a learning program based on data and information from SMT. SMT
is a database containing comprehensive student profiles that can be used as a starting point for teachers to identify
potential learners, both as smart and gifted students with academic or behavioral problems. SMT is a guideline on
how ideally students get educational services that match their character. SMT can reveal the potentials that are still
lacking and must be raised and the good potentials that have been owned and must be developed by a learner.
According to the Department of Education and Early Childhood Development State of Victoria, the goal of SMT is
to provide authorized school staff with a systematic process that can help them (school staff) identify students at risk
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of leaving or dropping out early (identify students at risk of early leaving school), selecting and mapping appropriate
interventions (select and map appropriate interventions), and evaluating selected interventions3.
There were ten (10) related to the basic concept of Student Mapping Tools (SMT), which is a learner mapping
instrument: (1) process of data collection and sharing, (2) assessment of functions, (3) privacy requirements, (4) data
management, (5) use and disclosure, (6) data quality ), (7) data security, (8) openness, (9) access and correction, and
(10) unique identifiers3.

Psychological Assessment
Psychological assessment is the process of collecting information related to psychological aspects (usually used
as the basis for decision making), and it will be communicated to relevant parties concerned by the psychologist as
an assessor. Assessment process consist of (c.1) planning data collection procedures, (c.2) collecting assessment
data, (c.3) processing assessment data, and (c.4) communicating assessment data. c.1. Planning data collection
procedures. It is the process of gathering information and knowing of students, so there are efforts or assessment
emphasis conducted related to the approach or theory will be used. The emphasis of assessment related to the
dynamics of personality, background of social and family environment, interaction with others, perception of self
and reality. c.2. Collecting assessment data. It is related on how we should find out the information that we would
like to know. There was four sources of data conducted during the assessment of psychology, namely: interview,
test, observation and life record. c.3. Interview. It is a basis of assessment and a wide source. There are several
advantages of the interview, such as: (1) it is common in the social interaction so it is possible to collect sample data
on behaviors of individual verbal or non-verbal together, (2) it does not require the special equipment or equipment
and can be done anywhere, 3) it has a high degree of flexibility, free assessors to conduct inquiry on the topic of
discussion that may assist the assessment process.
The test, as well as interview, also provides a sample of individual behavior, but the stimulus test responded by
the student is more standardized than interview. Standardized test form is useful to overcome the biases that may
arise during the assessment process. The given response can usually be changed in the form of a score and
quantitative analysis is made. This helps the psychologist (assessor) to understand the student (client). The scores
obtained are then interpreted in accordance with existing norms.
Many consider that direct observation has the highest validity in the assessment. It relates to the advantages of
observation, such as: (1) observation is done directly and has the ability to avoid problems that arise during the
interview and test, such as memory problems, the type of response, motivation and situational bias, (2) its relevance
to the behavior that becomes the main topic, for example, the child's aggressive behavior can be observed as well as
the behavior shown in the playground in which the problem has arisen, (3) observation can access the behavior in its
social context, for example, to understand someone who seems depressed after being visited by his/her family, will
be more meaningful by observing directly rather than asking "Have you ever been depressed?", (4) can describe in
particular and detail.
Life record is the assessment done through data owned by someone such as school diploma, archives, health
records and so on. Many things can be learned from the life record. This approach does not require the client to
respond more through interview, test or observation. During this process, data can be further avoided from memory
distortion, response type, motivation or situational factors. By summarizing the information on clients' thoughts and
behaviors over a long period of life, life records provide a means for psychologists to better understand clients. c.4.
Processing assessment data. It was told us on how data is combined and how psychologists can minimize bias
during the interpretation of data. After the data were collected, so the next step was to determine the meaning of the
data. If the information is useful in achieving the assessment objectives, then the information will be moved from
the crude data to the interpretive format. This step is usually called clinical judgment. Psychologists (as assessors)
tend to view assessment data in three ways: as sample, correlation, or sign.
c.4. Communicating assessment data. It is related to those who will be given assessment reports and objectives,
how the assessment will affect the client (students) assessed. The results of the assessment will usually be written
into an assessment report. There are three criteria that must be met by the assessment report: clear, relevant to the
purpose and useful. The first criteria to be met obviously, is the report should be clear. Without these criteria, the
relevance and usability of the report cannot be evaluated. Unclear psychological report is a problem because
misinterpretation can lead to a decision error. The assessment report should be relevant to the objectives set at the
beginning of the assessment. If the original purpose is to classify the client's behavior then the information relevant
to it should be more emphasized. The written report is expected to provide the important additional information of
the client. Sometimes, there are also reports that have additional low validity.
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Psychological assessment imposed for students using measuring instruments as follow:
1. Curriculum Vitae
2. Indonesian Collective Intelligence Tests (TIKI), which consist of:
2.1. Level of Intelligence. This mean is overall capacity of a student to learn, solve problems or cope with
new situations quickly and effectively. 2.2.Verbal Reasoning. This mean is the ability to understand and
process presented concepts in the form of words logically.
2.3. Non Verbal Reasoning. This mean is the ability to understand and process material in the form of
images, symbols of logical geometric patterns. 2.4.Memory.This mean is the ability to recall everything
captured by the five senses, either information, science or basic calculations. 2.5. Counting Ability. This
mean is the ability to understand and process issues related to numbers and fluency in using basic hit-andcount concepts. 2.6. Skills Analysis. This mean is the ability to scatter problems encountered and connect
one problem with another in order to draw conclusions accurately. 2.7. The View of Spatial. This mean is
the ability to view, imagine and process forms that are three dimensions or basic forms. 2.8. Creativity is
fluency and diversity in discovering unique and unusual ideas on the challenges. 2.9 Leadership Potential.
This mean is the ability to influence a person or group in achieving the expected goals.
3. Test of Learning Attitude which consist of 3.1. Speed of Working. This mean is average speed to complete
a task or problem. 3.2. Perseverance. This mean is resilience to carry out the task with full sincerity until
it reaches completion. 3.3. Accuracy. This mean is the ability to do a task thoroughly and carefully. 3.4.
Achievement Motivation. This mean is an inner desire or drive for presenting an optimum achievement
that manifests in learning behavior. 3.5. Basic Engineering Capability. This mean is the ability of
relationship and conclusion of the situation in the form of style and power in the principles of mechanical
physics and commonly used to determine science or social science majors.
4. Personality Inventory is consist of 4.1. Emotional Stability. This mean is the ability to control the
emotional impulse in a healthy and balanced way of thinking and acting rationally. 4.2. Self-Adjustment.
This mean is the ability to place itself and provide appropriate reactions to the existing demands. 4.3. Self
Confidence. This mean is one's belief in his/her own ability, both thinking and acting ability as well as
social relationships. 4.4. Independence. This mean is the ability in conducting things independently. 4.5.
Leadership Potential is the ability to influence a person or group in achieving the expected goals.
Each learner is given a recommendation by the psychological assessor team with three options, namely: (1)
Potential Student's , (2) Potential Student's with Development, and (3) Student's At-risk. The three recommendation
options are an early sign that should be examined on students’ profile based on the response that appears. Potential
student's is one of the options refers to the students who are considered feasible and can follow the process of
education (learning) held later by the school by looking at the psychological aspects assessed, namely the aspects of
intelligence (cognitive), aspects of learning attitudes, and aspects of personality. Potential student's with
development is one of the options that refer to the students who are considered feasible and can follow the education
(learning) organized by the school with the support through additional special programs because there are some
psychological aspects that have not or inoptinum to the students. Student's at-risk is one options refer to the students
who are considered or predicted would having learning problems to following the education (learning) in the school.
The student's at risk need a special education teacher's of special assistance if those student's will be declared to be
accepted in the school.

Student's Response
Response is a term used by psychology to name the reaction to the stimulant received by five senses4. Responses
can be interpreted as reactions, answer, respond, reply, feedback, and reception, all refer to the effort that shows
results, both behaviors and responses, to stimulus provided. Students’ response is a response that appears and/or is
raised by the students who are given a stimulus, in this case is a series of psychological assessments that may
include interview, test, observation, life records and other instruments required for the purpose of the assessment.
A series of assessments in the admissions process of new students generally include: academic assessments,
health assessment, and psychological assessment. The results of a series of assessments are responses raised by
students, both quantitatively and qualitatively, which can be scientifically justified and applicable norms.
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EXPERIMENTAL DETAILS
In order to know the students’ psychological response based on student mapping tools in accordance with the
problem formulation, objectives and benefits, a qualitative method through descriptive approach is used. Qualitative
research is essentially observing individuals in their environment, interacting with them, trying to understand their
responses and interpreting responses raised by them. By using the qualitative methods, the data obtained are natural
data (without intervention) that is more complete, deep, credible, and meaningful so that the study objectives can be
achieved.

RESULTS AND DISCUSSION
The result of research shows the students’ psychological response of junior high school and senior high school
at NFBSL Indonesia Boarding School generally describes categories of recommendations described in the
comparison table of junior and senior high school as follows :
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80
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40
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38
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29

30

24

22

20
10
0
Potential Students

Potential Students
with Development

Student ar-risk

FIGURE 1. Comparison Percentage Each Category Of Recommendation.
Based on the results above, potential student's are welcome to follow the learning program in the school both
junior and senior high school. The recommendation was mentioned did not mean that there is no chance to cause
potential problems in following the learning program at school. It means that every learner, junior and senior high
school, will still adapt to the educational environment in school and there is a chance of problems occurring during
the adaptation process, but it may not be as heavy as the recommended students as potential with student's at-risk.
The above description results informs the initial mapping of students with all recommended categories , either as
students with potential students to following learning program, potential students with development or otherwise
student's students at-risk. The next mapping is exploring the meanings of the three categories of recommendation
options by examining the students' detailed responses from the three aspects in the assessment which consist of
aspects of intelligence (cognitive), learning attitudes, and a personality.
Below is the graphic showing each aspect of psychological with level of junior high school. The psychological
response of students in more detail, ranging from the aspect of intelligence (cognitive) which includes the level of
intelligence, verbal reasoning, non verbal reasoning, memory, numeracy, analytical skills, view of spatial, and
creativity. Aspects of learning attitudes include the speed of working, perseverance, thoroughness, and achievement
motivation. Aspects of personality included with emotional stability, adjustment, self-confidence, independence and
leadership capability.
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FIGURE 2. Average Value of Any Psychological Aspect for Junior High School.
The results of above responses show the initial map of junior high school students with various potentials they
have. Apparently for the aspect intelligence (cognitive) on junior high school students are above than the other two
aspects, namely aspects of learning attitudes and personality. This provides important information and reminds us
that all students at junior high school are children with a rapid development period who will continue to grow. In
their intellectual capacity it is seen that they have good basic potential, especially for memory and spatial categories.
It is also supported by the data on IQ score which is owned by 8 junior high school students whose IQ score is above
130 (very superior), 10 students have the score of IQ of 120-129 (superior), and 20 the students have the IQ score of
110-119 (bright normal). This means there are about 38 students who have excellent potential basis from the
intelligence side, and this is a very valuable asset.
However, behind the phenomenon of high intellectual aspect, there may be other psychological aspects (in this
case, attitude of learning and personality) that show inversely proportional response to the intellectual aspect. This
means that although the intellectual side is high, but it is not balanced with the response of students’ learning
attitude and personality. This phenomenon does not only belong to school itself, but the facts elsewhere, even
nationally, the aspects of learning attitudes and personality for most Indonesian students are below the expected
average. This means that there is a gap between the achievements of cognitive aspects and the appearance that is
raised from the learning attitude and students’ personality, for aspects of learning, in the case of psychological
assessment results at school. The phenomenon illustrates that students of junior high school still need guidance and
training in the learning process that can foster learning attitudes and a better personality.
Therefore, at this stage, the teachers (schools) must capable to design a lesson plan that can improve students'
learning attitudes and personality toward a positive and better one. This means that information on students’
psychological response becomes a mapping as guideline of the teachers (school) on how to start the appropriate
learning for each student. The database is an important content and needed in student mapping tools for students
themselves, parents of students, and teachers who are recruiting students in the learning process.
The lowest psychological assessment result of junior high school is the emotional stability of students. This is a
concern that junior high school students are in the period of emotional and volatile development, in the transition of
late childhood to early adolescence. Teachers must understand the developmental psychology of junior high school
students. In addition to external factors that are less conducive, such as the pattern of foster families and the
environment where the child is growing and developing, also colors the child's emotional stability. Therefore, in
dealing with students with the low emotional stability, good cooperation and communication between the school and
parents are needed in order to find the best ways to improve the emotional stability of children. Cooperation between
school and parents even with the students themselves is needed.
Those responses are becoming an important content of a student mapping tools, where teachers (school) and
parents should think together on how to improve the students’ emotional stability through well-designed learning
and intervention programs for students who have low emotional stability. What facilities should be prepared by the
school to improve the students’ low emotional stability. The literature study conducted by the National Institute of
Mental Health states that students with age range of 10-14 years old (Junior High School) and 15-17 years old
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(Senior High School) are being at unstable stage of emotional development. It will certainly have an impact and
influence on learning attitudes and academic achievement of students.

10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

Taraf Kecerdasan
Penalaran Verbal
Penalaran Non Verbal
Daya Ingat
Kemampuan…
Kemampuan Analisis
Pandang Ruang
Kemampuan Dasar…
Kreativitas
Kecepatan Kerja
Ketekunan
Ketelitian
Motivasi Berprestasi
Stabilitas Emosi
Penyesuaian Diri
Kepercayaan Diri
Kemandirian
Potensi…

AVERAGE SCORES OF ANY PSYCHOLOGICAL ASPECT FOR
SENIOR HIGH SCHOOL

FIGURE 3. Average Scores of Any Psychological Aspect for Senior High School.

Figure 3 show the average scores of any psychological aspect for senior high school. The psychological response
for Senior High School students were no much different from Junior High School students. Even the aspect of
intelligence (cognitive), the High School students have high capacity on the cognitive side. There are 11 students
whose IQ score is above 130 (very superior), 29 students whose IQ score is 120-129 (superior), and 37 students
whose IQ score is 110-119 (bright normal). It informs us that we are not short of having students whose IQ capacity
is above the normal average. This means many students are very intelligent in the cognitive aspect. However, the
note is that it is not accompanied by a response from aspects of learning attitudes and personality. Where the
personality aspect becomes an important note with very low results compared to the cognitive aspect. Aspects of
personality include emotional stability, adjustment, self-confidence, independence, and leadership potential
influence the attitude of learning and academic achievement.
It means the best learning plan and intervention plan should be made according to the needs of the students and
find a solution that is not merely pursuing good academic achievement, but it also must be accompanied by good
development of behavior (learning attitude), students who have problems in emotional stability will usually lead to
negative behavior in the form of: stealing, hitting friends, breaking rules, showing aggressiveness, lack of
attention/memory, lack or unable to self-control, less or less diligent in learning, less confidence, less or not
independent, less adaptable (adaptable), and less competent in the lead. Below is the graph of average scores of any
psychological aspect for senior high school.

SUMMARY
1.
3.
4.
5.
6.
7.

Student Mapping Tools is not just an extract data on students, but a database that can be used as a guideline for
teachers to design a lesson plan in accordance with the needs and characteristics of students 1.
Student Mapping Tools is a progress record of the students on their strength and needs (weaknesses) so it
becomes a learning path map that must be passed by them1,3.
Students’ psychological responses are responses that appear and/or are raised through a valid and reliable
measuring instrument conducted by experts, psychologists (psychological assessors).
Psychological responses revealed from students include intellectual aspects (cognitive), aspects of learning
attitudes, and aspects of personality.
Intellectual (cognitive) aspects include the areas of intelligence, verbal reasoning, nonverbal reasoning,
memory, numeracy, analytical skills, spatial ability, basic technical skills, and creativity.
Aspects of learning attitudes include areas of working speed, perseverance, thoroughness, and achievement
motivation.
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8.
9.

10.
11.
12.
13.
14.
15.
16.

17.

Aspects of personality include the area of emotional stability, adjustment, self-confidence, independence, and
leadership potential.
The meaningful content of Student Mapping Tools is based on the psychological response of students, as it
displays the students’ profile on the side of cognitive and noncognitive skills as a reference in preparing their
lesson plans.
Students’ psychological response based Student Mapping Tools is considered the most ideal in informing the
students thoroughly so that instruments can be used to identify the students at risk.
Policy and discretion in interpreting the results of psychological responses of students is needed because it is
not a judgment, but a signal for all of us as educators to better know who our students really are.
and how to treat the students so they can develop optimally.
The categories of recommendations received by students are actually a signal for teachers to prepare the
methods, strategies, media, and tools that should be incorporated into their lesson plans.
Potential for education does not mean there are no obstacles and challenges in the future.
Potential for development is a signal for us (teachers) to be creative in designing learning that can develop
students’ lack potential that should be improved.
Student's at-risk is the recommendation category that implies us (teachers) for extra intelligent working in
finding the best solution to educate them developing optimally in accordance with the characteristics they have.
It needed a special education teacher's to provide educational services for those student's 5,6,7,8,9.
Students psychological response is a wise guideline on student mapping tools that can help all of us (teachers,
parents, students) in providing the best educational roadmap for students. Other content is supporting the
completeness of the students profile themselves3.
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Abstract.This study aims to determine the validity of knowledge tests to improve the ability of science literacy on the
material of global warming based on Socio-scientific Issues (SSI). The research method used was 4-D, namely: (1) define, (2)
design, (3) develop, and (4) disseminate. The results showed that the assessment of science knowledge on science literacy on
the material of global warming based on Socio-scientific Issues (SSI) were namely: the validity of the material domain
obtained a percentage of 94.44% with very decent category, the validity of the construction field obtained a percentage of 93,
33% with very decent category, and validity from language domain got percentage equal to 91,66% with very decent
category. From this research, it can be concluded that science knowledge on science literacy on the global-based heating
material of Socio-scientific Issues (SSI) deserves to be used as supporting media of learning process to improve science
literacy ability.
Keywords: science literacy, socio-scientific issues, validity

INTRODUCTION
Current science education is geared toward preparing students for successful living in the 21 st century. Breakthroughs and
advances in science and technology have brought great changes in improving the quality of human life in various parts of
the world. These developments arise new problems related to the ethics, morals and global issues that actually threaten
human dignity and survival. For example, the developments in the automotive field in the form of modern transportation
creates new hope for human survival, but also cause new problems that threaten human life, such as air pollution due to
emissions of motor vehicles that can trigger the occurrence of global warming. This problem not only worries individuals
but also the global community and the problem can only be solved through means of communication and cooperation
among the global community. Rahayu (2014) stated that to solve the emerging problems, it is necessary for the
community to have an understanding of scientific ideas, intellectual ability, creativity, logical, and must have concern for
issues and problems that occur in nature 1. People who have these skills are said to have scientific literacy.
Science literacy is defined as the ability to conduct science knowledge to explain and predict natural phenomena in order
to overcome natural problems through scientific methods 2,3. In fact, the development of science literacy has become a
top priority in the field of science education in schools 4. In addition, the school curriculum for science should also direct
the learning of science in order to manifest students who later become a science-literate of society. The new curriculum
revised 2013 curriculum revised also expects this to be achieved by defining the competencies that students must possess
in the future such as: (a) the ability to communicate, (b) the ability to think critically, (c) the ability to consider problems
in the moral side and (d) the ability to live in a global society.
This 2013 curriculum revised demonstrates the importance of incorporating Socio-scientific Issues (SSI) into the
classroom of teaching and learning activities. Levinson proposed a three-stranded framework for teachers in teaching SSI
in classroom teaching activities, namely: 1) reasonable categories of disagreements; 2) good communication or essential
characteristics to engage in reasonable disagreements; 3) narrative ideas and narrative experiences that can explain the
best disagreements 5.
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Socio-scientific Issues (SSI) is a strategy that aims to stimulate intellectual, moral and ethical development, and
awareness of the relationship between science and social life 6,7. SSI learning has moral and ethical implications.
Therefore, the impetus for scientific literacy is indispensable to the moral and ethical implications of social-scientific
issues. Science literacy is important for all students. Literacy of science is the ability to engage with issues related to
science and with scientific ideas as reflective citizens. A person who has scientific literacy means the person is willing to
engage in issues related to science and technology that require competence to: (a) explain scientific phenomena; (b)
evaluate and design scientific inquiry; (c) interpret data and scientific evidence 8.
SSI learning is a learning that features controversial social issues related to science 6. SSI is conducted in science
education in order to organize science literacy that emphasizes the development of scientific and moral reasoning to cope
with the phenomena that occur in society. SSI can be found in a global context on environmental issues in society such as
global warming. In this study, the material chosen is the material of global warming. The issue used in this material is the
issue of global warming in accordance with SSI learning because it is local and also a problem that can be seen even felt
in the life of the students. This issue presents the relationship between the concept of the science that is related global
warming with people's lives. This study aims to produce the literature of science literacy capability on the material of
global warming based on Socio-scientifis Issues (SSI) valid. The validity is only reviewed from the results of the
validation of experts.

EXPERIMENTAL DETAILS
The type of this research is the research of the development of the 4-D model by developing science literacy capability
instrument on the global warming material based on Socio-scientifis Issues (SSI). The research development model is the
4-D model of Thiagarajan, Semmel, and Semmel 9. Four stages of this development model include define, design,
development and disseminate. But at the stage of dissemination is not done considering the realm of research
development which very extensive and takes a long time so that the development research is designed only until the
development stage (develop) to obtain a valid literacy ability skills.
The subject of this research is an instrument of science literacy knowledge which has been validated by three
experts/experts in their field. The instrument on instrument validation sheet about science literacy knowledge used to
collect data in this research is the instrument validation sheet of literacy ability of science. The instrument validation
literacy literature sheets developed contain guidance and appeal to the validator to provide an assessment of the
developed literacy instruments. The data collection technique that is done in this research is using the instrument
validation technique literacy skills in which the assessment is done by a validator who has qualifications and experience
in the field of science education.

RESULTS AND DISCUSSION
Science literacy is used to measure students' ability after the learning experience. This knowledge science literacy issue
refers to indicators of knowledge with competency indicators of science literacy PISA 2015. The number of items as
many as 15 questions in the form of multiple-choice questions. The formulation of knowledge indicators with
competence indicators of science literacy PISA 2015 can be seen in TABLE 1.
TABLE 1. The Formulation of Knowledge Indicators with Competence Indicators of Science Literacy PISA 2015

No
1.

PISA 2015
Scientific
Competencies
Explain
phenomena
scientifically

Competency
Indicators
Recall and apply
appropriate scientific
knowledge

Learning Indicators
Apply human effort to
invite others in
overcoming global
warming

Test indicator
Given a number of
options, students can
apply human efforts to
engage others in
addressing global
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No

2.

PISA 2015
Scientific
Competencies

Evaluate and
design scientific
enquiry

Competency
Indicators

Learning Indicators

Identify, use and
generate explanatory
models and
representations

Identify the sector of
human activity and the
percentage of
greenhouse gas
emissions generated

Make and justify
appropriate
predictions

Analyze the impact of
global warming on
ecosystems

Offer explanatory
hypotheses

Identify the influence
of the role of
vegetation in
overcoming global
warming

Explain the potential
implications of
scientific knowledge
for society

Identify the causes of
global warming

Identify the question
explored in a given
scientific study

Identify ways to
reduce the effects of
global warming

Distinguish
questions that could
be investigated
scientifically

Determine the impact
of global warming on
the environment

Propose a way of
exploring a given
question
scientifically

Formulate measures to
reduce the effects of
global warming

Evaluate ways of
exploring a given
question
scientifically

Linking the
government's policy on
how to tackle the waste
problem to explain the
3R’s relationship with
global warming
principles

Test indicator
warming
Presented in greenhouse
gas percentage diagrams,
students can identify the
sector of human activity
and the percentage of
greenhouse gas emissions
generated
Given a problem about the
impact of global warming,
students can analyze the
impact of global warming
on ecosystems
Given an appropriate
problem-formulation
article, students can
identify the influence of
vegetation's role in
overcoming global
warming
Presented images of
global warming posters,
students can identify the
factors that cause global
warming
Presented a percentage
reduction diagram of CO2
gas from various sectors,
students can identify ways
to reduce the effects of
global warming
Given 4 statements about
the impact of global
warming, students can
determine the impact of
global warming on the
environment
Presented table of
observations in different
regions of Indonesia with
different forest areas,
students can formulate
measures to reduce the
effects of global warming
Given a problem in the
environment with garbage
accumulation, students
can link government
policy ways to tackle
waste issues to explain the
3R principle relationship
with global warming
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4

5

6

7

8
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No

3.

PISA 2015
Scientific
Competencies

Interpret data and
evidence
scientifically

Competency
Indicators

Learning Indicators

Test indicator

Describe and
evaluate how
scientists ensure the
reliability of data,
and the objectivity
and generalisability
of explanations
Transform data from
one representation to
another

Identify the factors
causing the gases that
trigger global warming

Given a research result of
activity that leads to
global warming, students
can identify the factors
that cause the gases that
trigger global warming

Analyse and
interpret data and
draw appropriate
SUMMARY

Analyze the process of
greenhouse effect

Identify the
assumptions,
evidence and
reasoning in sciencerelated texts

Predicting the rise in
the earth's surface
temperature over the
next few years
proposed by the IPCC

Distinguish between
arguments that are
based on scientific
evidence and theory
and those based on
other considerations

Distinguish between
arguments based on
scientific evidence and
theories about earth
temperature rise that
affect weather and
climate

Evaluate scientific
arguments and
evidence from
different sources

Evaluating efforts in
tackling global
warming

Determine the shape of
the image about the
causes of global
warming

Presented image of the
cause of global warming,
students can determine the
shape of the image about
the causes of global
warming
Presented image of
greenhouse effect process,
students can analyze the
process of greenhouse
effect
Presented graphs on the
rise in surface temperature
of the earth IPCC
disclosed, students can
predict the rise in surface
temperature of the earth
the next few years
proposed by the IPCC
Given a problem of
climate and climate
change, students can
distinguish between
arguments based on
scientific evidence and
theories about earth
temperature rise that affect
weather and climate
Given a number of
options, students can
evaluate efforts to tackle
appropriate global
warming

No.
Test

10

11

12

13

14

15

Prior to the test, the knowledge about science literacy on global-based heating material Socio-scientifis Issues (SSI) has
been made validated by two lecturers of science and science teachers of science subjects. The purpose of this validation is
to get a validity score and get suggestions and comments from the validators. Validator consists of three people, namely
Dr. Elok Sudibyo, S.Pd., M.Pd., Dr. Harun Nasrudin, M.Si., and Asmaul Lutfauziah, S.Pd., M.Pd. The validation stage is
done by filling the validation sheet with a rating scale of 1-4. The results of media validation can be seen in TABLE 2.
At the validation stage, there are several suggestions provided by the validator as the reference for further improvement.
Judging from the validation result, got the score of each aspect that is validity from the realm of material got percentage
equal to 94,44% with very proper category, validity from construction aspect got percentage equal to 93,33% with very
proper category, and validity from sphere language got percentage equal to 91,66% with very decent category.
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TABLE 2. The Result of Validation of Knowledge About Literacy of Science on Global Warming Material Based on Socio-scientifis
Issues (SSI)

There
some
that
need to

No

Component

V1

Assessment
V2
V3

Matter Sphere
1
2

Item according to indicator
The content of the material matches the purpose of measurement
The content of the material in question according to the level, type
3
of school, and grade level
Total score
Percentage

3
4

4
4

3
4

4

4

4

are
things
still
be

34
94,44%

Construction Sphere
1
2

The subject matter (stem) is clearly defined
The subject matter does not contain double negative statements
If forced to use a negative word, it must be underlined, or printed
3
otherwise
4
Discourse images or tables really works
5
The items are not dependent on each other
Total score
Percentage

4
4

4
4

3
4

4

3

4

3
4

4
3
56
93,33%

4
4

Language Sphere
1

The formulation of a communicative sentence
4
3
3
Sentences using good and correct language and in accordance with
2
3
4
3
the language
3
Formulation of sentences does not lead to multiple interpretations
4
3
4
4
Using language or a common verb (not local)
4
4
4
The formulation of the question does not contain words that
5
4
4
4
offend students
Total score
55
Percentage
91,66%
Average percentage overall
93,14%
Category
Very decent
addressed even though it is included in the category very proper and declared valid, as the suggestion from the validator.
First, it is advisable to add an indicator about connecting the knowledge indicator with the question indicator. Second, it
is advisable to check the relevance of the cognitive level of the problem with the taxonomy of bloom. Thirdly, it is
advisable to check the discourse of the image to be synchronic and fully functional.

SUMMARY
Based on the results of the analysis and discussion can be concluded that the science of science literacy on the material of
global warming based on Socio-scientifis Issues (SSI) worthy of the validity so that it can be used in the learning process.

SUGGESTION
Suggestions that can be put forward based on research that has been done temporarily is the need to validate by the
experts about all research instruments that have been developed before doing research to obtain and collect data to
determine the practicality and effectiveness of all learning devices in the classroom.
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Abstract. The main problem in this research is the low ability of high school students to answer and analyze a chemical
problem. Chemical learning should be able to provide for students to be creative in understanding the things they learned. An
effort made to make an ability to answer and analyze a problem in the chemical field is increasing, is to use a worksheet basedproblem as a means to train students to have creative thinking skills on indicators of flexibility and fluency. The purpose of this
study is to develop a worksheet based-problem in improving students' creativity on indicators of flexibility and fluency. The
research uses the Research and Development (R & D) method developed by Thiangarajan, Semmel, and Semmel which
includes the defining phase, the design stage, and the development stage. The research data was collected from the assessment
of 4 experts through the validation sheet and performed 2 times. Data analysis using the quantitative descriptive technique. The
result of the research shows that the learners 'worksheets deserve to be used as teaching material for students as learning
material of students in improving students' creativity on flexibility and fluency indicator. This is based on the assessment of the
four experts by 70%. Therefore, worksheet based-problem are needed to improve creative thinking skills on indicators of
flexibility and fluency.
Keywords: student worksheet, problem-based, student’s creativity

INTRODUCTION
Three aspects of science are processes, products, and attitudes. Science as a process is a scientific method that starts from
finding out about natural phenomena systematically, science as a product is a collection of knowledge into reality,
principles or concepts, while science as an attitude can be obtained by developing processes such as curiosity,
appreciation, speaking based on concrete evidence or data and care about the environment 1.
Characteristics of chemistry can not only be done by mutual trust in knowledge or concept only. In the 2013 curriculum
development guidebook, topical (high school) chemistry learning that is suitable for the knowledge, creative, innovative
and affective through attitude knowledge, know (know what), and knowledge (know what) is integrated
Learning that memorizes only formulas and concepts do not provide meaningful meaning to students, in order to be more
active in building concepts and applying concepts that produce them in order to increase 2.
Train students in improving high thinking skills, teacher exercises that give students the opportunity to develop: (1) the
ability to construct concepts based on the experience they already have; (2) high thinking ability; (3) the ability to
communicate and interact and contribute ideas through group work; and (4) Attitude of hard work, tenacious, discipline,
honest, and achievement motive 3.
Sudarmini (2015) revealed that learning activities that require experimental activities are generally needed supporting
tools, one of them is the student’s worksheet because it is very well used to improve students in learning, whether used in
the application of guided methods or providing development training. student’s worksheet aims to find concepts or
principles and application of concepts or principles, but the facts in the Field show that student’s worksheet used in
learning contains only material summaries, exercise questions or contains practice manuals that do not practice high-
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order thinking skills of students, one of which is the skill of thinking creatively. This is left unchecked will not provide
optimal results for students, where students are only more tends to memorize and remember the existing concepts so that
the ability to analyze is still lacking, student’s worksheet like this, lack of learning experience and cannot train students'
creative thinking skills. Therefore, the researcher tried to establish student’s worksheet which contains guiding questions
and questions in analyzing the right problem so that it can explore and condition the students so that the competence of
students' creative thinking skill can be achieved through the stages of problem-based learning 4.
Student worksheets that use problem-based learning model are packaged in the form of problem analysis and solving
daily problems will make the students trained and in solving the problem of analysis 2. The learning outcomes obtained
from the results of the problem to the students will provide a very strong retention force because the concept is built on
their own experience, this is in line with Paulo Freire who said that the problem-solving approach to students to be solved
will give far better results and persist in long-term time rather than a verbal information approach 5.
Based on observations obtained that the learning of chemistry in the School generally emphasizes the cognitive aspects.
Memorizing activities dominate the mastery of science, not to develop high-level thinking skills, resulting in many
students who only memorize concepts, principles, and formulas, record what teachers explain and less actively, which
result when doing student evaluation questions tends to memorize. This condition is caused by the use of model, strategy,
and the device is still less varied and not student-centered, so student's thinking skill is still at low level.
Learning process learners are required to have the ability to think that will be equipped himself in solving the problem.
One potential that needs to be developed through the learning process is the ability to think learners. If the ability to think
learners develop, students are expected to have the ability to solve problems by using knowledge, skills, and
understanding that has been had. It aims to answer the demands of the 21st century that requires learners to compete by
developing skills and knowledge. Skills in question include critical thinking skills and problem-solving, communication
and collaboration, and creativity and innovation 6. Achieving the actual learning objectives requires learning tools in the
form of tools that not only include memorization and comprehension but also need an assessment that trains creative
thinking skills so that learners can be proficient, creative and independent when faced with a problem. However, in the
process of teaching teachers or educators still have difficulty in the preparation and making of learning tools that can
facilitate learners in thinking creativly, especially in chemistry, this is in line with the opinion of Ruslan Mapaella and
Nyet Moi Siew in 2015 in his research states, however, there is currently little evidence of tests that have been used to
assess students' thinking skills in the field of science 7.
The ability to think creatively influences his academic ability 8. Someone who has a high level of creative thinking,
learning result will be satisfactory. This is because, with the ability to think creatively, people will have a fast way of
thinking, superior in thinking and looking for problems over solutions that meet. Creative thinking skills have an
important role for learners when inside or outside of school. However, creative thinking is a rarity in learning. In other
words, creative thinking skills are still poorly trained and developed as a potential that learners must possess.
One way to practice students 'creative thinking skills is to use problem-based student’s worksheet is designed by asking
questions that make students trained to think and solve problems using problem-based learning model syntax and to train
students' creative thinking skills. Chemical learning using student’s worksheet problem-based is expected to improve
students' creative thinking skills. Therefore, the purpose of this study was to develop a problem-based learner workbook
in improving students' creativity in indicators of flexibility and fluency.

EXPERIMENTAL DETAILS
This type of research is research development (Research & Development / R & D), developed by Thiagarajan, Semmel,
and Semmel (2010). Which consists of 4 stages known as the 4-D model, but in this study only up to 3 stages, ie define,
design and development.
The sample in this research is the students of class grades 11th in senior high school no.1 at West Lombok . Data analysis
technique used is simple quantitative data descriptive analysis technique, that is showing the result of student’s worksheet
problem-based development in improving creative thinking skill. The data obtained through the validation sheet of the
experts and the value of N-gain. Based on the results of the validator assessment can be known the feasibility student’s
worksheet that has been made, instrument criteria using the criteria proposed by Suharsimiarikunto (2010) as follows 9:
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TABLE 1. Eligibility criteria scoring

Percentage (%)
81-100%
61-80%
41-60%
21-40%
0-20%

Cateogry
Very Decent
Well Decent
Quite Decent
Not Decent
Not Feasible

And to see the effectiveness of the product used in this study is student’s worksheet problem-based that is by looking at
the difference in the value of post-test and pre-test with the N-gain formula used by Cheng (2014) 10.
N-gain =

Spost – Spre
Smax– Spre

x 100%

(1)

With terms
TABLE 2. Criteria of Gain Score

Classification of Gain Score
0,7 ˂ 𝒈 ≤ 1
0,3 ˂ 𝒈 ≤ 0,7
𝒈 ≤ 0,3

Category
High
Medium
Low

RESULTS AND DISCUSSION
Student’s worksheet problem-based development has been through 3 phases: 1) Define, 2) Design, and 3) Development.
Based on the results of research that has been done, the explanation of the stages is as follows.

Defining Stages
Based on the observation results obtained problems of student value is still low and in the learning process, student’s
worksheet used still not train students to think creatively, which seen from the low value of students. Based on these
problems it is necessary to develop problem-based student’s worksheet to train students to think creatively. student’s
worksheet developed in the form of print media this is to facilitate students in having it.

Design Stage
Stage Design includes the following activities:
a. Device Setup
In the preparation of student’s worksheet activities developed items that refer to the indicators of creative thinking is
used as an exercise level of thinking on acidic and alkaline materials
b. Selection Format (Format Selection) and Initial Design (Initial Design)
In this activity carried out the specification of the development that has been produced is a problem-based learning
tool that refers to the syllabus. In the design stage, Research has made the initial product or product design. This stage is
done to make student’s worksheet lesson which is suitable for acid and base material.

Development Stage
Stages of development is a stage that aims to produce the final product after going through the stages of validation,
revision and field trials. At the development stage, student’s worksheet is validated by the material expert ie lecturer.
Based on the results of the assessment and suggestions from experts, student’s worksheet then revised and conducted the
trial.
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Expert Validation Results
Validation is conducted to gain input from experts so that the products produced can be in accordance with the
standards, Assessment by experts include content assessment, presentation, and language. The results of the experts show
that the student’s worksheet made feasible to proceed to the pilot phase. The average score of the validation results
obtained are as follows:
TABLE 3. Result of The Expert Assess on Every Aspect
Expert Judgment
The Score on Every Aspect
1
2
Academic
Average
Score 0,734
0.67
Category

3
0,71

Effectiveness Test Results
The effectiveness test can be known by looking at improving the creative thinking ability of the participants through
the N-Gain test. Based on the results obtained show that the effectiveness of the use of student’s worksheet quite
effective in improving students' creative thinking skills. This can be seen in TABLE 4:
TABLE 4. The Result of Efectivity Test

Amount of Student
23

The Score on Every Aspect
Average Score of Pre-test
Average Score of Post-test
21,73
61,15

Average Score of N-gain
0,50

This research is a quantitative descriptive research that aims to develop problem-based learner worksheets in
improving creative thinking skills, by looking at the validation test results of learners 'worksheets and looking at the
effectiveness of the students' worksheets used. The method of research development is a 4-D research method that is
modified into 3-D, so as to obtain valid and effective results used. Kevalidtan from the worksheet of problem-based
learners by looking at the point of view of the experts, where the expert used as a validator is a master of science
education lecturer University Mataram as much as 4 experts and done 2 times. Based on the results obtained an average
score of 70% of this indicates that the worksheets of learners are made feasible to use and can be continued at the test
phase.
Phase Trial conducted at high school 1 Kediri samples used as many as 23 science students. The test phase is
performed by looking at the difference between the pre-test value and the Post-test value which is then followed by the
N-gain normality test to test the effectiveness of the learners' worksheet used. The results of the effectiveness test
obtained are 0.50 indicating that the students' worksheets are effective enough used in improving creative thinking skills.
This is obtained because the student worksheet is used using a problem-based learning model, in which the learner's work
sheet that contains questions in the form of analysis and student’s worksheet that is used to contain questions and
problems that exist in everyday life, of course, this can train students in creative thinking. The student’s worksheet is
composed of questions that relate the existing problems of everyday life, so as to explore and condition the creative
thinking skills to be achieved through the stages of problem-based learning. Problem-based learning can improve creative
thinking skills because problem-based learning in learning activities exposes students to real problems in everyday life so
that students can develop their own knowledge in solving problems and seek various solutions, and encourage students to
think creatively 11. Therefore, the problem-based learner workspace needs to be developed to assist the students in
practicing creative thinking skills and in the future, the students will be able to solve the problems that exist in everyday
life.

SUMMARY
Based on the results of research and discussion, it can be concluded that the worksheet of problem-based learners is
feasible and effective to be used as teaching material in training students to think creatively.
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Abstract. This research is intended to produce learning tools based on POGIL (Process Oriented Guided Inquiry Learning) which is
feasible to apply in school. The development model used is 4D model which is limited to the three stages of the stage, 1) Define, aims
to identify and develop an understanding of the needs of learners, 2) Stage Design aims to prepare learning tools based on POGIL
(Process Oriented Guided Inquiry Learning), 3) Stage Develop aims to produce the development of learning tools based on POGIL
(Process Oriented Guided Inquiry Learning). The SUMMARY of this study is that the learning device that has been developed is quite
valid. 1) It is quite valid and feasible to be used for expert validation results showed all the classified learning quite valid criteria. The
response of teachers in the use of devices that have been in use at the time of learning to respond favorably or very practical (82.95%)
of the learning activities and student responses indicate that students gave positive responses (84.76%) of the learning activities and
learning devices, analysis of cognitive learning outcomes of students showed that almost all of the students got high scores ktiteria
individually.

INTRODUCTION
Chemistry is one branch of natural sciences, most of which is the science of experiments and knowledge of research in
the laboratory. Compared to other fields, chemicals are more difficult.
Principles in curriculum development 2013 is a competency-based curriculum that is characterized by the development of
competence in the form of attitudes, knowledge, thinking skills, and psychomotor skills that are packed in various
subjects (documen curriculum 2013 senior high school). Chemistry as one of the lessons taught at the secondary school
level that studies the material, which includes the composition, properties, and changes as well as the energy changes that
accompany such material changes1. The level of difficulty of the subject of chemistry is based on the abstract level, the
quality of the material, the calculation of problem solving and graphics, and the quality of the material in the form of
information about understanding the concepts and rules of the subject matter. On the other hand, learners may be able to
better understand the material presented, if the presentation is done systematically, for example starting from the easiest
material then proceed to the next level.
Teachers are required to develop learning tools in accordance with the school's carrying capacity and potential students.
Learning tool is a means of teachers to prepare the course of teaching and learning activities. A good learning tool is a
learning tool that when applied, able to make learners active in learning activities and understand the material being
taught. The preparation of instructional tools is done by the teacher as a learning facilitator.
One of the learning models that suits the scientific or scientific inquiry approach in improving the science process skills
of learners and the mastery of the concepts of learners is pogil (process oriented guided inquiry learning which is a
learning developed by moog and hanson aims to help learners improve both concepts and process skills simultaneously 2.
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According to Nadelson3 learning using the pogil model plays an important role in helping students to master the subject
matter.
The purpose of the pogil model in the classroom is to make learners responsible for building their own sense of learning4.
Learning pogil model is a process-oriented inquiry learning centered on learners. In pogil learners work in groups (called
team learning) aimed at mastery of concepts, through pogil learners are able to develop skills, high-level thinking and
metacognition, communication, teamwork, management, and assessment and no longer rely on rote but develop skills for
success in learning5.
Based on observations in schools and direct interviews to chemistry subject teachers for mastery of the concepts of
learners is still very less, most students in mastering the concept prefer to memorize without knowing the application of
the concept in everyday life.
Based on the results of interviews to learners about the learning process in the classroom, chemistry teachers use more
lecture methods and more summarize the lesson material from the package books that have been provided by the school,
whereas when practicum they are more often do classroom practicum or demonstration conducted by the teacher direct
and students just listen and take note of the tools and materials used.
Based on the problems presented above, it is necessary research on
development of learning-based pogil (process
oriented guided inquiry learning) to improve mastery of base student concept of acid base material in high school.

EXPERIMENTAL DETAILS
This research is included in this type of research development (Research and Development) which is commonly
abbreviated R & D. Research and Development (R&D) is a research method used to produce a particular product and test
the effectiveness of the product6. The development model used for this development basis is the result of adaptation of
the suggested device development by7. This model consists of four development stages Define, Design, Develop, and
Disseminate or adapted into a 4-D model, that is Define, Design, Develop, and Disseminate. So obtained the
development model implemented in this study is in accordance with the results of adaptation so that obtained steps of
development based on procedural model set.
The purpose of the stage define is to define and define needs in the learning process. To get the needs of learning things
that must be considered include the suitability of learning needs with the applicable curriculum, school conditions and
syllabus used, the level of development of learners, task analysis, concept analysis and the formulation of learning
objectives.
Stage Design, consists of four steps to be done at this stage, that is: 1) preparation of test standards (criterion-test
construction), 2) media selection that match the material characteristics and learning objectives, 3) format selection, that
is review the format of existing teaching materials and set the format of teaching materials to be developed, 4) initial
design according to the selected format.

653
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference
Stage Developm aims to produce learning Media based POGIL (Process Oriented Guided Inquiry Learning) to Improve
Mastery of Base Student Concept of Acid Base Material in High School. This stage aims to get advice that is: to know
the truth of the content and format and legibility of draft learning devices produced at the design stage. In this case, the
validation process involves a validator namely: Expert validation includes a chemistry learning expert to know the truth
of the content and format earning device based learning POGIL (Process Oriented Guided Inquiry Learning) model
developed by researchers. After the draft of learning device I is validated and revised, then the draft of learning device II
next is called Draft II which will be used in the testing phase. Furthermore trials with learners, Phase test of learners
consists of limited trials and extensive trials. Limited trials are conducted to obtain direct input in the form of responses,
reactions, comments learners, and the observers of learning tools that have been prepared. Limited trials are conducted
using Draft II on learners who have obtained the materials. The results of limited trials in the form of responses of
teachers and learners to the learning devices used. Draft II was revised based on suggestions and inputs from colleagues,
teachers and learners on the advantages and disadvantages of learning tools developed, then produced a draft of learning
device III called Draft III.
Extensive trials are used to determine the superiority of products related to the impact of companions generated on the
mastery of the concepts of learners.
In the implementation of research and development, there are several methods used, namely method: descriptive,
evaluative, and experimental. Descriptive method used as a preliminary study to find out about the condition of existing
products, users, and factors supporting and inhibiting. Evaluative method, used to evaluate the product in the trial
process. The experimental method is used to test the efficacy of the resulting product.
The product developed is a chemical learning tool based on POGIL. Learning tools developed include: syllabus, Lesson
Plan, Student Activity Sheet, and mastery of student concept
The data analysis techniques conducted in this study are as follows:
1.

Expert validation analysis is done by way of:
a. Calculate the validity score of the expert validation results using the formula:
𝐕𝐚𝐥𝐢𝐝𝐢𝐭𝐲 (𝐕) =

𝒕𝒐𝒕𝒂𝒍 𝒔𝒄𝒐𝒓𝒆 𝒗𝒂𝒍𝒊𝒅𝒂𝒕𝒊𝒐𝒏 𝟒 𝒗𝒂𝒍𝒊𝒅𝒂𝒕𝒐𝒓
𝒙𝟏𝟎𝟎%
𝒕𝒐𝒕𝒂𝒍 𝒔𝒄𝒐𝒓𝒆 𝒎𝒂𝒌𝒔𝒊𝒎𝒂𝒍

The results of the known validity of the percentages can be matched against the validity criteria as
presented in TABLE 1.
TABEL 1. Criteria for learning device validity8

NO
1
2
3
4
2.

Score
80,01 – 100%
70,01 – 80,00 %
50,01 – 70,00%
01,00 – 50,00%

Criteria
Very feasible
Feasible
Less Feasible
Not Feasible

Analysis practicality learning device, based on the response of teachers and learners respond
a. Calculating score responses of teachers and students using the formula:
𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑡𝑒𝑎𝑐ℎ𝑒𝑟 𝑎𝑛𝑑 𝑠𝑡𝑢𝑑𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑐𝑒
Practicality =
𝑥100%
𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑚𝑎𝑘𝑠𝑖𝑚𝑎𝑙
b.

The result of a known response percentage can be matched against the criteria of practicality as presented
on TABLE 2.
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TABLE 2. Criteria for the practicality of instructional devices

NO
1
2
3
4
3.

Score
80,01 – 100%
70,01 – 80,00 %
50,01 – 70,00%
01,00 – 50,00%

Criteria
Very practical
practical
Less practical
Not practical

Analysis of the effectiveness of instructional tools used, based on students' cognitive test results.
Normalize gain test is used to measure the increase of pre-test value to post-test. Gain shows increased
understanding or mastery of student concepts after the teacher's learning. The N-Gain test will be performed if
the pre-test value between the experimental classes is different. N-Gain formula can be seen in the formula
below:
S 𝑝𝑜𝑠𝑡𝑒𝑠𝑡 − S 𝑝𝑟𝑒𝑡𝑒𝑠𝑡
g=
S 𝑚𝑎𝑘𝑠𝑖𝑚𝑢𝑚 − S 𝑝𝑟𝑒𝑡𝑒𝑠𝑡
Information :
G
= N-Gain
S pre-test
= Score pre-test
S post-test
= Score Post-test
S maksimum
=Score maksimum (ideal)
According to Hake (1998), the results of normalized gain scores are divided into three
categories. The category is visible within Tabel 4.
Tabel 4 Gain Criteria Normalized
Persentase
g < 0,3
0,7 > g ≥ 0,3
g ≥ 0,7

Criteria
Low
Medium
High

RESULTS AND DISCUSSION
Expert validation
Expert validation is performed by four validators. Assessment is focused on content, display and format aspects.
Validation results are presented in TABLE 3.
TABLE 3. Validation Results

NO

Learning Media

1
2
3
4

Syllabus
Lesson plan
Student Work Sheet
Instruments about
conceptual mastery

average
(%)
89%
79%
81, 8 %
78,97%

Criteria
Very feasible
feasible
Very feasible
feasible

Based on TABLE 3 it is known that the validated learning tools are categorized as valid enough for the implementation
plan of learning and the instrument about conceptual mastery, and classified as very valid for syllabus and student
worksheet. Nevertheless, learning tools are feasible to use but with small revisions prior to use in small-group testing.
This validation result is used to measure the validity of instructional device.
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Test of practicality
The small group test uses a revised learning tool based on validator input and is tested to a limited
number of students. The results of teacher and student responses on instructional tools, presented in Tabel 3.
a. Teacher's response to learning tools
𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑡𝑒𝑎𝑐ℎ𝑒𝑟 𝑟𝑒𝑠𝑝𝑜𝑛𝑐𝑒
Practicality =
𝑥100%
𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑚𝑎𝑘𝑠𝑖𝑚𝑎𝑙
Practicaly =
b.

73
𝑥100% = 82,95 %
88

Student responses about students' worksheets
𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑠𝑡𝑢𝑑𝑒𝑛𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑐𝑒
Practicality =
𝑥100%
𝑡𝑜𝑡𝑎𝑙 𝑠𝑐𝑜𝑟𝑒 𝑚𝑎𝑘𝑠𝑖𝑚𝑎𝑙
Practicaly =
NO
1
2

Responden
Teacher
50 Student

2204
𝑥100% = 84,76 %
2600

Practicaly
82,95 %
84,76 %

Criteria
Very Practicaly
Very Practicaly

Density test
This assay analysis using the n-gain based on the results
students.
Student
Percentage
1
g <0.3
7
0.7> g ≥ 0.3
42
g ≥ 0.7

of cognitive tests students' mastery of concepts
Criteria
Low
Moderate
High
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Research has succeeded in developing devices based learning POGIL to improve learners' mastery of concepts on acidbase materials. The results showed a device developed in the form of very valid syllabus, lesson plans dikembangakam
quite valid, very valid LKPD developed and test instrument developed quite valid. In the software development process
of learning, researchers try to bring a consistent relationship of each component of the learning device that was developed
with the characteristics of applied learning models that POGIL learning model. Many of the suggestions given by the
validator, among which the preparation of syllabi and lesson plans in a more systematic, bring up the contextual activities
that support the performance of the process on LKPD and added sections on Sheet votes Rate (LP). The suggestions
provide input for researchers to perform minor revisions, so the learning device can be used.
To test the practicality views of enforceability of learning activities and learning about the student response is applied
particularly LKPD use during the learning. The capability required in the implementation of the learning process is the
activity of teachers to create and foster learning activities in accordance with the plans that have been prepared 9. While
the results of data analysis in a teacher's response on a device that has been in use at the time of learning to respond
favorably or very practical (82.95%) of the learning activities, further reason teachers are the students more active and
encourage students to seek new ideas and the students' responses shows that students gave positive responses (84.76%) of
the learning activities and learning devices. Further reasons for learning the student is done with a lot of practice, fun and
encourage them to find new ideas. Suggests POGIL improve overall student performance on the test, increasing the
ability to think critically, and provide adequate interactive classroom setting10.
To test the effectiveness is measured by the results of students' cognitive learning has been applied products. Analysis of
cognitive learning outcomes of students showed that almost all of the students got high scores ktiteria individually (42 of
50 students), while as many as seven students, and low of just 1 student. Based on this, it is known that the use of the
device with the model POGIL learning can help students achieve mastery learning outcomes are high. Suggests POGIL
positive effect on the learning achievement of cognitive, affective, and psychomotor POGIL improve analytical skills and
self-confidence of students11. POGIL models can improve process skills, thinking skills, problem solving skills (problem
solving), and meningeskatkan students' cognitive abilities12.

SUMMARY
The SUMMARY of this study is that the learning device that has been developed is quite valid. 1) It is quite valid and
feasible to be used for expert validation results showed all the classified learning quite valid criteria. The response of
teachers in the use of devices that have been in use at the time of learning to respond favorably or very practical (82.95%)
of the learning activities and student responses indicate that students gave positive responses (84.76%) of the learning
activities and learning devices. The test effectiveness was measured by cognitive achievement of students have applied
the product. Analysis of cognitive learning outcomes of students showed that almost all of the students got high scores
ctiteria individually (42 of 50 students).
The authors suggested several suggestions: (1) teachers should pay attention to the allocation of time available for
learning activities using the learning device requires a long time. (2) further studies should be done similar to this study,
but by adding other variables. (3) It is necessary to do further research to test these devices in schools more
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Abstract. Analytic Geometry has been considered as one of fundamental course in undergraduate program on mathematics
department. This course along with Multivariable Calculus and Ordinary Differential Equation form fundamental
understanding on the following advance course. In this course, the students are asked to master the use of symbol and algebraic
manipulation. In detail, it requires students’ reasoning and consistency in solving analytical geometry related problem.
Nevertheless, from the preliminary test given to the students in the beginning of the course, it suggests that most of the
students (84,21%) unable to solve the problems. They did not notice about the properties lies behind the algebraic symbol. In
the other words, the students show a low ability in visualizing analytic problem before conducting manipulation geometrically,
which we call visualization ability on analytic form. The use of Digital Geometry Software (DGS) provide opportunity for the
students in making sense of geometric representation of the algebraic manipulation. This visualization using DGS, help the
students in making relationship of visualization on algebraic manipulation. One of simple DGS used in the academics that can
support visualization in analytic geometry is Geogebra. This classroom action research aims to uncover to what extend the
using of DGS may help the students in visualizing algebraic manipulation. The students’ improvement in visualizing algebraic
manipulation was occurred during their hands on DGS manipulating activity.

INTRODUCTION
Analytic Geometry has been considered as one of fundamental course in undergraduate program on mathematics
department. This course along with Multivariable Calculus and Ordinary Differential Equation form fundamental
understanding on the later advance course. Analyzing geometric figure in coordinate system is the main topic learnt in
this course. In mathematics department Universitas Negeri Surabaya, Analytic Geometry is stated as mandatory course
for second year undergraduate students. Regardless the importance of this course for understanding the upcoming course,
many undergraduate students failed in this course and retook it in the next year.
In Analytic Geometry course, the students are asked to master the use of symbol and algebraic manipulation. In detail, it
requires students’ reasoning and consistency in solving analytical geometry related problem. Nevertheless, from the
preliminary test given to the students in the beginning of the course, it suggests that most of the students (84,21%) unable
to solve the problems. They did not notice about the properties lies behind the algebraic symbol. In the other words, the
students show a low ability in visualizing algebraic manipulation geometrically, which we call visual-algebraic geometry
ability. It can be inferred that the students are unable to understand the use of symbols and algebraic manipulation 1. The
inability to understand the idea behind algebraic manipulation make the students only calculating the algebraic symbols
without realizing any geometrical meaning on each iteration. Therefore, in answering Analytic Geometry problems, they
are mostly neglecting the algebraic manipulation visual interpretation.
One possible solution that can be used to invite the students understanding on algebraic manipulation is the use of
Computer-assisted Instruction (CAI) in the classroom. The use of CAI in the classroom can be applied as exploration
tools of which the teacher unable to provide the tools in the real class. In fact, this approach change the nature of
classroom activity in which the teachers are no longer considered as main the source of learning 2. Furthermore, this
approach omit the students difficulties during the class by (1) visualizing geometrical objects and (2) assisting the
students in simplifying calculation. For geometry subject, we have a plenty of software that can be used in helping the
students to visualize the algebraic manipulation. Those application is called Digital Geometry Software. The use of
Digital Geometry Software (DGS) provide opportunity for the students in making sense of geometric representation of
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the algebraic manipulation 3,4. This visualization using DGS, help the students in making relationship of visualization on
algebraic manipulation.
The implementation of DGS as learning media require preparation in order to achieve learning objective effectively.
Without an adequate preparation, the use of DGS would make the failure in completing the learning objectives because it
may distract the students focus and be difficult for the students who unable to operate the computer well 5. Therefore, a
careful design on students activity regarding the nature of the students and the topics is important.
One of simple DGS used in the academics that can support visualization in analitic geometry is Geogebra. Geogebra
provide an opportunity to the students in exploring multiple representation on analytic geometry in practical ways 3. The
user interface of the Geogebra that provide direct analysis on both visual and algebraic form directly may be used as
advantages in helping students’ visualization. Thus, in this paper we present the use of Geogebra in helping students’
visualization in analytic geometry course.

EXPERIMENTAL DETAILS
This classroom action research involves a sequence of development stages namely (1) analysis, (2) DGS intervention
design, (3) realization, and (4) implementation 6. In the implementation, the class is observed based on the effectivity of
the actions. A test, questionnaire, and observation are used to collect the data (TABLE 1). The analysis on the students’
visual-algebraic geometry ability and the students’ responses are elicited. This classroom action research is ended if in a
cycle, the students’ improvement of pre and post-test score are increase in minimum 60%. This study was conducted in
Mathematics Department Faculty of Mathematics and Natural Sciences, State University of Surabaya with research
subject the student of the third semester.
TABLE 3. Data Collection and Instrument

Research Focus
Visual algebrageometry ability

Instrument

Analysis Method

Pre-post test

Quantitative

Class Management

Teaching Observation

Qualitative descriptive

Students’ response

Students’ response
questionaire

Qualitative descriptive

1.

Indicator
Pre-post tests show increasing
result
Lecturer conduct the activity
based on lesson plan
Positive response: scores of
favorable items is greater than
unfavourable items

FIGURE 8. Geogebra demonstration on course lesson

The study was conducted over 3 months in 24-students analytic geometry class with the following activities: preparation
of the study (1 week), coordination (1 week), preparation (1 week), action, implementation (4 weeks: planning, action
and observation, evaluation and reflection) research report (2 weeks), research seminar (1 week), refinement of report
based on input in seminar (2 weeks), procurement and delivery of research report (1 week). In one cycle, learning will be
done pre-test and post test to know the student's spatial ability and student's visualization ability. Learning by using
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GeoGebra is designed as an action (FIGURE 1). Then, from the students' visual-algebraic-geometry test obtained, the
results will be analyzed by looking at the indicators of this class action research.

RESULTS AND DISCUSSION
A lesson design is implemented in the course of analytic geometry using Geogebra as DGS in the class discussion. the
Geogebra was used as visualization instrument of the algebraic manipulation. The students achievement has improved
more than 60% after cycles of teaching and learning process. The students response resulted from the questionaire shows
positive outcome on the use of Geogebra (DGS) in the teaching of analyric geometry. More than 70% of the students
claimed that the use of Geogebra help their understanding in visualizing the analytic forms of algebraic manipiulation as
geometrical figures.
From the students' visual arithmetic algebra-geometry tests given to the students as a pre-test, most of the difficulties
in answering the problems given in the question, here are examples of student responses in response to the given problem

Geometry, there is only the student who be able to present the solution visually as a geometry build that meets
the requirements given. Not many algebraic explanations are included by the student. Of the 5 students who are
able to provide a solution, 4 of them provide answers (FIGURE 2).

Algebra-geometry, there is only one student who can present the solution algebra and geometry completely
(Fig. 3).

FIGURE 9. students geometric answer on problem
The answer in FIGURE 2 suggest that the students tend to think using regular answer. In this case, the regular answer
was regular quadrilateral which is square. They failed to find another possible solution from the problem given. The
snapshot also elicited the fact that the students unable to justify the answer firmly. Using estimation on geometrical figure
of the quadrilateral was used by the students.
Another answer from the students also provide the same answer (FIGURE 2). However, in the answer, the student was
able to explain the answer algebraically. The students develop logical argument using the properties of the given
quadrilateral in which the figure having equilateral properties. nevertheless, there was mistake in the step involving
taking square roots on both side. This made the student unable to find another solution from the problem.
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2.
FIGURE 10. students answer on problem with algebraic explanation
3.
The improvement of the result is divided into two categories, namely complete answers and incomplete answers. The
comparison of the number of the students who were able to solve the problem determine the cycle. The analysis on the
answer was also conducted to determine to what extend the Geogebra may help the students in visualize the algebraic
manipulation (TABLE 2 and TABLE 3).
TABLE 4. Percentage of visual ability based on analysis method pre-test

Analysis
Student of 24
Student (%)

Geometry
Simple
Rigor
8 Students
2 Students
(33.3%)
(8.3%)

Analytic
Simple
Rigor
2 Students
1 Student
(8.3%)
(4.2%)

No respon
11 Students
(45.83%)

TABLE 5. Percentage of visual ability based on analysis method post-test

Analysis
Student of 24
Student (%)

Geometry
Simple
Rigor
8 Students
2 Students
(66.67%)
(8.33%)

Analytic
Simple
Rigor
3 Students
5 Students
(12.5%)
(20.83%)

No respon
6 Students
(25%)

On pre-test, there was only 20.83% students who are able to solve the problem and providing solutions. Compare with
the post-test result, we can see that the improvement of the students who were able to solve the problem was increasing
64.66%. these result suggest that the use of Geogebra improve the students’ ability of visualizing algebraic manipulation.
Another SUMMARY drawn from class observation and questionnaire was support the positive result on using Geogebra.
In details, the use of Geogebra as DGS may help the students in: (1) making the knowledge meaningful and relevant for
the student, (2) providing the students opportunity to find and apply their own idea, (3) carrying out the inquiry activity.
(4) encouraging reflection on learning process, (5) fun learning atmosphere, (6) assisting the worksheet and facilitating
the learning, (7) Assessment and Observation Sheet helps and facilitates in learning, (8) device according to the
competence contained in The curriculum of geometry courses, (9) The tools make it easier for students to discover
concepts, and (10) systematics and language are clearly simple and easy to understand, and (11) applied in other material
learning.

SUMMARY
This Classroom Action Research suggest that the students' visual abilities can be improved by using DGS, in this case
Geogebra, as an intermediary medium to assist students in developing their abilities. The use of Geogebra helps students
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in understanding the material provided. These finding support the idea from Guven and Kosa 7. The use of GeoGebra as a
learning media promises a visualization experience of ideas required by students.
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Abstract. Nowadays, the development of boarding school as educational model is growing rapidly. The model is not only
focuses on learning general science, but also pursuing and mastering the science of religion and even interaction of both.
Curriculum Islamic boarding school of science in level senior high school urgently needs an arranged module to indicate the
presence of an interaction between Quran and science. The result showed that as many as 99 percent of students need scientific
module with a compendium verses of Quran. Validation of products in the form of chemistry modules with compendium
verses of Quran has been done by seven validators. The validation results show the validity value of Aiken > 0.76', stating that
the product is valid and feasible to be used. The trial is limited and the main test is performed after module revision. The
average pretest and posttest score show that the usage of the development module is increased, so the usage of this module is
more effective because it improves student achievement and motivation learning. The significance value of the t-test < 0.05,
which means there is a significant influential in achievement and motivation learning because the usage of chemical modules
with compendium verses of Quran.
KEYWORDS: Module, Compendium, Boarding School

INTRODUCTION
Today, Indonesian people’s interest to choose boarding school keeps increasing. It is evident in the raising number of
boarding school. In 2008, there were 25 boarding schools and in 2015 there were 302 boarding schools 1. According to
Nurochim 2, the education model used in boarding school is able to develop multiple intelligence which covers students
spiritual, social, intellectual and skill integratedly.
Increased number of boarding school and public interest should be accompanied by improved quality of education.
Various curriculums are used in the schools, including sciences and religion with separate lessons or integrating sciences
and religion. Integration of sciences and religion is a new curriculum development concept in boarding school and it is
interesting to study to be consistent with the purpose.
One of the problems in integrating sciences and religion in boarding school is there are not many lesson materials which
combine them. Since Islamic religion is derived from Quran, scientific phenomenon should be integrated with Quran.
Using module which integrates sciences and Quran, students are expected to have comprehensive understanding on
scientific symptoms and enhance their faith to the Creator. The module development is also necessary to keep scientific
information and references relevant and adjustable with the learning model/ approach desired by teacher 3.
The development module is complemented with compendium of Quran verses. Compendium of Quran verses is a part of
classification of Quran verses arranged thematically by scientific discipline 4. The purpose is actualizing Qurani lessons
to always be the main reference in science and practice, especially in facing the upcoming century of science and
technology.
The developed material is petroleum material of learning chemistry. The material is closely related with natural
phenomenon, i.e. natural resources which are yielded by earth in process according to His rules. The selection of learning
model was adjusted with petroleum material which requires students to explore knowledge, i.e. problem based learning
(PBL). Moreover, the model selection was based on the needs of teachers and students in learning. PBL model can
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encourage students to be active and think critically 5-7 and is a challenging and fun learning model 8. By PBL model,
students become the center of learning 9,10 because of students collaboration in learning 11.
PBL has 3 stages, i.e. initial stage, PBL stage and final stage 12. In the initial stage, students in classroom are divided into
several groups. Then, each group is presented with problem and asked to analyze and understand it. In PBL, each student
in each group thinks and discusses the problem 13. The problems should be consistent with the learning topic 14. Teacher’s
role is as facilitator to guide the process of PBL 15 and make formative assessment 16. In the final stage, the students
present the result of their discussion on analysis of the problem and solution of the problem. The facilitator evaluates the
students’s works individually or in group 17.

EXPERIMENTAL DETAILS
This was a research and development study. The research and development were performed in five stages, i.e. analysis,
design, development, implementation and evaluation. Analysis stage is the stage of analyzing needs and identifying
learning problems, the techniques in use were questionnaire and interview. Design stage is the stage of formulating
learning goals to be achieved, determining earning strategy and designing learning media in the form of module.
Development stage is the stage of developing module adjusted with the selected learning strategy to be validated by
expert validators. Validation result was analyzed by Aiken’s V formula. Aiken’s V formula was used to calculate
content-validity coefficient based on the assessment of expert validators on an item on how far the item represents the
measured construct 18. Implementation stage is the stage of using module and strategy developed in learning process,
while evaluation stage is assessing effectiveness of module on the learning goals to be achieved.
The test of effectiveness of chemistry module based on compendium of Quran verses was based on the learning outcomes
of 10th grade students from the pretest and posttest scores in the control and experiment classes. The control class is a
class which learned using general chemistry module, while the experiment class was a class which used the developed
chemistry module in learning. Average difference analysis of the of the two population was performed to determine the
effect of using chemistry module of students’ learning achievements. The prerequisite tests performed before that were
normality and homogeneity tests of students’ learning outcome data. The average difference analysis was t-test with the
following hypotheses.
H0
H1

: There was no significant difference between the learning outcomes of the students in the control class
and the experiment class
: There was significant difference between the learning outcomes of the students in the control class and
the experiment class

RESULTS AND DISCUSSION
In the analysis stage that using questionnaire and interview, it was found that 99% students in boarding school which
integrated sciences and Quran require science learning module with compendium verses Quran. It complemented with
interesting pictures and scientific information related with daily life. The desired learning method was learning which
invites students to be active and communicative.
In the design stage, the researcher designed a chemistry learning module with a compendium of Quran verses for
petroleum material and problem based learning (PBL) model. The PBL was expected to create a classroom atmosphere
which invited all students to be actively engaged in problems solving and presenting discussion results to the class. The
module is supplemented with conceptual map, compendium of Quran verses and environmental issues/natural
phenomenon displayed at the start of the activity, along with student worksheet.
In the development stage, the module was validated by expert validators which included material expert, learning expert,
language expert and education practitioner or teacher. From the validation by the validators, the chemistry module with a
compendium of Quran verses was declared to be fit for use. It was because from the assessment of seven module
validators, all component items have Aiken validity values > 0,76 [19]. After the module was revised based on the
suggestions and inputs from the validators, a small-scale trial was performed to determine the legibility of the module
using student response questionnaire. The questionnaire covers content, presentation and language. The result of module
legibility questionnaire in the small-scale trial is presented in TABLE 1.
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TABLE 1. The result of small-scale trial questionnaire.
Feasibility
Percentage(%)
Content
89
Presentation
81
Language
82
Average
84

Criteria
Very good
Very good
Very good
Very good

The result of module legibility in the small-scale trial in TABLE 1 shows that content, presentation and language were
very good and fit for use with some suggestions for improvement. From the suggestions for improvement of the smallscale trial, a chemistry module was made from a large-scale trial. Content, presentation and language were assessed by
student response questionnaire. The result of module legibility questionnaire in the large-scale trial is shown in TABLE
2.
TABLE 2. The result of large-scale trial questionnaire.
Feasibility
Percentage(%)
Content
88
Presentation
82
Language
83
Average
84

Criteria
Very good
Very good
Very good
Very good

From the result of the large-scale trial module assessment presented in TABLE 2, it was also found that the module was
fit for use and was good in terms of content, presentation and language. The large-scale trial used control class and
experiment class to determine the difference between the learning outcomes when using general chemistry module and
using chemistry module with a compendium of Quran verses. Pretest and posttest were performed in the control class and
experiment class to determine the differences of learning result and effectiveness when using chemistry module with a
compendium of Quran verses.
The average pretest and posttest scores are shown in FIGURE 1. The pretest score of the control class was higher than
the experiment class. Therefore, the selection of the experiment class was not based on which class had better
comprehension or pretest score. Meanwhile, the posttest score of the experiment class was higher than the control class.
The average pretest and posttest scores in FIGURE 1 shows that using the developed model gave better posttest result.
From the pretest and posttest scores, a gain score was calculated to determine the difference of improvement of learning
outcome. The average gain score of the control class is 38.31 and the experiment class 48.46, so using chemistry module
with a compendium of Quran verses with PBL model was more effective in improving learning outcome.
Beside the difference between the pretest and posttest results, to determine the effectiveness of the developed module,
average difference analysis should be performed on both populations (t-test). Before performing the analysis, analysis
prerequisite tests in the forms of normality test and homogeneity test on the gain score data should be performed. The
purpose of the prerequisite tests was determining the analysis type used for the average difference test.
The result of the normality test showed that the significance of the control class is 0,288 and the significance of the
experiment class is 0.211. Because the significance > 0.050, the data was normally distributed. The result of the
homogeneity test on the control and experiment classes is significance of 0.000. Because the significance < 0.050, the
data wasn’t homogenous. Based on the analysis prerequisite test, it’s concluded that the effectiveness test of the
chemistry module based on a compendium of Quran verses should use nonparametric test: Mann-Whitney U because the
data was normally distributed but not homogenous.
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FIGURE 1. Average Pretest and Posttest Scores of the Students’ Learning Outcomes.

The nonparametric test produces tcount of 0.001. The value < 0.005, so H0 was rejected. It meant there was significant
difference between the learning results of students in the control class and the experiment class. It’s concluded that
chemistry lesson which used chemistry module based on compendium of Quran verses was more effective to improve
learning achievement than lesson which used general chemistry module. It was consistent with Arifin [20] and Jansonss
et al. [21] study that the development of chemistry module with supplemental content is effective in improving learning
outcomes and can be applied for certain purposes.

SUMMARY
The chemistry module with a compendium verses of Quran in for petroleum material had gone through development, i.e.
analysis, design, development, implementation and evaluation. The trial showed that the developed model was “Very
Good” based on the feasibility of content, presentation and language, so it can be used in the learning process of boarding
school. The development module was effective in improving students’ learning achievement.
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Abstract. The purpose of study was to determine whether Science Technology and Society (STS) learning increases student
concept mastery, general science a chievement, use of concepts in new situation, and attitudes toward science in high school
classrooms. Because in the Science Technology and Society (STS) is said with real life, where in the learning that comes
from the approach of Science Technology and Society (STS) here students have feelings, attention, will memory and thoghts
that have changed thanks to life experience. Population consists of all students in Senior Hifh School in Bantul; while the
sample in the population was taken by using purposive random sampling technique, The results of analysis indicate that the
student-centered experimental class is directed by the teacher, the application of STS to the experiment is focusing on the
process of skill, the use of creativity skills, the develompment of more on the value of positif attitude; and the ability to apply
the concept of science. But there is no significant difference with the previous teaching method.

INTRODUCTION
Reform documents such as the National Sciens Educations Standars(NSES) (1996) are designed to restructure and
understanding of scientific concepts useful for daily living 1. The National Science Teacher Association (NSTA)
developed an official paper on STS as the 1980s unfolded in recognition of its promise for improving science learning 2.
Scientific literacy enables students to not only use scientific principles and processes in making personal decisions but
also to participate in discussions of scientific issues which affect society 3. Scientific literacy includes using many skills
that people need in everday life, such as being able to solve problems creatively, thingking critically, working
cooperatively in teams, and using technology effectively.
STS continues as a major reform initiative in the U.S and around the world during the decades that have followed. It is
used most often at the middle school level and exemplifies a coordinated curriculum and constructivist teaching. The
recommendations for change in science teaching elaborated in the National Science Education Standards coincide well
with the NSTA list of teaching strategies defined as the STS approach. The major goals og the STS approach are to
develop decision-making (Bingle & Gasket, 1904). STS educators seek to support a student’s efforts to make sense out of
his natural world (scince), his artifical world (technology), and his social world (society) 4.
Aikenhead (1986) suggested the content of STS education to include the following: (1) social issues internal to the
scientific community (epistemology, history, and socielogy of science, etc), (2) social aspects aspects external to the
scientific community (socioscientific problems, e.g. overpopulation, nuclear reaction, etc), and (3) scince discipline
content (biology, chemistry, physics, and earth science) 5. Ziman (1980) identified different approaches to STS education.
These include making “valid science” relevant, the vacational approach, the philosophical approach, the sociological
approach, and the proplematic approach 6. The National Science Teachers Association defines the STS approach as the
teaching and learning of science and technology in the context of human experiences 2.
Aggregate of factors affect achievement and participation in the science. These include curricular factors, worldview, and
socioeconomic considerations. Present advocacy is for making science education relevant to the worldview of the learner
(Aikenhead, 1986; 1996; 1997c, Cobern, 1996; Davis et al., 1993; Hawkins & Peas, 1987; Jegede, 1997; Louden, Cowan,
& Wallace, 1994). STS is meant to provide a means for achieving scientific and technological literacy for all. The
emphasis is on responsible decision-making in the reak world of the student where science and technology are both
important components. Technology is a focus on the human-made world where the designs are aimed at providing
observable products that sirectly affect humans (e.g., air travel, refgeration, T.V., cell phones, and buildings) to be
considered STS the reforms envisioned should include eleven basic features that are central to the NSTA policy statement
regarding STS. These include:
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1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

student identification of problems with local interest and impact;
the use of local resources (human and material) to locate information that can be used in problem resulation;
the active involvement of students in seeking information that can be applied to solved real-life problems;
the extension of learning beyond the class period, the classroom, the school;
a focus upon the impact of science and technology on each individual student;
a view that science content is not something that exists merely for students to master on tests;
a de-emphasis upon process skill per se just because they represent glamorized skills used by practicing scientists;
an emphasis upun career awareness-especially careers related to science and technology;
opportunities for students to perform in citizenship roles as the attempt to resolve issues the have identified;
identification of ways that science and technology are likely to impact the future;
some autonomy in the learning process as individual issues are indentified and used to frame intruction (National
Science Teachers Association 2007, p. 242).

Many STS programs utilize societal issues as course organizers. Some emphasize technology, meaning the inclusion of
questions about the human-made world as opposed to only questions about the objects and events encountered in the
natural world (i.e., pure science). Many major reform efforts and most new textbooks now include technology as a vital
part of science content and often as an entree to more traditional science concepts-unlike the reforms of the 1960s which
focused on pure science and science as “know to scientists” (Zacharias, 1956). To many equate technology to the use of
computers witg instruction; but such views are far from the board field of techonology-a discipline in its own light.
Mastery of basic science concepts has been the main outcome and the primary indicator of student achievement. This
focus on only concept mastery continues as a problem ehen implementing the No Child Left Behind Act (2001). Yet,
most of these efforts never considered the effets of teachung or the actions of students outside the classrooms as forms of
evidence the learning had occurred.

EXPERIMENTAL DETAILS
The study used Quasi-experimental Design. The same instruments were used as post-test only. This is because there was
non-random selection of students to the groups. Secondary school clases exists as intact groups and school authorities do
not normally allow the classes to be dismantled and constituted for research purposes (Fraenkel & Wallen, 2000).
Two groups of participants, the Experimental Group (E) and Control Group (C) was used. All groups received the post
test at the end of the course. To avoid interaction of students from different groups that many contaminate the results of
the study. The selected classes were randomly assigned to the experimental and control groups (Mugenda & Mugenda,
2003; Borg & Gall, 1989; Mutai, 2000).
The actual sample size that participated was 62 from two students, selected using purposive sampling method.
The data were analyzed quantitatively by reporting means and standars divisions. The differences in mean values were
tested using a t-test for determining significances. The mean differences, standard divisions, and t-values were calculated
and used to assess diferences between pre- and post-test scores in the five domains for all students in two class.

RESULTS AND DISCUSSION
In order to evaluate the effects of more student-centered STS intruction, comparisons were made between students taught
using teacher-guided STS and one with primary focus on students-centredness with respet to 5E.
TABLE 1 shows comparisons of differences between pre-test and post-test scores for use and understanding of science
process skill between students in both the 5E models and STS.
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TABLE 1. Comprarisons between means before and after the intruction for students in both 5E and STS sections regarding their
understanding and use of science process skills.

5E
STS

F
14.345
1.691

t-test
Sig.
0.000
0.198

anova
t
-.102
-.892

F
.010
.796

Sig.
.919
.376

The table above shows that learning STS is more dominant to students. This is seen from the significant value less than
0.05 on the t-test, and on the Anova it is seen thet STS learning is more influential than the 5E learning. The greatest
success of students in student-centered STS occrured in the use of the conceps and skills in completely new situations as
chosen and proposed by students. In additions, students were asked in an open format to identify and prepare such
applications and open format to identify and prepare such applications and discuss them as an indicator of learning for all
students enrolled in the particular section.
James Rutherford was one of the first to recognize that real change in school relative to intructional procedures as well as
eith the curriculum structure is a slow process and cannot be legislated or accomplished after even the best profesional
development programs. His thing is exemplified by Project 2061 (American Association for the Advencement of Science
(AAAS) 1993), noting the next appearance of Halley’s Comet from Earth (American Association for the Advancement of
Science 1989). Most did not focus primarily on teaching as a new approach and/or as an important ingredient for
successful learning. Some of the programs enjoyed support, trial use, and success with needed reforms. Some were
involved with collecting evidence about the advantages of STS teaching in general.
Being focused upon the design world and headed by engineers were important changes, but also setbacks for lack of
support and leverage gained by more typical reform projects and the small changes found in major textbook publishers
and the almost complete dependence on course content found in the textbooks (Harms, 1977). They did not fit well eith
existing curricula, leadership strategies, standard assessments, state frame works, or features required by textbook
adoption state.
Apparently, the STS approach provides more expriences with the application of concepts as a part of the regular
classroom experiences and with the extension of science study and involvement with activities beyond the classroom and
the textbook. Students in the STS section were able to suggest and describe uses of concepts in new contexts. They were
also more successful in proposing uses that were judged to be more unusual and more complex. Students in the Textbook
section were unsuccessful in suggesting uses for the ideas and skills characterizing their school science experiences.
Students in the issue-oriented section asked more questions, followed up on them, and contributed more unique questions
than did students in the standard textbook section. Because these are viewed as features of student creativity, it is argued
that the changes in frequency of student questions and the quality of their questions represent other major advantages of
the STS approach when the students in the two class sections are compared. Certainly proposing explanations for their
own questions and suggesting ways to test their validity illustrate knowledge of the nature of science for students in the
STS section.
The observations that STS students in this study exhibited more qualities of good citizenship, that they extended science
beyond the classroom and school, and that they were more involved with their studies and continued learning all provide
evidence of the merits of the STS approach in middle schools at least as evidenced by this one small study. There is
evidence that students who study in the STS format are able to meet the four goals for science education as advanced in
the National Science Education Standards (NSES). The goals indicate that all students should:





Experience the richness and excitement of knowing about and understanding the natural world
Use appropriate scientific processes and principles in making personal decisions
Engage intelligently in public descourse and debate about matters of scientific and technological concerns
Increase their economic productivity through the use of the knowlage, understanding, and skills of the scientifically
literate person in their careers (NRC, 1996).
Some of the new STS and design world programs include five examples where student-centeredness for reforms can
easily be added. Further, the study designs improve when accomplished by individual or small groups of studens.
1. The Man-Made World (ECCP) Polytechnic Institute of Brooklyn (1971);
2. Teaching Science through Science/Technology/Society (S-STS), Pennsylvania State Unversity (1984);
3. Integrated Mathematicts, Science, and Technology (ImaST), Illinois State University (1994);
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4. Material World Modules (MWM), College of Engineering Northwestern University (1996);
5. Science and Technoly for Children (STC), Smith-sonian Institution (1996).
In this study, STS has been found to assist in student learning of science in four of the six domains as identified by
McCormack and Yager (1989) and Yager (1996). The STS approach resulted in significant concept mastery but not more
than what was achieved with more traditional methods in a textbook dominated classroom. However, applications,
creativity, and more positive attitudes are three domains in which the students studying science with an STS approach
displayed significant gains over students experiencing more traditional textbook dominated teaching. No information was
collected in this study for the process and worldview domains per se. However, Wilson and Livingston (1996) and
Kellerman & Liu (1996) have reported previously significant advantages in these two domains for students studying in
STS classrooms.
Interpreting the results of this study suggest caution since only two teachers from one school were involved. Further, the
effects of the specific teaching strategies varied and may contribute to some of the results. Perhaps it is important to
define even more precisely the different teaching that typically differentiates STS and textbook dominated classrooms.
Nonetheless, these strategies are those listed in the National Science Education Standards; they also parallel the NSTA
listing defining the STS approach.
The other teaching practices exhibited indicate that the teachers focus on learning for understanding rather than a
superficial learning of facts and terminology. These findings hold hope for science education in that these teaching
practices can be learned and practiced. The teaching practices exhibited most in the classrooms of these teachers include:
(1) accepting a variety of student responses; (2) giving students opportunities to experience applying their knowledge in
meeting everyday challenges; (3) encouraging student–student verbal interactions; (4) encouraging students to use
higher-order thinking skills; and (5) using a wide variety of assessment tools.
What has been found as Exemplary in meeting the visions of the NSES prove to be exciting examples of the implemented
reforms. The data reported in this study provide real evidence that the reforms have been successful with students while
also providing pathways used by over 200 teachers who have shared evidence of successes for their teaching ideas and
descriptions of their effects with student learners. This study indicates the power of studentcentered instruction over
teacher-centeredness in four domains advanced for more accurate assessments of learning while illustrating no loss in the
concept domain which is almost the total focus in most classrooms.

SUMMARY
Based on the results and discussion, it could be concluded that: 1) experimental class can apply the science concepts that
they seem to know in new situations, 2) students in the students-centered STS learning scored significantly higher over
those in the teacher-centered sections concerning their understanding and use of science process skills, 3) students use
and improve regarding more student creativity skills in student-centered STS learning when compared to student in
teacher-centered sections when taught by the same teacher
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Abstract. This study aims at developing a web framework as an effort to enhance university reputation. The web framework
development concern about the assessment criteria for university ranking that use website as a source of its assessment. This
study is evaluative research by conducting quantitative descriptive method and qualitative analysis. The data were collected by
using interviews, documentation, and focus group discussion technique. This study used descriptive quantitative, interactive
analysis, and focus group discussion as data analysis technique. The results showed that during June-August 2017, the number
of UNNES web visitor was fluctuated. The number of users and pageviews decreased significantly. The other results indicate
that the UNNES web has fulfilled as a usable website (easy to learn, efficient to use, easy to remember, few errors, and
pleasant). The UNNES web has a good level of access, ease of access, and ease of navigation. The UNNES web can be
accessed quickly because the feature is not loaded with heavy files. The number of error access found is relatively small. Web
UNNES is capable of displaying past memory. Overall the UNNES website is able to describe the activities and characteristics
of the institution. This study also generates web framework as the reference of website development in UNNES.
Keywords: web framework, UNNES, higher education, reputation

INTRODUCTION
Colleges always improves their performance to gain recognition for their reputation that has been achieved. The
recognition of the reputation of a college is very important and become a success indicator of college management.
Nevertheless, the recognition of college reputation does not have definite indicator yet, even it is still subjective. The
ranking of colleges in Indonesia is valued by the Ministry of Research, Technology and Higher Education
(Kemenristekdikti) based on certain criteria such as human resources, students, accreditation, research and publications.
The ranking classifies Indonesian universities into several clusters. The ranking performed by kemenristekdikti is
considered more valid than the others.
The reputation of universities in Indonesia is currently leading to an international reputation. A college can be
categorized as a World Class University if it has gained recognition from an institution which has international
reputation. Many colleges have been ranked in university rankings in the world. The most recognizable ranking
arewebometrics and 4ICU or uniRank. The rating agencies use certain indicators such as the use of internet in learning
and information dissemination.
The existence of the internet has changed the universities paradigm by placing the internet as a medium of
information and learning model with a new approach. The corporate brand building process addressed three key areas;
web administration, marketing program, and corporate brand positioning. The university's website is one of the first
visual and audio points that prospective students and other constituencies have with the university 1. The internet has
become one of the important media that can help increase the popularity of college and dissemination tools of science to
the public. The popularity is related to the quantity and quality of content available on the college website 2.
One of the criteria’s used to rank and measure college performance is through the quality of the college website. A
number of quantitative studies to create website quality measurement methods have been conducted by several
international agencies, such as the Consejo Superior de Investigaciones Cientificas (CSIC), a Spanish-based research
institute issued Webometric and uniRank; an Australia-based Web Rankings formerly known as 4ICU (4 International
Colleges & Universities).
4ICU is a search engine or directory that assesses a university based on a university website ranking. The algorithm
used in the 4ICU assessment is based on 4 web metrics, namely: Moz Domain Authority, Alexa Global Rank,
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SimiliarWeb Global Rank, Majestic Referring Domains and Majestic Trust Flow. These criteria are related to university
websites/websites such as website access, article quality, the amount of content on the website, the number of
websites/domains from outside the university that provide links on the university website, and the average of visitor
(traffic) website in the last month. While webometrics ranking using four (4) indicators, namely presence rank, impact
rank, openness rank, and excellence rank.
The UNNES ranking still needs to be improved to achieve UNNES's vision of becoming an internationally reputable
conservation university. Based on the results conducted by webometrics ranking in 2017, the rank of UNNES is 36th and
UNNES is 18th rank based on 4ICU ranking. Furthermore, UNNES is not included in the top 10 highlights university
based on category QS World University Ranking 2016/2017.
The development of a structured university website with a good and standardized web framework is one of the efforts
to improve the university reputation into a world-class university. University website does not mean only the main
website of that university (top domain), but also includes all units under it (sub domain).
An important issue in the management of a web-based user community, where users are registered to a web portal, is
to identify patterns of users 'interest. In this context, the users' feedback plays a major role. Using the framework, the
authors were able to discover the patterns of usage of registered users of a web site 3. Framework development can be
used to determine the usage and appeal of the user.
The purpose of this study is to develop a web framework by noticing the assessment criteria of college ranking that
use the website as the source of its assessment as an effort to raise the reputation of universities

Literature Review
Academic Reputation
Reputation is based on perception of an organization and as such is subjective. It defines the summative experience
that key stakeholder or constituent groups have with an organization 3. As previously mentioned, the term reputation is
commonly used without a clear explanation, operationalization or a unique definition. One of the reasons for this lack of
universal definition is the number of scientific disciplines that focus on reputation, such as strategic management,
economics, marketing, market research, sociology, psychology and public relations 4.
Verčič et al.4 described the dimensions of the academic reputation of an educational institution as follows;
performance, services, product, leadership, governance, workplace climate, citizenship, innovation, and additional items.
Performance dimension (performance) consists of the quality of lecturers (professors) and publications, the quality of
students, and the acquisition of income generating. Service dimensions are related to post graduate services for alumni to
obtain employment. The governance dimension is related to the transparency of management, the ethics of the lecturers
and the academic staff, and the fair treatment of all parties. The dimension of citizenship concerns with the relationship
between the university and the surrounding community (social responsibility). Dimensions of innovation related to the
ability of universities to follow technology development.
Aula & Tienari5 describes the development of a college's reputation as follows: Three main themes appear to
characterize the reputation-building efforts: Three main themes seemed to characterize the reputation-building efforts: (1)
societal significance; (2) interdisciplinary innovativeness; and (3) a symbolic break with the past.
According to Gülbahar6, three factors that are suspected to have significant influence on the effectiveness of using
technology are: (1) the quantity and quality of learning materials, (2) incompetent teachers and (3) inadequate
technological infrastructure. The quantity aspect is clearly become one of the parameters in the ranking used by
Webometrics and uniRank.

Web Framework
7

Welch & Pandey argued that the relationship between service quality and website effectiveness requires different
effectiveness measurement that compared by conventional ways, one of them is the question of how technology is
significantly associated with service changes.
One of the main parameters in determining web ranking is Web Impact Factor or Citation Impact Factor 8. Lin's
definition states that Web Impact Factor is the number of external pages with links to a given site divided by the number
of web pages on the site 9. The University website has been widely evaluated using link analysis to measure Web Impact
Factor 10, identifying inter-university relationships 11, classifying types of links in the academic environment on the Web
12
, and for college rankings 13.
Building a website is a complex and time-consuming job, so it needs a framework that can more quickly help
programmers develop a website 14. Basuki (2010) said that the web framework is defined as a collection or group of
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pieces program that organized or arranged in such a way, so it can be used to help making the complete application
without making all the codes from the beginning 15.

EXPERIMENTAL DETAILS
Types And Research Design
The type of this study is policy research with aim to get deep information about website in UNNES based on
perception of internal stakeholders (unit / faculty / study program, student and alumni) so that UNNES web framework
can be developed in website development in UNNES. This study used evaluative research as research approach. While
this study used descriptive quantitative and qualitative as the research method of policy.
The steps that has been done in this policy research are as follows;
a. Preparation. The activities in this step are collecting relevant preliminary information through SWOT analysis on
UNNES website. Various data and input from unit / faculty / study program, student / student affair, and alumni and
related parties. The output of the preparation activity is the initial study. This initial activity explores what has been
done so far and captures what should be done.
b. Conceptualization of study. The activities at this stage are formulating more comprehensively on recommended
improvements that should be made based on preliminary studies.
c. Technical analysis. More technical analysis is done by involving more people who experts in developing website
including evaluating the initial recommendations that have been prepared. With the expectation that UNNES web
framework can be arranged.
d. Formulating of recommendations. The policy recommendations in this phase is the final recommendations that will
be implemented at UNNES. Feedback from various parties is reviewed for new policy improvements.
e. Disseminating the results of the study. This stage aims to publish a new policy formulation that has been considered
as a final result to general public after it is really feasible to be operated.

Method of Collecting Data
The data has been obtained from relevant sources. Quantitative descriptions are gained from stakeholders' perceptions
of UNNES (units/faculties/study programs, student/student affairs, and alumni). While the qualitative data obtained from
various related parties such as university leaders, faculty, study program, graduate users, coaching board, local
government, and others. Data is obtained through Focus Group Discussion (FGD) activities and other support activities.
This study used questionnaires, interviews, documentation, and FGD as collecting data technique. The questionnaire
method is used to obtain data about the perception of website development policy in UNNES so far as a reputable
campus and catch anything that needs to be improved.
Interviews were used to obtain data on website development policies at UNNES in improving reputable campus
branding. Documentation is used to search UNNES owned pages from various sources. Focus Group Discussion is used
to eliminate preliminary findings that have been obtained and to get a deeper and more comprehensive review of the
various stakeholders. FGDs are also used to get input and suggestions from various parties to improve policy
recommendations that have been developed by the team.

Data Analysis
This study used descriptive quantitative and interactive analysis as data analysis techniques. The development of the
UNNES Web Framework was analyzed through a profound review through Focus Group Discussion activities.

RESULTS AND DISCUSSION
The analysis of web usage during June-August 2017 in google analytic to know unnes.ac.id web performance
obtained data shown in the 1st table below:
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Table 1 the performance of web unnes.ac.id during June-October 2017
Month
June
July
Agustus

session

User

pageview

Page/sesion

159.331
113.909
69.721

110.860
74.953
52.037

277.983
192.574
112.470

1.74
1.69
1.61

Avg
session
00:01:01
00:01:45
00:01:30

Bounce
rate
70.43 %
70.49%
73.89%

New
session
59.68%
53.22%
61.68%

Table 1 shows that web performance unnes.ac.id experienced performance fluctuations. August became the month
with the lowest user traffic. This is because the 2017/2018 of odd semester has not started yet. The main users of the
UNNES web are students with the largest number of users.
Unnes.ac.id web performance is also measured by other concepts through data retrieval on users. Based on the results
of FGD conducted in University’s ICT Center (UPT TIK) that involved lecturers and students, it was found the concept
of "usable" measurement of a website or web usage theory. Five requirements for a website which can be said as usable
website are easy to learn, efficient to use, easy to remember, few errors, and pleasant. Easy to learn or learnability
describes the convenience level of users to fulfill basic tasks when they see / use the design results for the first time.
Efficient to use or efficiency describes the speed of the user in completing tasks after they learn the results of the design.
Easy to remember or memorability describes the user's ease of using the design correctly, after a while not using it. Few
errors explain the number of errors made by the user, the level of aggravation of errors and how to fix errors. And
pleasant Satisfaction describes the level of user satisfaction in using the design.
The result of focused discussion also shows the result of using UNNES website based on web usage theory as
follows:
a) Learnability. In accessing unnes.ac.id, the users have a good level of ease, are easy to access and are easy in
navigation.
b) Efficiency. Measuring the speed of operation in opening the features in the web UNNES can be easily and quickly
accessed, because the feature is not loaded with heavy files/stuffs in access.
c) Memorability. The long-standing use of un accessible UNNES web is very easy to find even though it has not been
opened for a long time, like an old news web, old ideas and agendas.
d) Errors. In the discussion on FGD (Focus group discussion), it was found a small number of error access, this is
because influenced by computer or gadget that is used to access UNNES web. Some devices that use low-standard
specification still feel time-consuming when opening the website.
e) Satisfaction. Overall, all the information displayed on the web, already inform the information that is described by
the institution, but the information is only delivered in one language that is Bahasa Indonesia, for another language
such as English is still not optimal, or other languages. This condition make web access is still less desirable for
foreign visitors.
FGD results show that UNNES website fulfilled five website requirements that are "usable". The UNNES website is
easily accessible, quickly accessible, stores past memory, relatively has few errors, and satisfies users. The next step is
technical analysis to formulate the concept of web framework UNNES. Then recommend the results to policy makers.
This study also produces some recommendations that can be used as a basic material in the preparation of Rules of
Rector on Web Development UNNES. The recommendations are as follows;
1) The UNNES Web is designed as a means to boost up UNNES's international reputation.
2) All contents of UNNES web can be translated in a number of foreign languages spoken by the majority of the world
community.
3) The UNNES Web is designed as a space for disseminating information, creating opportunities for cooperation and
collaboration.
4) The UNNES Web is designed as a tool for institutional, communication and dissemination purposes.
5) The UNNES Web is designed as an agent of globalization of conservation vision and local wisdom.
6) The UNNES Web is oriented as a means to minimize the occurrence of global monoculture. The UNNES Web as a
means of enabling a balance of respect for other people's / peoples' points of view, and proper self-defense in all
areas of human activities.
7) The UNNES Web is designed as a means to create a high trust of users to UNNES.
8) The UNNES Web is designed on the basis of highest data security and online surveillance. The UNNES web
management must maintain the possibility of illegal leakage of the institution's data, security code, and privacy to
irresponsible parties.
9) The UNNES Web is continuously and sustainably developed in accordance with technological, socio-cultural,
regulatory, and excellence service.
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The results of this study showed that the performance of UNNES website included in the usable category. The
UNNES web can be accessed easily, quickly, there are few errors occur, and satisfy the users. Based on the results of
google analytic, UNNES website performance experienced significant fluctuations. In certain months, the number of
UNNES website visitors has decreased and will be increased in the following months.

SUMMARY
The UNNES web can be accessed quickly because the feature is not loaded with heavy files. The number of error
access found is relatively small. Web UNNES is capable of displaying past memory. Overall the UNNES website is able
to describe the activities and characteristics of the institution. This study also generates web framework as the reference
of website development in UNNES.
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Abstract. Creative thinking skills are required by the 21 st century individuals to survive and gain prosperity. The
empowerment of students’ creative thinking skills, in particular, can be affected by students’ academic abilities and learning
models implemented in the classrooms. One of the examples of learning models that can be used to improve students’ creative
thinking skills is RICOSRE. The current study aimed to evaluate the efficiency of RICOSRE and the effects of students’
different academic abilities on students’ creative thinking skills. This quasi-experimental study was conducted in Malang,
Indonesia. It employed pretest-posttest non-equivalent control group design (2x2 factorial). The population of this study was
all eleventh graders from senior high schools spread in Malang. The sample included 134 students assigned to two control
classes and two experimental classes. The former was taught using conventional learning methods while the latter was taught
using RICOSRE. An essay test was used to examine the students’ creative thinking skills. This test was developed on the
rubric of creative thinking skills assessment. Data analysis was performed using Anacova and LSD test with 0.5% significance
level. The results indicated that RICOSRE learning model had an effect on students’ creative thinking skills (13.66% higher
than that of conventional learning methods). Findings suggested that the difference in students’ academic abilities should be
considered as a crucial factor in improving students’ creative thinking skills. In addition, the interaction between students’
academic abilities and RICOSRE learning model could affect students' creative thinking skills. It was proven by the fact that
both the low and high ability students could improve their scores by 70.20% and 65.23% respectively. It can be concluded that
RICOSRE learning model has potential to improve low ability students’ creative thinking skills.

INTRODUCTION
In order to be able to enter global competitions in the 21 st century, human beings need to possess creative thinking skills
1
. Creative thinking can be defined as a whole series of cognitive processes occurred in an individual to adjust with an
object, problems, or circumstances 2,3. Creative thinking skills are useful to generate original and diverse ideas, works,
insights, or systems 4. These skills can be realized in creativity and ingenuity which can be categorized into higher-order
cognitive skills (HOCS) 5. To succeed either in the academic field 6 or in the real life 7,8,9, students as human beings need
to develop these skills.
A number of creative thinking indicators have been underlined by some experts. According to 10, for example, the
indicators of creative thinking include fluency, flexibility, originality, elaboration, and metaphorical thinking. Fluency
refers to one’s ability to fluently generate ideas, ways, suggestions, questions, and alternative answers in a certain period
of time while flexibility can be defined as the ability to change a mindset or perspective that can be used to elaborate
ideas, questions, or answers. Originality is the ability to generate ideas or unique ways to solve the problem. It is then
followed by elaboration that is to enrich, develop, improve, describe, or determine the details of an object, an idea, a
product, or a circumstance to make it more fascinating. The last indicator is metaphorical thinking. This ability to use a
metaphor or an analogy can be useful in making a new connection of ideas.
Creative thinking skills should be explicitly taught 11 and deliberately learned 12. Students need to develop their creative
thinking skills so that they can be more fluent and flexible in thinking, able to see a problem from different perspectives
13
, and able to generate diverse ideas 14. The empowerment of creative thinking skills means to give freedom to someone
to have an imagination, to produce ideas, provide solutions to problems, and communicate with various kinds of media 15.
According to 16, only one-third of one’s creative thinking skills is affected by genes, while the rest is influenced by the
learning process. In addition to the learning process, creative environment, creative learning programs, and creative
instructors are also factors that may influence the development of individuals’ creative thinking skills 17.
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Creative students will be at ease of producing ideas 18. The development of these skills will not only result in improving
students’ academic achievement but also preparing students to be a professional in the work field 19. Creative thinking
enriches students’ learning experiences and helps them in solving a problem and making a decision.
Academic performance is one of the factors that can influence students’ creative thinking skills 20. Academic
performance is prior knowledge obtained from the mastery of a certain subject 21. Students with high academic
performance possess better learning orientation and learning habit 22. They are more motivated to gain achievement and
success, and they also have high perseverance 23. It was also reported that high academic performance students could
perform better in a problem-solving test and a consequence test 24. High achievers are fast learners 25, but students with
low academic performance are frequently associated with failure in education 26. Thus, students’ academic abilities need
to be taken into consideration when talking about the development of students’ creative thinking skills 27. The teacher
should pay attention to the academic differences because these differences can bring an impact on students’ learning
achievement 28.
Students’ academic performance has a correlation with their creative thinking skills 29, 30, 31. Students with high academic
performance are able to process and organize information, make an inference, explore their knowledge based on
experiences 6. Therefore, students with high academic performance could score higher in creative thinking skills
compared to students with the low academic performance 32, 33.
The new system of students’ recruitment in senior high schools (SMA) in Indonesia has made the Minimum Passing
Level National Exam (MPL NE) as the standard. To enter public senior high school (SMAN) 3 Kupang, for example,
students have to score 27.70 – 36.04 and to register in SMA PGRI Kupang, students have to score 11.00 – 20.00 27. The
implementation of this new system has resulted in uneven distributions of students with different academic abilities.
There are schools where only students with either high or low academic performance are allowed to apply. These
academic differences including learning conditions and learning experiences may influence the development of the
students’ creative thinking skills 27.
Senior high school students in Malang were reported to have low creative thinking skills. It was observed from the
inability of the students to provide solutions to problems or to express more varied, unique, and original ideas 34, 35. This
fact was strengthened by a survey conducted by Sumiati 36 who found that 198 students from public senior high school
(SMAN 04 Malang, SMAN 05 Malang, and SMAN 10 Malang) possessed low creative thinking skills. It was assumed
that learning models implemented in the biology classrooms were still inappropriate 12,27,37-39 and as a result, the students’
creative thinking skills were not well promoted.
Implementing a problem-based learning model in the classroom can facilitate the development of students’ creative
thinking skills 12,21,39,40. Problem-based activities allow students to think critically, systematically, logically, and
creatively. One of the examples of problem-based learning models is RICOSRE. This learning model was developed by
Mahanal and Zubaidah 39. The syntax of RICOSRE consists of (1) Reading, at this stage, students are required to read a
text to understand a phenomenon, (2) Identifying a problem, at this stage, students are asked to identify and explore a
problem by asking a question, (3) Constructing the solution, this phase allow students to arrange strategies to solve the
problem, (4) Solving the problem, students apply the strategies, (5) Reviewing the problem solving, students
communicate the results through classroom discussion, and (6) Extending the problem solving, students are open to
feedback and extended information related to the implementation of the problem-solving strategies.
This study aimed to investigate the efficiency of RICOSRE and the effects of students’ academic abilities on students’
creative thinking skills. There were three hypotheses formulated: (1) there was a difference between creative thinking
skills of students taught with RICOSRE and creative thinking skills of students taught with conventional learning models,
(2) there was a difference between creative thinking skills of students with low academic performance and creative
thinking skills of students with high academic performance, (3) the interaction of learning models and academic abilities
had an effect on students’ creative thinking skills.

EXPERIMENTAL DETAILS
The present study was designed as a quasi-experimental study. It employed a pretest-posttest non-equivalent control
group design with RICOSRE and conventional learning models as the independent variables, academic abilities as the
moderating variable, and students’ creative thinking skills as the dependent variable. The design of this study was
described in TABLE 1.
TABLE 1. Quasi-experimental research design
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Pretest

Group

Post-test

O1

X1Y1

O2

O3
O5
O7

X1Y2
X2Y1
X2Y2

O4
O6
O8

Notes:
O1.3,5,7 = pretest
O2,4,6 = post-test
X1 = RICOSRE learning model
X2 = conventional learning models,
Y1 = high academic performance
Y2 = low academic performance

RESULTS AND DISCUSSION
The results of the Anacova analysis on the effects of RICOSRE and conventional learning models on students’ creative
thinking skills were summarized in TABLE 2.
TABLE 2. The Results of the Anacova Analysis on the Effects of RICOSRE and Conventional Learning Models on Students’ Creative
Thinking Skills
Source
Type III Sum of Squares
Df
Mean Square
F
Sig.

Model
Intercept
Pre-Creative
Academic
Model
Academic * Model
Error
Total
Total Score

670.129a
35606.774
83.041
263.046
206.372
.627
6288.312
962882.000
6958.441

4
1
1
1
1
1
131
136
135

167.532
35606.774
83.041
263.046
206.372
.627
48.002

3.490
741.771
1.730
5.480
4.299
6.897

.010
.000
.191
.021
.040
.010

The Effects of Learning Models on Students’ Creative Thinking Skills
TABLE 2 showed the results of the Anacova analysis on the effects of RICOSRE and conventional learning models on
students’ creative thinking skills. F-count was 4.299 (sig. 0.040 < 0.05). This number suggested to reject H 0 and accept the
research hypothesis which said that there was a difference between creative thinking skills of students taught using
RICOSRE and creative thinking skills of students facilitated by conventional learning methods. Students who were
taught using RICOSRE could achieve better (93.20) compared to students who were taught using conventional learning
models (82.00) (TABLE 3). There was a significantly different (11.20) found between the two treatments. Thus, it can be
concluded that RICOSRE had potential to improve students’ creative thinking skills.
Models

TABLE 3. The Average Scores of Students’ Creative Thinking Skills (Different Learning Models)
Pretest
Post-test
Improvement (%)
Average scores

RICOSRE

75.25

97.78

29.9401993

93.20

Conventional

73.82

83.25

12.7743159

82.00

The results of the Anacova test suggested that learning models had a significant effect on students’ creative thinking
skills. Students who were taught using RICOSRE experienced more significant improvement (29.94%) than students who
were taught using conventional learning models. RICOSRE was more potential in improving the students’ creative
thinking skills 39 because it has been proven that problem-based learning is effective in promoting students’ creative
thinking skills 41,42,37. RICOSRE learning steps which include reading, identifying the problem, constructing a solution,
solving the problem, and reviewing and extending problem should be also considered as important factors that may affect
the development of the students’ creative thinking skills.
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At the reading stage, students are required to identify problems through keywords 43. The reading process will engage
students in activating their prior knowledge, connecting ideas, asking questions, and solving the problems 44. Reading
activities can provide new information for students and help them find connections between ideas 45. Finding new notions
from the text and connect them with prior knowledge is one of the indicators of creative thinking skills (elaborate) 10.
Reading texts contain rich resources from which students can develop creative ideas 46. Teachers can assist students in
selecting good reading materials 47 and teach them appropriate strategies to read the texts 48,49.
Following the reading, students need to formulate problems (identifying problem) based on the existing information and
phenomena explored beforehand 43. Exploring phenomena or information is one of the ways to start brainstorming new
ideas. Brainstorming is very useful in empowering students’ creative thinking skills 50. Making questions and predicting
the answers are good strategies to promote students’ creative thinking skills because the activities allow students to focus
on the problem solving and monitoring process 13 which as a result encourage them to be successful in finding the
solutions.
The next step of RICOSRE is constructing a solution. This activity allows students to access, analyze, and synthesize
information relevant to the problems, either in the form of images, tables, or graphs in order to arrange strategies to solve
them 51. Constructing solution is perceived as a cognitive process that has an impact on the development of students’
literacy and creative thinking skills 52. Students’ creative thinking can be stimulated through images, information,
instrument, materials, and problems manipulation 7. After mastering these aspects, students are expected to be able to
elaborate ideas 10.
Fourth is solving the problem. At this stage, students execute the plan by testing out some strategies 53 to find the most
appropriate ones to solve the problems 43. Problem-based learning can be considered effective when it offers students an
opportunity to develop an ability to make a decision, declare results, and determine the effectiveness of solutions to
problems by creating various logical and rational ideas 54. The solving problem can also be conducted in a group. Group
discussion can provide a platform where students can share ideas with each other 55.
The last step is reviewing and extending problem. At this stage, students communicate their ideas to get feedback. By
doing so, they can also expand their horizon about what else can be done with the results of the investigation. As a result,
they are able to construct an alternative solution to solve the problems 56. This activity can train students’ thinking
fluency 57. Thinking fluency will help students generate more ideas, answers, and solutions to problems 58 and also
advice and suggestions to do many things.

The Effects of Academic Abilities on Students’ Creative Thinking Skills
The results of the statistical analysis using Anacova showed that academic abilities had an effect on students’ creative
thinking skills (TABLE 4) (F-count = 5.480, sig.0.021<0.05). Students with high academic performance could perform
better in creative thinking (90.21) than students with the low academic performance (87.23). TABLE 4 depicted that
the average score of the high achievers was 2.98 higher than that of the low achievers. This figure suggested that
students with high academic performance possessed better creative thinking skills.

Academic

TABLE 4.The Average Scores of Students’ Creative Thinking Skills (Different Academic Abilities)
Pretest
Post-test
Improvement (%)
Average scores

High

73.98

91.26

23.3576642

90.21

Low

65.29

89.37

36.8816051

87.23

The results of the Anacova test showed that academic abilities had a significant effect on students’ creative thinking
skills. It was proven that students with high academic performance possess better creative thinking skills compared to the
low ability students. Even though there was no correlation between academic abilities and creative thinking skills 59,
academic abilities had an impact on students’ creative thinking skills 30, 60-66.
The new system of students’ recruitment in Indonesia has allowed schools to select students based on Minimum Passing
Level National Exam (MPL NE) 27. Under this circumstance, schools are eventually categorized into three groups:
schools with low ability students, schools wi medium ability students, and schools with high ability students 67. The
difference in students’ academic abilities also results in the difference in students’ creative thinking skills. Students with
high academic performance are fast learners 52. They have developed abundant prior knowledge 68 and better self-
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confidence 69. As a result, they possess better long-term memory compared to the slow learners. Long-term memory and
prior knowledge can also affect the development of students’ higher-order thinking skills 70.
Based on the explanation, it is clear that improving students’ creative thinking skills are necessary. Students with low
academic performance need to be encouraged to promote their creative thinking skills so that the gap between the slow
and fast learners can be reduced. It is recommended for the future research to focus on students’ academic abilities in
education in order that the consistency of the relationship between students’ academic abilities and thinking skills and
other aspects can be maintained.

The Effects of the Interaction Between Learning Models and Academic Abilities on Students’
Creative Thinking Skills
TABLE 5 showed the results of the statistical analysis on the interaction of learning models and students’ academic
abilities (F-count 6.897, sig. 0.010 < 0.05). The significance value suggested to reject H0 and accept research hypothesis
that said the interaction between learning models and academic abilities had an effect on students’ creative thinking skills
(6.897, sig. 0.010 < 0.05)
TABLE 5.The Results of the LSD Test
Models

Academic
Abilities
(AA)

Group

Pretest

Post-Test

Improvement

Scores

Lsd
Notation

Conventional

Low

2

70.35

80.21

14.02

82.04

a

Conventional

High

1

69.25

85.76

23.84

82.49

a

RICOSRE

High

4

72.76

92.35

26.92

83.86

b

RICOSRE

Low

3

62.35

80.35

28.87

91.25

b

Based on the comparison of the average scores of students’ creative thinking skills presented in TABLE 5, it can be
inferred that RICOSRE and conventional learning models had different effects on students’ creative thinking skills. There
was a significant score difference found between high ability students and low ability students who were taught using
conventional learning models. Compared to the low achievers, students with high academic performance had improved
significantly. However, despite their academic performance differences, students who were taught using RICOSRE
performed better in creative thinking skills. Students with low academic performance who were taught using RICOSRE
could even achieve better score (91.25) than the high achievers who were taught using conventional learning models
(82.49). The results of this analysis, thus, suggested that RICOSRE had potential to improve creative thinking skills of
students with low academic performance and as a result reduce the gap between high and low ability students. Findings
indicated that the interaction between learning models and academic abilities had an effect on students’ creative thinking
skills. As was suggested by Bengi 2, the interaction of problem-based learning and students’ academic abilities had
impacted students’ creative thinking skills. The results of the LSD test on four treatment groups showed that RICOSRE
was more effective in improving students’ creative thinking skills. The test also revealed that there was no significant
difference between low and high ability students taught with RICOSRE. Low ability students who taught using
RICOSRE could perform better (1.95% higher) than high ability students taught using conventional learning models. The
implementation of RICOSRE learning can optimize the empowerment of students’ thinking skills 71. Therefore, despite
their academic performance difference, RICOSRE had potential in promoting students’ creative thinking skills and
eventually reducing the gap between low and high ability students 69,72,27. Minimizing the gap could also result in
diminishing the difference in students’ science process skills 59.
Learning experiences is one of the factors that might affect students’ academic performance. Because of that, choosing
appropriate learning models to be implemented in the classroom is crucial 74,75. RICOSRE contains activities which have
potential to empower students’ creative thinking skills 39 though it is applied to either high or low ability students.
According to 43, problem-solving activities can help develop students’ creative thinking skills because creativity is
needed to solve real problems. Problem-solving activities allow students to put theories into practice. Students should be
able to make use their existing knowledge to solve a new problem. Problem-based learning can be implemented either to
students who have little or none existing information related to problems that are going to be solved.
The results of the present research indicated that RICOSRE could assist students in generating new ideas and improving
their creative thinking skills. Similarly, the implementation of problem-based learning could improve students’ scores in

683
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference
a creativity test 33. Students who were put in the problem-based learning classes could create more varied problems
formulations compared to those who were put in the conventional classes because problem-based learning put an
emphasis on thinking skills rather than knowledge acquisition 70.
The problem-solving activity can be used by teachers to teach students how to think 43. Students’ thinking skills can be
developed through problem-based learning, creative thinking skills empowerment, decision-making skills and conception
making skills development, and information processing. Reading in RICOSRE has contributed to the empowerment of
students’ creative thinking skills. Research findings by Wang 76 showed that students who read will possess better
creative thinking skills compared to those who do not read. In other words, students’ reading habit influences the
development of their creative thinking skills.
Individual differences such as academic abilities can be dealt with by implementing a particular learning model or
strategy 33,27. RICOSRE provides an opportunity for the students to work together in groups and to help each other out.
Thus, RICOSRE can be recommended as an alternative to promote students’ creative thinking skills.
In conclusion, research findings suggested that learning models had an effect on students’ creative thinking skills.
Academic abilities also had an impact on students’ creative thinking skills. The interaction between learning models and
academic abilities could also affect students’ creative thinking skills. Despite the differences in students’ academic
abilities, RICOSRE can be considered effective in improving students’ creative thinking skills.

SUMMARY
In conclusion, research findings suggested that learning models had an effect on students’ creative thinking skills.
Academic abilities also had an impact on students’ creative thinking skills. The interaction between learning models and
academic abilities could also affect students’ creative thinking skills. Despite the differences in students’ academic
abilities, RICOSRE can be considered effective in improving students’ creative thinking skills.
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Abstract. Critical thinking skills is one of the expertise in the 21st century which should be possessed by the students.
Thinking critically is the self-regulation in deciding something which produces the interpretation, analysis, evaluation, and
inference either the explanation that uses a proof, concept, methodology, and criteria or contextual opinion which becomes as
the basis of the decision’s made. The purpose of this research is to know the critical thinking levels of X MIPA 3 graders’
students in MAN 1 Malang, Indonesia which the number of the participants were 29 students. The participants were given the
five essay questions for critical thinking and their answers results were analyzed by using critical thinking skills rubric. The
results show that 65.52% students get the score from 0-2 which means that their critical thinking is not developed yet, whereas
as much as 34.48% students get the score from 3-5 which means that their critical thinking starts to develop or had developed.
That result shows that the critical thinking skills of most of X MIPA 3 graders’ students is still less developed. Thus, it seems
they need the further handling to develop their critical thinking skills through learning.
Keyword: Critical thinking skills, high boarding school students, score

INTRODUCTION
Critical thinking skills have been largely defined by experts in many ways. Critical thinking is a sensible and reflective
thinking that focuses on deciding what to believe or doing [1]. Critical thinking is a self-regulation in deciding what results
in interpretation, analysis, evaluation, and inference or exposure using a proof, concept, methodology, criterion or
contextual consideration on which decisions are made [2]. Critical thinking skills are also defined as students' ability in
analyzing arguments, making conclusions based on reasoning, judging or evaluating, and making decisions or problem
solving [3]. Critical thinking as thinking that involves reasoning and logic to solve a problem [4].
Critical thinking has the characteristics of: (1) having a determination to see something more thorough and detailed, (2)
analyzing ideas to seek a more thorough and detailed explanation, (3) analyzing ideas to find more accurate explanations,
and the last is (4) open-minded and broad-minded [5]. There are six basic elements of critical thinking abbreviated to
FRISCO [1]. The components are described as follows.
1.

F (Focus), focusing on questions or issues that exist to make decisions about what is believed.

2.

R (Reason), knowing the reasons that support or reject the decisions made based on relevant situations and facts.

3.

I (Inference), make a reasonable or convincing conclusion. An important part of this inference step is identifying
assumptions and seeking solutions, considerations of interpretations of situations and evidence.

4.

S (Situation), understand the situation and always keep the situation in thinking to help clarify the question (in F)
and know the meaning of key terms, relevant parts as supporters.

5.

C (Clarity), explaining the meaning of terms used.

6.

O (Overview), review and thoroughly examine the decisions taken.

However, one of the 21st century skills that students must have and be learned is critical thinking skills. The ability to
think critically becomes one of several capabilities to prepare students for education and working world [3]. Critical
thinking skills should be sought through learning in schools, especially science learning, because critical thinking skills
are the 21st century thinking skills students must have [6]. Students as a golden generation in the future must be equipped
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with critical thinking skills, because someone who has critical thinking skills will be able to solve problems differently by
asking questions, gathering relevant information, conducting investigations and communicating well [7].
Critical thinking skills are indispensable in the learning process because a person's critical thinking skills can influence
the learning outcomes to be achieved. Critical thinking ability has a positive relationship with students’ learning
outcomes, meaning that the ability to think critically can improve student learning outcomes [8].
In fact, the students' critical thinking skills have not been fully empowered. Students' critical thinking ability is still low.
The low level of thinking ability of students is due to the biology learning so far only tends to hone aspects of
remembering and understanding. In the present, learners tend to sit still listening without being able to develop
information obtained or discussed. Basically, students have critical thinking skills in learning such as questioning skills,
hypothesis, classification, observation, and interpretation. However, these skills sometimes do not develop well [9].
In some high school level in Malang, the ability of critical thinking has not been fully empowered. This is evident from
student learning activities. Students tend to be less actively involved in learning that involves thinking ability. Students
listen more to the teacher's explanation. Constructivist learning such as inquiry and cooperative is also less applied. The
test or daily test used is also limited in the low cognitive level with the form of multiple choice questions. These
conditions lead to the achievement of learning outcomes are still low, especially the results of cognitive learning [10].
Research which has been done by [11] also revealed that most critical thinking skills of State Senior High School Batu
students are in the category that has not been developed [11]. In addition, the other research show that critical thinking
skills of State High School in Batu on biology subjects is still not well developed and need the empowerment of critical
thinking skills in the learning process [12].
Based on the description that has been submitted, it is known that critical thinking skills is a very important skills to be
empowered to support students' success in learning. This study aims to determine the level of critical thinking skills for
the tenth-grade students of Science 3 at MAN 1 Malang. MAN 1 Malang is an Islamic school based in Malang city. In
this school, students take more Islamic religious subjects than other public schools. MAN 1 Malang has good facilities to
support learning, both classroom, and laboratory. The critical thinking skills of students in the school need to be known.
If the level of critical thinking skills of students has been known, then it can be used by the teacher as a material to
improve the learning process to support students' critical thinking skills.

EXPERIMENTAL DETAILS
This research is categorized as a survey research which was conducted in December 2017. Participants in this study were
the tenth-grade students of Science 3 in the academic year of 2017/2018 in MAN 1 Malang. Participants consist of 29
students.
Data collection of critical thinking skills is done through the provision of Biology test on Protista. The instrument used is
essay amounted to 5 items that have been made to know the level of critical thinking ability. Here are 5 items used in the
essay test.
1. In the development of the classification of living things, originally the classification of living things into only two
kingdoms that is Plantae and Animalia. Then Ernst Haeckel added another kingdom separate from Animalia and
Plantae that is the kingdom of Protista. In your opinion, why is Protista made its own kingdom apart from Plantae and
Animalia? Please explain!
2. Protista kingdom is divided into 3 groups that are plant-like Protista, animal-like Protista, and mushroom-like protista.
What do you think is the basis for the grouping of the three Protista types? Please explain!
3. Euglena viridis is a microscopic organism that moves actively and has chlorophyll. Euglena viridis is a member of the
Protista kingdom. Why do you think Euglena viridis is not included in the kingdom of Monera, Plantae or Animalia?
Please explain!
4. Some members of the water fungi (Oomycota) in certain phases of life obtain nutrients through adsorption and
produce stringy yarns similar to mycelium in fungi. So, why the water fungi (Oomycota) are classified in Protista
kingdom? Please explain!
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5. Currently, we often encounter waters whose water is green. This happens because of the explosion of algae
populations in these waters. In your opinion, do the algae blasting event in the waters have a negative impact? Explain
your answer!
The students' answers to these questions were analyzed descriptively by using the critical thinking criterion integrated
with the essay test [1], [13], [12], [14]. An explanation of the points in the rubric is described in TABLE 1.

TABLE 1. The rubric of Critical Thinking Modified from Finken and Ennis (1993)

Score/Point
5

4

3

2

1

0

Descriptors
 All concepts are true, clear and specific
 All the description of the answer is true, clear, and specific, supported by a
strong, correct, clear argument
 Good thinking flow, all concepts are interrelated and integrated
 Good and correct grammar
 All aspects are visible, good and balanced evidence
 Most concepts are true, clear but less specific
 Most of the description of the answer is correct, clear, but less specific
 Good thinking flow, all concepts are interrelated and integrated
 Grammar is good enough but there is a small mistake
 All aspects are visible, but not yet balanced
 A few concepts are true and clear
 A small portion of the description is true and clear, but the reasons and
arguments are unclear
 The flow of thinking is good enough, a small part is interrelated
 Grammar is good enough, there is a spelling mistake
 Most aspects seem to be right
 The concept is less focused or redundant or dubious
 Description of the answer is not supported
 The flow of thinking is not good, the concept is not related
 Good grammar, incomplete sentence
 A few aspects seem to be right
 The concept is incorrect or insufficient
 The reason is not true
 The flow of thinking is not good
 Grammar is not good
 Overall aspect is insufficient
 There is no answer or wrong answer

The criteria used in determining the students' critical thinking skills level are listed in TABLE 2.
TABLE 2. Criteria for Critical Thinking Level

Criteria
It has not yet visible or still underdeveloped
Start developing or developing well

Score
0-2
3-5

RESULTS AND DISCUSSION
The result of analysis of students' critical thinking skills which were assessed by using critical thinking rubric section
then compared with the criterion shown in TABLE 3. The results showed that from 29 students as participants, 65,52%
students got score 0-2 which means the ability of critical thinking has not appeared or is still less developed and 34.48%
of students get a score of 3-5 which means start developing or developing well.
TABLE 3. Results of students' critical thinking skills analysis based on criteria of critical thinking level according to Finken and Ennis
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Criteria
It has not yet visible or still
underdeveloped
Start developing or growing well

Score
0-2

Students’ number
17

3-5

12

Percentage
65,52 %
34,48%

The Level of Critical Thinking Skills
The results of this study indicate that as many as 65.52% of students are still not visible or have not developed critical
thinking skills yet. Critical thinking skills that have not appeared or less developed is indicated by answers about the
essay that has not shown the concept of the true and clear, the reasons or arguments are less clear, the flow of thinking is
not good, the grammar is less good and the aspects that are not sufficient. When students have not been able to provide
logical reasons and clear arguments then the student does not have good critical thinking skills [15].
The answers of students who fall into the criterion of critical thinking skills have not been seen, among others, because
the concept is not correct and the flow of thinking is not good. Here are the answers of AMR student when answering
question number 1:
"Because if it is not separated, the researchers will be confused to do their research, therefore researchers divide the
2 so that knowledge can be understood by the future"
The answer implies as an incorrect concept because the mentioned answer from the student is a benefit after the grouping
of creature is not the reason for the grouping of living things as requested.
There are also student answers that show improper concepts and incorrect reasons. Here's an example of a ZA student's
answer when answering question number 1:
"Protista is classified into 2 kingdoms consisting of plantae and animalia intended to facilitate the observation and
division is also very necessary as a differentiator and learning"
Here is an example of an AMR student's answer that shows improper concepts, incorrect reasons, and poor grammar
when answering question number 1:
"Because if not separated, the researchers will be confused to conduct their research, therefore, the researchers
divide the two so that knowledge can be understood by future"
Some examples of the answers above show that students' critical thinking skills have not been seen because some of the
concepts are wrong, the answer is not focused, the flow of thinking is not good, the grammar is not true and the reason is
not true.
However, as many as 34.48% of other students already have critical thinking skills that begin to develop and develop
well. Students who have critical thinking skills will be able to think to make decisions and solve problems by taking into
account various considerations [16].
Here is an example of student answers that show good critical thinking skills that is the answer of DPA students when
answering question number 1:
"Protista has no animal (animalia) characteristics and plants (plantae) in conventional classification. If Protista is
categorized as animalia, then it is less precise because there are Protista which has a cell wall. Yet, if Protista is
categorized as plantae, it is less fit because protisa have motion device like animalia. Thus, a scientist Ernst Haeckel
(inventor of the term Protista) to propose the grouping Protista itself"
The student's answers show good critical thinking skills because the concepts are true, clear and specific, good thinking,
good grammar and can draw conclusions from the description.

Empowering Students’ Critical Thinking through Learning Strategy
Critical thinking skills are the most dominant skills that should be explicitly taught [17]. Critical thinking skills should not
be taught separately, but be included in the teaching and learning process in subjects taught in schools [18].
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The role of teachers in the 21st century must shift from the pattern of "knowledge growers" to the role of mentors,
discussion directors, and a measure of student learning progress [19]. The primary goal of 21st century learning is to build
individual learning abilities and support their development into lifelong learners, active, independent learners; therefore
the teacher needs to be a learning coach. Teachers as learning coaches will provide guidance to assist students in
developing skills and offer a range of support that will help students achieve their learning goals. Teachers as learning
trainers will encourage students to interact with knowledge - to understand, criticize, manipulate, design, create and
change them [17].
Empowering critical thinking skills of students in learning can be done with various activities. Critical thinking skills can
be improved by applying problem-based biology learning and conducting experimental activities [20]. Problem-based
learning can be integrated using scientific procedures to solve problems. When students are accustomed to apply
scientific methods in learning activities it will be able to familiarize students to think first before solving problems, rather
than accept explanations and think [21].
Empowering critical thinking skills can be done through reading [14] and writing [22]. Assessing the literature is also one of
the efforts to empower critical thinking skills. Empowering critical thinking skills can be done by studying science as
much as possible and deeply to reveal as much information and as deeply as possible.
Empowering critical thinking can also be done by involving students to think not as a recipient of information but as an
information user [23]. The cooperative learning model is very important to train thinking ability in building knowledge
through observation or experience, motivate students to be actively involved in the learning process, training students to
learn to discuss and express an opinion [24]. Learning strategies have important factors in empowering students' critical
thinking skills. The appropriate learning model is a model of learning based on the problem [25], [26], [27] which is expected
to eliminate the difference in students' critical thinking skills caused by other factors. Other factors to consider in the
empowerment of critical thinking skills are gender [28], academic ability [12] [29], [30].
Based on the results of this study, there is a need for empowerment of critical thinking skills of students in MAN 1
Malang. Empowering critical thinking skills can be done with a variety of activities in learning. Active involvement of
students in learning is expected to improve their critical thinking skills.

SUMMARY
Based on the results of the survey showed that 65.52% of the tenth-grade students of Science 3 at MAN 1 Malang,
Indonesia critical thinking skills has not appeared or still less developed and 34.48% other students have critical thinking
skills that began to develop or develop well. This proves that the need for empowering critical thinking skills is through
learning.
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Abstract. Preliminary research conducted to the eleventh graders from Malang, Indonesia has shown gender as a determinant
factor in students’ critical thinking skills development. In addition to gender, learning models were also reported to be able to
affect students’ critical thinking skills. RICOSRE is one of the examples of learning models that can be implemented to
empower students’ critical thinking skills. The present study aimed to analyze the effectiveness of RICOSRE learning model
on improving students' critical thinking skills across gender. This quasi-experimental study employed a 2x2 pretest-post-test
non-equivalent control group. The population of this study involved all the eleventh graders from schools in Malang. There
were 41 students selected as the sample. They were assigned to two control classes which were taught using conventional
learning models and two experimental classes which were taught using RICOSRE learning model. The participants’ critical
thinking skills were evaluated using an essay test conducted before and after treatments. Students’ answers were assessed
based on the critical thinking skills rubric. Data were then analyzed using Anacova and Least Significant Different (LSD) test.
The results indicated that (1) RICOSRE learning model had an effect on students' critical thinking skills; (2) gender influenced
students' critical thinking skills, where male students were reported to possess higher critical thinking skills than female
students; and (3) the interaction between RICOSRE and gender had an effect on students' critical thinking skills. Based on the
results of this study, it can be concluded that RICOSRE can be applied in the classroom because it has potential to empower
students' critical thinking skills.
KEYWORDS: RICOSRE Learning Model, Gender, Critical Thinking Skills

INTRODUCTION
The compliance of 21st century learning is strongly associated with the development of students’ critical thinking skills.
There are three 21st century skills according to 1; one of which is learning and innovation skills. Learning and innovation
skills include critical thinking and problem solving, communication and collaboration, and creativity and innovation. To
face challenges in the future, students need to think critically. Critical thinking skills are fundamental skills of the 21st
century learning. These skills are essential and effective in the whole aspects of life 2,3. Therefore, critical thinking
learning should become an important part of an education system 4.
Critical thinking also defined as a cognitive activity that is related to the use of the mind 5. Critical thinking is one of the
components of higher order thinking which requires an individual to use arguments and interpretation to develop
cohesive and logical reasoning. Critical thinking in an ability to implement higher order cognitive skills
(conceptualization, analysis, evaluation) and collect various information through a number of different skillful analyses,
assessments, and reconstruction as guidance to make a decision and perform a conduct 6,7.
According to 8, there are six basic indicators of critical thinking skills: focus, reason, inference, situation, clarity, and
overview (FRISCO). (1) Focus, students recognize the core of the present situation so that they can draw a conclusion,
(2) Reason, students provide reasons to support the conclusion, (3) Inference, students follow particular steps to make a
logical inference, (4) Situation, students reveal important factors to be considered in evaluating or making a decision, (5)
Clarity, students explain terms used in their arguments, and 6) Overview, students check the plausibility of all steps that
have been conducted.
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Curriculum design, students’ individual characteristics, gender, linguistic competence, and academic ability can also
affect students’ critical thinking skills 9,10,11. Of all the factors, gender is rarely noticed, especially by teachers. In fact,
research by 12 has shown that female students could perform better in critical-analysis thinking than male students. This
result was corroborated by a study conducted by 13 who indicated that female students were better than male students in
critical thinking skills and there was a difference between those two. Female students were also believed to be better than
male students at considering relevant information and identifying elements of making an inference and a hypothesis.
These differences may result from the fact that female students’ brain can work harder in processing language. Females
were also better at expressing their feelings to other people 14. Since language is a tool that can be used to deliver
thoughts, the ability to use a grammatically proper language can be considered as one of the indicators of higher order
thinking skills.
Despite the information mentioned earlier, 15 found there was no significant difference between female and male
students’ intelligence aspects in general. Female and male students were also alike in terms of the development of their
critical thinking skills 16. In addition, 17 indicated that gender and proficiency level was not the determinant factors of
students’ critical thinking skills. According to 18, gender cannot serve as a predictor of scores achieved by students in
critical thinking skills. These studies are proof that the effects of gender on students’ critical thinking skills still remains
debatable. Therefore, more in-depth investigation of this issue needs to be conducted.
In Indonesia, particularly, the empowerment of students’ critical thinking skills has not been fully optimized 19. A survey
to a group of students from senior high school (SMA) in Batu, Indonesia had been conducted by 20 found that 60% of the
students have not developed their critical thinking skills. Similarly, preliminary test results that have been done prove that
the critical thinking skills of high school students from Malang are not well promoted. The empowerment of students’
critical thinking skills will benefit the students in solving their problems in everyday life. To facilitate this, learning
models need to be modified 21 in order to accommodate students’ needs to be active to think and question things they
have learned from their teacher.
One of the learning models that are assumed to be effective in improving students’ critical thinking is RICOSRE.
RICOSRE was developed by 22 by adopting steps of the problem-based learning suggested by 23-25. RICOSRE consists of
(1) Reading, at this stage, students are required to remember, comprehend, and elaborate problems found from a reading
text; (2) Identifying the problem, at this stage, students do two activities that are to identify and explore their knowledge
of a phenomenon; (3) Constructing the solution, students are trying to construct a solution to the problems; (4) Solving
the problem, this activity allows students to implement the solution. Students are given an opportunity to try out the
selected strategies to solve the problems; (5) Reviewing and extending problem solution, students communicate the
results of the investigation with other students to gain feedback from them. Students should be open to peer suggestions,
in this case, to ensure whether the solution is effective or not.
The current study aimed to investigate the effects of RICOSRE and gender on students’ critical thinking skills. The
problems of the study were hypothesized as follows; (1) there was a difference between the students in experimental
(RICOSRE) and control (conventional) group in terms of their critical thinking skills, (2) there was a difference between
female students’ critical thinking skills and male students’ critical thinking skills, (3) the interaction between learning
models and gender had an effect on students’ critical thinking skills.

EXPERIMENTAL DETAILS
This quasi-experimental study employed a Pretest-Postest Nonequivalent Control Group Design. The population
involved all the eleventh graders from public senior high schools (SMAN) found in Malang. Sample schools were
selected based on the Minimum Passing Level National Exam (MPL NE). There were three categories of schools:
schools with high ability students, schools with medium ability students, and schools with low ability students. The
random sampling method was used to determine the sample schools. As a result, two schools were selected: SMAN 10
Malang to represent the low ability category and SMAN 04 Malang to represent the high ability category. Two classes
from each school were participating as the experimental and control group. The experimental classes were taught using
RICOSRE while the control classes were taught using conventional learning models.
The current study used a syllabus, lesson plans, and instructional sheets (based on RICOSRE syntax) as the treatment
instruments. And to measure students’ critical thinking skills, an essay test which consisted of eight items was developed.
Students’ answers would be scored based on the critical thinking skills rubric 26 which had been modified from 27. The
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indicators of the test included focus, reason, inference, situation, clarity, and overview. Research data of students’ scores
would be analyzed using Anacova test.

RESULTS AND DISCUSSION
The results of the Anacova test were recorded in TABLE 1. It showed that learning models (RICOSRE and
conventional) had different effects on students’ critical thinking skills (F count 3.480, significance level 0.021<0.05). The
table also reported that gender had an effect on students’ critical thinking skills (F count 4.299, significance level
0.040<0.05).
TABLE 1. The Results of the Anacova test on the Effects of RICOSRE and Gender on Students’ Critical Thinking Skills

Source
RICOSRE
Intercept
PRE-CRITICAL
Conventional
Gender
Model * Gender
Error
Total
Total Average

Type III Sum of Squares
470.129a
30404.774
83.041
243.044
204.372
.427
4288.312
942882.000
4938.441

Df
4
1
1
1
1
1
131
134
130

Mean Square
147.332
30404.774
83.041
243.044
204.372
.427
48.002

F
3.490
741.771
1.730
3.480
4.299
.013

Sig.
.010
.000
.191
.021
.040
.000

The results of the analysis also suggested that the interaction between RICOSRE and gender affected students’ critical
thinking skills (Fcount 0.013, significance level 0.00<0.05). To investigate the effects of the interaction between RICOSRE
and gender on students’ critical thinking skills, LSD test was conducted (TABLE 2).
TABLE 2. The Results of the LSD Test on the Effects of the Effects of the Interaction between RICOSRE and Gender on Students’
Critical Thinking Skills

MODELS
Conventional

16.59

Improve
ment
(%)
31.42

78.04

LSD
Notat
ion
a

79.85

a

G

GROUP

PRE

POST

DIFFERENCE

Male

1

52.79

69.38
67.88

LSD

Female

2

59.29

8.59

14.49

RICOSRE

Male

4

43.06

73.68

30.62

71.11

81.25

b

RICOSRE

Female

3

55.29

88.24

32.94

59.58

83.40

b

Conventional

The results of the LSD test suggested that there was a significant difference between RICOSRE and conventional
learning models. Students taught with RICOSRE achieved higher scores compared to students taught with conventional
learning models. There was no significant difference found between female and male scores. However, the table showed
male students improved better than female students. Male students taught with conventional learning models could
increase their scores by 31.42%, while female students taught with the same models could increase their scores by
14.49%. Male students taught with RICOSRE could increase their scores by 71.11%. This figure was reported higher
than that of female students taught with RICOSRE (59.94%).

Potential RICOSRE Learning Model in Improving Students' Critical Thinking Skills
RICOSRE learning steps which consisted of reading, identifying problems, constructing a solution, solving the problem,
and reviewing and extending problem solution were effective in improving students’ critical thinking skills. Therefore,
the results of the study showed that students who were taught using RICOSRE in the experimental classes could improve
significantly higher than those who were taught using conventional learning models in the control groups.
The first syntax of RICOSRE is reading. This activity has a strategic position in empowering students’ critical thinking
skills 21 because it is directly connected with critical, analytic, expressive, and self-discovery abilities 28. Reading texts
provide abundant resources that can stimulate students to generate new ideas. The teacher can help select interesting
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reading materials and introduce good reading strategies to students 29. Therefore, the students will become more used to
reading and as a result, their personality and mental ability can develop well 30.
The second stage of RICOSRE is identifying problems. At this stage, students are required to formulate questions and
predict the answers. These activities also help promote students’ critical thinking skills because they assist students in
monitoring their understanding. Through identifying problems and predicting the answers, students can focus more on
solving the problems, monitoring their progress, and encouraging them to achieve success 31. In identifying problems,
students also need to identify available information and data, assumptions, and expected results 32.
The next is constructing a solution. To construct a solution, students need to develop access to all relevant information,
such as from pictures and tables 24 so that they can understand the problems better. By giving attention to what is being
faced, students will be able to solve their problems even if they feel less convinced about the solution 25. During this
stage, students are required to analyze and synthesize relevant information. They have to go deeper and try to represent
the problems in a much easier way to understand through discussion.
The fourth step is solving the problem. After collecting all information, students can now begin to solve their problems 23.
The more extent and more specific information play a crucial role in a critical thinking process 33. Therefore, RICOSRE
has higher potential in improving students’ critical thinking skills compared to conventional learning models.
The last stage is reviewing and extending problem solving. This activity allows students to share the results of their group
discussion with other students and be open to feedback. Students need to be selective in accepting suggestions from other
people. Selecting relevant information is also one of the critical thinking skills 8,34,35. Good management of relevant
concepts or materials selection can bring a positive impact on the development of students’ critical thinking skills.
Problem-based learning such as RICOSRE is more effective in developing an individual’s thinking skills 23. Therefore,
the series of RICOSRE syntax can empower students’ critical thinking skills. Students who can think critically will be
able to solve problems found in everyday life. They can make an appropriate decision right on time and as a result,
improve their cognitive achievement at schools.

The Effects of Gender on Students’ Critical Thinking Skills
The results of the Anacova test showed that gender had an effect on students’ critical thinking skills. This finding was
confirmed by 9 who also stated that gender could affect students’ critical thinking skills. The percentages of the students’
score improvement indicated that male students could improve better than female students. This result is in line with 3
who found that male students developed more positive attitudes towards science compared to female students. In addition
to that, female students were reported to be less engaged in lessons that required more energy and thinking skills 37.
The differences between male and female students were also studied by 38 who found that male teenagers could perform
better in visual-spatial and mathematical ability compared to female students who were reported to be more proficient in
verbal tasks, such as writing sentences, correcting errors, reading, and pronouncing words. The males are better at
interpreting visual images and numeric calculation while females are more skillful in using a language 29,30. It was also
proven that males are excellent in mathematics and science while females have a good and strong memory 41. Based on
the explanations, it is evident that gender had a significant effect on students’ critical thinking skills. Thus, it is necessary
to develop learning which can minimize the gap between male and female differences.

The Effects of the Interaction between RICOSRE and Gender on Students’ Critical Thinking
Skills
The results of the Anacova test indicated that the combination of problem-based learning and gender was effective in empowering
students’ critical thinking skills. Similarly, the interaction between learning models and gender had a significant effect on students’
critical thinking skills 10. The results of the LSD test also showed that unlike conventional learning models, RICOSRE could improve
students’ critical thinking skills significantly. Findings suggested that there was a significant difference between male students and
female students’ achievement in critical thinking skills. The percentage of the score improvement reported by male students was much
higher than that of female students. However, despite gender differences, RICOSRE had potential in improving students’ critical
thinking skills. RICOSRE, thus, can also minimize the gap between male and female students’ critical thinking skills.
Different results reported by research on the same topic indicate that during a learning process, there is an adaptation of the use of
different learning models. This kind of adaptation can result in a gender-biased issue in the classroom 15. To deal with this issue, 42
suggests teachers to treat male and female students equally and put them in the same group. Teachers need to be fair in selecting who

697
Copyright © The Annual Basic Science International Conference

The Proceedings Book of The 8th Annual Basic Science International Conference
to participate (such as to do the tasks, to answer questions, to perform discussion, and presentation). Teachers also need to provide
equal gift and reinforcement to all students.
The current study has proven that RICOSRE could help students to be more critical in dealing with learning problems. As one of the
problem-learning models which focuses more on thinking skills development rather than knowledge acquisition 43, RICOSRE also
assists students in understanding the problems from various perspectives.
Gender may affect the ability of students to perform RICOSRE syntax. Male and female students have distinctive characteristics. In
terms of intelligence, male and female students are quite different 39,40. From the cross-cultural perspective, male and females are also
reported to perform different cognitive abilities and skills. Females are considered better at critical-analytical thinking than males 35.
Females have the ability to make an inference, identify the relationship between variables, draw a conclusion, formulate hypotheses,
consider relevant information, and analyze data 12.

SUMMARY
In conclusion, the results of the current study proved that RICOSRE was effective in promoting students’ critical thinking skills.
Findings also suggested that gender had an effect on students’ critical thinking skills. The interaction between RICOSRE and gender
was reported to significantly affect students’ critical thinking skills. Based on these results, it can be concluded that RICOSRE could
be used as an alternative to promote students’ critical thinking skills in Biology. RICOSRE can also be implemented to minimize the
differences between male and female students’ academic achievement. It is recommended for future researchers to focus on
investigating the effects of RICOSRE on other aspects that have not been covered by this study.
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