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CURRENT ISSUES IN SCIENCE EDUCATION RESEARCH 

 
David Treagust1* 

1Science and Mathematics Education Centre, School of Education, Curtin University, Perth, Australia 
*corresponding.author@mail.com 

 
Abstract 

This presentation will examine some of the unprecedented developments in science education research 

in the past four decades (1974-2014) when there has been a huge increase in international professional 

research activities resulting in an increased output of publications in science education research from 

an increasingly wide range of nations and in a large number of new journals, especially in the English 

language. In many countries, there has also been an increased amount of professional development 

initiatives that involve professional societies, employers and universities. 

At the classroom level, throughout the past 40 years, there has been a constant call for more relevant 

science education as illustrated by a growing interest in post-compulsory schooling and how to 

provide appropriate curricula and assessment in science education. There also have been more calls for 

greater inclusivity in science education as illustrated by the need for science curricula that do not 

simply reflect knowledge gains and the social and cultural stereotypes of science. 

During this period, there has developed a great diversity of the types of research being conducted in 

science education.  At one end of this spectrum are large-scale assessment programs as illustrated by 

the Trends in Mathematics and Science Studies (TIMSS) and the Program for International Student 

Assessment (PISA) studies which provide both national data and international comparisons. At the 

other end of this spectrum are small-scale studies of the work of science teachers in individual 

classrooms as illustrated by action research studies and the detailed documentation of expert practices.  

To be able to conduct studies of this range, over the past four decades, there has been an increasing 

acceptance of alternative genres of educational research and an acknowledgment of their own 

strengths and weaknesses. 

This presentation will discuss these issues with examples from different countries.  However, in 

addition to these developments in science education curricula, assessment and research, there is still 

need for a greater understanding of the relationships between policy and practice and a realistic 

expectation of what science education research can contribute to practice.  This certainly should be a 

major part of the work of science educators in the next four decades. 
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DEVELOPING STEM AND ENVIRONMENTAL LITERACY VIA 21ST CENTURY 

INSTRUCTION 

 
Rebecca Johnson1* 

1Center for Environment, Economy, and Society, Columbia University, New York, USA 

*rj136@columbia.edu 

 

Abstract 

Since 2013 CEES has colllaborated  on the USAID-funded SAInS program with the  IPB Faculty of 

Mathematics and the Natural Sciences. SAInS  stands for “School Action for Innovation in Science”, 

and we work to build capacity in STEM pedagogy among IPB faculty as well as high school teachers, 

using innovative methods and tools including “fablabs” for design. CEES brings to the collaboration 

its experience implementing an Integrated Ecology Curriculum (IEC) in public middle schools in New 

York City. Both the SAInS and IEC programs focus on STEM instruction and aim to provide 

integrated, project-based curricula to students, centered on authentic field and lab investigations. We 

hope to increase environmental literacy and awareness of the natural world, but in so doing, transform 

the conventional curriculum into one that  promotes the 21st Century skills and engagement students 

need to succeed in school and beyond. 
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GENERATING PEDAGOGICAL CONTENT KNOWLEDGE IN SCIENCE 

TEACHER EDUCATION STUDENTS 

 
Ed van den Berg1* 

1 Vrije Universiteit and Hogeschool van Amsterdam, Amsterdam, Netherlands 
*corresponding.author@mail.com 

 
Abstract 

One of the key questions in science teacher education is how to get teacher education students to 

acquire and construct pedagogical content knowledge (PCK), that is knowledge about teaching and 

learning specific science concepts such as forces, or ecosystems or chemical bonding. For example, 

how to sequence the concepts involved, which learning difficulties to expect from pupils 

(misconceptions), which exercises and activities to use, etc. This PCK is partly general, but also partly 

local … how to teach about forces to your particular type of pupils in your school with your local 

facilities? Teacher education students should not just learn PCK from literature, they should learn how 

to learn and construct PCK in their own local classroom. 

Some pre-service teaching activities can contribute much to the learning of PCK and subsequent 

teaching as these activities are generating PCK within the pre-service teacher’s own internship 

classroom. Three examples will be described: preparing exhibitions of science experiments, assessing 

preconceptions, and teaching using embedded formative assessment in which assessment leads 

teaching and almost inevitably results in development of PCK. The first one, preparing exhibitions, is 

very much about learning how to inspire and motivate pupils, a key issue in teaching.  The second and 

third are about learning to become aware of pupils’ conceptual problems and what to do about them 

and this in turn can lead to action research in the pre-service student’s own classroom. Throughout the 

conference lecture practical examples will be given from the author’s experiences in teacher education 

in Indonesia, the Philippines, and the Netherlands. 
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PATTANI WATERSHED MANAGEMENT FOR SUSTAINABLE IN THE FUTURE 

 
Vichit Rangpan1* 

1Yala Rajabhat University, Thailand 
*vichit39@gmail.com 

 
Abstract 

A review about Southeast  Asian watershed management, especially South of Thailand showed that 

there is a lack of intensive watershed management study. Lot of watershed area have been designed, 

but many lack information about its biological resources and environment. Howere, I recently studied 

on natural resources and environmental management in Pattani watershed showed many title of 

research consist of Quality of Suspended Sediment in Pattani River (QSSP), Utilization Management 

of Biological Diversity (UMBD), Co-relationship of Conservation and Biodiversity Utilization and 

People life style (CCBUP), Conservation of Environment and Natural Resources by Participation of 

People (CENRP), Development of Water Utilization and Approach of Water Quality Sustainable 

Management (DUWSM), Role of Multiculture Diversity in Preserving and Utilizing of Biological 

Diversity   (RMPUB), Solid Waste Management in Pattani Watershed South Thailand by Community 

Participation (SMPSC), Effect of Water  Quality on Periphyton in the Pattani River (EWPR), A 

Development of Environmental Management Model of Pattani Watershed in the Future (DEMPF), 

Local Scientific Lessons on Pattani River Conservation (LSLPC) and The Local Scientific Lessons for 

Conservation and Utilizing Biological Diversity in Pattani Watershed (LSCUB) as well. Every 

research title has been encouraged sustainable of Pattani watershed management that follow the theme 

of the Conference which is “Enhancement and Acceleration on Research and Learning in Mathernatics 

and Natural Sciences for the Utilization of Natural Resources” in the diagram. 
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CAROTENOIDS: FROM PHOTOSYNTHETIC PIGMENTS TO BIOSOLAR CELLS 

 
Ferdy S. Rondonuwu1* 

1Department of Physics, Faculty of Science and Mathematics, Satya Wacana Christian University, Salatiga, 

Indonesia 
*ferdy@staff.uksw.edu 

 
Abstract 

Carotenoids are a class of photosynthetic pigments which provide nature with a variety of colors. They 

are present in photosynthetic organisms, including plants, algae, and bacteria; hence, they are one of 

the most abundant pigments in nature. In photosynthesis, carotenoids play two important roles: for 

light harvesting and photoprotection. In light harvesting, carotenoids capture the photons and convert 

them into a carotenoid singlet excited state of energy, and it is subsequently transferred to a singlet 

excited state of neighboring (bacterio)chlorophylls within antenna complexes. In a photoprotection 

function, carotenoids protect excessive light by quenching singlet and triplet states of 

(bacterio)chlorophyll. Besides their functions in photosynthesis, carotenoids quench harmful singlet 

oxygen and free radicals by interrupting a sequence of oxidative reaction. The ability of carotenoids to 

function as antioxidants makes them important molecules to prevent various diseases such as cancer or 

macular degeneration. 

This paper discusses the molecular properties and excited state dynamics of carotenoids free in a 

solution and bound to pigment-protein complexes. Knowledge of the excited state dynamics is 

necessary to understand their mechanisms to prevent a harmful oxidative reaction chain and artificial 

antenna such as a carotenoid solar cell (biosolar cell). 

 

Keywords: carotenoids, excited state dynamics, biosolar cells. 
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USING PMRI AND PISA FOR IMPROVING RESEARCH AND LEARNING ON 

MATHEMATICS LITERACY OF INDONESIAN STUDENTS 

 
Zulkardi1* 

1Mathematics Education Department, Faculty of Mathematics and Natural Sciences, Sriwijaya University, 

Palembang, Country 
*zulkardi@gmail.com 

 
Abstract 

In PISA 2012, the rank of Indonesian students on mathematics and science literacy is the same that is 

64 over 65 participated countries.  Contrary, our students were in the first ranked as the happiest 

students in the world during they are in the school. The question is why this happened? what and how 

they learn in the school? This paper aims at sharing two interventions that our group called PMRI 

team did both in the national level and local level. First, I will share the implementation of Realistic 

Mathematics Education as an innovation in mathematics education in Indonesia either in the schools 

or teacher educations. A number of products of long-term effort and research of PMRI such as a 

portal, a master program, a national contest, an international conference and a center of excellence will 

be presented.  Then, I will also share how to use a design research as a new approach in improving the 

quality of research and learning of student teachers in teacher education. Finally, results of a design 

research aims at producing PISA-like tasks will be presented and discussed. 

 

Keywords: Design research, PISA tasks, PMRI, mathematics and science literacy. 
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STATISTICAL AND METHODOLOGICAL INCORRECTNESS IN EDUCATIONAL 

RESEARCH 

 
Julius H.  Lolombulan1*, Johanis C. F. Repi1 

1Department of Mathematics,  Faculty of Mathematics and Natural Sciences, State University of Manado, 

Minahasa, Indonesia 
*lolombulan67jh@gmail.com 

 
Abstract 

The aim of this paper is to reveal some of the statistical and methodological incorrectness in the area 

of educational research. Some statistics and methodologies assessed: Titel, Hypothesis, Population and 

Sample, Normality Test and Variance Homogeneity, Presentation of Tables and Pictures, Bar Chart 

and Histogram Presentation, Correlational Analysis, Data Analysis, Paired t-test and Unpaired t-test, 

Using F-tabel and Result of Significant Value, and Control in the Design. In some articles published in 

a journal, author found quite many incorrectness in statistical methodology.  This incorrectness can be 

classified in three categories. First category is with unsubstantial incorrectness which means the level 

of incorrectness in the submitted article still can be fixed (some revisions will be needed). Second 

category is the lack of comprehension that lead into inappropriate interpretation and the third is 

substantial incorrectness which carried serious mistakes that lead into wrong conclusion. 

 

Keywords: Educational Research, Methodological, and Statistical. 

 

 

1. Introduction 

There are two approaches in research, which are qualitative and quantitative. In quantitative 

research, planning, execution, data processing, analysis and interpretation are highly depend 

on the statistical method. Researchers in the educational field are demanded to have a 

comprehension in statistics and methodology. Insufficient knowledge in statistical method can 

lead into incorrect conclusion. 

Lolombulan (1999) reviewed 99 papers of quantitative research in the research center of IKIP 

Manado and found 33.3% of the undergraduate and graduate research papers came with 

incorrect hypothesis, and from reviewing another 114 studies using samples he revealed there 

was 44.7% with inappropriate sampling, 66.7% used incorrect data analysis and 56.1% gave 

wrong interpretation of data analysis. For a comparison, the author also found statistics and 

methodological incorrectness in medical studies. From 67 most frequently read medical 

journals and 149 papers classified as analytical research, not just case report, only 28% can be 

accepted, the other 68% was quite acceptable but need to be  corrected and 5% totally 

unaccepted (Schor and Karten 1966). Williamson, Goldschmidt and Colton (1986) reviewed 

28 articles (published in the medical literature), that had assessed the scientific adequacy of 

study design, data collection and statistical methods in more than 4200 published medical 

reports. The reports assessed drug trials, surgical, psychotherapeutic and diagnostic 

procedures published in more than 30 journals like The British Medical Journal, Psychiatric 

Quarterly, etc. They determined that, on the average, only about 20% of 4235 research reports 

met the assessor’s criteria for validity. Eight of the assessment articles were looked at the 

relationship between the frequency of positive findings and the adequacy of method used in 

research reports. In the research reports evaluated in these eight articles, approximately 80% 

of those that were inadequately designed and analyzed had reported positive findings, 

however only 25% of those that were adequately designed and analyzed had positive findings. 
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This evidence indicates that positive findings are reported more often in poorly conducted 

studies than in well conducted one (Dawson and Trapp, 2001). 

Avram, et. al. (1985) observed the following; Simple criteria were used to evaluate the 

statistical analysis in 243 articles from two American Anesthesia journals published in the 

latter 6 months of 1981 and 1983. Nine percent of the 722 descriptive statistics had major 

errors, most of which were a description of ordinal data as though they were interval. The 

incidence of erroneous application of 394 inferential statistical tests was 78%. Nearly three-

quarter of the 308 primary inferential statistical errors involved either use of a test for 

independent samples on related data (and vice versa) or multiple applications of an incorrect 

test to the same data. Only 4% of the 113 statistics of association were considered erroneous, 

most because the method was not identified. 15% of the 243 articles in both journals at both 

times were without major errors in statistical analysis. 

Gardner and Bond (1990) reported that of the 45 papers, only 5 (11%) were considered 

statistically acceptable at submission, but increased to 38 (84%) after publication. Revisions 

had not been made adequately in 4 of the 7 unsatisfactory published and 3 others were 

thought to be of dubious validity. A major omission from at least 28 papers was information 

on sample size calculations. 

Gore, et. al. (1992) summarized the criticisms noted by the statistical reviewers for the 

submitted papers on Lancet journal and for 191 of papers received between November 1990 

and June 1991 only 54% were deemed acceptable or acceptable after revision, the others were 

either recommended for rejection (14%) or for more substantial revision and re-review (32%). 

Descriptions of methods and of results were found inadequate in about half of the papers and 

about 25% of them had inadequate abstracts and conclusions. Major error of inference was 

made in 48 papers and went hand in hand with major criticisms of analysis or design in those 

papers. In 1997, they reported from 62 reports that appeared as papers and originals 

(excluding short reports) in 13 consecutive issues of the British Medical Journal included 

statistical analysis 32 had statistical error and 18 were discovered had fairly serious faults.  

Glantz (1980) had also stated that approximately half of the articles published in medical 

journals that used statistical methods contained incorrect use of the method. 

Sastroasmoro (2011) proposed 11 kinds of statistical and methodological incorrectness in the 

design, subjects choosing, measurement, data analysis and result interpretation. These 

incorrectness were frequently occurred in clinical researches published in credible medical 

journals. 

Based on experience as a scientific research reviewer in Unima, the author found there are 

many of researchers pay less attention on statistical methodology that lead into incorrect 

analysis and results.  

Based on the facts proposed above, the aim of this paper is to reveal some of the statistical 

and methodological incorrectness in the area of educational research. Some of the articles that 

have been reviewed here are from Jurnal Ilmu Pendidikan (LPTK and ISPI Malang), Jurnal 

Pendidikan dan Kebudayaan (Depdikbud), Polygot (Faculty of Education, UPH), Jurnal 

Pendidikan matematika (FKIP Unhalu and ISPMS), Pedagogy: Jurnal Ilmu Pendidikan (FIP 

Universitas Negeri Padang, Forum Kependidikan (FKIP Universitas Sriwijaya), Infotec: 

Jurnal Pendidikan Teknologi Kejuruan (FPTK UPI), Mathedu: Jurnal Pendidikan Matematika 

(PS Pendidikan Matematika PPS UNESA) Jurnal Evaluasi Pendidikan (PS Penelitian dan 

Evaluasi Pendidikan PPS UNJ), Jurnal pendidikan Biologi (Jurusan Biologi FMIPA UM) and 
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Jurnal Teknologi Pendidikan (PS Teknologi Pendidikan PPS UNJ). For the ethical reason the 

author concealed number, volume, edition and year of publication of reviewed articles. 

2. Statistical and Methodological Incorrectness 

The following are some of the statistical and methodological incorrectness founded on those 

publications mentioned earlier. 

2.1. Title 

According to Suhadi Ibnu (2012) the title of the research article is aim to describe the 

essential work of the study in a very clear manner . All of the research variables, the 

connection among them and other important information should be revealed clearly in the 

title. Effendy (2012) proposed that the title of the research paper should give the big picture 

and essential information about the work of the study that reported in the paper. 

The following 3 examples of the research article title were assessed, 1: “Problem Based 

Learning, Learning Motivation, Initial Competence and The Learning Achievement of SMK 

student”, 2: “The Knowledge of Learning Strategy, Attitude and Teacher Motivation”, 3: 

“Minimizing the Misconception in the Electric Circuit Subject Matter with the Predict-

Observe-Explain Learning”. In example 1, the work of the study, research variables and the 

interconnection among them are clearly stated. But there are no variables interconnection 

exposed in the example 2. In the educational research with quantitative approach, the title of 

the article should provide the big picture of the methodology and the data analysis used. There 

are 3 kinds of data analysis from the side of the problem formulation that relate to the title of 

the article, which are descriptive, comparative and correlative. Example 1 pictured the 

methodology in form of comparative or correlative, in example 2 in the form of descriptive 

but in does not carry the methodology and the statistical analysis since the researcher 

connected all of the 3 variables to the learning achievement. In this case the variable of 

learning achievement does not pictured in the title. In example 3, the treatment and the 

problematics are clearly pictured, so it is likely a class treatment research, but the researcher 

used pre-test and post-test control group design. The latter example does not picture the 

essential content. 

2.2. Hypothesis 

It found that in some journals including JIP have article that does not stated the hypothesis. 

Some of them do not stated the statistical hypothesis (Ho and H1) but later stated in the result 

Ho rejected and H1 accepted. Hypothesis contained in the article should be clearly stated 

whether it 1-tailed test or 2-tailed test, if in a particular case a researcher mention “tested in 2-

tailed” means that he/she incorrectly formulate the hypothesis, and this reveal the lack of 

understanding of statistical methodology. In  correct way, the H1 should be stated for 

comparison test by using words or order relation symbols, i.e. higher (>) or “lower” (<), and it 

never use “not equal to” (≠). In the test of correlative problem should be used the words of 

“with positive correlation” or “with negative correlation” not just stating “there is a 

correlation” or “there is no correlation”. Some mistakes caused by no statistical hypothesis 

stated, subsequently it is unclear if the H1 is 1-tailed or 2-tailed test. The value of t-table in 

one tailed test is different with the value in two tailed test, which can lead into wrong 

conclusion since it is possible to be accepted in 1-tailed test but rejected in 2-tailed test. In the 

statistical software for data analysis like SPSS the result always stated in 2-tailed and the 

researcher should the significant value to 1-tailed test. 
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2.3. Population and Sample  

Regarding to the procedure of data collecting, there are two kinds of research, which are 

experimental research and non-experimental/observational research. Population and sample 

are acknowledged in non-experimental study whereas there is no such thing as real population 

in experimental research. The data will be generated through an experiment, different with the 

non-experimental design, the data already provided in observational unit. For this reason the 

population in experimental study is not mentioned. It is a mistake to mention the population in 

experimental study, instead the term used should be observational unit or research subject. In 

many researches they do not put the reason to get the sample and not so rarely the relatively 

small population is still taken as a sample. Ideally a research should be done on population not 

on sample. If a research using a population then there is no need statistical tests (t-test 

statistics, analysis of variance, regression/correlation analysis) that match with the hypothesis 

formulation. In sampling, many of studies in determining the sample size using the 

formulation that not fit with the problem formulation or the goal of the research. If the 

problem formulation or the goal of the research is comparing two group then the formula use 

for determining the sample size is (Dawson and Trapp, 2001; Mulyatiningsih, 2012): 
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And if the goal of the research is to analyze the relationship between two variables, then the 

formula for the sample size is (Dawson and Trapp, 2001): 
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Many articles using the formula of sample size as (Sugiono, 2007; Sukardi, 2010; 

Mulyatiningsih, 2012): 

𝑆 =
𝑋2𝑁𝑃 (1 − 𝑃)

𝑑2(𝑁 − 1) + 𝑋2𝑃 (1 − 𝑃)
 

The latter formula is use if the goal of the research is to test the proportion of one population. 

2.4. Normality Test and Variance Homogeneity 

In educational research, the normality test aimed to test the condition in Pearson’s 

correlational analysis or comparison of means test. Many of the researchers do not understand 

why the normality test should be applied in the formulation of correlational research or 

comparison of means test. In the case if this condition unfulfilled they change the data instead 

of transform the data or using the Spearman correlation or nonparametric test. In research it is 

acceptable to mention “the data assumed to be normally distributed” in the data/statistical 

analysis section, so that the data normal test is unnecessary.  The test of variance homogeneity 

is frequently misused, as in the case of the researcher cannot determine the difference which 

one is the homogeneity of variance test in the problem of comparison of two or more 

populations and which one is the regression analysis. The homogeneity of variance can be 

assumed, so the test is unnecessary. 
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2.5. Presentation of Tables and Pictures  

The purpose of presentations of tables and pictures in a scientific article is for simplification 

and informative. But, in many articles the presentation of tables or pictures do not simplified 

the information, in the contrary they adding confusions. That because the title of is too long or 

contain irrelevant information. In some cases, some of the articles shared the same tables and 

pictures in the different sections for the same repeated information. In the worst case the 

information that already represented by tables or pictures all re-presented in the form of 

narrations. In one of the re reviewed article is found that the result of data analysis presented 

in tables just use the copy and paste of the same contents which showed that the unnecessary 

columns and rows in the table.  

2.6. Bar Chart and Histogram Presentation 

In one of the re reviewed article contain the information of the distribution of ages of 

participants in categorization form which graphically presented in histogram and not in bar 

chart. Bar chart should be used if data measured in nominal or ordinal scale, the histogram 

should be used for categorized continue data (in interval or ratio). 

2.7. Correlational Analysis 

Many researchers in educational field put in their article the linearity condition in Pearson’s 

coefficient of correlation analysis. As the implication, the condition of linearity should always 

be tested. Linearity test is made if the researchers want to use simple Pearson’s coefficient of 

correlation formula: 
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This analysis should follow the model of its equation. If the relationship of X and Y is linear 

then the formula can be applied. If the relation of those two variables is reciprocal then should 

use the following formula: 
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The coefficient of correlation analysis is used to analyze the degree of relationship between 

two variables X and Y, which is highly depend on its regression model. In the other article the 

hypothesis test was done twice for regression analysis and correlational analysis. This 

procedure is unnecessary the t-test result of both tests is same.  There is another article in 

which the researcher used the Pearson’s coefficient of correlation with using the symbol r^2 

and r as the coefficient of determination and this not a typing error, in the discussion section 

r^2 and r were referred as the coefficient of correlation and the coefficient of determination. 

2.8. Data Analysis or Statistics 

In some articles the mentioned method of data analysis in the earlier section is not match with 

the technique of analysis that used in the discussion and the result section. For example, there 



Proceedings of MatricesFor IITTEP – ICoMaNSEd 2015 
ISBN: 978-602-74204-0-3 

 

 

Keynote & Invited Papers Page 12 
 

is an article mentioned using the Mann-Whitney U test for examining the different of the test 

result of two groups, but the data presented in the factorial design 2x2x2.  The incorrectness 

also happened when in the Method of Analysis section the statistics used is one way 

multivariate analysis of variance but in the results indicated the use of F-test to compare the 

different of the mean of two groups in test of three independent variables. In another case, 

there is a study stated in the method of analysis section the multiple linear regression to 

analyze the data in the level of α = 5% but in the result using the simple coefficient of 

correlation analysis for three independent variables with one dependent variable (X1 with Y, 

X2 with Y and X3 with Y). There is also a study that stated in the discussion and result 

section the regression analysis but the result is coefficient of correlation without the 

regression equation. 

2.9. Paired t-test and Unpaired t-test 

There are still many articles that misused the paired and unpaired t-test. The paired t-test is 

used if the design using pretest and posttest or in two groups of different observational unit 

but somewhat can be matched. The unpaired t-test is used when the design in the form of 

comparing two different groups or treatments. In one article that used pretest-posttest with 

control group, the researcher tested on one group for one variable by using unpaired t-test. 

This can be seen in the article that contain “the degree of freedom = n1 + n2 - 2". This can 

lead to wrong conclusion since for t (0,05; 14) = 2,145, but for t (0,05.28) = 2,043. What if 

tcalculated = 2,100? 

2.10. Factorial Design 

The following are examples of the submitted articles with statistical methodology flaws:  

 In one article, the researcher used factorial design 2x2 and without to mention the 

significant of the effect of interaction he/she directly test the inter-cell different. A 

mistake in test of the simple effect is comparing cells of different column and 

different row, i.e. a1b2 vs a2b1 and a1b1 vs a2b2. The correct way is to test only the 

simple effect of the factor A in the level b1 (a1b1 vs a2b1) and in the level of b2 

(a1b2 vs a2b2) and the factor B in the level of a1 (a1b1 vs a1b2) and in the level of 

a2 (a2b1 vs  a2b2). 

 In other study with factorial design 2x2x2 stated the main effect of all significant 

factors and the existence of the effect of interaction between the two significant 

factors and among the three significant factors in its analysis of variance table. The 

proper way is in the interaction whether it for two factors or for three factors, not 

necessary to do further test (the test only for the simple effect). 

In an experimental research with factorial design it is a mandatory to discuss the interaction 

effect in simple effect analysis. So it is unnecessary to discuss the main effect. The discussion 

of the main effect will be useful if the interaction is not significant. 

2.11. Using F-table and Result of Significant Value 

There is a study with factorial design analyzed by using the computer software. The result of 

the data processing presented in the form of table. For each sources of variance provide 

column of F-test result next to the column of significant value and two other columns of F-

table 5% and F-table 1%. This shows that the researcher was not really sure with the statistical 

software, the column of F-table is unnecessary, in the result of analysis by software the 

significant value always provided. Or in the same case the researcher does not know to 

interpret the result of significant value, since it showed throughout the discussion that always 
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comparing the result of F-calculated to the F-table. To put the significant value together with 

F-table is unnecessary. It is enough to the studies with the data analyzed and processed by 

software to put the significant value or p-value. For example, in the result report state: “this 

represent the result of the mean value of learning achievement with A treatment is higher than 

B treatment (Sig. = 0.035)”. 

2.12. Control in the Experimental Design 

The number of research using design experiment submitted in the journal of education now 

days is increase. The using of this method including the single factorial design (non-

equivalent control group design) and factorial design (more than two factors). It is so common 

in these designs to come up with the term of “the group of experiment” and the term of 

“control group”. The experiment group for example is the learning model of problem base 

learning and the control group for example is conventional learning model. In this design it is 

a mistake if the group with the conventional learning model to be said as the control group, 

since that group equal to group with the problem based learning model. Both are treated with 

certain treatment so those are the experiment group. If in the design of experiment there are 

two groups, for example the group with problem based learning model and the group with 

problem based learning model with module, then the first is said to be the control group and 

the latter is the experiment group. So a treatment group is to be said the control if the 

controlled treatment applied to the experiment group (The problem based learning is in the 

control and in the experiment). 

3. Conclusion 

In some articles published in a journal or education magazine, author found quite many 

incorrectness in statistical methodology, particularly in education studies with quantitative 

approach. This incorrectness can be classified in three categories. First category is with 

unsubstantial incorrectness which means the level of incorrectness in the submitted article still 

can be fixed (some revisions will be needed). To overcome the problem and to maintain and 

increasing the quality of study and journals, it is important to consult a study to statistics 

experts that have good comprehension and familiarity on the research in educational field. It 

is also crucial for the reviewers to make a comprehensive and accurate assessment to the 

articles. Since the statistical methodology comprises many aspects, it is to be understood that 

some statisticians have expertise in certain aspects of methodology. The selectivity of 

educational journals needed to be maintained, especially for those prominent journals, along 

with the attention to content credible articles. Second category is the lack of comprehension 

that lead into inappropriate/weak interpretation or conclusion and the third is substantial 

incorrectness which carried serious mistakes that lead into wrong conclusion. 

The facts that has been described in statistical methodology incorrectness shows there are 

many incorrectness occurred in educational studies, especially the ones with quantitative 

approach. This phenomenon may come from the fact there are many researchers have 

hesitation to consult their research to the statistics experts. The consultation is necessary to 

develop comprehension and competence in statistics and methodology. 
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Abstract 

Sensor development with immobilization of active material in an electrodeposited polymer is 

explained in this paper. Various type of deposited polymers can be used as sensor matrixes due to their 

ability to immobilize active molecular in the sensing surface. The applications of electrodeposited 

polymer for the construction of reproducible biosensor and chemical sensor in both electrochemical 

and spectrophotometric detection systems are described. The construction of uric acid biosensor in 

electrodeposited polytyramine has been demomonstrated in electrochemical detection system. The uric 

acid biosensor showed a sensitive response to uric acid with a linear calibration curve lies in the 

concentration range of 0.1 – 2.5 mM, slope 0.066 µA/mM, and the limit detection was 0.05 mM uric 

acid (S/N=3). The design of chemical sensor in UV-Vis spectrophotometric detection has also been 

explained to obtain accurate, selective, sensitive, fast response and simple analytic instrument for the 

determination of formaldehyde. The detection linearity of formaldehyde sensor lies in the range 

concentration of 0.1 – 4,0 ppm formaldehyde, where the detection limit is 0.05 ppm formaldehyde. 

 

Keywords: sensor, biosensor, chemical sensor, electrodeposited polymer, polytyramine. 

  

 

1. Introduction 

The development of sensor (biosensor and chemical sensor) by using active materials to 

identify and determine the concentration of substrates is one of the exciting trends in 

analytical chemistry to emerge in the last two decades. Integrating of biological or chemical 

active materials with a transducer to produce a measured signal is the basis of a sensor. A 

sensor is accounted as a useful tool for analysis because of its compact size, real time 

analysis, nearly reagentless operation, simple pretreatment protocols, and simplicity of use. 

Sensor designs employ different transduction methods including electrochemical, optical, 

mass sensitive and calorimetric, where electrochemical measuring principles dominate the 

sensor development. The use of electrodeposited polymer is also one approach to the 

construction of sensors for broad application and the potential to be highly reproducible. This 

paper reviews sensor principles by using electrodeposited polymer as matrixes to immobilize 

various types of active materials and their transducers. The specific approaches are explaining 

the construction of biosensor and chemical sensor in both electrochemical and 

spectrophotometric detection systems. The uses of electrodeposited polytyramine as a matrix 

polymer are discussed in particular. A broad range of immobilisation methods including 

membrane entrapment, physical and chemical adsorption, cross-linking agents, polymeric 

entrainment, electropolymerised films and covalent attachment are highlighted. The 

applications of the sensors for analysis of real samples are also discussed. 

2. Sensor Elements 

A sensor can be defined as a device incorporating active materials intimately connected to a 

transducer, aimed at producing an electronic signal which are proportional to the 
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concentration of a specific chemical or set of chemicals [1,2]. Sensor could be in the form of 

biosensor or chemical sensor. The biosensors is incorporating biological sensing elements as 

sensing agent, while the chemical sensor is exploiting active materials on to a transducer that 

give response to target analytes. Figure 1 illustrates the features of a sensor, and the 

components that may be combined to construct a sensor are listed in Table 1. Active materials 

in the form of chemical and biological components are the most commonly used for 

recognition in a sensor. The transducers could be classified into those based upon 

electrochemical, optical, mass sensitive and calorimetric measurements. The sensor designs 

are frequently directed by the incorporation of active material on the sensing devices that can 

either be immobilised on the transducer surface or entrapped in a matrix polymer. The 

recognition elements may act as catalytic and non-catalytic materials, where the catalytic 

elements could be reused while noncatalytic materials is tend to be used for a single assay.  

 

Figure 1. General scheme of a sensor, it is consisted of the recognition material, transducer and electronic 

device: where S is a substrate and P is a product, (a) sensor recognition material, (b) Transducer, (c) 

Signal readout, (d) Signal amplification and processor, and (e) computer display. 

Table 1. Transducers and active materials in biosensor devices 

Transducers Chemical and Biological elements 

Electrochemical 

Potentiometry 

Amperometry 

Conductometry 

Capacitance 

Optical  

Absorbance (UV-Vis) 

Fluoresence 

Luminescence 

Surface plasmon 

Mass sensitive  

Quartz microbalance 

Surface acoustic wave 

Calorimetric 

Enzymes 

Receptors 

Microorganism 

Cell 

Plant and animal tissues 

Antibodies 

Antigen 

Nucleic acid 

Lipid membrane 

Peptide 

Organic molecules 

Inorganic Species (Synthesis and Naturally occuring) 

Specific Chemical Compounds 

Chemical with specific Functional Groups 

The sensor have been implemented for a number of applications to provide highly specific 

detection for target analytes. Review articles describing sensor developments have been 

published [3,4]. Among biorecognition materials listed in Table 1, where enzymes are the 

most widely used due to their catalytic activity and specific binding capability, provide fast 

and selective measurement, and low detection limits. The wide range of transducable 

components that can be made in or linked to sensing material, such as proton, ions, heat, light, 

gases, fluorescence, electron and mass changes. The transduction can be accomplished via a 

great variety of methods including electrochemical, optical, mass sensitive and calorimetric 

methods (Table 1). New types of transducers are constantly being developed for sensors 

construction. Transducers based on electrochemical techniques have dominated the sensor 

field because electrochemical detection is sensitive and compatible with the bulk manufacture 

of portable devices. In the construction of sensors, electrochemical transducers offer a number 

of categories including potentiometry, amperometry, conductometry, and capacitance. 

Potentiometric detection is a very attractive method for a sensor because the instrumentation 

is simple and relatively inexpensive [5]. Potentiometric sensors rely on analyte-induced 
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changes in the electrode potential. The potential is measured at zero current with respect to a 

reference electrode. Several applications have been reported where an ion selective electrode 

(ISE) has the broadest area of used potentiometric sensors [6,7]. Amperometric detection is 

based on measurements of the current in an electrochemical cell where equilibrium is not 

established. Amperometric devices operate when the substances can undergo oxidation or 

reduction reactions. The information about the target analyte is generated from the 

measurement of the current as a function of the applied potential under conditions that 

enhance polarisation of the working electrode [8]. Various amperometric methods can be used 

for sensor devices such as square wave, pulse and different pulse, staircase, cyclic, anodic 

stripping and amperometric titrations. It is appears that amperometric techniques are the most 

useful for sensors, due to the possibility of obtaining a signal linearly related to the analyte 

concentration. 

Based on fast developing optoelectronic techniques, optical transduction is one of the possible 

alternatives for sensor construction. Measurements in optical devices are based on the changes 

on optical parameters due to catalytic reaction at the transducer interface. Real time data could 

be generated in the sensor since optical assays do not have a time delay. Optical transduction 

offers a large number of possible sensor categories due to the fact that optical measurements 

can be used for many different types of spectroscopy such as absorbance UV-Vis, 

fluoresence, luminescence, evanescent wave, and surface plasmon, where the signal could be 

recorded with different spectrochemical properties such as in the form of amplitude, energy, 

polarisation, decay time and phase. However, detection selectivity made by optical 

transduction is limited. The presence of complex color materials or the materials with similar 

optical properties may interfere with the measurements. Despite these limitations, numerous 

optical sensors have been developed for various applications. For example, optical sensors 

have been developed in our laboratory for the determination of uric acid [9], glucose [10], 

cholesterol [11], nitrite [12], formaldehyde [13], benzoic acid [14]. Many other compounds 

that can be determine by using optical sensor as listed in the reference [15].  

3. Polymer Films for Sensors Construction 

The development of electrochemical devices for sensor construction has made considerable 

progress. Most of the devices, especially commercial sensors, employ polymers as the 

immobilisation matrix. In electrochemical devices, the polymer films are used as matrices to 

immobilise biorecognition and redox mediators, to protect the electrode from fouling and to 

reduce interferences. The polymer membrane film maintains the enzyme very close to the 

electrode surface resulting in enhanced sensitivity and linearity of detection. The 

compatibility of the polymer films and the thickness of the membrane films are key roles in 

producing stable and reproducible sensors. Various methods have been introduced to 

incorporate the polymer and active material onto the transduction surface including solvent 

casting, spin coating [16], and electropolymerisation [17]. Formation of the polymer by 

solvent casting is simple, that is by placing enzymes and the polymer solution together on the 

electrode surface and allowing the mixture to evaporate on the transducer surface. However, 

reproducibility is poor as the thickness is not controlled and uniform coverage is difficult to 

obtain when it is intended to cast a very thin film.   

Electropolymerisation has been widely applied for the fabrication of polymer films in sensors 

construction. The method allows the production of homogenous thin films and thicker ones 

even on non-flat substrates, and can be used to localize the deposition of the matrix very close 

to the transducing surface. Electropolymerisation is also important for the construction of 

microelectrodes as immobilisation of active materials can proceed on the very small area of 
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the sensing aparatus such as a working electrode. Electrodeposited polymers serve in sensors 

as convenient matrix for the immobilisation of sensing materials such as enzymes and 

chemically acive materials. Good detectability and fast response are provided by redox 

reaction of substrate catalysed by an enzyme in the bulk of the polymer layer. 

Electropolymerised films can be categorised as conducting or non-conducting polymers. 

Conducting films are widely used to enhance electron transfer, while non-conducting 

polymers are important for their permselective characteristics [18].  

4. Sensor Based on Electrodeposited Polymer 

Electrodeposited polymers are attractive to be used for the development of sensors because 

the deposited film can be produced rapidly with controlled thickness and porosity and allows 

the fabrication of reproducible layers. Immobilisation of the biorecognition element in an 

electrodeposited polymer is of considerable interest in the construction of the sensors. The 

approach involves the electrooxidation of monomer containing enzyme to form a polymer 

with entrapped of sensing materials and also electropolymerisation of the monomer followed 

by attachment of the sensing materials onto the matrix polymer. Electropolymerisation of 

monomer from a solution containing active material is the simplest method of immobilization 

of recognition material. The mediator may also be incorporated in the monomer before 

electropolymerisation, or the mediator may be mixed with monomer and immobilised 

simultaneously. However, electrochemical immobilisation seems only to be successful for 

nondenatured active materials. Various types of deposited polymers have been used to 

immobilise different enzymes onto electrode surfaces [19]. Factors affecting the functioning 

of amperometric sensors are the electron transfer between the catalytic molecules, usually an 

oxidase or dehydrogenase, and the electrode surface, most often involving the mediator.  

Most electrochemical deposited polymer films used to immobilise active materials are 

conducting polymers such as polypyrrole, polyacetylene, polythyophene, polyaniline, and 

polyindole. With a conducting polymer, the thickness of the polymer can be varied from thin 

to thick due to its conductivity. Conducting polymer-based membranes lack permselectivity 

toward electroactive interferences such as ascorbic acid, uric acid and paracetamol that can be 

directly oxidised at the electrode surfaces. Modification of the electrode by building a 

perselective membrane using nonconducting polymer is effective in improving the selectivity 

of enzyme electrodes to interferences. Furthermore, reproducible membrane films can be 

made by using nonconducting polymers because the film is thin as the growth is self-limiting, 

and thus allows the construction of reproducible sensors [20]. Various nonconducting 

polymers have been used for enzyme electrodes including overoxidised polypyrrole, 

polyphenols, polyphenylenediamine, polydichlorophenolindo-phenol and polytyramine where 

the majority of the approaches have been mainly focused on the electropolymerisation of 

hetero-atom substituted aromatic compounds.  

With the aim of developing novel passivating films to be used as permselective and thin 

membranes that are compatible as a matrix polymer for enzyme immobilisation, the use of 

electrodeposited polytyramine has attracted attention in sensor construction, including 

biosensor [21-24] and chemical sensor [25]. In this respect, electrodeposited polytyramine is 

an ideal polymer for the fabrication of enzyme electrodes as it contains an amine group to 

covalently attach the biorecognition molecule via a peptide linkage. Investigations of the 

potential applications of polytyramine films for chemical sensor applications have been 

studied recenly in our group [26,27]. The versatility of polytyramine as an immobilisation 

matrix for active materials produces highly reproducible sensing device, which have good 

long-term stability, are excellent at screening out interfering substances and provide 
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considerable control over the response of the sensor. Some of them are explained in more 

detail in the application of the sensor (biosensor and chemical sensor). 

5. Sensor Applications 

Rapid growth in active materials associated with sensing techniques has led to remarkable 

innovation in the design and construction of the sensors. The demands on obtaining fast, 

sensitive, simple and reliable tools for the analysis of compounds attract increasing attention 

for the use of the sensors. The sensors have been used for numerous applications for the 

analysis of compounds in foods, pharmaceutical, industries, biotechnology, clinical, and 

environmental monitoring. In the past two decades, the medical fields have seen great 

advances in the development of sensors capable of characterising and quantifying 

biomolecules. Commercial sensors have also available such as test strips measurements [28]. 

Application of sensor in forensic science has also been reported [29]. Biosensors and 

chemical sensor have been widely used for environmental monitoring and control. They are 

occasionally used to monitor pollutants in aquatic environments such as rivers or drinking 

water. It would often be preferable to conduct measurements in the field rather than in the 

laboratory, therefore, electrochemical sensors are promising due to their compact size for a 

portable device.  

6. Example of Sensor By Using Electrodeposited Polymer:  

To demonstrate the potential uses of electrodeposited polymer for the construction of sensors, 

the study have been conducted in our laboratory to show the utility of electrodeposited 

polytyramine as immobilisation matrixes to immobilise active material in the development of 

sensors, they are uric acid biosensor and formaldehyde sensor.  

6.1. Uric Acid Biosensor  

Uric acid biosensor is one of the biosensor constructed by using electrodeposited polymer. 

The technique explains a simple method for constructing the enzyme electrode through 

electrodeposition of the polytyramine film in the presence of uric oxidase (UOx) into the 

surface of platinised glassy carbon electrode followed by coupling reaction between the 

polymer and the enzyme to produce enzyme based biosensor (GC/Pt/PTy/UOx). The 

performance of the uric acid biosensor is assessed based on its rapid response, sensitivity, 

reproducibility, stability, selectivity and its applications to determine uric acid in various 

types of food samples. The system is based upon a successful for electrochemical biosensors 

described in previous studies [21-24]. Determination of uric acid by this system is based on 

enzymatic catalytic reaction: 

   Uric acid + O2 + 2H2O  UOx  Allantoin + CO2 + 2H2O2  (1) 

                        H2O2  2H+ + O2 + 2e-    (2) 

Uric acid is enzymatically oxidise to produce allatoin and hydrogen peroxide in the presence 

of immobilised UOx in the polytyramine film. The hydrogen peroxide released is then 

monitored amperometrically via its oxidation at a constant potential of 0.65V vs Ag/AgCl on 

the modified enzyme electrode GC/Pt/PTy/UOx. The measuring current obtained from the 

biosensor (as shown from equation 1-2) is stoichiometrically equivalent to the concentration 

of the uric acid in the sample. The details of the study is explained in references.  

 

GC/Pt
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7. Electrodeposition and Characterization of Polytyramine Film 

Electropolymerization of polytyramine conducted from aqueous tyramine solution containing 

enzyme produced thin and transparent membrane film that was strongly attached into the 

electrode surface. The voltammogram of the cyclic voltammetry (CV) for the 

electrodeposition of polytyramine from tyramine solution contains UOx is presented in figure 

2. As the number of cycles was increased the poor conductivity of the polytyramine films 

resulted in passivation of the electrode and hence a decrease in electrodeposition current. 

After several cycles, the electrode was sufficiently blocked such that only very low oxidation 

currents were observed. As with the electropolymerization of other phenols, linking occurs 

through the ortho position of the phenol group leaving the amine available for covalent 

attachment of the enzyme. The amount of polytyramine deposited at each voltammetric cycle 

was calculated from the charge passed during electropolymerization (Table 2).  

 

 

 

 

Figure 2. Cyclic voltammograms for 

electrodeposition of polytyramine onto platinised 

glassy carbon electrode at a scan rate of 0.5 V s-1 vs 

Ag/AgCl in 0.1 M tyramine dissolved in 0.05 M 

phosphate buffer, pH 6.0 containing uric oxidase. 

The numbers on the curves indicate the cycle 

number. 

Table 2. Properties of enzyme electrodes and the activity of enzyme UOx that is immobilised in 

electrodeposited polytyramine with increasing voltammetry cycles. 

Cyclic voltemmetry, CV 

(sweep cycle) 

Total area CV 

(cm2)* 

Deposited Polytyramine 

(mmol)** 

Biosensor Sensitivity 

(Slope mA/mM)*** 

1  0.11002 0.0323 0.0815 

3 0.13196 0.0405 0.0739 

5 0.14299 0.0419 0.0661 

7 0.15058 0.0442 0.0463 

10 0.15894 0.0466 0.0330 
*Area was calculated by using hydrodinamic method with rotating disc electrode (RDE)  
 ** Calculated based on the current needeed during electropolymerization  
***Sensitivity was calculated from calibration curve ofuric acid standard solution 

8. Biosensor Response Curves 

The response of a uric acid biosensor in which uricase is immobilized throughout the 

membrane is shown in Fig. 3a. Steady state currents for the oxidation of hydrogen peroxide 

(produced from enzymatic reaction with uric acid) were obtained within two minutes of the 

addition of uric acid. The current response for the injection of uric acid increased linearly in 

proportional to the concentration of uric acid (figure 3a). The current signal to the change in 

uric acid concentration is based on the formation of hydrogen peroxide results from enzymatic 

catalytic oxidation of uric acid. The signal increased sharply 30 second after the injection of 

uric acid sample, followed by a decrease in current peak until a steady state current for the 

oxidation of hydrogen peroxide were obtained within less than two minutes of the addition of 

uric acid. Calibration curves for uric acid standard solutions were constructed under optimum 

conditions, shows a linear range concentration from 0.05-0.3 mM uric acid, with a calibration 

slope of 0.0661 µA mM-1. The response curve in the figure is the average of 5 electrodes 

made in the same way but on different days with different batches of reagents. The detection 
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limit is 0.001 mM uric acid (S/N=3). A very low detection limit accompanied by wide linear 

range is necessary for a biosensor to be used to analyse food sample samples without 

pretreatment. 

 

Figure 3 (a) Typical current-time curve of steady state current measurement as a function of uric acid 

concentration: a-k represents the successive injection of 0.1 - 2.5 mM uric acid into phosphate buffer 

solution (0.05 M, pH 6.0) containing 4% Li2CO3. (b) Uric acid calibration curves for uric acid biosensor. 

The membrane was prepared as explained in Figure 2. 

The accuracy of the method was demonstrated by comparing the measured concentration with 

assigned values of uric acid in reference control solutions dan uric acid standard solutions. 

The concentrations of uric acid in the reference control solutions and uric acid standard 

solutions analyzed by this present method were mostly within the range of the assigned values 

(Table 3). The results obtained with the electrochemical biosensor method for food samples 

also agree well with those obtained by the standard spectrophotometric method [31]. 

Table 3. The analysis of uric acid in reference standard samples by two methods, the uric acid biosensor 

and the standard spectrophotometric method. The values are the averages from three measurements 

Reference standar 

Sampel (Sigma Co.) 

Uric acid (mM) Recovery 

Lable* 
Spectrophotomtry 

UV-Vis** 
Biosensor*** 

Standard 

methodr 

Biosen-

sor 

Accutrol Normal 0.0327 0.0315±0.0008 0.0333±0.0001 96 102 

Accutrol Elevated 0.0518 0.0490±0.0007 0.0520±0.0004 95 100 

Uric acid standard 1 0.0291 0.0291±0.0008 0.0296±0.0003 100 102 

Uric acid standard 2 0.0333 0.0316±0.0031 0.0339±0.0001 95 102 

Uric acid standard 3 0.0345 0.0339±0.0017 0.0349±0.0003 98 101 

Uric acid standard 4 0.0327 0.0320±0.0023 0.0335±0.0001 98 102 
* The content of uric acid obtaint from supplier (Sigma Co.) 
 **Spectrophotometry method was conducted by using o-dianisidine at λ520 nm 
***Biosensor was conducted at a constant potential E=0.60 mV vs Ag/AgCl   

This present method has been applied for the determination of uric acid in food samples. 

Various type of food samples such as vegetables, beans, canned meat, fresh meats, and fresh 

fish were analysed independently by two methods: the present biosensor method and the 

standard spectrophotometric method. The concentration of uric acid in food samples was 

determined independently on the day of collection. A plot of the results obtained by 

electrochemical biosensor against those from the spectrophotometric method, gave a 

correlation coefficient of 0.935 (Figure 4). This result reveals a close agreement between the 

present method and the standard spectrophotometric method, and confirms that the biosensor 

method meets the rigid demands expected for uric acid in food samples. 
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Figure 5.  Correlation plot for uric acid values in food samples as determined by the present uric acid 

biosensor and by the standard spectrophotometric method. The best fit line is drown. 

9. Formaldehyde Sensor  

The design of chemical sensor for the determination of formaldehyde in UV-Vis 

spectrophotometric detection is another example. The research is aimed to obtain accurate, 

selective, sensitive, fast response and simple analytic instrument for the determination of 

formaldehyde. Sensor development is carried out by immobilization of active material of 

chromatophic acid in a polytyramine polymer matrix that can react selectively with 

formaldehyde to produce color compounds which is then detected in UV-Vis 

Spectrophotometer. The details of the study is explained in references [32]. 

10. Immobilization of Chromatopic Acid onto Conducting Plastic  

Polytyramine matrixes is provided from monomer tyramine by electrodeposition techniques 

similar to that explained in the references [21-24]. The electropolymerization is carried out at 

10 sweep cycles by using cyclic voltammetry (CV) and at the same time the chromatophic 

acid is immobilised in polytyramine film. Typical electropolymerization of polytyramine is 

shown in Figure 5a, and the amount of deposited polymer in the conducting plastic surface is 

presented in Figure 5b. The amount of polytyramine deposited in conducting plastic surface is 

increased as the number of electropolymerization CV increased. An active material of 

chromatophic acid is also entrapped in the suface of conducting plastic by the aid of 

polytyramine polymer. The deposited polytyramin is transparent that can be used for 

spectrophotometry detection system. The chromatophic acid is entrapped in conducting 

plastic surface followed by laminating to block specific area for optic measurement, and is 

then situated vertically in quartz cuvette and compatible in UV-Vis spectrophotometry 

detection system.  

 

Figure 5. (a) Electropolymerization of tyramine and immobilization of chropatopic acid onto a surface of 

conducing plastic in a solution of 0.1 M tyramin dan 0,01M HCl at 0.0 V and +1.6 V vs Ag/AgCl, (b) The 

amount (mmol) of deposited polytyramin during electropolymerization sweep cycle. 
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11. Response of Formaldehyde Sensor 

The developed formaldehyde sensor is then been used for quantitative determination of 

formaldehyde. The detection pronciple is based on the reaction of target analyte formaldehyde 

with active material of chromatophic acid to produce violet color. The reaction is based on the 

condentation reaction of formaldehyde with chromatophic acid to form violet colour of 

3,4,5,6-dibenzoxanthylium that can be detected in UV-Vis spectrophotometer. Typical 

response of the sensor for the determination of formaldehyde is shown in Figur 6. The 

presence of formaldehyde in the sample resulted in increase the absorbance provided by the 

sensor, those are equal to the the concentration of formaldehyde. Spectrometryc detection 

sygnal for formaldehyde gave optimum response at 560 nm (Figure 6A signal b). There is no 

sygnal is observed at an optimem wavelength in the absence of formaldehyde in the sample 

solution (Figure 6A signal a). This results demonstrated that immobilization of active material 

of chromatophic acid is sensitive and selective to formaldehyde. The higher the concentration 

of formaldehyde in the sample will increase the absorbance provided by the sensor. The 

detection linearity of formaldehyde sensor is lie on the range concentration of 0.1 - 4 ppm 

formaldehyde, and the detection limit is obtained at 0.05 ppm formaldehyde.  

 

Figur 6. Typical response of formaldehyde sensor in UV-Vis spectrophotometric detection system in 

phosphate buffer buffer solution (10 mM, pH 3.0): (a) 3.0 ppm formaldehyde, (b) Blank solution, and (c) 

Calibation curve of 0.1-10 ppm formaldehyde standard solution at 560 nm in phosphate buffer buffer 

solution. 

 

12. Optimization of Formaldehyde Sensor 

 

Figur 7. Calibration curve for 0,1-10 ppm formaldehyde standard solution at 560 nm in phosphate buffer 

buffer solution (10 mM, pH 1.0 – 8.0). Other experimental parameters are the same as in Figure 6. 
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To obtain an optimum condition on formaldehyde sensor, the pH of buffer solution is varied 

at pH 1.0 – 8.0. The calibration curve for formaldehyde standard solution at different pH is 

presented in Figure 7. It is seen that the buffer condition influenced the sensor sensitivity, 

where the optimum condition is obtained at pH 3.0. The sensor give a relative high sensitivity 

at low pH (pH 1.0-5.0) and consistently decrease the sensitivity at high pH condition (pH 6.0 

– 8.0). However, the detection linearity is not influenced by the pH condition. Therefore, all 

measurement is carried out at pH 3.0. 

13. Selectivity of Formaldehyde Sensor 

The selectivity of formaldehyde sensor has been examine for formaldehyde in the absence and 

in the presence of suspected interfering agents. Interferents (2.0 ppm), which are commonly 

found in food samples are added in to 2.0 ppm formaldehyde standard solution. The single 

and mixture analytes are determined by using formaldehyde sensor, and the response 

sensitivity is summarised in Figure 8. The results showed that every single interfering agents 

give small response in UV-vis spectrophotometer. At high concentration of interfereing 

agents are also reduce (4-5%) the responses formaldehyde standard solution. However, the 

sensor is free from interferent when the concentration of interfering agents are low (2 ppm). 

Ascorbic acid is the most potential interfering agent.  

 

Figur 8. Response selectivity of a sensor into formaldehyde and interference. Single interfering agents (5.0 

ppm) and their mixture with 2.0 ppm formaldehyde standard solution is analysed in UV-vis 

spectrophotometer at λ 560 nm. Experimental parameter is the same as in Figure 6. 

14. Conclusion 

The electrodeposited polymer has been demonstrated to be compatible in the production of 

reprooducible sensor. The application of electrodeposited polymer film as a very good matrix 

polymer for immobilization of active materials which are suited for the construction of 

biosensor and chemical sensors. An uric acid biosensor in electrochemical detection system is 

the example of reproducible biosensor which is developed by using deposited polytyramine. 

The uric acid biosensor showed a sensitive response to uric acid with a linear calibration 

curve lies in the concentration range of 0.1 – 2.5 mM, slope 0.066 µA/mM, and the limit 

detection was 0.05 mM uric acid (S/N=3). Another example of sensor is formaldehyde sensor 

that is developed by immobilization of chromatophic acid onto a conducting transparent 

plastic and interfaced in UV-Vis spectrophotometer detection system. The linearity of 

formaldehyde sensor lies in the range concentration of 0.1-4.0 ppm formaldehyde, where the 

detection limit is 0.05 ppm formaldehyde.  
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Abstract 

To face against the 21st century challenges Indonesian people have to develop their higher order 

thinking skills.  The development of the skills could be done through science education. The science 

knowledge as vehicle of thought was needed to solve Indonesian people’ problems in their life.It will 

make them survive and contribute to overcome the world crisis. There are many models of teaching 

science based on the educational level, from integrated models in primary education, to combined  in 

junior high schools and separated models in high schools up to universities. In the science teacher 

training institutions the variation of teaching science was also appropriate in-line with teachers’ 

requirement at schools. Thinking science conducted through students’ generic science skills 

development and comprehension of multimodal representation of science subjects. Besides the 

difficulty of subject matter mastery there are also gaps in information spreading in the remote society 

that should be attack through information communication technology (ICT). 

 

Keywords: science education, higher order thinking skills, generic science skills  

 

 

1. Introduction 

Many challenges have to be faced by Indonesian citizen in the 21st century.  Many social 

issues had to be overcome by Indonesia people. Asean Community that will be proclaim at 

2020 proceed to 2015 based on 3 main pillars i.e. political and peace community,  economical 

community, and socio-cultural community, that tight and strengthen together  to guarantee 

security, stability, and prosperity share in the area (APSC blueprint, 2009). In the 

development of human resources, there are several agenda to give Asean community better 

life, especially through education investment and lifelong learning; with training and capacity 

development using English language, ICT, science and technology implementation, 

increasing social-economy activity. To get the improvement by educational integration in 

Asean to build knowledge based community, that have universal access in preliminary 

education, increasing development and taking care of early childhood, increasing Asean 

young generation consciousness through education and activity against global competition by 

open political.  Every Indonesian citizenship need to fight to win the competition. 

There were 4 dimensions in learning science based on the depth of science matter i.e.: (1) 

science as a way of thinking; (2) science as experiences to discover; (3) science as knowledge; 

(4) science and its interaction with technology and   society. The differences among this point 

of views show how students usually learned science. In nature the differences among the 

views on science learning in Indonesia nowadays can be seen in figure 1.  

The figure explained the model of learning science in Indonesia. Students directed to learn too 

much concepts and science principles. That kind of learning caused students only known by 

recall many scientific terms without meaning. On the other hand many concepts and science 
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principles usually developed and should be learned by students therefore many students 

boring and they did not like to learn science. 

  

Figure 1. Dimensions and intensity of learning science 

To deepen learned the science concepts there were other models of science teaching that was 

experiencing science as a process of science. The model of teaching was only limited on 

several schools. The experiment of science was very attractive to students, but only small 

amount of schools in Indonesia have laboratory. Several teachers did not like doing science 

experiences even they have laboratory at schools. Therefore only few students doing 

experiment in their lesson and they had not experience learning science meaningfully. 

Other mode of learning science knew of science and its interaction with technology and 

society. This model of learning science only stress on application of science concepts in 

everyday life. Only limited concepts match with the model of teaching science. The limitation 

to deepening meaning of complex concepts present especially on the primary and secondary 

education.   

There was other problem of wide spread area of Indonesia that become gap of information of 

several remote area. The problem could be overcome by using ICT device like interactive 

multimedia.            

In order to overcome the Asean community problems, Indonesian need to developed their 

higher order thinking skills. How learning science can develop the skills? These challenges 

could be faced through new paradigm in learning science, by given students many 

experiences to understand and guide them using the science knowledge.  The main problem 

is:” How should change the science education modes in Indonesia to provision every student 

with the higher order thinking skills?”  

2. Materials and Methods 

Several researches have been done using mixed methods design (Creswell and Plano-Clark, 

2007) on primary school students, secondary school students and pre-service teacher students. 

The models of science teaching used in-line with students’ educational levels, from 

integrated, combined and separated science disciplines models in each levels of education.  

In the primary schools there were used thematic integrated lessons that consisted of science 

and other subject matters. In junior secondary schools there were used combined lesson 

Science as experiences to discover 

 

Science as knowledge 

Science and its interaction with  technology 

dan society 

Science as a way of thinking 
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interdiscipline in science. In senior secondary schools there were only using separated 

subjects of science disciplines, like Biology, Physics, Chemistry, Earth and Space Science 

(Indonesia Education and Culture Department, 2013) as subject matters; so did in the 

university that based on their departments.  

3. Result and Discussion 

3.1.Changing Paradigm on Science Education 

To become a good Asean comunity the new paradigm on science education should be built. If 

there were science education that widely based on remembering science concepts by recall, 

the chance to build smarter Indonesian cannot be grasped. Therefore the goal should be 

change to enhance students capability in higher order thinking skills through science 

education. To increase the students’ thinking skills the science education should stressing on 

‘learning science as a way of thinking’.  

Learning science as a way of thinking through thinking science. Thinking science can be 

reach through generic science skills. Thinking science developed through 8 indicators of 

generic science skills (Brotosiswoyo, 2000), i.e: (1) direct and indirect observation ; (2) sense 

of scale; (3) symbolic language; (4) logical self-consistency; (5) logical inference; (6) 

causality; (7) mathematical modeling; (8) concept formation. Other generic science skill was 

found very important in Chemistry that was spatial (Suyanti, 2003 ; Sudarmin, 2007).  

Beside using generic science skills on teaching science, several lesson using computer 

software as multimedia interactive (Roblyer and Doering, 2010). 

3.2. Higher Order Thinking Skills as a Goal of Science Education 

Higher order thinking skills consist of four kinds of complex thinking, that are critical 

thinking, creative thinking, problem solving and decision making. There were two side of 

critical thinking as critical thinking disposition and critical thinking skills/ability.  

The disposition toward critical thinking, as a dimension of personality, refers to the likelihood 

that one will approach problem framing or problem solving by using reasoning. Thus, the 

disposition toward critical thinking is the consistent internal motivation to engage problems 

and make decisions by using thinking. Critical thinking disposition attributes are named (1) 

truth-seeking, (2) open-mindedness, (3) analyticity, (4) systematicity, (5)  self-confidence, (6) 

inquisitiveness, and (7) maturity of judgment (Facione, Facione, & Giancarlo, 2000). Critical 

thinking skills consist of 5 ability: (1) elementary clarification (focusing on a question, 

analyzing arguments, asking and answering question); (2) basics support (judging the 

credibility of source, observing and judging observation report, criteria) ; (3) inference 

(deducing and judging deductions, inducing and judging inductions, making and judging 

value judgments); (4) advanced clarification (defining terms and judging definitions, 

identifying assumption); (5) strategy and tactics (deciding on an action, interacting with 

others) (Ennis in Costa, 1985). 

Three example of science education research results to increase critical thinking of students 

were: teaching Quantum Physics through multiple representations and generic science skills 

for Physics prospective teachers students at Bandarlampung (Abdurrahman,2010); teaching 

Electrolysis using interactive multimedia and generic science skills for prospective teachers 

Chemistry students at Bandung (Nursa’adah, 2011); and teaching Acid-base Solution of 

pharmacy vocational high school students at Cimahi through multiple representation and 
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project-based lesson (Lesmana,2015). Enhancing of prospective Physics teachers critical 

thinking dispositions as seen on figure 2. In the figure 3 there has been seen increasing of 

critical thinking skills, and enhanching of critical thinking disposition of pharmacy vocational 

high school students described on figure 4. 

 

 

Figure 2. N-Gain Score for Critical Thinking Disposition of Bohr Atomic  

(Abdurrahman,2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. N-gain score of critical thinking skills of each indicator of experimental class and control class 

(Nursa’adah, 2011) 
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ability. It gave the same figure that students’ aptitude in critical thinking better in the 

experimental class than control class. It showed generic science skills could improve students’ 

critical thinking capabilities (Brotosiswoyo, 2000; Ennis in Costa, 1985).  

Other experience of Lesmana (2015) on his research to developed the same aspect of critical 

thinking on different level of science education (secondary education and tersier education 

level) but in the same complex subject matter, showed that multiple representation increase 

level open mindedness and analyticity highly (Facione, et al, 2000). 

 

 

 

Figure 4. N-Gain Score for Critical Thinking Disposition of Acid-base (Lesmana, 2015) 

4. Conclusion 

From three research examples it could be concluded that to enhance students higher order 

thinking skills especially in critical thinking ability, science education should be implement 

through generic science skills, multiple representation, and interactive multimedia.  

Increasing students’ critical thinking indicator based on science topics and level of students’ 

education. 
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CHARACTER DISCOURSE BETWEEN STUDENTS AND SCHOOL TEACHERS IN 

YOGYAKARTA SPECIAL PROVINCE IN INDONESIA 

 
Slamet Suyanto1* 

1Biology Education Department, Faculty of Mathematics and Natural Science, Yogyakarta State University, 

Yogyakarta, Indonesia  
*slametsuyanto@yahoo.com 

 
Abstract 

One of the critical points in character education in schools is the perception of good and bad characters 

between students and teachers. If there is a discourse on the character admiration between students and 

teachers, then there will be misleading on the character building in the classroom. The students who 

perceive that they do have good attitudes and perform good characters might be judged by the teacher 

as bad students. On the contrary, the teachers who believe that they have good attitudes and perform 

good characters might be considered by the students as disliked teachers. This survey research was 

conducted in 6 middle schools in Yogyakarta Special Province, involving 120 students and 120 

teachers. The instrument of the research was mainly using questioners consisted of three main groups 

of characters, namely performance, attitude, and behavior. Data were analyzed descriptively using a 

percentage. Inter-rater agreement analysis was administered to know the character admiration and 

discourse. The results indicate that there are some discourses between the students and the teachers on 

the behaviors, performance, and attitudes.     

 
Keywords: character education, character discourse, character admiration. 
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THE ANALYSIS OF CONCEPTION AND CONCEPTUAL CHANGES IN 

TEMPERATURE AND HEAT MATERIAL FOR PHYSICS SUBJECT IN JUNIOR 

HIGH SCHOOL 
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Abstract 

In order to know the students’ conception and also their conceptual changes in learning materials of 

temperature and heat on materials of specific heat, a qualitative research was conducted in SMPN 1 

Pati in the academic year of 2013/2014. The sampling technique used purposive sampling method. 

The research was started by collecting data and observing the students. The next step was the try out 

test instrument conducted in a regular class of eighth graders. The result of the try out test was used as 

the test instrument to the superior and regular class of seventh graders, and the superior class of eighth 

graders. The research instrument is conceptual test in the form of essay. After giving the research 

instrument, interview test was conducted. The samples are the students who had many possibilities in 

answering the research instrument. Based on the result of the study, the students’ concepts are 

scientific concept, alternative concept, and parallel concept the conceptions of the superior class of 

seventh grader, the regular class of seventh graders, and the superior class of eighth graders are 

alternative concepts. Conceptual change that happened in the superior class of eighth graders is the 

decreasing of students’ understanding towards heat and temperature materials. 

 

Keywords: Conception, Conceptual Changes, Temperature and Heat. 
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EXPLORATION OF ENDEMIC BIOLOGICAL RESOURCES BY BIOCHEMICAL 

STUDY: A CASE STUDY AT STATE UNIVERSITY OF MALANG 
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Abstract 

As a mega-biodiversity country,  Indonesia having at least one trillion US Dollars value of biological 

resources per year over the next 20 years, and is a home to 11 percent of the world’s flowering plant 

species and 12 percent of all mammals. Many of Indonesia’s species and more than half of the 

archipelago’s endemic plant species are found nowhere else on the Earth (Changho Park, et. al, 2010). 

With such great biodiversity at the level of organism, can be ascertained that the Indonesian 

biodiversity at the level of genes and metabolites, including proteins or enzymes and their inhibitors, 

would be even higher. On the other hand, any particular metabolites, especially  enzymes and their 

inhibitors would have special benefits for human. Therefore, the exploration of the metabolites, which 

can be done by biochemical study, it is important to do, especially against endemic biological 

resources that found at the most of each region in Indonesia. 

In this paper we presented some results of our exploration that has been carried out in recent years 

against endemic biological resources in Malang and the surrounding area. Among these are: 

metabolite of tempeh and the waste, thermostable enzyme from endemic microorganism and potential 

of some fruit juice as a beverage to lowering blood lipid and uric acid levels. We also discussed the 

constraint, limitations and prospect of these efforts. 

What actually we have got is only a small part of so many potential endemic biological resources that 

are still waiting to be explored; and the great work, can not be done by one or two researcher teams 

alone. Therefore, through this forum we are happy to invite and offer collaboration with researchers 

from anywhere and in any form of legitimate, to dig more and more about the potential of endemic 

biological resources in Indonesia, for the common benefit.. 

 

Keywords: Malang biological resources, endemic enzymes and inhibitors, inhibitor from fruit juices. 
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THE ROLE OF MULTISIMBIOTIC SOIL MICROORGANISM AS AN 

ALTERNATIVE TO INCREASE PLANT TOLERANCE  
 

Yuni Sri Rahayu1* 
1Department of Biology, Faculty of Mathematics and Natural Sciences,  

State University of Surabaya, Surabaya, Indonesia 

*yunirahayu@unesa.ac.id 

 

Abstract 

Nutrient status in the soil plays an important role for plant growth, such as dry soil, acid/base/saline 

soil, heavy metals or hydrocarbon contaminated soil. These conditions contribute decreased of plant 

growth, yield quality and metabolic disorders related to  nutrient toxicity and or nutrient deficiency. 

The series of experimental studies have been conducted to describe the effect of mychorhizae, 

rhizobium, and phosphate-solubilizing bacteria to increase plant tolerance based on the percentage of 

mychorhizal infection and nodule infection, the absorbtion of Nitrogen, Phosphate, also the plant 

growth using the soybean as a model plant. Data were analyzed descriptively and statistically. The 

application of Glomus etunicatum and Glomus facsiculatum had an optimal effect on the plant growth, 

the absorption of Phosphate and the percentage of mychorhizal infection. Moreover Pseudomonas 

aeruginosa and Rhizobium sp. showed as an effective phosphate solubilizing bacteria and rhizobium 

respectively based on those parameters. When the both of mychorhizae were applied together with 

Rhizobium, affected positively and significantly on the plant growth, percentage of mychorhizal 

infection, the N and P absorption but the percentage of rhizobial infection sometimes was not affected. 

In addition, when the both of mychorhizae were applied together with phosphate soluble bacteria, 

affected positively and significantly on the plant growth, the N, P absorption although the percentage 

of rhizobial and mychorizal infection was sometimes not affected. These results revealed that the 

mychorizae, rhizobium, and phosphate soluble bacteria affected positively and significantly on plant 

tolerance grown in the disadvantage soils. As a consequence, the multisimbiotic soil microorganism 

can be used as an alternative to increase the plant tolerance grown on contaminated/unconditioned 

soils. 

 

Key Words: Mychorizae, Rhizobium, Phosphate-Solubilizing Bacteria, plant tolerance 
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META ANALYSIS ON THE APPLICATION OF STRUCTURAL EQUATION 

MODELS (DISSERTATION STUDIES ON PUBLIC ADMINISTRATION STUDY 

PROGRAM, POSTGRADUATE PROGRAM, STATE UNIVERSITY OF 

MAKASSAR) 

 
Suwardi Annas1*, Muhammad Arif Tiro, Irwan 

1Statistics Study Program, Faculty of Mathematics and Science, State University of Makassar, Makassar, 

Indonesia 
*suwardi_annas@yahoo.com 

 
Abstract 

This study examines the various things about writing a doctoral dissertation in Public Administration 

Study Program at the Postgraduate Program (PPs) State University of Makassar (UNM), which uses 

structural equation models or path analysis. The aim of this study is to get more qualified information, 

more precise and accurate, more useful in practice, and broaden the knowledge. Systematic steps 

taken, namely: identifying and selecting a dissertation that uses structural equation models, carefully 

read the problem statement and research questions of those selected dissertations, analyzing the 

accuracy of the analysis of the appropriate problem statement and research questions, making a 

compilation of all literature review from selected dissertation, incorporating relevant data for analysis 

(meta-analysis) in order to obtain a higher strength of the conclusions, making interpretations of the 

results of meta-analysis, and formulating recommendations for further research, as well as the 

revitalization of the learning and using statistics in research, as well as repairing the quality of 

supervising doctoral candidate students. The analysis showed that none of considered aspects is fully 

meet the expectations. Recommendations for subsequent meta-analysis of research need to be done in 

other dissertations of other study programs. Thus, the recommendation of the research is PPs UNM 

need to strengthen the teaching team of research methods and statistics and set a high quality as a 

target. This can be done by activating peer group of lecturers of statistics and research methods to 

conduct discussions and workshops on a regular basis to revitalize the way of thinking and researching 

among students and teachers. 

 

Keywords: meta-analysis, structural equation models 

 

 

1. Introduction 

There is a lot of doctoral dissertation from public administration at the Postgraduate Program 

(PPs) State University of Makassar (UNM) which applies latent variable structural equation 

models. However, writing a dissertation that using path analysis still needs to be increased in 

terms of its quality. Based on the observations of researchers, in general, dissertations written 

by public administration students of PPs UNM using structural equation models still have 

many deficiencies, particularly with regard to supported theory that build the used path 

diagram, analytical techniques chosen for pathway analysis, presentation techniques of 

scientific information and technical interpretation of the results of path analysis. 

Another problem faced by students in writing a dissertation is that commonly used analysis 

technique is limited to only using one single analysis, where in fact there is a variety of 

options. This happens due to lack of knowledge of students about the various options. Those 

other analyses are also still lacking or not yet supported with scientific rationale. Actually, 

with the ellipse method introduced by Tiro and Sukarna (2013) provide a variety of 

alternatives for students to perform quantitative analysis of the data in a way that is varied and 

mutually supportive for valid conclusions. 
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In the application of path analysis, there are several things that need to be attentive by 

students so that the findings meet a reasonable standard for a dissertation including; (1) the 

selection of exogenous variables, endogenous variables, and mediator variables is based on 

depth and rational analysis of theory/logic, (2) the used instruments are adequately developed 

or using standard instruments so that the data is valid, (3) the determination of path diagram is 

supported by a strong theory and logic, (4) the interpretation of the results is done in the right 

way, (5) the presentation of scientific information satisfies the good criteria. 

To obtain more comprehensive information and generate suggestions or recommendations of 

varied analytical techniques, meta-analysis of relevant dissertations and qualified the 

inclusion criteria needs to be done. Meta-analysis led the researchers to draw conclusions 

from a few study reports so that the information has: (1) better quality, (2) more thorough and 

accurate, (3) more useful in practice, and (4) broaden the knowledge. This kind of thinking 

then motivated researchers to use meta-analysis to assess the various public administration 

doctoral dissertations which have been written by PPs UNM students who used the 

application of Structural Equation Models. 

Application of meta-analysis in this study is expected to provide research results information 

that has: better quality, more precise and accurate, more useful in practice, as well as broaden 

the knowledge. In addition, the results of this study can map the quality of data analysis of 

dissertation written by public administration students of PPs UNM, especially those used path 

analysis (structural equation models). Having feedback to improve the quality of teaching of 

statistics and research methods in the Psotgraduate Program of State University of Makassar. 

Providing information or input to improve the quality of the process and outcome of 

supervision of public administration doctoral dissertation writing in PPs UNM. 

2. Method 

The type of research is literature studies (library research) that take a sample from doctoral 

dissertations of PPs UNM. The dissertation is a source of data analyzed with meta-analysis. 

2.1. The Steps of Study 

1. Identifying and selecting qualified dissertations that meet the research objectives, 

namely public administration doctoral dissertations that used structural equation 

models. 

2. Carefully reading the formulation of problem and research questions of each 

selected dissertations. This step is done because the formulation of problem is the 

core of dissertation, while research question is the heart of the dissertation. 

3. Analyzing the quality of variables, development of instrument, and the accuracy of 

the analysis in accordance with the formulation of problems and research questions. 

4. Make a compilation of all literature review from selected dissertations. 

5. Combining relevant data for analysis (meta-analysis) in order to make a conclusion 

and interpretation of the meta-analysis results. 

6. Formulating recommendations on the PPs UNM for further research and the 

development of research methodology in order to revitalize of the learning and using 

of statistics in research. 

2.2. Implementation of Study 

The population of study is a doctoral dissertation on the public administration study program 

of PPs UNM from 2008 to 2013. To determine the sample, the inclusion criteria is performed 
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in the selection of a doctoral dissertation, that is public administration dissertation using 

Structural Equation Modeling, which represents the years from 2008 to 2013. The study of 

selected public administration doctoral dissertations was carried out by: 

1. Analyzing the suitability of recorded data that includes: title; problem statement and 

research questions; hypothesis; variables (exogenous, endogenous, and mediators); 

basic theory that builds a model; Operational definitions of variables; analytical 

techniques; instruments (internal consistency, construct validity, and reliability). 

2. Presentation of information: the quality of the presentation of information from the 

aspect; tables and graphs, display of numbers in the table, the adequacy of 

information, both in the table and in the graph. 

3. Interpretation of the results of the analysis: the quality of the interpretation of results 

of analysis from the aspects of: a description of each variable, path coefficient, and 

the meaning of its significance. 

4. In depth analysis about: the quality of the discussion assessed from the aspects 

(scientific analysis, new findings, reinforcing the existing theory, and sued the 

existing theory); conclusions and suggestions. 

3. Results and Discussion 

Results and discussion starts to represent the data sample, and proceed with the analysis of the 

results along with the discussions. 

3.1. Dissertation Data Sample 

Description of the data sample is given in the Figure 1. Based on this figure, it shows that in 

2008 there is no dissertation chosen as a sample because there is no one using Structural 

Equation Models analysis. Most of samples (3 dissertations) were taken from 2010. This was 

done due to the highest completion of a doctoral dissertation that uses Structural Equation 

Modeling analysis is in 2010. Similarly, there are more samples taken from 2011 and 2013 

than from 2009 and 2012. After having the description of samples, the following section will 

explain the results of the analysis and discussions. 

 

Figure 1. Bar diagram of data sample of public administration doctoral dissertation 

3.2. Analysis and Discussion 

Results of analysis are given in sequence with the discussion as follows. 
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definitionProblem 
statement 

Research question qualityHypothesis 

3.2.1. Problem Statements, Research Questions and Hypotheses 

The results of analysis about the problem statement, research questions, and hypotheses are 

given in Figure 2. From this figure, it can be seen that the quality of hypothesis is better than 

the formulation of problem and research questions. The lowest quality is on the quality of 

problem statement (at 32% of the ideal score). However, the quality of the hypothesis still 

needs to be improved because it is still slightly above the middle of the expected quality (at 

56% of the ideal value). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Line diagram of the quality of problem statement, research questions, and hypotheses 

 

3.2.2.  Operational Definition of Variables and Quality of Analysis 

The results of analysis about the quality of the operational definition of variables and quality 

of analysis are illustrated in Figure 3. From this figure, it shows that the quality of the 

definition of operational variables is better than the quality of the analysis. However, the 

quality of operational definition only reached 64% of ideal quality, and the quality of analysis 

only reached 51% of ideal quality. Thus, the quality of the definition of operational variables 

and the quality of the analysis are still weak (far from ideal quality). 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Visualization of variables operational definition and analysis qualities 

3.3.3. Development of Instruments 

The illustration of results and process of instrument development are given in Figure 4. From 

this figure, it shows that the quality of the process of instrument development still needs to be 

Operational Analysis 
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improved. Thus, the accountability of the quality of instruments (internal consistency of each 

item, construct validity, and coefficient of reliability) also becomes weak, because many of 

dissertations do not report it. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Line diagram of quality of instrument development 

3.3.4. Table Presentation 

Data from analysis results about the quality of the presentation and explanation of information 

are illustrated in the Figure 5. The line diagram of quality of presentation and explanation of 

information from the figure shows that the presentation quality and adequacy of information 

in the table is in a position slightly above moderate (54%), although the quality of 

explanations still the lowest (36%). Many explanations from the tables are only repeating 

information contained in the table, instead of adding explanation. That is, the explanation 

given is clearly legible with the figures in the table. Furthermore, the display of the numbers 

in the table still has a low level of legibility for some of them, which is a number with a high 

cognitive load. Principles for presenting numbers with low cognitive load will allow readers 

to capture the message easily. 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

Figure 5. Line diagram of quality of presentation and explanation of information in the table 

3.3.5. Graph Presentations 

Data from analysis results about the quality of the presentation and explanation of a graphical 

illustration is given in Figure 6. From this figure, it shows that the quality of presentation and 

explanations is still far below expectations, especially the quality of the explanation (42%). 

Internal consistency Construct validity Reliability 

   Table quality           Number display    Information adequacy    
Explanation 
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Quality of table that has the biggest score only reached 56% of ideal quality. Explanation of a 

graph should indicate a trend or comparison. It is yet to be seen in the dissertation that became 

the sample of study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 6. Line diagram of quality of presentation and explanation of graph 

3.3.6. Discussion, Conclusions, and Recommendation 

The illustration of the data from analysis results on the quality of discussion, conclusions, and 

recommendations of research is given in Figure 7. Line diagram of quality of discussion, 

conclusions, and recommendations of the study. From the figure, it can be seen that the 

quality of the research conclusions in a position to moderate (66%), although the quality of 

the discussion is still low (46%) and quality of advice (56%). The discussion needs to be 

supported by scientific arguments and strong logic. It is not yet clearly visible in almost all 

analyzed dissertations. 

3.3.6.1. Specific Findings 

Some specific findings that should not happen in a dissertation presented as follows: 

1. The question is not feasible, such as: How big is the significance level of leadership 

influencing the effectiveness of the organization within the Government of 

Tangerang Regency? 

2. The aim is not well defined, such as: Analyzing the significance level of leadership 

toward the effectiveness of the organization in the Government Tangerang Regency. 

3. The use of the term statistics is wrong, for example: 

a. Using the terms of significance value that should be p value (probability value); 

b. Improper use of the term valid that should be the term of internal consistency, as 

the conclusions of the analysis of the correlation between the score of the terms 

and the total score of the result of the instrument development; 

c. Using the term of proving hypothesis where it should be testing hypothesis. 

4. Containing information that is not important in the table. 

5. Error in reading the results (output) of computer (choosing numbers incorrectly). 

6. Writing the p value = 0,000 which should be written with p < 0.001 

 

 

Graph quality                Information adequacy              Explanation  
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Figure 7. Line diagram of quality of discussion, conclusions, and recommendations 

 

3.3.6.2.. Limitations Research 

Like other types of research in general, this meta-analysis still has limitations that still need to 

be considered further. 

1. The principle of auto meta-analysis that merges data from several studies cannot be 

done, so that it becomes a further research program. 

2. The substance of the instrument has not received attention, the new ones pay 

attention only to the development procedures and validating test. 

3. Substance of operational definitions associated with the construction of the 

underlying theory (conceptual definition) is not yet analyzed. 

4. Conclusion & Recommendation 

4.1. Conclusion 

From the analysis and discussion, conclusions can be formulated as follows. 

1. Selecting and positioning of exogenous, endogenous, and moderator variables have 

not shown a strong indication is done based on the analysis of in depth and rational 

theory. 

2. The instruments used are not yet fully developed adequately or using an instrument 

that is standard so that the data collected is valid. 

3. The determination of the structural model diagram is not well supported by a strong 

theory. 

4. Interpretation of the results of the analysis has shown indications that it was done in 

the right way, but generally has not provided proper scientific analysis. 

5. The way of presenting scientific information in the form of tables, graphs, and 

statistics value is not fully meet the requirements and criteria, so that it still needs to 

be improved. 

6. The generated findings may already meet with a minimum standard of a dissertation, 

but not as expected in high quality. 

 

 

        Discussion                      Conclusion                 Recommendation 
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4.2. Recommendations 

Based on the conclusions and limitations of the study, some recommendations can be 

formulated as follows. 

1. Lecturers in the research methods need to give emphasis to the need for the selection 

of exogenous, endogenous, and the moderator variables that are based on the rational 

analysis of theory. 

2. The used instruments need to be developed adequately or using an instrument that is 

standard so that the data collected can be accounted for validity. 

3. It should be given a special attention that the determination of path diagram must be 

supported by a strong theory, and not dictated by the suggestion of a computer 

program that is not based on reasonable theory or logic. 

4. Interpretation of the results of the analysis carried out in the right way needs to have 

strengthening, philosophical studies, and that has not really need to be given an 

adequate explanation. 

5. The way of presenting scientific information with a good requirement and criteria 

still need to be repaired and given attention. 

6. The standard of producing findings in a dissertation must be formulated with a 

dynamic principle, to meet the expectations of high quality dissertation. 
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