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 The present study is conducted to examine the effectiveness of a newly developed 

competency based training program using “science by inquiry” module for the 

elementary school teachers, termed as PKBMI program. Using purposive sampling, 30 
primary school teachers were selected as participants. By using direct experience 

through experiments and problem solving exercises, the teachers were trained to master 

teacher professional competency in teaching science at primary school level, including 
scientific reasoning ability, science concept mastery, and science process skills. The 

implementation of PKBMI program have been found to significantly improve the 

ability of the current participants in terms of their scientific reasoning ability (logical 
thinking skills), science concept mastery, and science process skills. The improvement 

was consistently observed regardless of the participants’ level of intelligence. 
Nonetheless, the higher the participants’ intelligence (e.g., above average and genius) 

was, the greater the improvement was observed. The results also reveals that the 

participants’ level of scientific reasoning ability had a positive influence on their 
science concept mastery and science process skills. 
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INTRODUCTION 

 

The former Minister of National Education of 

the Republic of Indonesia Moh. Nuh stated that the 

quality of education at all levels should be 

concerned, but primary education, which the students 

amount reached 80% from the total students 

population in Indonesia, should receive greater 

attention because strengthening in quality of the 

primary level will support the advancement of 

education to the next level (Kompas, 20-9-2010). 

Because it has an important position, the quality of 

learning activity in the primary education should be 

improved, including learning in science subject. 

Relating to the quality of science learning, when 

science is as defined by Trowbridge & Bybee (1994) 

which stated that: "The nature of science is 

represented as a dynamic relationship among the 

three factors extents body of scientific knowledge, 

the values of science, and the methods and process of 

science". While De Boer; Zachos, et al. (in Aulls & 

Shore, 2008) stated that: "the broad goals of science 

education demand a balance in the teaching of 

process skills of inquiry and the acquisition of 

domain-specific science concepts, id est: (a) the 

development of intellectual skills, (b) understanding 

and appreciation of the methods and value of science, 

and (c) mastery of facts, concepts, and principles", 

therefore the science learning should reflect the 

nature of science and the nature of science education 

(Rustaman, 2002). 

Griffiths as cited in Pandey (Wahidin, 1993) 

described science concepts learning need to be 

accompanied by implementing science process skills 

and scientific reasoning ability due to the effect of 

the stunt pupils as the impact of little progression of 

pupils intellectual development. Despitefully, the 

project Cognitive Acceleration through Science 

Education (CASE) shows that proper science 

learning can enhance students' intelligence (Monk & 

Osborne, 2000). 

The low quality of  education is determined 

largely by the low quality of teaching and learning  

in classroom. The main determinants of quality 

learning, particularly in elementary schools (SD) 

depends on teachers quality itself. Research results 



68                                                                              Didin Wahidin, 2015 

Australian Journal of Basic and Applied Sciences, 9(14) Special 2015, Pages: 67-73 

 
revealed that one of the causes of low educational 

outcomes is because of the low quality of teachers 

(Hinduan, et al., 2007). 

Currently, from 1.48 million elementary school 

teachers, only about 24% have S1 or Diploma 4 

educational qualifications, while 25% are graduated 

from senior high school and 48% still Diploma 2 

(Kompas, 2010). Despite the low qualifications, 

Department of Education research findings as 

presented in National Workshop 1997 described the 

quality of professional competencies were also low. 

The low competence of teachers involved low 

mastery of science subject matter, teaching methods, 

and knowledge about designing curri-culum aspects 

associated to learning, assessment capacity, and 

teaching skills (Hinduan, et al., 2002). 

If educational qualification issues in teachers 

still require considerable time to overcome, the 

problem of competence seems will be able to be 

solved with such training or short courses which 

considered as necessary. In collaboration with 

Teachers College (LPTK), it can be programmed as a 

process of credit earning for teachers to reduce 

burden of traversed credits through continuing 

academic field for those who have not qualified S1 

degree. Moreover, recently government gives S1 

degree special in education programs for teachers 

which provide opportunities for them through 

PPKHB program (Permendiknas No.58/2008). By 

this way, teacher competencies could be improved, 

while teacher qualifications are getting closer to the 

standards achievement established by current law. 

This study led to an assertion overcoming the 

problem of low mastery of teacher competencies, 

especially for teachers professional competencies, 

through the development of  Competency-Based 

Training (CBT) Program using science learning 

modules by inquiry approach (PBKMI) for 

elementary school teachers. PBKMI as a training 

program conducted by combining benefits in 

harmony from the use of selected training type that is 

competency-based training, the use of selective 

learning approaches (that is inquiry approach) and 

choosing the inquiry-based science learning modules 

as learning media to achieve certain set of training 

objectives, especially in efforts to meet the standard 

of demands of teachers professional competencies 

who teach science in elementary school, according to 

Permendiknas 16/2007. 

Based on Brown’s curriculum model (1994) we 

should consider on three principal components of 

competency-based training (CBT). First, existence of 

the standard of competencies which is strictly 

formulated by professional organizations or by the 

user of training graduates who are prepared suited to 

real needs on the job that will be done. Secondly, 

there is a high quality training program design 

(curriculum). Third, implementation of training 

program uses methods or approaches that provide the 

greater opportunity to attain training objectives. 

The first component of  the training conducted 

by examining Permendiknas No. 16/2007 on 

standards of qualification and teachers competencies, 

in particular about the competence of teachers who 

teach science in elementary school, which essentially 

means an effort to bring science learning based on 

desire to realize the nature of science and the nature 

of science education. In other words teachers who 

have fulfilled requirement competencies in 

Permendiknas are  teachers who master the concepts 

of science and its application in their daily life and its 

underlying scientific reasoning, and science process 

skills proficiency. 

The second component, designing training pro-

grams or curriculum aimed at the achievement of 

such competencies. Windschitl (2003) stated that 

"Science education reform documents emphasize the 

importance of inquiry experiences for young 

learners. This means that teachers should be prepared 

with knowledge, skills, and habits of thinking to 

mentor their students through authentic 

investigations.  

Elementary school teachers should be equipped 

by an integrated training that emphasizes mastery of 

learning material improvement (science content) and 

learning methodology as well as science process 

skills proficiency. Besides, they should also be 

provided with relevant mastery of reasoning to the 

learning materials that would be taught (Mc Dermott, 

1990). The integration between this training material 

underlying the opinion of Mc Dermott (2000) was 

reinforced by Hinduan, et al. (2003) that: “…the 

separation of instruction in science (which takes 

place in science courses) from instruction in 

methodology (which takes place in education 

courses) decreased the value of both for teachers, 

moreover, the lectures should demonstrate how to 

put theories into practice and then give the student 

teachers opportunities to do exercises”. 

The third component in CBT as explained above 

is actualized by selecting a method or approach that 

has greater opportunity for realizing curriculum 

design as mentioned previously, that is by selecting 

the inquiry approach that comes with inquiry-based 

science learning modules as learning media. De Boer 

(Aulls & Shore, 2008) stated that: "if a single word 

had to be chosen to describe the goal of science 

education during the 30-year period began in the late 

1950’s, it would be inquiry". Rutherford (Rustaman, 

2007; Aulls & Shore, 2008) considers that inquiry 

method is quite necessary, accordingly "... scientific 

inquiry as part of the content of science Itself".  

Rustaman (2007) further illustrates that: "scientific 

inquiry has developed as a method (in contrast to 

discovery method), as an approach, as a model of 

teaching, even as tools or spirit, and as ability or 

competency that has to be assessed". 

Selection of inquiry approach is also based on 

the expectation that they would have committed to 

use the inquiry approach when they teach their 
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students. Mc Dermott (2000) indicated that: "… the 

teachers tend to teach in the same way as they have 

been taught. If they learned through lecture, they will 

lecture to their own students, even if this type of 

instruction may be inappropriate”. It is also 

performed because it is like-minded on Aulls & 

Shore (2008) that: "… the students learn more about 

inquiry by doing it than by being told about it". 

Haury (2002) argues that learning-oriented 

inquiry giving some nuance in investigation 

(investigative nature), while from perspective of 

learning pedagogy, inquiry-oriented learning reflects 

constructivist paradigm (constructivist model of 

learning) or with another term is active learning. 

Sunal & Sunal (Fetters, et al., 2003) pointed out 

inquiry in science learning as: "… the method by 

which students construct meaning as they learn 

science". 

 

Research Method: 

To test the effectiveness of this PBKMI 

program, Research & Development (R & D) was 

carried out with the stages of research as follows. 

First stage, conducted a preliminary study which 

involved extracting the initial information and 

preliminary observations on matters related to 

research topics, planned and developed a conceptual 

design of training program (prototype), in this case 

the model is competency-based training using 

module in inquiry approach (PBKMI), then 

conducted tests validation in limited subjects and 

revised the initial program design. The second phase, 

conducted field testing by conducting experimental 

studies on the conceptual model developed in the 

first stage. The third stage is to make revisions or 

corrections necessary to obtain the final product form 

of the model tested and followed with the final 

product dissemination. The study involved 30 

teachers at elementary schools both city and district 

in Bandung using purposive sampling as research 

subjects. 

 

RESULTS AND DISCUSSION

 

 

a. Design of PBKMI Program: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: PBKMI Program design (adapted from: Sudjana, 2007) 

 

b. Scientific reasoning ability, concept mastery  

and science process skills proficiency: 

The results related to the ability of participants 

in terms of scientific reasoning (logical thinking) 

ability, the mastery of science concepts and science 

process skills (KPS) of the participants are 

summarized in Figure 2. 

Supervision & 
Evaluation & 

feedback 
 

 

Posttest Implementation 
Competency-based training 

program that uses a science by 
inquiry learning modules (PBKMI) 

 

Pretest 

Determination & TOT instructor 
(selection criteria)  

The preparation of the 
post test 

The Preparation of 
the pre test 

PBKMI program design: materials / training curricula, 
methods, media, learning resources, means of pre facilities, 
schedule and evaluation 
 

Training Objectives: improve the scientific reasoning 
abilities, mastery of science concepts and science process 
skills of elementary school science teachers 
 

Identifying Professional Competency Standards 
Elementary School science teacher (permendiknas 16 / 
2007), analyzing training needs. for science teachers as 

16/2007),  
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Fig. 2: Summary of Research Data 

 

c.  Statistical Analysis Results: Statistical analysis used included t- test and 

ANOVA one path by using minitab 14. The results 

are listed in Tables 1,2,3. 

 

 
Table 1: Summary of t -Test Results 

Upgrades T P 
Comparison of the average score of 

the Posttest and Pretest 
Conclusion 

Scientific Reasoning –6,19 0,000 3,80 > 2,733 Significantly different 

Science Process Skills –4,27 0,000 51,999 > 38,991 Significantly different 

Concepts Mastery –6,22 0,000 63,622 > 50,529 Significantly different 

 

Table 2: One way Anova with Thinking Level as a source 

Source 
Science Process Skills Concept Mastery 

F P H0 F P H0 

Thinking 

Level 
4,64 0,019 Reject 17,35 0,000 Reject 

 
Table 3: Summary of one way Anova with IQ Factor 

S
o

u
rc

e Scientific Reasoning 
Science Process Skills 

Concepts Mastery 

F P H0 F P H0 F P H0 

IQ 
7,29 0,001 Reject 4,85 4,85 Reject 26,21 0,000 Reject 

 

Results of hypothesis testing: 

1. Calculation results in Table 1 shows that 

PBKMI program can significantly improve logical 

thinking (scientific reasoning) ability, concepts 

mastery and science process skills (KPS) proficiency 

of participants. 

2. Table 2 shows that the level of thinking 

through PBKMI had significant effect on the 

concepts mastery and science process skills (KPS) 

proficiency.  

3. The comparison of post hoc test using 

Tukey statistical test gave significantly changes on 

the levels of formal, transition and concrete thinking 

levels resulted in the participants who had reached 

the level of formal thinking were participants who 

could take benefits most from this training both in 

terms of the concepts mastery and science process 

skills proficiency. 

4. From table 3 above it can be seen that there 

is a significant relationship (effect) between the level 

of intelligence (IQ) with logical thinking skills, 

mastery of science concepts and science process 

skills significantly. Post hoc test comparison using 

Tukey statistical test that compares several changes 

on the level of special IQs, above average, average 

and below average which leads to the conclusion that 

this training provides better effect in improving those 

skills in participants with excellent IQs and above 

average IQs compared with the average IQ and IQs 

below average. 

 

Discussion: 

The results of this study indicate that the 

competency based training program using learning 

“science by inquiry”  modules (PBKMI) for 

elementary school teachers (SD) has a significant 
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positive effect in improving the ability of scientific 

reasoning (logical thinking), mastery of science 

concepts and science process skills proficiency for all 

participants. This can be explained as follows. 

There are at least three elements that we can 

observe as an attempt to describe the characteristics 

of PBKMI as a training program. First, the type of 

chosen training, id est (ie) competency-based 

training. Second, using a module for learning media. 

Third, inquiry as a learning approach in this training. 

As training approach, it was designed referring to the 

theory of mastery learning which implies that the 

successof this training cannot be measured by the 

success of group but the individual nature in personal 

achievement. 

In this theory one could reach any capability in 

accordance with its capacity as well as the 

opportunity and high quality learning. Learning with 

module also suggests that individuals can learn 

according to ones ability, the level of progress is 

largely determined by doing effort and not depend on 

others, or in other words every person charged an 

active learning according to their capacities (active 

learning). Inquiry approach and its experiments that 

combined with exercises insisted the participants 

were challenged to perform various activities that 

lead to gain science concepts and underlying 

scientific reasoning and science process skills (KPS). 

Beside previous reasons, this training curriculum 

design also emphasis on the improvement of 

scientific reasoning skills, mastery of science 

concepts reflected from selection process of learning 

materials for elementary school science and its 

enrichment, the choice of kind of training, also 

involves the selection of learning media that uses 

science learning modules based on inquiry approach. 

Inquiry-based learning is very useful to maintain 

curiosity, practice the use of high-level cognitive 

skills, build positive attitudes toward science and 

provide concrete experiences for those who have not 

reached the level of formal thinking, also in order to 

make learning more meaningful for students (Esler & 

Esler, 1996). Hebrank (2000) illustrates that the 

inquiry-based learning, science is taught 

simultaneously between science as a product and as 

process, participants get knowledge and learn science 

processes through direct experience. 

At the beginning of the training, the thinking 

level of participants in concrete is 23.33%, 46.66% 

formal and 30% transition, although all participants 

are teachers that theoretically on the level of formal 

thinking. After attending training, the ability of 

scientific reasoning (logical thinking) transformed 

into concrete 16.66%, 23.3% transition and 60% 

formal. The numbers can be interpreted that there is 

6.7% of participants raised from concrete into 

transition, there are 30% of participants who 

experienced an increase from transition become 

formal. A tend which gave very high expectation that 

one day there is possibility for all participants 

moving forward their level of thinking. It is true that 

time of obtaining a phase, can vary in certain limits 

which are influenced by motivational factors, 

exercises, cultural environment (cultural milieu) and 

others. With the understanding that if these factors 

are not conducive for the developmental age then the 

transformation process of thinking skills will be 

leisure or even perhaps a person cannot move his 

intellectual development to a higher level. It can also 

be said that intellectual achievement time needed in a 

stage is not a definite boundary, but estimation 

(approximation) only. It is said that because each 

individual can achieve its development stages with 

different speeds, even not every person can achieve 

formal operation level. Regarding to the 

improvement of reasoning or intellectual level 

development, Piaget mentioned (Esler & Esler, 1996; 

Dahar, 1989) there are five factors that influence it, 

namely: maturation, physical experience, logico-

mathe-matical experiences, social transmission, the 

process of equilibrium and self-regulation process 

(equilibrated). 

Further review showed interesting things related 

to training effects on reasoning ability, ie, when 

viewing from the increase in scores on the concrete 

reasoning, the average rose 1 scale, rose 0.93 scale 

transition (because there is a decreased score of two 

persons, while the formal participants increased 1.3 

scale. Apparently, participants who already have 

formal thinking ability is that participants who 

gained the greatest benefit in this training. 

It certainly could be understood because people 

who have reached formal reasoning are those who 

have quite mastered the hypothetical deductive and 

inductive reasoning empirically and very functional 

when they experienced inquiry-based learning whose 

core of scientific reasoning occurring kind activities 

that switch from a fact to facts, an argument to 

another argument, from a theory into another theory, 

experiment to another experiment, and a conclusion 

to another conclusion, and are able to control 

variables. So it is understandable if then they can 

take the greatest benefit from this activity. 

The results of the study also proved that the 

ability of scientific reasoning (logical thinking) affect 

the training results, so that through this training, 

scientific reasoning has a positive correlation with 

the concepts and science process skills (KPS) 

mastery, facing both types of capabilities that can be 

understood it shows positive and significant 

correlation. Of course this is due to the higher level 

of scientific reasoning ability. So the structure of 

knowledge has more and more teachers do belong to 

and has ability to perform thinking process on the 

preposition basis not solely based on facts, or it can 

be interpreted that people who have high-level 

thinking has the ability to conduct empirical 

inductive and hypothetical deductive program, 

through experiments and exercises which continue to 

do throughout the training process  provide 
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opportunities for those who have high levels thinking 

(formal operation level) to gain most benefit on all 

sides or in this case, concepts mastery and science 

process skills proficiency. 

The results of this study shows that training 

resulted in a significant increased the participants’ 

concept mastery. This can be explained as follows. 

First, learning becomes more meaningful as 

explained both by Bruner and Ausubel. Second, 

inquiry-based learning in this training is also a factor 

in causing the increase of concept mastery to raise 

self-sufficiency in learning, intrinsic motivation, 

problem solving and strengthening long term 

memory. 

Progress of proficiency in science process skills 

(KPS) can be achieved through this training due to 

various types of skills in this training process through 

experiments and problem solving exercises attached 

within the module, although its intensity may vary 

from one skill to another skill. Inquiry approach, 

which is a nuanced approach to investigation / 

research from beginning to the end of training 

programs supported by laboratory activities for 

almost all training materials provided a separate 

warranty for gaining skills process. 

The effectiveness of this training was not 

influenced by the level of intelligence in those whose 

level of intelligence is average and below average. 

Meanwhile intelligence is a very significant effect on 

participants who have a level of intelligence above 

the average and excellent. Related to the facts above, 

it can be explained that for low level of intelligence, 

the factors that influence learning outcomes are not 

IQ factors (eg. interest, the quality of learning, etc.) 

expressed by this training program so that it can also 

improve abilities as expected. Meanwhile high IQ 

participants are expected to have synergistic effects 

from the high level of intelligence and other factors 

so that its influence is very significant. Thus the 

effectiveness of this training is designed not to rely 

on the level of intelligence (IQ) of a person but rather 

depends on the optimization of other factors for the 

achievement of training objectives. 

It seems that the above explanation, is in line to 

the Piaget’s theory (Dahar, 1989) that intelligence is 

a number of structures available which can be used 

by individuals at a particular moment in its 

development. In the sense, that if someone has a 

strong desire to learn and learn continuously at all 

times for mastering knowledge, so he/she will have 

lots of knowledge structures and functional then 

her/his intelligence will increase for mastering 

whatever materials to be learnt.  

 

Conclusion: 

1. PBKMI Program is a synergistic blend of 

competency-based training, inquiry approach and the 

use of inquiry-based science learning module; 

2. Competency-based training program using 

science by inquiry learning module (PBKMI) can 

enhance scientific reasoning (logical thinking) 

ability, science concepts mastery, and science 

process skills (KPS) proficiency of training 

participants. 

3. Level of intelligence (IQ), especially in 

those who has above average or excellent level, and 

the level of thinking especially who has primarily 

achieved level of formal thinking assisted on 

influence many outcomes of the training. 

 

REFERENCES 

 

Aulls, M.W., and B.M. Shore, 2008. Inquiry In 

Education: The conceptual Foundatins for research 

as a curricular imperative.  New york: Lawrence 

Erlbaum Associates.  

Borg, W.R., and M.D. Gall, 1989. Educational 

Research, An introduction.(5th edition). New York & 

London: Longman.  

Brown, M. et al., 1994. A Collection of Readings 

related to Competency-based Training. Geelong 

Victoria: Deakin university.      

Carin, A.A., 1997. Teaching Modern Science 

(7th ed.) Columbus: Merrill an imprint of Prentice 

Hall. 

Dahar, R.W., 1989. Teori Belajar. Jakarta: 

Erlangga. 

Finley, F., F, Lawrenz., and P, Heller., 1992. A 

Summary of research in science education – 1990. 

Science Education, 76(3): 239-254.  

Haury, D.L., 2002. Teaching Science Through 

Inquiry. [online]. Available at 

Http://www.ericse.org/digests/dse93-4.html (18-12-

2002). 

Hinduan, A.A. et al., 2001. The Development of 

Teaching and Learning Science Models at Primary 

School and Primary School Teacher Education. 

Bandung: Graduate Program-Indonesian University 

of education. [online]. Available at 

:Http://www.pages-yourfavorite.com/ ppsupi/ 

achmadhinduan.html (5-3-2003). 

Howe, R.W., 1990. Trends and Issues in science 

education: curriculum and instruction. Ohio State 

University Columbus: Eric. 

Klausmeier, H.J., 1980. Learning and teaching 

concept, astrategy for applications of theory. New 

York : Academic Press. 

McDermot, L.C., 1991. Physics by Inquiry: 

Properties Of Matter. Washington: Physics 

Education Group, Department of Physics, University 

of Washington.     

McDermot, L.C., P.S. Shaffer., and C.P. 

Constantinou., 2000. Preparing teachers to teach 

physics and physical science by inquiry. Physics 

Education. 35(6). 

Ministry of Education, 2007. Permendiknas 

No.16/2007 on Standards of qualification and 

competence of teachers. Jakarta: Ministry of 

Education. 

http://www.ericse.org/digests/dse93-4.html
http://www.pages-yourfavorite.com/%20ppsupi/%20achmadhinduan.html
http://www.pages-yourfavorite.com/%20ppsupi/%20achmadhinduan.html


73                                                                              Didin Wahidin, 2015 

Australian Journal of Basic and Applied Sciences, 9(14) Special 2015, Pages: 67-73 

 
Rustaman, N.Y., 2007. “Basic Scientific inquiry 

in science education and its assesment”  in:  

Proceeding of the first International seminar on 

science education.  Bandung: PPS IPA UPI. 

Rustaman, N.Y., 2002. “Pandangan Biologi 

terhadap proses berpikir dan implikasinya dalam 

pendidikan sains”. Pengukuhan jabatan guru besar 

tetap dalam bidang ilmu pendidikan Biologi pada 

Fakultas Pendidikan Matematika dan Ilmu 

Pengetahuan Alam Universitas Pendidikan 

Indonesia. Bandung:UPI 

Sudjana, D., 2007. Sistem & Manajemen 

Pelatihan, Teori dan Aplikasi. Bandung: Falah 

Production.     

Trowbridge, L.W., and R.W. Bybee., 1990. 

Becoming A Secondary School science Teacher (5th 

Ed.). Columbus: Merril Publishing Co. 

Wahidin, D., 1993. Kemampuan melakukan 

penalaran ilmiah dan kemampuan melakukan 

elaborasi untuk memahami konsep-konsep 

lingkungan hidup. Tesis PPS IKIP Bandung. 

Bandung: tidak diterbitkan. 

Windschiltl, M., 2003. Inquiry projects in 

science teacher education: What can investigative 

experiences reveal about teacher thinking and 

eventual classroom practice ?  Science Education. 87 

(1).

 

 

 

 

 

 

 

 

 

 

 

 

 

 


