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Abstract. This research aimed at training students’ critical thinking skills through the 

implementation of a modified free inquiry learning model. The subjects of this research were 21 

students of Mathematics Semester II. Using One-Group Pretest-Posttest Design, the data were 

analyzed descriptively using N-gain indicator. The results indicate that the modified free inquiry 

learning model was effective to train students' critical thinking skills. The increase in the 

students’ critical thinking skills viewed from the value of N-Gain has a range of values with the 

categories of medium and high with a score between 0,25-0,95. Overall, the change in N-Gain 

score of each student and each indicator of critical thinking skills is as increasing with a moderate 

category. The increase of N-Gain value is resulted from the fact that  the students were directly 

involved in organizing their learning process. These criteria indicate that the modified free 

inquiry learning model can be used to train students' critical thinking skills on photosynthesis 

and cellular respiration materials. The results of this research are expected to be nationally 

implemented to familiarize students with andragogy learning style which places the students as 

the subjects of learning. 

1. Introduction 
Critical thinking is a sensible idea of what is believed and what needs to be done [1]. Critical thinking 

skills can also be interpreted as the ability to think logically, reflectively, and productively to assess the 

situation in order to make the right decision [2]. The students’ thinking skills are important to be 

improved, in line with the discourse of improving the quality of education in accordance with learning 

objectives. The purpose or the success of a learning process is achieved when it meets three important 

criteria, namely the aspects of knowledge, attitude and skills. These three criteria are formed from the 

habits and reinforcement that become the character which relies on someone’s mindset [3]. 

Learning activities should be designed to direct the students in developing their attitudes, knowledge, 

and critical thinking skills in varying combinations and emphases [4]. Practicing critical thinking skills 

in varying emphases can be accessed in some indicators achieved in a learning process. The indicators 

selected in this research included: making decisions to prepare the steps of problem-solving 

experiments, analyzing, making inferences, evaluating, and drawing conclusions. These indicators were 

adapted from Ennis [1]. The efforts to direct students in practicing critical thinking skills can be 

accomplished using student-centered learning models. The students’ which is already at the formal 

operational stage (adults) tend to perform independent learning styles that allow them to gain a deep 

understanding of an issue in accordance with the purpose of critical thinking skills [5].  

http://creativecommons.org/licenses/by/3.0
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Critical thinking skills which are identical to independent learning style can be applied by using 

constructivist learning models, such as inquiry-based learning. Learning models with investigation 

activities, such as inquiry, involve students fully in the teaching and learning activities either in groups 

or individual, which is one way to develop students' critical thinking skills [6]. The inquiry learning 

model is used to train students' critical thinking skills because the syntax of inquiry has a correlation 

with the indicators of critical thinking skills developed in this research. The selected five indicators had 

been adjusted to the cognitive level of the students who were in the formal operational phase. The 

abilities at the formal operational stage consist of thinking abstractly, testing hypothesis, and forming 

concepts which do not depend on physical reality [7]. The students’ cognitive level became the reference 

for the researcher to determine the appropriate level of inquiry for the sample of the experiment, by 

applying the modified free inquiry model. 

The results of the observations conducted in July 2016 showed that the students’ critical thinking 

skills, especially the subjects of this research, were still relatively low. The students tended to listen to 

the explanations from the lecturer without being actively involved in the learning process. The material 

that should have been implemented in investigation activities which involved students actively was not 

optimal because it was delivered by using lecturing method. Such learning activities tend to make the 

students memorize the material without understanding the content of the learning material presented. 

The topic in this research, photosynthesis and cellular respiration, is chosen regarding the fact that this 

material required the students to understand, apply, analyze factual, conceptual and procedural 

knowledge. The students’ curiosity related to the process of photosynthesis and cellular respiration may 

influence their learning positively so that the students could process, reason and present the information 

related to the learning material. 

There have been several studies investigating the training of critical thinking skills through the 

implementation of inquiry learning model by previous researchers, such as Qing et al. The study 

suggests that the critical thinking skills of prospective teachers increased when inquiry-based learning 

was implemented [8]. Greenwald et al state that the inquiry-based learning is an alternative solution 

substituting conventional learning to improve the students’ critical thinking skills and clinical reasoning 

[9]. Sutarma et al state that there is an increasing trend in the students’ critical thinking skills with the 

implementation of inquiry learning model compared with the direct learning model [10]. Nevertheless, 

the previous research conducted by researchers did not explain the level of inquiry of the sample used, 

so that it did not give an illustration of the types of inquiry applied to the research sample. Therefore, in 

this research, a modified free inquiry model was implemented to train students' critical thinking skills 

with various considerations that had been previously analyzed. 

 

2. Research methods 
The type of this research is pre-experimental research with one group pretest-posttest design. The 

subjects of this research were 21 mathematics students in the mathematics and natural science faculty 

of IKIP Mataram who were joining Basic Biology course. This research was conducted for 3 weeks 

starting from 17th  to 29th of May 2017. The learning materials which were applied to train the students’ 

critical thinking skills were developed by the researcher. The modification of free inquiry-based learning 

material on photosynthesis and cellular respiration material is developed as learning material. The 

learning materials implemented in this research had passed the validity test with valid results. 

The research instrument used to measure the students' critical thinking skills was an essay test 

instrument consist of 5 items. The test was said to be sensitive to differentiate the students’ ability before 

and after receiving the learning process because the test instrument had a positive sensitivity index with 

scores between 0,52 – 0,68 [11]. This test was given in two stages, the pretest and the posttest to 

determine the students’ critical thinking skills before and after the learning process. 

The teaching and learning process was carried out for 3 meetings supported with a student worksheet 

on each learning material to be discussed. The student worksheet was developed with the orientation of 

the modified free inquiry model, so that the percentage of students’ involvement in the learning process 

became more dominant. The steps provided in the student worksheet involve problem orientation, 
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formulating problems, formulating hypotheses, identifying and defining variables, developing work 

procedures, analyzing data, compiling inferences, evaluating, and drawing conclusions. Students could 

develop their critical thinking skills through the steps provided in the student worksheet. 

The score of students' critical thinking skills derived from subsequent tests is categorized according 

to the level of critical thinking skills of each student. Critical thinking skill level consists of 4 levels, 

that are very less critical level with test score t satisfy 25.00 < t ≤ 43.75, less critical level with test score 

t satisfy 43.75 < t ≤ 62.50, critical level with test score t satisfy 62.50 < t ≤ 81.25 and very critical level 

with test score t satisfy 81.00 < t ≤ 100.00 [12]. 

A improvement of the students’ score of critical thinking skills was analyzed by using N-Gain 

equation [13]. The N-Gain value of the students' critical thinking skills can be defined by the criteria of 

score as the following: high> 0.70; Moderate 0.3 - 0.70; Low <0.30 [14]. The results of the students ' 

critical thinking skill level analysis and the increase of N-Gain score become the benchmark in 

determining whether this developed learning tool is effectively used to train students' critical thinking 

skills. 

 

3. Results and Discussion 
 

3.1. The Scores of Students’ Critical Thinking Skills 

The score of the students’ critical thinking skill and the increase of N-Gain score are presented in Table1. 

Table 1. Results of N-Gain analysis of students' critical thinking skills 

Students’ 
Scores 

Category N-Gain Category 

Pretest Posttest 

A1 10 65 Critical 0,61 Middle 

A2 10 60 Less Critical 0,55 Middle 

A3 0 25 Very Less Critical 0,25 Low 

A4 20 60 Less Critical 0,5 Middle 

A5 15 50 Very Less Critical 0,41 Middle 

A6 35 90 Very Critical 0,85 High 

A7 0 70 Critical 0,7 High 

A8 0 60 Less Critical 0,6 Middle 

A9 0 70 Critical 0,7 High 

A10 10 60 Less Critical 0,55 Middle 

A11 10 60 Less Critical 0,55 Middle 

A12 10 70 Critical 0,67 Middle 

A13 0 70 Critical 0,7 High 

A14 0 80 Critical 0,8 High 
A15 20 85 Very Critical 0,81 High 
A16 0 95 Very Critical 0,95 High 
A17 15 60 Less Critical 0,65 Middle 
A18 0 60 Less Critical 0,6 Middle 
A19 5 70 Critical 0,68 Middle 
A20 20 95 Very Critical 0,94 High 
A21 0 75 Critical 0,75 High 

 

Table 1 shows that, in the pretest, none of the students achieved the minimum accepted score that 

had been set, which was 60. While, in the posttest, 19 students achieved the minimum accepted score 

and 2 students did not pass the test because of several factors, such as the students’ activities were not 

productive, the inability of the students in understanding the concepts,  and several internal factors faced 

by the students themselves. Unproductive activities, such as do not paying attention to lecturer's 

explanation, became a crucial cause of student's failure in passing the test. The intensity of the student's 

attention toward learning had an effect on the level of memorization/absorption of information [14]. 
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Students were said to complete the teaching and learning classically with the percentage of 90.48%. 

Thaiposri and Wannapiroon in their research state that the learning activities with an inquiry-based 

learning model can help students develop their critical thinking skills [15]. The samples used in the 

research of Thaiposri and Wannapiroon were junior high school students, while the samples of this 

research were the first-semester university students. 

The students’ incompleteness of the critical thinking skill test could also be caused by the concept 

understanding on the photosynthesis and respiration material. The level of the students’ concept 

understanding on the learning material had an effect on their ability in solving the critical thinking skill 

test questions. The students with the code A3 and A5 who did not pass the test or not complete showed 

that their concept understanding was still low. This finding is evidenced with answers of students A3 

and A5 on critical thinking skills tests that deviate far from the concept of the answer that should be. 

The A3 and A5 student answer sheets are shown in Figure 2. The failure in understanding concepts 

would results on the inability to complete the critical thinking skill tests. Concept understanding has a 

positive correlation with students' critical thinking skills. Asmawati in her research states that critical 

thinking skills are the basic requirement for the students in understanding the concepts in the discipline 

[16]. The research by Asmawati did not explain the importance of concept understanding in order to be 

critical in a problem solving as presented in this research.  

 

Figure 1. The A3 & A5 Student Response Sheet indicating the concept of incomprehension 

Figure 1 shows that, students A3 and A5 have not mastered the concept of photosynthesis and cellular 

respiration well. The answer given by the students are not based on the correct concept. For example, in 

number 5 answer, students stated "bacteria collected in algae that gterkena violet light, blue and red 

release oxygen". The correct concept is "all algae release oxygen as a by-product of the process of 

photosynthesis carried out by algae. Algae exposed to violet, blue, and red light release the most amount 

of oxygen compared to light-induced algae with other color spectra. The abundance of oxygen released 

by algae, invites aerobic bacteria to gather more around the algae releasing more oxygen, which is 

exposed to violet, blue and red lights". The student's answer in Figure 1 shows that A3 and A5 students 

have not mastered the concept well so that it becomes one of the causes of his unresponsiveness in 

answering critical thinking skills test. 

 

3.2. The completeness of the  Indicators of Critical Thinking Skills 

The indicators compiled in this research are important to be analyzed whether they were stated to be 

completed or not, because the indicators are the teachers’ references in determining whether the learning 
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process in the class is successful. The completeness of the critical thinking skill indicators is presented 

in Table 2. 

Table 2. Results of N-Gain analysis and completeness of each critical thinking indicator 

Indikator 
Proportion Scores 

Category N-Gain Category 
Pretest Posttest 

Develop an experimental procedure 0,07 0,7 Complete 0,68 Middle 

Analyze 0,12 0,64 Complete 0,6 Middle 

Arrange inferences 0,1 0,77 Complete 0,75 High 

Evaluate 0,1 0,67 Complete 0,63 Middle 
Compile conclusions 0,05 0,62 Complete 0,6 Middle 

 

The results of the analysis of the increase in the score of critical thinking skills (N-Gain), which has 

been presented in Table 2 show that none of the indicators were completed in the pretest, while in the 

posttest all indicators were completed. The N-Gain value of each indicator ranges from 0.6 to 0.75 with 

medium and high categories. These criteria indicate that the learning process using a modified free 

inquiry model is effective to train students' critical thinking skills on photosynthesis and respiration 

materials. The level of critical thinking skills of students after the application of learning tools 

developed, put the students at critical level and very critical although there are 2 students who are still 

at a less critical level. These results are supported by Kitot et al their research, stating that the inquiry-

based learning model is effective to be used to enhance students' critical thinking skills [17]. The 

research by Kitot et al only compares the inquiry learning model with conventional models without 

specifying the type of inquiry used. The indicator with the lowest score increase was analyzing and 

making conclusions. Students still had difficulties in analyzing and making conclusions because the 

students were still not maximal in preparing editorial sentences, but the students undersood the concepts 

well. This was proven that the students were abe to answer the questions although their sentences were 

not correctly organized. 

 

4. Conclusion 

Based on the result of the research, it can be concluded that the modified free inquiry learning model is 

effective to be used to train students' critical thinking skills on photosynthesis and respiration materials. 

This is evidenced by the increase in scores of the N-Gain, both the N-Gain of each student and the N-

Gain of each indicator. The findings of this research indicate that critical thinking skills have a possitive 

correlation with concept understanding. 
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