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Critical thinking is needed as a guarantee of student success in solving a problem, 

and critical thinking training starts from students' learning experiences when they 

are in school. It is believed that one's skills in critical thinking influence student 

success in a broader spectrum of learning outcomes. It's just that the facts on the 

ground show that students are less well-established in critical thinking in science 

learning, this is based on the results of observations on teaching relating to the 

phenomenon of momentum and impulse. Overcoming this, it is important to 

provide learning experiences for students to train their critical thinking skills. The 

current study aims to implement the discovery learning model on materials 

related to momentum and impulse phenomena, and evaluate its impact on 

students' critical thinking skills. Through experimentation (nonequivalent control 

group design) studies have been carried out by including a control group 

(traditional teaching) as a comparison. Students' critical thinking skills are 

measured using adequate instruments and have met the elements of validity. 

Study data were analyzed descriptively and statistically. The results of the study 

show that students' critical thinking skills have increased after learning using the 

discovery learning model. Based on the size of the pre-post test, students' critical 

thinking skills increased from quite critical to critical, the increase (gain) was in 

the moderate category. Unlike the case with traditional teaching, students' critical 

thinking skills remain with less critical criteria. The difference in the improvement 

of critical thinking between the two groups (discovery learning vs. traditional 

teaching) was statistically analyzed. The results of the analysis confirm the 

research hypothesis tested that there are significant differences in critical thinking 

skills between groups (discovery learning model vs. traditional teaching) in the 

material of momentum and impulse. 
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INTRODUCTION 

Learning science in the 21st century demands a drastic development of students in 

critical thinking. This is in line with the demand for and also the world's demand that is 

growing faster and faster, which wants every individual who is engaged in science to be able 

to think critically in solving routine problems (Forawi, 2016). On the one hand, the current 

science curriculum also requires students to play an active role in the learning process (Salaria, 

2017). The activeness of students is assessed from their role in the learning process, such as 
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asking questions, answering questions, and giving responses. Student activity is a form of 

support in their role as independent learners (Li et al., 2021), where students try to learn 

everything of their own free will and ability or effort. In this case the teacher plays an 

important role as a guide, motivator, and facilitator. In the science learning process, teachers 

have an important role in creating learning conditions that encourage students' active roles 

and sharpen students' critical thinking (Hajhosseini et al., 2016).   

The current teaching paradigm is oriented towards the construction of activities that 

invite students to think (Pollarolo et al., 2022). One's skills in critical thinking affect student 

success in a broader spectrum of learning outcomes (Erikson & Erikson, 2019). Critical 

thinking is a cognitive process that refers to rational and reflective ways of thinking that focus 

on deciding what to believe or do (Ennis, 2018). Someone who has critical thinking is indicated 

by the skills of interpretation, analysis, inference, evaluation, explanation, and self-regulation 

(Facione, 2020). Practicing critical thinking in students must be done and its success is an 

indication that the learning process has been carried out perfectly. However, leading students 

to think critically is not easy. Even in developed countries, such as in the United States, 

teachers' efforts to grow and develop students' critical thinking skills are still experiencing 

difficulties (Enabulele, 2011). The main factors that are most suspected of being an obstacle to 

students' critical thinking training are the teacher's teaching methods that do not lead students 

to think critically (Alwadai, 2014), and curriculum designs that do not promote a student-

centered collaborative environment (Boholano, 2017). Concern about students' failure to think 

critically has been reviewed in detail in previous studies, this is mainly addressed to the 

teacher's inadequate background knowledge about critical thinking training to students 

(Khalid et al., 2021).  

To ensure conditions are similar to the findings of previous studies (e.g., Alwadai, 2014; 

Enabulele, 2011; Khalid et al., 2021), we conducted observations of science learning in schools 

on momentum and impulse material, and conducted interviews with teachers. Several 

problems were identified, including the teacher's teaching method in conveying learning 

material which was still not innovative, monotonous, lack of involvement or role of students 

as independent learners, and lack of stimulation for students to think deeply. It should be 

noted that critical thinking is a consequence of the results of learning methods and learning 

content (Bataineh & Alazzi, 2009). That mean, if the ways of teaching a material content do 

not lead to the goal of developing students' critical thinking, students tend to be unable to 

think critically. The phenomena studied in momentum and impulse material are closely 

related to everyday life, so they are often used as predictors in uncovering problem solving 

skills (Yuberti et al., 2019). However, misconceptions are often found in teaching, especially 

when learning is done using traditional methods (Sarıoğlan & Küçüközer, 2014). Students' 

critical thinking skills in momentum and impulse material have been analyzed in a previous 

study (Dalila et al., 2022), where the findings were that the acquisition of critical thinking skills 

in the percentage parameter was 37.48% (in the low category). This finding is certainly 

contrary to expectations related to the achievement of critical thinking competence in 

students.  

Referring to these conditions, it takes great effort to create learning conditions that invite 

students to think critically. This is where the need for the intervention of an innovative 

learning model. In training and improving students' critical thinking skills, it is necessary to 

apply innovative learning models that are able to create an interactive learning atmosphere 

(Prayogi et al., 2018a), and encourage students to think deeply to be able to solve problems 

(Evendi et al., 2022). One learning model that meets these criteria is discovery learning. 

Another study calls it scientific discovery learning, if it is learned in a scientific environment 
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(Kistner et al., 2016). In discovery learning, students have the opportunity to be actively 

involved in learning. The teacher encourages students to gain experience by doing activities 

that allow them to discover concepts and principles related to learning materials.  

Discovery learning occurs when students have to find knowledge about the target 

concept (in learning materials) in a way that is self-regulated by students (Bruner, 1961 in 

Künsting et al., 2013). Discovery learning involves asserting and testing hypotheses in self-

regulated cycles of planning, executing, and evaluating scientific experiments (Künsting et al., 

2011). Previous studies have recommended the application of discovery learning to foster 

critical thinking skills (Sukartiningsih et al., 2019). Discovery learning shows a promising 

average effect on students' critical thinking skills and conceptual understanding (Muhali et 

al., 2021). Other studies reveal its feasibility in training students' critical thinking skills and 

scientific processes (Syahmel & Jumadi, 2019). The combination with interactive multi-media 

has been researched and has the potential to train students' critical thinking (Yosefa et al., 

2021). In the current study, we seek intensive training for students to be able to think critically 

on momentum and impulse phenomena by implementing a discovery learning model.  

Specifically, the purpose of this research is to implement the discovery learning model 

in material related to the phenomenon of momentum and impulse, and evaluate its impact on 

students' critical thinking skills. Referring to these objectives, the hypothesis in this study is 

that the discovery learning model has a significant impact on improving students' critical 

thinking skills in the material of momentum and impulse. 

METHOD 

Study design  

This study is a quasi-experimental research with nonequivalent control group design. 

In this design the experimental group and the control group were not randomly selected. 

Participants were selected purposively, then they were members of the experimental and 

control groups. The experimental group treatment is teaching with the discovery learning 

model, while the control group treatment is traditional teaching. Both groups were given a 

pre-test to determine critical thinking skills at the beginning, and after further treatment both 

groups were given a post-test to determine critical thinking skills at the end. Research design 

as follows. 

 

Group Pretest Treatment Postest 

Experimental O1 X1 (discovery learning) O2 

Control O1 X2 (traditional teaching) O2 

 

Participants 

The research participants were 44 students of class X-science, they were divided into 

two groups and each group consisted of 22 students. Both groups followed a series of learning 

programs on momentum and impulse material. The learning program is carried out in four 

meetings for 2 weeks. The duration of learning activities for one meeting is 2 x 45 minutes.   

Instruments 

To support the implementation of the research, research instruments and learning 

tools were prepared for two types of treatment (discovery learning and traditional teaching). 

The research instrument in the form of an essay test was employed to measure students' 

critical thinking skills. The test instrument contains indicators according to (Facione, 2020), 

namely: interpretation, analysis, inference, evaluation, explanation, and self-regulation. The 
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learning device prepared is the learning implementation plan. Instruments for testing critical 

thinking skills and learning tools, both of which were tested for validity (expert validation). 

The result is that critical thinking skills test instruments and learning tools are valid and 

feasible to be used in research. These results are supported by the empirical validity test of the 

critical thinking skills test instrument. Instrument validity data were analyzed using the 

Pearson correlation test. The instrument is declared valid if the results of the analysis (r count) 

> r table (r26 = 0.388) and or sig. (2-tailed) < .05. The results of the validity test are summarized 

in Table 1.  

Table 1. The results of the instrument validity test used the Pearson correlation 

Item Int.  Ana. Inf. Eva. Exp. Self-reg. 

1 Pearson Corr.       

 Sig. (2-tailed)       

2 Pearson Corr. .515**      

 Sig. (2-tailed) .007      

3 Pearson Corr. .155 .375     

 Sig. (2-tailed) .451 .059     

4 Pearson Corr. .205 .130 .604**    

 Sig. (2-tailed) .315 .527 .001    

5 Pearson Corr. .583** .798** .197 .063   

 Sig. (2-tailed) .002 .000 .335 .761   

6 Pearson Corr. .730** .321 .199 .038 .290  

 Sig. (2-tailed) .000 .109 .330 .852 .151  

Total score Pearson Corr. .770** .689** .642** .481* .707** .649** 

 Sig. (2-tailed) .000 .000 .000 .013 .000 .000 

Descripton Valid  Valid Valid Valid Valid Valid 

 

Furthermore, critical thinking data collection is carried out by providing valid test 

instruments to students as a pre-post test. The test is given at the same time.  

Data analysis 

Critical thinking skills data were analyzed descriptively and statistically. The range of 

scores for each test item is 0 (answers not found) to 4 (answers correct and supported by 

adequate conceptual arguments). The score per item is then calculated in its entirety and 

produces critical thinking score intervals from the six indicators measured, ranging from not 

critical to critical. Critical thinking indicator score intervals are presented in Table 2. 

Table 2. Interval scores and criteria for critical thinking skills 

Interval formulation Interval score of CT (X) Criteria 

X > Xi + Sdi X > 3,21 Very critical 

Xi + 0,6 Sdi < X < Xi + 1,8 Sdi 2,40 < X < 3,21 Critical 

Xi - 0,6 Sdi < X < Xi + 1,8 Sdi 1,60 < X < 2,40 Quite critical 

Xi – 1,8 Sdi < X < Xi + 0,6 Sdi 0,80 < X < 1,60 Less critical  

X < Xi - 1,8 Sdi X < 0,80 Not critical 

annotation: Xi = average ideal score; Sdi = ideal standard deviation 

 

The score interval in Table 2 becomes a parameter to measure the criteria for critical 

thinking skills based on indicators. While the increase uses the Hake formulation (Hake, 1999), 

where the criteria for increasing the score (gain) are categorized into: low (0.00 < g < 0.30), 

moderate (0.30 ≤ g < 0.70), and high (0.70 ≤ g < 1.00). Statistically, different tests were employed 
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to analyze the difference in score increase between groups after treatment, and between 

groups (comparison of post-test scores). 

RESULTS AND DISCUSSION 

The discovery learning model has been implemented on material related to momentum 

and impulse phenomena. Next, the results regarding the impact on students' critical thinking 

skills have been analyzed. The results of the descriptive analysis of critical thinking scores and 

gains for the experimental group are presented in Table 3, while those for the control group 

are presented in Table 4.  

Table 3. The results of the analysis of critical thinking skills in the experimental group 

CT indicators Pretest Posttest Gain Gain criteria 

Interpretation 2.59 3.20 0.43 Moderate 

Analysis 2.48 3.02 0.36 Moderate 

Inference 2.05 3.23 0.61 Moderate 

Explanation 1.32 3.05 0.65 Moderate 

Evaluation 2.00 3.09 0.55 Moderate 

Self-regulation 1.09 1.86 0.26 Moderate 

Average 
1.92 

(Quite critical) 

2.91 

(Critical) 

0.47 

(Moderate) 
 

 

In the experimental group that was taught using the discovery learning model, it was 

found that there was an increase in students' critical thinking skills from the pre-test to the 

post-test. The average increase score is 0.47 with moderate criteria. The critical thinking 

indicator with the highest increase was explanation (gain = 0.65), while the lowest increase 

compared to the other five indicators was self-regulation (gain = 0.26). However, all indicators 

fall on the moderate criteria. If evaluated from the results of the post-test, the highest score is 

not on the explanation indicator but falls on the inference indicator with a posttest score of 

3.23. Calculations based on Hake's formulation (Hake, 1999), the factors that influence the 

increase in this score are not only in the post-test but also in the achievement of the pre-test 

scores. The average critical thinking score in the pre-test was 1.92 (quite critical), this increased 

in the post-test to 2.91 (critical) after the discovery learning model intervention.  

Table 4. The results of the analysis of critical thinking skills in the control group 

CT indicators Pretest Posttest Gain Gain-criteria 

Interpretation 1.36 1.52 0.06 Low 

Analysis 1.34 1.55 0.08 Low 

Inference 1.32 2.02 0.26 Low 

Explanation 1.09 1.50 0.14 Low 

Evaluation 1.16 1.59 0.15 Low 

Self-regulation 0.91 1.07 0.05 Low 

Average 
1.20 

(Less critical) 

1.54  

(Less critical) 

0.12 

(Low) 
 

 

In the control group that was taught by traditional teaching found unconvincing results 

on improving students' critical thinking skills. The average increase score is 0.12 with 

moderate criteria. The critical thinking indicator with the highest increase in the control group 

was inference (gain = 0.26), while the lowest increase compared to the other five indicators 
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was self-regulation (gain = 0.05). Each indicator experienced an increase in the score of critical 

thinking skills with a low category. In the control group, the pretest and posttest scores both 

fell into the less critical criteria. This means that there is no change in students' critical thinking 

performance after traditional teaching interventions. Differences in students' critical thinking 

skills between the two learning intervention modes are presented in Figure 1. 

 

Figure 1. Differences in the range of critical thinking skills results in the pre-post test 

between the experimental and control groups 

The results in Figure 1 show the performance of critical thinking between indicators in 

each group. The range of the line curve on the posttest of the experimental group 

outperformed the control group. The posttest score range for the experimental group ranged 

from 1.86 to 3.23, with an average indicator score of 2.91 (critical criteria). Unlike the control 

group, the range of posttest scores for the control group ranged from 1.07 to 2.02, with an 

average indicator score of 1.54 (less critical criteria). Furthermore, differences in individual 

critical thinking scores in each group were analyzed statistically. Statistical test using pair t-

test and independent sample t-test. This test was employed because each group of data tested 

met the assumption of normality. The normality test results are presented in Table 5. 

Table 5. Normality test results, p > .05 

 
Kolmogorov-Smirnov Shapiro-Wilk 

Statistic Df p Statistic df p 

Pretest - experimental .175 22 .080 .933 22 .140 

Posttest - experimental .153 22 .197 .934 22 .149 

Pretest - control .190 22 .039 .932 22 .133 

Posttest - control .143 22 .200* .961 22 .510 

The normality test results for all test group data showed p > .05, this indicated that they 

were normally distributed. The statistical test results using the paired t-test and independent 

sample t-test are presented in Table 6 and Table 7 respectively. 
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Table 6. Paired t-test control and experimental groups, p < .05 

Pair Test Mean N 
Std. 

Dev. 
t df p 

Control Pretest 1.1967 22 .21173 -3.991 21 .010 

 Postest 1.5417 22     

Experimental Pretest 1.9217 22 .44473 -5.434 21 .003 

 Postest 2.9083 22     

Table 7. Independent sample t-test (posttest), p < .05 

Group Test Mean N 
Std. 

Dev. 
t df p 

Control Posttest 1.5417 22 .30195 -5.566 43 .000 

Experimental Posttest 2.9083 22 .52021    

 

 The results of the paired t-test (Table 6) in the control and experimental groups both 

showed p <.05, meaning that in the two groups there was a significant difference between the 

critical thinking scores in the pre-test and post-test. The results of the independent sample t-

test (Table 7) on the post-test scores of the control and experimental groups indicate that there 

is a significant difference in the critical thinking scores between the two. These results confirm 

the findings as shown in Figure 1, that the experimental group that was treated with discovery 

learning had a higher critical thinking score when compared to the control group that was 

treated with traditional teaching. The study findings have confirmed the hypothesis built in 

this research that the discovery learning model has a significant impact on improving 

students' critical thinking skills in the material of momentum and impulse.  

The results of this study ensure that discovery learning is a model that can train 

students' critical thinking skills. In terms of its function, discovery learning has a function 

according to Bruner (in (Shi, 2021), one of which is to increase students' intellectual potential. 

One of the increases in students' intellectual potential is in the aspect of critical thinking, as 

the findings in this study show that the discovery processes carried out by students on 

momentum and impulse material have increased students' critical thinking skills. The 

findings in this study are in line with results in other studies. For example, (Rahmawati et al., 

2021) who found an increase in students' critical thinking in the moderate category after 

implementing discovery learning in science learning at school. In addition to increasing 

aspects of students' critical thinking, discovery learning also increases learning process 

activities and student involvement in learning (Hidayatul et al., 2020). The advantages of the 

discovery learning model make it suitable as a support for implementing a scientific-based 

learning curriculum (Ilmi et al., 2022). 

The increase in students' critical thinking skills is due to the learning experience in 

discovery learning which seeks to form deep understanding (Mukherjee, 2015). Discovery 

learning can be an effective pedagogical tool that can help teachers to increase the chances of 

success in achieving learning goals (Mukherjee, 2015). Discovery learning is closely related to 

the ways teachers teach students to explore like scientists. Several previous studies have 

recommended the exploratory process as a way of honing students' critical thinking skills 

(Prayogi et al., 2018b, 2022; Prayogi & Verawati, 2020). Inviting students to explore in scientific 

investigations has been shown to improve skills in analyzing, inferring, evaluating, and 

decision-making (Verawati et al., 2020, 2021), these four aspects of skills are the main 

indicators of a critical thinker (Bilad et al., 2022).  
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Momentum and impulse are fundamental concepts in physics. They describe the motion 

of objects and how forces affect that motion. By applying the discovery learning model to 

these phenomena, students can develop a deeper understanding and enhance their critical 

thinking skills. When it comes to scientific phenomena such as momentum and impulse, 

critical thinking skills play a vital role in understanding and applying these concepts 

effectively. In the current study, one effective approach to enhancing critical thinking skills is 

through the implementation of the discovery learning model.  

The discovery learning model offers a valuable approach to enhancing critical thinking 

skills in the context of momentum and impulse phenomena. By engaging students in active 

exploration, encouraging inquiry and questioning, facilitating conceptual understanding, 

promoting collaboration and discussion, and applying knowledge to real-world scenarios, 

this model enables students to develop and refine their critical thinking skills. As a result, 

students not only gain a deeper understanding of momentum and impulse but also acquire 

essential skills for lifelong learning and problem-solving in various domains. 

CONCLUSION 

The discovery learning model has been implemented in material related to the 

phenomenon of momentum and impulse, and evaluated its impact on students' critical 

thinking skills. The results of the study show that students' critical thinking skills have 

increased after learning using the discovery learning model. Based on the size of the pre-post 

test, students' critical thinking skills increased from quite critical to critical, the increase (gain) 

was in the moderate category. Unlike the case with the control group (as a comparison) which 

uses traditional teaching. Based on the size of the pre-post test, students' critical thinking skills 

remain with less critical criteria. The difference in the improvement of critical thinking 

between the two groups (discovery learning vs. traditional teaching) was statistically 

analyzed. The results of the analysis confirm the research hypothesis tested that there are 

significant differences in critical thinking skills between groups taught by discovery learning 

models and traditional teaching on momentum and impulse material. 

RECOMMENDATION 

Discovery learning can be an effective pedagogical tool to help teachers increase the 

chances of success in achieving learning goals, especially students' critical thinking. Massive 

and consistent implementation needs to be done in regular learning. Future research is 

important to confirm the success of students with this model not only in aspects of critical 

thinking but in aspects of other thinking skills, such as creative thinking. 
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