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Abstract: This study aims to analyze the impact of the STEM (Science, Technology, 

Engineering, and Mathematics) approach on the critical thinking skills of students at SMPN 

1 Maron. STEM integrates interdisciplinary concepts into learning to enhance 21st-century 

skills, such as critical thinking. The study employed a quasi-experimental pre-test post-test 

control group design involving 53 students divided into an experimental group (27 

students) and a control group (26 students). The research instruments included critical 

thinking essay tests and student response questionnaires. Data analysis was conducted using 

T-tests, ANOVA, and correlation analysis. The results revealed a significant improvement 

in the experimental group, with the average critical thinking scores increasing from 70.25 

(pre-test) to 88.75 (post-test), while the control group showed an increase from 68.50 to 

75.30. This difference indicates the effectiveness of the STEM approach in enhancing 

students' critical thinking skills. In conclusion, the STEM approach has proven to contribute 

positively to the development of critical thinking skills among junior high school students. 

These findings can serve as a reference for developing STEM-based curricula to improve 

the quality of education in Indonesia. 

Keywords: STEM, critical thinking, quasi-experiment, junior high school education 

 

How to Cite: Mauliska, N., & Blouin, A. (2024). The effect of STEM (Science, Technology, Engineering, and 

Mathematics) approach on critical thinking abilities of SMPN 1 Maron students. Al-Fikru:  Jurnal Pendidikan 

dan Sains, 5(2), 255-261. https://doi.org/10.55210/al-fikru.v5i2.1920 

Introduction 

Education in Indonesia faces a major challenge in preparing the younger generation to face the 

complexities of the era of globalization and the industrial revolution 4.0. One of the responses 

proposed is the integration of the STEM (Science, Technology, Engineering, and Mathematics) 

approach in the education curriculum, as an effort to improve students' skills and competencies in 

science and technology (Ardianti et al., 2020; Sukma, 2018). At SMPN 1 Maron, students' critical 

thinking skills are still low based on initial test results, so innovative strategies are needed to improve 

these abilities. Moreover, at the Junior High School (SMP) level, a critical period in the formation of 

mindset and cognitive skills, it is important to identify and understand the influence of the STEM 

approach on students' critical thinking skills. 

The STEM (Science, Technology, Engineering, and Mathematics) approach integrates 

principles from science, technology, engineering, and mathematics into education, with a focus on 

practical application, problem solving, and cross-disciplinary collaboration. Previous studies have 

shown that STEM integration in learning can improve students' critical thinking skills, increase 

learning motivation, and facilitate deeper mastery of concepts (Honey et al., 2014; Rahmawati et al., 

2022; Suardi, 2020). In Indonesia, the implementation of STEM is increasingly emphasized to prepare 
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the younger generation to face the challenges of the 21st century, as mandated in the 2013 curriculum 

(Krisna et al., 2019). 

Critical thinking skills are an important aspect of education that enables students to analyze, 

evaluate, and synthesize information critically and rationally. In the context of STEM education, 

critical thinking skills are key to facing complex challenges that often require analytical approaches 

and innovative solutions. However, previous studies have shown that the implementation of STEM 

has not been fully optimal at the junior high school level in Indonesia, especially in relation to critical 

thinking skills (Thovawira et al., 2021). While previous research has shown the success of STEM 

approaches at the high school and college levels, there has not been much research exploring their 

impact at the junior high school level, particularly in Indonesia. 

This study aims to investigate in depth the influence of the STEM (Science, Technology, 

Engineering, and Mathematics) approach on the critical thinking skills of students at SMPN 1 Maron. 

Different from previous studies that mostly focused on the context of high school or college level, this 

study focuses on the junior high school level, thus providing new insights that are relevant in the 

context of basic education. The novelty of this study lies in the combination of the use of quasi-

experimental methods with multi-level measurements (pre-test and post-test) and advanced statistical 

analysis to assess the effectiveness of the STEM approach more holistically. 

Considering the educational context in Indonesia, as well as the relevance and urgency of 

implementing the STEM approach, this study aims to make a significant contribution in strengthening 

the foundation of STEM education at the junior high school level, while increasing our understanding 

of how this approach affects students' critical thinking skills. Therefore, this study will not only 

provide deeper theoretical insights, but also have practical implications for curriculum development, 

teaching, and evaluation of education in Indonesia, especially in improving students' critical thinking 

skills. 

 

STEM (Science, Technology, Engineering, and Mathematics) Approach 

The STEM approach is an interdisciplinary approach to education that integrates concepts and 

methods from Science, Technology, Engineering, and Mathematics into holistic learning. This 

approach aims to integrate learning from various disciplines and encourage students to apply their 

knowledge and skills in real contexts (Bybee, 2013; Krisna et al., 2019). 

The STEM approach facilitates students to develop 21st century skills, including critical 

thinking, creativity, communication, and collaboration.(English, 2016; Sumaji, 2019). STEM-based 

learning has been shown to increase student motivation to learn and provide real-world relevant 

learning experiences, especially in the fields of science and technology (Hiğde & Aktamış, 2022; 

Rusminati & Juniarso, 2023) 

 

Table 1. Components of STEM (Science, Technology, Engineering, and Mathematics) 

Science Technology Engineering Mathematics 

Students are 

invited to observe, ask 

questions, formulate 

hypotheses, conduct 

experiments, and draw 

conclusions. 

Students are 

introduced to modern 

technology and how to 

use technology to 

collect data, analyze 

information, and 

communicate. 

Students are 

encouraged to design a 

product or system, 

consider limitations 

and needs, and test and 

refine the solutions 

they create. 

Students learn to 

apply mathematical 

concepts in practical 

contexts, such as 

measuring, calculating, 

and predicting 

outcomes. 

 

In the STEM approach, learning is not limited to one discipline, but integrates concepts and 

skills from various disciplines. Students are encouraged to collaborate, think critically, and solve 
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problems creatively. This approach creates a learning environment that is relevant to the real world, 

preparing students for future challenges in the era of technology and innovation.(Moore et al., 2020). 

 

 

 

Critical Thinking Skills 

Critical thinking skills are skills that enable a person to evaluate, analyze, and synthesize 

information wisely and logically (Facione, 2015). It involves complex mental processes, including the 

ability to break down information into smaller parts, assess the reliability and relevance of 

information, integrate multiple perspectives to form a comprehensive understanding (Abrami et al., 

2015), and ask in-depth questions about the information presented. 

In education, critical thinking is a major focus because of its crucial role in informed decision 

making, effective problem solving, and efficient communication.(Ardianti et al., 2020). Research 

shows that students who are trained to think critically perform better academically and are better able 

to deal with challenges in real-life contexts (Alsaleh, 2020; Suripto et al., 2023). 

Critical thinking skills also help students develop productive collaboration and innovation skills 

to address complex challenges in the workplace and everyday life. Therefore, developing critical 

thinking skills is a priority in education, especially through learning approaches such as STEM, which 

integrate these skills into everyday learning activities (Adhelacahya et al., 2023; Johnson & Johnson, 

2021). 

Method 

This study uses a quantitative approach with a pre-test post-test control group experimental 

design. The population of this study includes all students of SMPN 1 Maron in the academic year 

2024. The subjects of the study consisted of 53 students of SMPN 1 Maron who were divided into two 

groups: 27 students in the experimental group who received learning with the STEM (Science, 

Technology, Engineering, and Mathematics) approach, and 26 students in the control group who 

received conventional learning. 

The data collection instruments used were creative thinking ability tests and student response 

questionnaires. The validity and reliability of the tests and questionnaires were confirmed through 

expert judgment and pilot testing. The tests used consisted of a series of essay questions designed to 

measure analysis, evaluation, and synthesis of information. The data collection procedures were 

carried out sequentially, namely pre-test, intervention, post-test, and filling out the questionnaire. 

Critical thinking ability data will be analyzed using SPSS statistical software. The statistical 

analysis to be conducted includes: (1) T-test: To compare the average critical thinking ability score 

between the experimental group and the control group before and after the intervention; (2) ANOVA 

test: To identify significant differences between the experimental group and the control group on 

critical thinking ability scores after the intervention; (3) Correlation: To evaluate the relationship 

between critical thinking ability scores and student satisfaction with learning with the STEM 

approach. Before conducting T-tests and ANOVA, normality and homogeneity tests were performed 

to ensure the data met statistical assumptions. 

Results and Discussion 

The following bar chart illustrates the average pre-test and post-test scores for the experimental 

and control classes. From the chart, it can be seen that the average post-test score, both in the 

experimental and control classes, is higher than the average pre-test score. This indicates an increase in 

scores after the treatment. The experimental class showed a higher average post-test score than the 

control class, which reflects the effectiveness of the treatment given. This difference is an initial 
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indicator before further analysis is carried out regarding the influence of the STEM approach on 

students' critical thinking skills.  

 

Figure 1. Diagram of average pretest and posttest scores 

Based on the results of statistical analysis using SPSS software, significant findings in the study 

on the influence of the STEM approach(Science, Technology, Engineering, and Mathematics)on the 

critical thinking skills of SMPN 1 Maron students can be further described. The test results can be 

seen in Table 2.normalityshows that the data generally approaches a normal distribution, with a 

significance value greater than alpha (α = 0.05) for all variables, indicating no violation of the 

normality assumption. This indicates that the data used in this study can be considered eligible for 

further statistical analysis. 

Table 2. Data Normality Test Results 

Tests of Normality 

 

Category 

Kolmogorov-Smirnova Shapiro Wilk 

Statistics df Sig. Statistics df Sig. 

Student 

Grades 

Experimental Class 

Pre-Test 
.106 27 .200* .945 27 .158 

Post-Test of 

Experimental Class 
.104 27 .200* .955 27 .287 

Pre-Test Control 

Class 
.120 26 .200* .943 26 .155 

Post-Test Control 

Class 
.147 26 .158 .930 26 .077 

*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 

 

Furthermore, the homogeneity of variance test shows that the variance between groups as a 

whole is quite homogeneous, with a significance value greater than α, namely . This indicates that the 

groups have similar variability, thus strengthening the reliability of the analysis results. The results of 

the homogeneity test can be seen in Table 3 below.0.246 > 0.05. 

 

Table 3. Results of Data Homogeneity Test 
Test of Homogeneity of Variances 

Student Grades   

Levene Statistics df1 df2 Sig. 

1.405 3 102 .246 

 

The analysis of the paired samples T-test in Table 4 shows a significant difference between 

students' scores before and after the intervention in both groups (experimental group and control 
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group), with a significance value of 0.000 <0.05. This shows that the intervention carried out, both 

using the STEM approach and conventional methods, has a significant effect on improving students' 

critical thinking skills. However, the greatest change occurred in the experimental class usinglearning 

with a STEM (Science, Technology, Engineering, and Mathematics) approach. 

 

Table 4. Paired Sample T-Test Results 
Paired Samples Test 

 

Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Pair 1 Student 

Grades - 

Category 

59,802 15,995 1,554 56,721 62,882 38,493 105 .000 

 

In addition, the results of the ANOVA analysis showed a significant difference between the 

experimental group and the control group in terms of students' critical thinking skills, with a 

significance value of 0.000 < 0.05. This indicates that there is a real difference between the 

effectiveness of the STEM approach (Science, Technology, Engineering, and Mathematics)and 

conventional methods in improving students' critical thinking skills. The results of the ANOVA test 

can be seen in Table 5 below. 

Table 5. ANOVA Test Results 

ANOVA 
Student Grades   

 

Sum of 

Squares df Mean Square F Sig. 

Between Groups 23075.477 3 7691.826 196,238 .000 

Within Groups 3998.033 102 39,196   

Total 27073.509 105    

 

There is also a strong and significant correlation between student grades and learning categories, 

with a Pearson correlation coefficient of -0.808 <0.01 as seen in Table 6. This shows that the higher 

the student grades, the lower the learning categories applied. This means that learning with the STEM 

approach(Science, Technology, Engineering, and Mathematics) tends to result in improved student 

grades and higher critical thinking skills. 

 

Table 6. Correlation Results Using SPSS 

Correlations 
 Mark Category 

Mark Pearson Correlation 1 -.808** 

Sig. (2-tailed)  .000 

N 53 53 

Category Pearson Correlation -.808** 1 

Sig. (2-tailed) .000  

N 53 53 

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

 

The results of this study show significant evidence of the effectiveness of the STEM (Science, 

Technology, Engineering, and Mathematics) approach in improving students' critical thinking skills at 

SMPN 1 Maron. Statistical analysis revealed a significant difference between students' scores before 
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and after the intervention, both in the experimental group receiving learning with the STEM approach 

and the control group using conventional methods. These findings provide strong evidence that the 

STEM approach is able to make a positive contribution to improving students' critical thinking skills. 

Furthermore, the results of the ANOVA analysis confirmed a significant difference between the 

experimental group and the control group in terms of students' critical thinking skills. This shows that 

learning with the STEM approach has a greater impact on improving students' critical thinking skills 

compared to conventional methods. The strong correlation between student grades and learning 

categories also confirms that learning with the STEM approach tends to result in increased student 

grades and higher critical thinking skills. 

Therefore, these findings have important implications in the context of education, as they 

support the need to integrate the STEM (Science, Technology, Engineering, and Mathematics) 

approach into the educational curriculum. The implementation of the STEM approach can provide a 

more holistic and relevant learning experience for students, as well as prepare them to face complex 

challenges in the era of technology and innovation. Thus, this study provides a valuable contribution 

in supporting the development of quality education that is relevant to future demands. 

Conclusion 

This study shows that the STEM (Science, Technology, Engineering, and Mathematics) 

approach has a significant influence in improving critical thinking skills of students at SMPN 1 

Maron. The average score of students in the experimental group increased from 70.25 (pre-test) to 

88.75 (post-test), while in the control group there was an increase from 68.50 (pre-test) to 75.30 (post-

test). Statistical analysis revealed a significant difference between students' scores before and after the 

intervention, both in the experimental and control groups. These results emphasize the importance of 

implementing the STEM (Science, Technology, Engineering, and Mathematics) approach in 

improving the quality of learning and student learning outcomes in secondary schools. 

References  

Abrami, P.C., Bernard, R.M., Borokhovski, E., Waddington, D.I., Wade, C.A., & Persson, T. (2015). 

Strategies for Teaching Students to Think Critically: A Meta-Analysis. Review of Educational 

Research, 85(2). https://doi.org/10.3102/0034654314551063 

Adhelacahya, K., Sukarmin, S., & Sarwanto, S. (2023). Impact of Problem-Based Learning 

Electronics Module Integrated with STEM on Students' Critical Thinking Skills. Journal of 

Science Education Research, 9(7). https://doi.org/10.29303/jppipa.v9i7.3931 

Alsaleh, NJ (2020). Teaching Critical Thinking Skills: Literature Review. The Turkish Online Journal 

of Educational Technology, 19(1). 

Ardianti, S., Sulisworo, D., Pramudya, Y., & Raharjo, W. (2020). The impact of the use of STEM 

education approach on the blended learning to improve students' critical thinking skills. 

Universal Journal of Educational Research, 8(3 B). https://doi.org/10.13189/ujer.2020.081503 

Bybee, R. W. (2013). The Case for Education: STEM Challenges and Opportunities. NSTA (National 

Science Teachers Association). 

English, L.D. (2016). STEM education K-12: perspectives on integration. In International Journal of 

STEM Education (Vol. 3, Issue 1). https://doi.org/10.1186/s40594-016-0036-1 

Facione, P. A. (2015). Critical thinking: What it is and why it counts. Insight assessment. Journal of 

Chemical Information and Modeling, 1(1). 

Hiğde, E., & Aktamış, H. (2022). The effects of STEM activities on students' STEM career interests, 

motivation, science process skills, science achievement and views. Thinking Skills and 

Creativity, 43. https://doi.org/10.1016/j.tsc.2022.101000 



Al-Fikru:  Jurnal Pendidikan dan Sains, 5(2), 2024, 255-261 
Nur Mauliska, Aberald Blouin 

Al-Fikru:  Jurnal Pendidikan dan Sains, P-ISSN 2774-5627 and E ISSN 2747-1349  261 

 

Honey, M. A., Pearson, G., & Schweingruber, H. (2014). STEM integration in K-12 education: status, 

prospects, and an agenda for research. In STEM Integration in K-12 Education: Status, 

Prospects, and an Agenda for Research. https://doi.org/10.17226/18612 

Johnson, D. W., & Johnson, R. T. (2021). Learning together and alone: The history of our involvement 

in cooperative learning. In Pioneering Perspectives in Cooperative Learning: Theory, Research, 

and Classroom Practice for Diverse Approaches to CL. https://doi.org/10.4324/9781003106760-

3 

Krisna, FN, Sisdiana, E., & Rakhmah, DN (2019). Teacher Readiness to Adapt STEM Learning in the 

Implementation of the 2013 Curriculum. Ebook. 

Moore, T. J., Johnston, A. C., & Glancy, A. W. (2020). STEM integration: A synthesis of conceptual 

frameworks and definitions. In Handbook of Research on STEM Education. 

Rahmawati, L., Juandi, D., & Nurlaelah, E. (2022). IMPLEMENTATION OF STEM IN 

IMPROVING MATHEMATICAL CRITICAL AND CREATIVE THINKING ABILITIES. 

AKSIOMA: Journal of Mathematics Education Study Program, 11(3). 

https://doi.org/10.24127/ajpm.v11i3.5490 

Rusminati, SH, & Juniarso, T. (2023). Literature Review: STEM to Develop 21st Century Skills in 

Elementary Schools. Journal on Education, 5(3), 10722–10727. 

https://doi.org/10.31004/joe.v5i3.1974 

Suardi, S. (2020). IMPLEMENTATION OF STEM-BASED LEARNING TO IMPROVE THE 

ABILITY OF CRITICAL, CREATIVE AND COOPERATIVE THINKING OF STUDENTS 

IN CLASS VIIA OF SMP NEGERI 4 SIBULUE. Journal of Science and Physics Education, 

16(2). https://doi.org/10.35580/jspf.v16i2.12557 

Sukma, M. (2018). The Influence of the STEM (Science, Technology, Engineering, Mathematics) 

Approach on Knowledge, Attitudes and Beliefs. Proceedings of the IV National Science 

Seminar, 1(5). 

Sumaji. (2019). Implementation of STEM Approach in Mathematics Learning. National Seminar on 

Mathematics Education, Mathematics Education Study Program, FKIP, Muria Kudus 

University, April. 

Suripto, S., Fabirah, NR, Nanna, AWI, & Bua, MT (2023). SCIENCE, TECHNOLOGY, 

ENGINEERING, AND MATHEMATICS (STEM) IN EXPLORING STUDENTS' CRITICAL 

THINKING SKILLS. AKSIOMA: Journal of Mathematics Education Study Program, 12(1). 

https://doi.org/10.24127/ajpm.v12i1.6044 

Thovawira, FA, Safitri, I., Supartik, S., Sitompul, NNS, & Anggriyani, I. (2021). SYSTEMATIC 

LITERATURE REVIEW: IMPLEMENTATION OF STEM APPROACH (BENEFITS AND 

CHALLENGES) IN INDONESIA. HISTOGRAM: Journal of Mathematics Education, 4(2). 

https://doi.org/10.31100/histogram.v4i2.682 

 


