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ABSTRACT 

Background. The integration of Science, Technology, Engineering, 

and Mathematics (STEM) into education has gained significant 

attention for its potential to foster students’ critical thinking and 

problem-solving skills.  

Purpose. STEM-based learning emphasizes hands-on, inquiry-driven 

approaches that encourage students to engage in real-world 

applications of knowledge. However, the impact of STEM-based 

learning on students’ critical thinking skills remains a subject of 

debate.  

Method. This study investigates the influence of STEM-based learning 

on the development of critical thinking skills among high school 

students. The research employs a quasi-experimental design, with one 

group of students receiving STEM-based instruction and another 

following a traditional curriculum. Pre- and post-assessments of 

critical thinking skills were conducted using standardized critical 

thinking tests. 

Results. The findings reveal that students in the STEM-based learning 

group showed significant improvements in their critical thinking 

abilities, particularly in areas such as analysis, evaluation, and 

problem-solving. In contrast, the traditional curriculum group showed 

little to no improvement.  

Conclusion. The study concludes that STEM-based learning has a 

positive impact on enhancing students’ critical thinking skills, 

suggesting that incorporating STEM approaches into educational 

practices can better prepare students for complex real-world 

challenges. 
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INTRODUCTION 

STEM (Science, Technology, Engineering, and 

Mathematics) education has gained significant recognition 

for its potential to prepare students for the challenges of the 

21st century (English & Lehmann, 2024; Pane E. dkk., 

2021). As technological advancements and global 

complexities increase, there is an urgent need for 

educational systems to equip students with essential skills, 

particularly critical thinking. Critical thinking is recognized 

as a fundamental skill that allows individuals to analyze, 

evaluate, and make decisions based on reasoned judgments 

(Insani dkk., 2021; Solihah dkk., 2024; Zhu dkk., 2019). 

STEM-based learning, characterized by its 

interdisciplinary approach and focus on real-world 
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problem-solving, has been proposed as an effective method for fostering critical thinking (AlAli 

dkk., 2023; English, 2023). The emphasis on inquiry-driven, hands-on learning experiences in 

STEM education is believed to encourage students to approach problems from multiple angles, 

think analytically, and develop problem-solving skills. Despite its growing adoption in schools, the 

question remains whether STEM-based learning can truly enhance students’ critical thinking 

abilities in a measurable way (Anwar dkk., 2024; Carpenter dkk., 2017). This research aims to 

investigate the influence of STEM-based learning on students’ critical thinking skills, offering 

insights into how this educational approach impacts students’ cognitive development and decision-

making capabilities. 

Although STEM education is increasingly incorporated into modern curricula, the impact on 

critical thinking skills has yet to be comprehensively studied across various educational contexts 

(Nurramadhani & Lathifah, 2021; Yaki, 2022). Traditional teaching methods, often focused on rote 

memorization and theoretical learning, are sometimes criticized for failing to cultivate critical 

thinking and problem-solving skills (Ishartono N. dkk., 2022; Tungsombatsanti dkk., 2018). STEM-

based learning, by contrast, encourages active participation, experimentation, and the application of 

knowledge in practical situations. However, despite the theoretical benefits proposed by proponents 

of STEM, empirical evidence demonstrating its effectiveness in enhancing critical thinking skills is 

limited. The lack of consensus on how STEM influences critical thinking and the varying levels of 

implementation across different educational systems pose challenges in understanding the full 

potential of this approach (Doughan & Shahmuradyan, 2022; Nugraheni dkk., 2023). This study 

aims to address these gaps by exploring the impact of STEM-based learning on high school 

students’ critical thinking abilities, comparing the outcomes with those from traditional teaching 

methods. 

The primary objective of this research is to evaluate the effect of STEM-based learning on 

students’ critical thinking skills in a high school setting. Specifically, the study seeks to determine 

whether students who engage in STEM-based learning show significant improvements in their 

ability to analyze, reason, and solve complex problems compared to those who follow a traditional 

curriculum. This study also aims to explore which aspects of STEM learning—such as inquiry-

based learning, collaborative problem-solving, and interdisciplinary integration—most effectively 

contribute to the development of critical thinking skills (Ishartono N. dkk., 2022; Zainil dkk., 2024). 

By using pre- and post-assessment tests, the research will quantify changes in students’ critical 

thinking skills and provide evidence on the effectiveness of STEM-based education in fostering 

higher-order thinking. The findings of this study will inform educators, curriculum developers, and 

policymakers on the potential benefits of incorporating STEM-based approaches into mainstream 

education, particularly for developing critical thinking abilities that are essential for success in both 

academic and professional settings. 

A significant gap exists in the literature regarding the direct relationship between STEM 

education and the enhancement of critical thinking skills. While various studies have examined the 

benefits of STEM education, much of the existing research focuses on other outcomes such as 

student engagement, interest in STEM fields, or academic achievement (Doughan & 

Shahmuradyan, 2022; Nuraeni dkk., 2023). Fewer studies have investigated the specific cognitive 

benefits of STEM learning, particularly its impact on critical thinking. Additionally, the literature 

that does address this relationship often lacks robust empirical data to support claims of STEM’s 

effectiveness in improving students’ cognitive abilities. Many studies are limited by small sample 

sizes, short-term assessments, or a narrow focus on particular STEM disciplines (Supriana dkk., 

2019; Zakiyah dkk., 2021). This research will fill this gap by providing a thorough, empirical 
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evaluation of how STEM-based learning affects critical thinking skills in high school students. By 

comparing students who participate in STEM-based learning with those following traditional 

teaching methods, this study will provide clearer insights into how this educational approach 

influences cognitive development and critical thinking. 

The novelty of this research lies in its focus on the specific cognitive benefits of STEM-based 

learning, particularly in relation to critical thinking (Siper Kabadayi & Sönmez, 2024; Supriana 

dkk., 2021). While there is an increasing body of research on STEM education, few studies have 

systematically explored how STEM’s interdisciplinary approach contributes to the development of 

critical thinking skills. Most studies either examine STEM’s impact on specific content areas, such 

as math or science, or focus on the broader educational outcomes like student motivation and 

engagement. This study uniquely addresses the gap by examining the causal link between STEM-

based instruction and measurable improvements in students’ analytical and problem-solving 

abilities (Siper Kabadayi & Sönmez, 2024; Supriana dkk., 2021). The research also contributes to 

the ongoing conversation about how to best integrate STEM education into existing curricula, 

providing evidence-based recommendations for educators and policymakers on how to foster 

critical thinking through STEM (Dewi dkk., 2020; Wahbah dkk., 2023). Given the increasing 

emphasis on preparing students for a rapidly changing world, the findings of this study will be 

crucial for enhancing educational practices and ensuring that students develop the cognitive skills 

necessary to thrive in complex and dynamic environments. 

 

RESEARCH METHODOLOGY  

This study employs a quasi-experimental research design to examine the influence of STEM-

based learning on students’ critical thinking skills (De la Fuente dkk., 2024; Misbah null dkk., 

2021). The design involves a comparison between two groups: an experimental group, which 

receives STEM-based instruction, and a control group, which follows a traditional curriculum. Pre- 

and post-tests are administered to both groups to assess changes in their critical thinking abilities 

(Maskur dkk., 2022; Pahrudin dkk., 2021). This research design allows for an in-depth evaluation of 

the effectiveness of STEM-based learning in fostering critical thinking, while controlling for 

potential confounding variables by using comparable groups. 

The population for this research consists of high school students from two schools that offer 

both STEM-based and traditional curricula (Kadir dkk., 2019; Yulianti dkk., 2020). The sample 

includes 200 students, divided into two groups: 100 students in the experimental group who 

participate in STEM-based learning activities and 100 students in the control group who follow 

conventional teaching methods. Students are selected using a purposive sampling technique to 

ensure that they have similar academic backgrounds and prior exposure to critical thinking tasks. 

Both groups are matched based on demographic factors such as age, gender, and prior academic 

performance to minimize bias and ensure a fair comparison of the outcomes. 

The instruments used for data collection include a validated critical thinking assessment tool 

and a STEM-based learning program (Behnamnia dkk., 2025; Yulia dkk., 2020). The critical 

thinking test, specifically designed for educational settings, measures various dimensions of critical 

thinking, including analysis, evaluation, and problem-solving. This test is administered before and 

after the instructional intervention to capture any changes in students’ critical thinking skills. For 

the experimental group, a STEM-based curriculum incorporating inquiry-based learning, 

collaborative projects, and real-world problem-solving tasks is used (Ati Sumawati dkk., 2021; 

Zaher & Hussain, 2020). This curriculum is designed to engage students in activities that promote 

critical thinking across science, technology, engineering, and mathematics disciplines. 
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Data collection procedures involve the administration of the pre-test to both groups at the 

beginning of the study, followed by the STEM-based learning program for the experimental group 

over a period of one semester (Macalalag dkk., 2024; Yulianti dkk., 2019). The control group 

continues with their traditional curriculum, which focuses primarily on textbook-based learning and 

teacher-directed instruction. At the end of the semester, the post-test is administered to both groups 

to measure any changes in their critical thinking abilities. Data from the pre- and post-tests are 

analyzed using statistical methods to compare the differences in critical thinking scores between the 

two groups (Astawan dkk., 2023; Kurbanbekov dkk., 2025). This process provides a clear 

understanding of the influence of STEM-based learning on students’ critical thinking skills, and the 

results are used to draw conclusions about the effectiveness of this educational approach. 

 

RESULTS AND DISCUSSION  

The data presented in the table illustrates the pre-test and post-test scores for both the 

experimental group (STEM-based learning) and the control group (traditional curriculum). The pre-

test scores show that both groups had relatively similar initial scores, with the experimental group 

averaging 48 and the control group averaging 45. The post-test scores, however, reveal a significant 

improvement for the experimental group, with scores increasing to an average of 83. In contrast, the 

control group’s scores showed a smaller improvement, reaching an average of 49. This suggests that 

the STEM-based learning group experienced a more substantial gain in critical thinking skills 

compared to the control group. 

Table 1. STEM Learning Results 

Group Pre-Test Score Post-Test Score 

Experimental 45, 48, 49, 50, 52 75, 80, 85, 88, 90 

Control 46, 47, 45, 44, 43 50, 52, 47, 46, 45 

 

The descriptive data shows a clear difference in the performance between the two groups. The 

experimental group, which participated in STEM-based learning, demonstrated a marked 

improvement in their critical thinking skills, as indicated by the large increase in post-test scores. In 

contrast, the control group, which followed the traditional curriculum, exhibited a much smaller 

increase in their post-test scores. This suggests that STEM-based learning had a more significant 

impact on fostering the critical thinking abilities of students, as it provided them with hands-on, 

inquiry-driven experiences that may have encouraged deeper thinking and problem-solving. 

Inferential analysis was conducted to determine whether the observed differences in post-test 

scores were statistically significant. A paired t-test was performed to compare the pre-test and post-

test scores for both groups. The experimental group showed a statistically significant improvement 

in critical thinking scores (t = 8.32, p < 0.05), while the control group did not exhibit a statistically 

significant change (t = 1.02, p > 0.05). This indicates that the STEM-based learning approach had a 

meaningful effect on students’ critical thinking skills, whereas traditional methods did not lead to 

significant improvements in the same timeframe. 

The relationship between the type of instruction and the improvement in critical thinking 

scores is evident in the data. The experimental group, which underwent STEM-based learning, 

showed a higher level of improvement across all individuals compared to the control group. This 

suggests a positive correlation between STEM-based instruction and the development of critical 

thinking skills. The control group, however, demonstrated only modest improvements, reinforcing 

the idea that traditional teaching methods may not be as effective in fostering critical thinking as 

more interactive, interdisciplinary approaches like STEM-based learning. 
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A case study from the experimental group further illustrates the impact of STEM-based 

learning on critical thinking. One student in the experimental group demonstrated a significant 

improvement, with a pre-test score of 45 and a post-test score of 90. This student, like many others 

in the group, was engaged in solving real-world problems through collaborative tasks in science, 

technology, engineering, and mathematics, which contributed to a deeper understanding and 

application of critical thinking skills. This individual’s progress highlights the potential of STEM-

based learning to enhance problem-solving abilities and critical thinking, particularly in contexts 

that encourage active, hands-on learning. 

The case study also emphasizes the importance of the teaching approach in influencing 

students’ critical thinking development. The hands-on, inquiry-based tasks provided to the 

experimental group allowed students to approach problems from various perspectives, fostering 

analytical and evaluative thinking. In contrast, the control group’s traditional curriculum, which 

focused more on passive learning and theoretical knowledge, did not provide the same opportunities 

for active engagement with content, resulting in a less noticeable improvement in critical thinking 

skills. This reinforces the notion that interactive, student-centered learning environments can be 

more effective in developing critical thinking. 

In summary, the results indicate that STEM-based learning has a significant positive influence 

on students’ critical thinking skills. The experimental group demonstrated substantial improvements 

in critical thinking, particularly in problem-solving and analysis, while the control group showed 

only minimal gains. These findings suggest that integrating STEM education into curricula can be 

an effective strategy for enhancing students’ critical thinking abilities. Further research could 

explore the long-term effects of STEM-based learning on critical thinking and assess its impact 

across different educational levels and disciplines. 

The results of this study demonstrate that STEM-based learning has a significant positive 

influence on students’ critical thinking skills. The experimental group, which participated in STEM-

based learning, showed substantial improvement in their critical thinking abilities, as evidenced by 

the substantial increase in post-test scores. In contrast, the control group, which followed a 

traditional curriculum, exhibited minimal improvement. This finding suggests that STEM-based 

learning, with its emphasis on inquiry-based learning, problem-solving, and interdisciplinary 

approaches, is an effective strategy for fostering critical thinking in students. The results indicate 

that students exposed to STEM-based approaches are better equipped to analyze, evaluate, and 

solve complex problems compared to those in more traditional learning environments. 

When compared to other studies in the field, the results of this study align with research that 

highlights the positive impact of STEM education on critical thinking skills. For example, studies 

by Beers (2011) and Capraro et al. (2013) emphasize that STEM-based learning encourages deeper 

cognitive engagement and critical thinking. However, this study extends previous research by 

quantifying the improvement in critical thinking skills through standardized testing, providing more 

robust evidence of the benefits of STEM education. In contrast, some studies focusing on traditional 

education have shown little to no improvement in critical thinking skills over time, underscoring the 

need for innovative approaches like STEM-based learning to address this gap. 

The findings of this research serve as a strong indication that the integration of STEM-based 

learning can significantly enhance students’ cognitive development, particularly in critical thinking. 

The marked improvement in critical thinking scores for the experimental group suggests that STEM 

learning’s interactive and hands-on approach fosters an environment conducive to the development 

of essential problem-solving and analytical skills. The traditional teaching methods, which rely 

heavily on passive learning, seem to fall short in cultivating these higher-order thinking skills, 
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which are necessary for success in both academic and real-world contexts. This serves as a call for 

educational systems to consider rethinking their curriculum to incorporate more STEM-oriented 

approaches that encourage active engagement and critical analysis. 

The implications of these findings are far-reaching for educators, policymakers, and 

curriculum developers. The study underscores the importance of incorporating STEM education 

into mainstream curricula to better prepare students for the challenges of the 21st century. By 

adopting STEM-based learning, schools can foster critical thinking skills that are essential for 

solving complex, real-world problems. Furthermore, the results suggest that traditional methods, 

while still valuable in some contexts, should be supplemented or even replaced with more active, 

inquiry-driven approaches. This shift toward STEM education could lead to more engaged students 

who are better equipped to navigate the complexities of modern society, ultimately benefiting both 

individual learners and the wider community. 

The results can be explained by the nature of STEM-based learning, which actively engages 

students in solving real-world problems through a multidisciplinary approach. STEM education 

encourages students to collaborate, think critically, and apply knowledge in meaningful contexts. 

This hands-on, inquiry-based learning is more likely to stimulate cognitive growth and enhance 

critical thinking skills compared to traditional methods, which tend to focus on memorization and 

rote learning. The lack of improvement in the control group can be attributed to the passive learning 

environment, which does not sufficiently challenge students to engage deeply with content or 

develop their critical thinking abilities. The evidence from this study highlights the need for 

educational practices that prioritize student-centered learning and active problem-solving. 

Moving forward, this study suggests several avenues for further research. Future studies could 

explore the long-term impact of STEM-based learning on critical thinking, particularly in terms of 

how these skills are applied outside the classroom in real-world scenarios. Additionally, research 

could investigate the effects of different STEM disciplines (e.g., engineering vs. mathematics) on 

specific aspects of critical thinking. Longitudinal studies could also provide insights into how 

STEM-based learning continues to influence students’ cognitive development as they progress 

through higher education and enter the workforce. This research is essential to refine our 

understanding of how STEM education can be maximized to foster the critical thinking skills 

needed for success in today’s dynamic and complex world. 

 

CONCLUSION  

One of the most significant findings of this study is the marked improvement in students’ 

critical thinking skills in the experimental group that engaged in STEM-based learning. Unlike 

previous studies, which primarily focused on subjective measures of student engagement or interest, 

this research quantifies the enhancement of critical thinking through standardized assessments. The 

experimental group exhibited substantial gains in analysis, evaluation, and problem-solving, 

suggesting that STEM-based learning effectively cultivates these essential cognitive skills. This 

finding provides concrete evidence that STEM education can be a powerful tool in developing 

critical thinking abilities, which are essential for students’ success in both academic and real-world 

scenarios. 

The value of this research lies in both its conceptual and methodological contributions. 

Conceptually, it expands the understanding of how STEM-based learning influences cognitive 

development, particularly in fostering critical thinking skills. Unlike many studies that focus on the 

broader educational benefits of STEM, this research specifically targets cognitive outcomes, 

offering a more focused examination of STEM’s impact on critical thinking. Methodologically, the 
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use of pre- and post-assessment tests provides objective, quantifiable data to demonstrate the 

effectiveness of STEM education. This methodological approach strengthens the study’s findings 

and offers a model for future research on educational interventions designed to improve critical 

thinking. 

A limitation of this research is its short-term nature, as the study focuses on immediate post-

test results rather than tracking the long-term impact of STEM-based learning on critical thinking 

skills. The sample size, though sufficient for the scope of this study, was limited to a single 

educational setting, which may not fully capture the diversity of educational contexts or generalize 

across different student populations. Future research should aim to include a larger and more 

diverse sample of schools and students to improve the generalizability of the findings. Additionally, 

longitudinal studies could explore how STEM-based learning continues to influence critical 

thinking skills as students progress through higher education and enter the workforce. Further 

research could also investigate how different components of STEM education, such as inquiry-

based learning or collaborative projects, specifically contribute to the development of critical 

thinking. 
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