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Abstract

In the 21st century, critical thinking has become an essential skill, particularly in the fields of
Science, Technology, Engineering, and Mathematics (STEM). This study investigates the
effectiveness of STEM education programs in enhancing critical thinking skills among high
school students in . Using a quasi-experimental design, the research compares the critical
thinking abilities of students enrolled in STEM programs with those in non-STEM tracks. The
analysis, which includes both ANCOVA and propensity score matching, reveals that students
in STEM programs significantly outperform their non-STEM peers in critical thinking
assessments. These findings suggest that STEM education, when implemented with active and
inquiry-based learning strategies, can play a crucial role in developing the cognitive skills
necessary for success in the modern world. The study’s results have important implications for
educational practices and policies in, advocating for the continued investment in and refinement
of STEM curricula.
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Introduction

In the 21st century, education systems worldwide are increasingly focused on equipping
students with critical thinking skills, which are essential for success in an era defined by rapid
technological and scientific advancements. Critical thinking—the capacity to analyze, evaluate,
and synthesize information for decision-making is particularly crucial in the fields of Science,
Technology, Engineering, and Mathematics (STEM) (Lai, 2011). The importance of STEM
education in fostering these skills has led many nations, including , to prioritize STEM in their
educational policies. The n Education Blueprint 2013-2025, for instance, emphasizes the role
of STEM education in preparing students for the knowledge-based economy, aiming to produce
a workforce adept in critical thinking and problem-solving (Ministry of Education , 2013).

has made considerable efforts to integrate STEM education across its school systems.
However, the effectiveness of these programs in enhancing critical thinking skills remains a
critical area of investigation. While research has shown that STEM education can positively
influence students' critical thinking abilities (Tseng et al., 2013), the extent to which this holds
true within the n context requires further exploration. A study by Oon & Subramaniam (2019)
indicated that STEM-based inquiry learning in improves student engagement and
understanding. However, they also highlighted that the impact on critical thinking was not as
pronounced, suggesting the need for further studies focusing explicitly on this outcome.

Numerous studies globally have underscored the relationship between STEM education and
critical thinking. For instance, Putra et al. (2021) found that STEM activities significantly
improved critical thinking skills among students in Indonesia, a context similar to in terms of
educational challenges and opportunities. Wai et al. (2018) also noted that inquiry-based
learning within STEM can effectively foster critical thinking, provided that it is well-
implemented with appropriate pedagogical strategies. This highlights the potential of STEM
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education to enhance cognitive skills, though its success largely depends on the quality of
program delivery.

Research by Ang (2014) has revealed both opportunities and challenges in the implementation
of STEM education. While there is considerable potential for these programs to develop critical
thinking skills, factors such as inadequate teacher training, curriculum constraints, and varying
levels of student engagement have been identified as significant barriers. These findings align
with global trends, where the effectiveness of STEM education is often moderated by the
quality of instruction and the degree to which curricula encourage active, student-centered
learning (Bybee, 2013).

The present study aims to build on existing literature by quantitatively assessing the impact of
STEM education programs on the critical thinking skills of high school students in . Unlike
previous research that has primarily focused on broader educational outcomes, this study
specifically investigates whether students engaged in STEM programs demonstrate superior
critical thinking abilities compared to their peers in non-STEM tracks. By employing a quasi-
experimental design, the research seeks to provide empirical evidence on the effectiveness of
STEM education in this context, offering insights that could guide future educational policies
and practices.

The findings of this research are expected to have significant implications for educators,
policymakers, and curriculum developers. As the nation continues to position itself as a leader
in innovation and technological development, understanding how to effectively cultivate
critical thinking through STEM education is paramount. This study not only contributes to the
academic discourse on STEM education but also provides practical recommendations for
enhancing the critical thinking capacities of students, thereby better preparing them for the
complex challenges of the modern world.

Research Problem

The global emphasis on STEM education as a means to foster critical thinking skills has been
well-established, yet the effectiveness of these programs in different contexts remains a subject
of debate. In , despite significant efforts to integrate STEM into the educational system, the
extent to which these programs have successfully enhanced critical thinking among high school
students is not fully understood. Existing literature provides mixed results, with some studies
indicating positive outcomes while others highlight significant challenges and limitations.
Therefore, the central research problem addressed by this study is: "To what extent do STEM
education programs enhance the critical thinking skills of high school students in ?"

This research problem is grounded in the need to empirically assess the impact of STEM
education on critical thinking, particularly in a developing country context where educational
reforms are ongoing, and the outcomes are critical for future policy directions. The study seeks
to determine whether students who participate in STEM programs demonstrate superior critical
thinking abilities compared to their peers in non-STEM tracks. This investigation is essential
not only for understanding the current state of STEM education in but also for informing future
educational strategies that aim to cultivate critical thinking, a skill crucial for the knowledge-
based economy aspires to achieve (Ministry of Education, 2013).

Significance of the Study

This study holds significant importance for several key stakeholders, including educators,
policymakers, and curriculum developers in . As the nation continues to pursue its vision of
becoming a high-income, knowledge-based economy, the ability to cultivate critical thinking
skills among students is paramount. By empirically assessing the effectiveness of STEM
education programs, this research provides valuable insights that can guide the enhancement of
educational practices. The findings will contribute to the broader discourse on STEM education,
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particularly in developing countries, and offer practical recommendations for improving the
quality of STEM programs to better foster critical thinking. Furthermore, this study will serve
as a critical reference for policymakers as they seek to refine the n education system to meet
the demands of the 21st century, ensuring that students are adequately prepared for future
challenges in a rapidly evolving global landscape.

Terms of the Study

STEM Education: This term refers to the interdisciplinary approach to learning where academic
concepts are coupled with real-world lessons as students apply Science, Technology,
Engineering, and Mathematics in contexts that make connections between school, community,
work, and the global enterprise. In this study, STEM education is examined as it is implemented
in the n high school curriculum, focusing on its potential to develop critical thinking skills.

Critical Thinking: Critical thinking in this study is defined as the ability to analyze, evaluate,
and synthesize information to make reasoned decisions. This skill is considered essential for
problem-solving and innovation, particularly in the context of STEM disciplines. The study
evaluates the extent to which STEM education programs contribute to the development of these
skills among high school students.

Quasi-Experimental Design: This refers to the research design employed in this study to
compare the critical thinking skills of students engaged in STEM programs with those of
students in non-STEM tracks. The quasi-experimental design allows for the examination of
causal relationships by comparing groups that are not randomly assigned but are comparable in
relevant ways.

High School Students in : This term encompasses the participants of the study, specifically
referring to students enrolled in secondary education institutions in . The study focuses on this
demographic as they are at a crucial stage of cognitive development and are the primary targets
of the national STEM education initiatives.

Limitations of the Study

While this study aims to provide comprehensive insights into the effectiveness of STEM
education programs in enhancing critical thinking skills among n high school students, several
limitations must be acknowledged. First, the quasi-experimental design, while useful for
drawing comparisons, does not account for all potential confounding variables that may
influence the results. For instance, differences in school resources, teacher qualifications, and
student socio-economic backgrounds could impact the outcomes. Additionally, the study is
geographically limited to selected schools in , which may not fully represent the diversity of
the national educational landscape. This geographical limitation could affect the
generalizability of the findings to other regions or educational systems. Furthermore, the study
relies on specific assessments and instruments to measure critical thinking, which may not
capture all dimensions of this complex skill. Lastly, the rapidly evolving nature of STEM
education and educational policies means that the findings may only be applicable for a limited
time before new pedagogical approaches or curricular changes are introduced, potentially
altering the landscape of STEM education in . Despite these limitations, the study provides
valuable empirical data that can inform future research and educational policy development

Methods

This study employs a quasi-experimental design to assess the effectiveness of STEM education
programs in enhancing critical thinking skills among high school students in. The quasi-
experimental design is selected due to its suitability for educational research where random
assignment of participants to experimental and control groups is not feasible. In this context,
the design allows for the comparison of critical thinking skills between students enrolled in
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STEM programs and those in non-STEM tracks, while controlling for potential confounding
variables that could influence the results.

Participants

The study involves high school students from various schools across. These students are divided
into two groups: those enrolled in STEM education programs and those in non-STEM tracks.
To ensure a representative sample, schools from different regions, including both urban and
rural areas, are selected. The selection criteria for participants include their enrollment in either
STEM or non-STEM tracks for at least one academic year. Efforts are made to match students
in the STEM and non-STEM groups based on key demographic variables such as age, gender,
socioeconomic status, and prior academic achievement, to control for potential confounding
factors.

Data Collection

Data collection involves both quantitative and qualitative methods to provide a comprehensive
understanding of the impact of STEM education on critical thinking skills. The primary
quantitative data is gathered through pre- and post-tests administered to both STEM and non-
STEM students. These tests are designed to measure critical thinking skills, focusing on
components such as analysis, evaluation, and synthesis of information. The tests are
administered at the beginning of the academic year (pre-test) and at the end of the academic
year (post-test), allowing for the assessment of any changes in critical thinking abilities over
time.

In addition to the tests, qualitative data is collected through surveys and interviews with students
and teachers. The surveys are structured to gather information on students’ perceptions of their
learning experiences, particularly regarding how they believe their critical thinking skills have
developed through their respective educational tracks. Interviews with teachers provide insights
into the instructional strategies used in STEM and non-STEM classrooms, shedding light on
the pedagogical approaches that may contribute to the development of critical thinking skills.

Data Analysis

The quantitative data from the pre- and post-tests are analyzed using statistical methods to
determine the effectiveness of STEM education in enhancing critical thinking skills. Analysis
of Covariance (ANCOVA) is employed to compare the post-test scores of STEM and non-
STEM students, controlling for pre-test scores and other covariates such as socioeconomic
status and prior academic achievement. This statistical technique helps to isolate the effect of
the STEM program on critical thinking skills, providing a more accurate estimate of its impact.

Propensity score matching is also utilized to control for potential selection bias, ensuring that
the STEM and non-STEM groups are comparable on observed covariates. This method allows
for the adjustment of differences between the groups, thereby enhancing the validity of the
comparisons made.

Qualitative data from surveys and interviews are analyzed thematically. Thematic analysis
involves identifying patterns and themes within the data that relate to the development of critical
thinking skills. This analysis helps to contextualize the quantitative findings, offering a deeper
understanding of how STEM education influences critical thinking and what specific aspects
of the program are most effective.

Ethical Considerations

Ethical approval for the study is obtained from the relevant educational authorities and the
institutional review board (IRB) of the researcher’s affiliated institution. Informed consent is
secured from all participants, including students and their parents or guardians. Participants are
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assured of the confidentiality of their responses and the voluntary nature of their participation,
with the option to withdraw from the study at any time without penalty

Results and Discussion

Participant Demographics

The study included a total of 200 high school students from various regions in , divided into
two groups: 100 students enrolled in STEM programs and 100 students in non-STEM tracks.
The demographic characteristics of the participants are summarized in Table 1.

Table 1. Participant Demographics

Demographic Variable ST](ZI?;IICO;E;) up Non-S(;ll“Ell\(/)Iog}roup
Age (Mean = SD) 16.5 £ 1.2 years 16.6 + 1.3 years
Gender

- Male (%) 52 (52%) 48 (48%)

- Female (%) 48 (48%) 52 (52%)
Socioeconomic Status

- Low Income (%) 40 (40%) 42 (42%)

- Middle Income (%) 45 (45%) 44 (44%)

- High Income (%) 15 (15%) 14 (14%)
Prior Academic Achievement

(GPA)

- GPA>3.5 (%) 35 (35%) 33 (33%)
-GPA2.5-3.4 (%) 50 (50%) 52 (52%)

- GPA <2.5 (%) 15 (15%) 15 (15%)

The demographic characteristics of the participants were well-matched between the STEM and
non-STEM groups, minimizing the likelihood of demographic variables confounding the study
results. The mean age of participants was similar between the two groups (16.5 years for STEM
and 16.6 years for non-STEM). The gender distribution was also balanced, with a slightly higher
percentage of males in the STEM group (52%) and a slightly higher percentage of females in
the non-STEM group (52%). Socioeconomic status and prior academic achievement (as
indicated by GPA) were comparable across both groups, suggesting that any observed
differences in critical thinking skills post-intervention are likely attributable to the impact of
the STEM education programs rather than demographic factors.

Pre-Test Scores

The pre-test scores of critical thinking skills were assessed for both the STEM and non-STEM
groups to establish a baseline before the intervention. The scores are summarized in Table 2.

Table 2. Pre-Test Scores of Critical Thinking Skills

Critical Thinking Measure

STEM Group (n=100)

Non-STEM Group (n=100)

Mean Pre-Test Score (= SD) 68.4+10.2 67.8+10.5
Median Pre-Test Score 69.0 68.0
Range of Scores 50 -85 48 - 86

The pre-test scores indicated that both the STEM and non-STEM groups had similar levels of
critical thinking skills before the intervention, with the STEM group having a mean score of
68.4 and the non-STEM group having a mean score of 67.8. The standard deviations (10.2 for
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STEM and 10.5 for non-STEM) and the range of scores (50-85 for STEM and 48-86 for non-
STEM) suggest a comparable distribution of critical thinking abilities across both groups. The
median scores (69.0 for STEM and 68.0 for non-STEM) further confirm that the initial levels
of critical thinking skills were similar, making it possible to attribute any post-intervention
differences in critical thinking skills to the effectiveness of the STEM education programs.

Post-Test Scores

Table 3. Post-Test Scores of Critical Thinking Skills

Critical Thinking Measure | STEM Group (n=100) | Non-STEM Group (n=100)
Mean Post-Test Score (= SD) 782+ 8.5 72.4+93

Median Post-Test Score 79.0 73.0

Range of Scores 60 - 92 55-88

The post-test scores indicate that students in the STEM group scored higher on average in
critical thinking skills (Mean = 78.2) compared to their peers in the non-STEM group (Mean =
72.4). The narrower standard deviation in the STEM group (8.5) suggests more consistency in
critical thinking skills among STEM students. The range of scores also shows a higher
minimum and maximum in the STEM group, indicating a higher overall performance in critical
thinking skills compared to the non-STEM group.

Statistical Analysis
Table 4. ANCOVA Results Comparing Post-Test Scores Between STEM and Non-STEM
Groups
Source of Variation SS df | MS F p- Partial Eta
value Squared
Group (STEM vs Non-
STEM) 1425.60 | 1 | 1425.60 | 17.35 | <0.001 0.15
Pre-Test Scores 3200.50 | 1 ]3200.50 | 38.93 | <0.001 0.28
Error 16000.75 | 197 | 81.22
Total 20626.85 | 199

The ANCOVA results demonstrate a statistically significant difference in post-test critical
thinking scores between the STEM and non-STEM groups after controlling for pre-test scores
(F(1, 197) = 17.35, p < 0.001). The partial eta squared (0.15) indicates a moderate effect size,
suggesting that the STEM program had a meaningful impact on enhancing students' critical
thinking skills. The pre-test scores also had a significant effect on the post-test scores, which
was expected, as initial critical thinking ability could influence post-intervention outcomes.

Propensity Score Matching
Table 5. Comparison of Post-Test Scores After Propensity Score Matching

Critical Thinking Measure | STEM Group (n1=90) | Non-STEM Group (n=90)
Mean Post-Test Score (= SD) | 78.0 + 8.2 73.1£9.0
Median Post-Test Score 78.5 74.0
Range of Scores 62 - 90 57-87
Mean Difference +4.9
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After applying propensity score matching to control for selection bias, the results still show that
the STEM group outperformed the non-STEM group in critical thinking post-test scores (Mean
= 78.0 vs. 73.1). The mean difference of +4.9 points in favor of the STEM group indicates a
substantial benefit from the STEM education programs. The consistency of these results after
controlling for potential confounders strengthens the validity of the conclusion that STEM
education is effective in enhancing critical thinking skills among students.

The results of this study provide strong empirical evidence supporting the effectiveness of
STEM education programs in enhancing critical thinking skills among high school students in
. The quantitative analysis, which includes both ANCOVA and propensity score matching,
clearly indicates that students in the STEM tracks outperform their peers in non-STEM tracks
in critical thinking assessments. These findings align with existing literature, which consistently
emphasizes the role of STEM education in fostering essential cognitive skills necessary for
problem-solving and innovation (Peters-Burton et al., 2021; Becker & Park, 2011).

The observed improvement in critical thinking among STEM students is not only statistically
significant but also educationally meaningful. The higher post-test scores and narrower standard
deviations in the STEM group suggest that the curriculum and instructional strategies associated
with STEM education provide a more consistent and effective platform for developing critical
thinking skills. This is particularly important in the context of preparing students for a rapidly
evolving global economy, where the ability to critically analyze and synthesize information is
crucial (Lavy & Sand, 2021).

Moreover, the moderate effect size observed in the ANCOVA analysis underscores the
substantial impact of STEM education on critical thinking skills. This finding is consistent with
the results of previous studies that have reported similar outcomes in different educational
contexts. For example, a study by Freeman et al. (2014) demonstrated that active learning
strategies, which are commonly employed in STEM education, significantly enhance students’
critical thinking abilities compared to traditional lecture-based approaches. This reinforces the
idea that the active, inquiry-based learning environment fostered by STEM education is a key
factor in promoting higher-order thinking skills (VanMeter-Adams et al., 2014).

The results also suggest that the benefits of STEM education are robust even after controlling
for potential confounding variables through propensity score matching. This methodological
rigor strengthens the argument that the observed differences in critical thinking skills are indeed
attributable to the STEM programs and not merely a reflection of pre-existing differences
between the student groups. Such findings highlight the importance of carefully designed and
implemented STEM curricula that can effectively engage students and cultivate essential
cognitive skills, as noted by the National Research Council (2012).

Interestingly, the study’s findings also shed light on the potential barriers that could limit the
effectiveness of STEM education in some contexts. For instance, while the STEM group
showed significant gains, the variability in performance suggests that factors such as teacher
quality, resource availability, and student motivation may play critical roles in determining the
success of these programs. This aligns with the work of Darling-Hammond et al. (2020), who
emphasize the need for comprehensive teacher training and adequate resources to maximize the
benefits of STEM education. Furthermore, the consistency of these results across different
schools and regions within indicates that, despite these challenges, STEM education can be a
powerful tool for improving critical thinking on a national scale.

The implications of these findings are far-reaching. For policymakers, the clear benefits of
STEM education in enhancing critical thinking skills provide a compelling case for continued
investment in these programs. This includes not only expanding access to STEM education but
also ensuring that these programs are of high quality and are delivered by well-trained
educators. Additionally, for curriculum developers, these results underscore the importance of
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integrating active learning and inquiry-based approaches within STEM education to foster
critical thinking more effectively (Wieman, 2014).

Conclusion

This study provides compelling evidence that STEM education programs significantly enhance
critical thinking skills among high school students in . The findings underscore the importance
of incorporating active, inquiry-based learning strategies within STEM curricula to foster
essential cognitive skills. These results have important implications for educators,
policymakers, and curriculum developers aiming to prepare students for success in a rapidly
evolving global landscape. The robust methodology employed, including ANCOVA and
propensity score matching, ensures that the observed benefits of STEM education are valid and
significant, supporting the continued investment and improvement of these programs to better
equip students with the skills necessary for the future.
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