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Abstract

21st-century skills, such as critical thinking and digital literacy, have become
essential in modern learning. This study aims to examine the impact of the Problem Based
Learning (PBL) model on students' critical thinking and digital literacy skills in the topic
of atmospheric dynamics at Sekolah Indonesia Kota Kinabalu, Sabah-Malaysia. The
research design used a quasi-experimental approach with a nonequivalent control group
design. The sample consisted of 34 students in the experimental group and 31 students in
the control group. The experimental class implemented the Problem Based Learning
(PBL) model, while the control class used conventional methods. The results showed a
significant improvement in both variables in the experimental group, with N-Gain Scores
categorized as effective. Problem Based Learning (PBL) helps students understand
scientific concepts in-depth, identify real-world problems, and develop creative,
technology-based solutions. These findings prove that Problem Based Learning (PBL) is
an innovative teaching method that is effective in enhancing students’ competencies,
especially in preparing them to face global challenges and the digital era.

Keywords: Problem Based Learning (PBL); Geography; Critical Thinking; Digital
Literacy

Introduction

The 21st-century skills, such as collaboration, problem-solving, critical thinking,
and digital literacy, have become essential competencies needed to meet the increasingly
complex global demands. As technological advancements and globalization accelerate,
education plays a crucial role in preparing the younger generation to confront significant
challenges, including societal, technological, and environmental issues (Habibah et al.,
2023; Haleem et al., 2022). In this context, technology-based learning is pivotal in
creating interactive and engaging learning environments. Innovative digital learning
enhances student engagement while fostering motivation to learn, as students can directly
interact with learning materials and media in a more immersive manner (Kowitlawakul
et al., 2022; Ullah and Anwar, 2020).

Among various academic disciplines, Geography education holds a strategic
position in developing critical thinking and digital literacy, particularly in addressing
complex global issues such as climate change and environmental (Varenina et al., 2022;
Yli-Panula et al., 2020; Zamista and Charona, 2023). Geography education not only
provides scientific understanding of natural phenomena but also cultivates analytical
skills for solving environmental problems in a practical context. In this regard, integrating
digital literacy and critical thinking into Geography education can enhance students'
learning experiences, allowing them to understand and apply learned concepts to real-
world situations (Leaning, 2019).

Thus, an instructional approach capable of developing both skills is crucial in
preparing students for the global challenges of a rapidly evolving world. Furthermore,
Geography plays a critical role in environmental education. For instance, the subtopic of
atmospheric dynamics, which encompasses weather and climate, is highly relevant in the
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context of the global climate change crisis (Mesarovi¢, 2019). Fu (2020) asserts that
Geography integrates both physical and social aspects, fostering environmental
awareness and social responsibility. A deep understanding of atmospheric phenomena
allows students to connect scientific concepts with everyday realities, such as
understanding the impact of climate change on local communities and environments
(Virranmaki et al., 2019).

In this context, the development of critical thinking and digital literacy is essential,
enabling students to explore and find concrete solutions to real-world problems, both
scientifically and socially (Voda et al., 2022). To achieve these goals, effective teaching
methods that integrate digital literacy and critical thinking are essential, particularly in
the context of Geography education. In this regard, PBL has emerged as an innovative
and effective instructional model that aligns with the demands of modern pedagogy
(Smith et al., 2022). PBL is recognized for its ability to encourage students to engage in
scientific inquiry and seek solutions to real world geographical problems (Sonrum and
Worapun, 2023).

According to Kleemola et al., (2023), PBL significantly enhances active student
participation by shifting the focus from passive to active learning, which is particularly
beneficial for understanding spatial phenomena and addressing complex geographical
issues. The importance of PBL in Geography education is further reinforced by its ability
to bridge theory and practice, equipping students with problem-solving skills and real-
world applications (Ardiansyah et al., 2024). A study by Singha and Singha, (2024)
reported that approximately 78% of students exposed to PBL demonstrated improved
critical thinking and digital literacy skills, which are essential competencies for analyzing
spatial data and interpreting geospatial technologies.

As a problem centered approach, PBL not only fosters theoretical understanding
but also empowers students to apply geographical concepts in real-life contexts. In the
context of Geography education, PBL is an effective approach for equipping students
with critical thinking and problem-solving skills to address real-world geographical
challenges (Ardiansyah et al., 2024). PBL fosters active learning through
multidisciplinary analysis and collaboration in solving complex problems (Rajabzadeh et
al., 2022). Through this approach, students can explore spatial relationships,
environmental challenges, and sustainable development goals (SDGS) in a practical and
analytical manner (Gonzéalez and Sebastian-Lopez, 2022).

Research Sari et al., (2021), indicates that students engaged in PBL based
Geography instruction show significant improvements in problem-solving skills and
learning engagement compared to traditional lecture-based methods. Similarly Singha
and Singha (2024), found that PBL cultivates critical thinking skills by encouraging
students to propose solutions for environmental issues, climate change adaptation, and
resource management. According to Smith et al., (2022), PBL involves a series of
activities focused on problem-solving, where students are encouraged to explore,
investigate, and systematically resolve issues.

The presentation of relevant and contextual problems serves as the foundation for
exploration and discovery, directly supporting the development of digital literacy, as
students engage in research and use technology in critical and creative ways (Putra et al.,
2021; Weng et al., 2022). Therefore, this study is highly relevant for evaluating the extent
to which PBL can enhance critical thinking and digital literacy in Geography education,
particularly in the context of atmospheric dynamics. This study employs the PBL model,
focusing on the topic of atmospheric dynamics, to assess its impact on critical thinking
and digital literacy among students.
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PBL is an effective pedagogical approach that integrates both critical thinking and
digital literacy, enriching students' learning experiences by enabling them to engage
deeply with the subject matter (Fajrin et al., 2024; Yondler and Blau, 2023). The PBL
model helps students understand information more comprehensively and apply it to real-
world contexts Yang et al., (2023), fostering skills that are crucial in tackling global
environmental challenges (Thomassen and Stentoft, 2020). By contextualizing
atmospheric dynamics within local issues, this approach encourages students to conduct
investigations based on relevant real-life problems (Nagarajan and Overton, 2019).

The novelty of this research lies in its application of PBL to a contextual learning
approach aimed at solving weather and climate issues in the local environment (Schwartz,
2019). This approach is designed to raise students' awareness of weather-related and
climate-related issues that affect their immediate surroundings. The specific goal of this
study is to analyze the impact of PBL on improving students’ critical thinking and digital
literacy, particularly in the context of geographical education concerning atmospheric
dynamics.

Methods

The type of research employed was a quantitative method approach using a quasi-
experimental design. This study applied a non-equivalent control group to evaluate the
effects of the PBL model on students' critical thinking and digital literacy skills in
Geography education. In this design, the experimental group, consisting of 34 students,
received PBL-based intervention, while the control group, comprising 31 students, was
taught using conventional methods. The independent variable in this study was the PBL
model, while the dependent variables were critical thinking skills and digital literacy. The
participants of this study were Grade X students at Sekolah Indonesia Kota Kinabalu
(SIKK), located in Sabah, Malaysia, during the 2024/2025 academic year. These students
were studying atmospheric dynamics as part of the Geography curriculum. The research
sample was selected using purposive sampling, based on the assumption that the chosen
sample represents characteristics relevant to the study population. This study utilized pre-
test and post-test essay questions as instruments to collect data, specifically designed to
assess critical thinking and digital literacy skills. The Mann-Whitney U test was applied
following the ANOVA analysis. Additionally, the N-Gain score was calculated from the
pre-test and post-test results to evaluate the effectiveness of the PBL model.

Results And Discussion
1. Implementation of Problem Based Learning (PBL) in Geography Education
Problem Based Learning (PBL) is a student-centered learning approach in which
learners are presented with real world problems as a stimulus to acquire new concepts
and skills. The PBL model in Geography education encourages students to actively
participate in collaboratively solving problems, engaging in critical thinking, and
exploring various information sources (Silviariza et al., 2021). In Geography learning,
PBL emphasizes the development of critical thinking skills and digital literacy through a
systematic investigative process based on problems relevant to real-life contexts
(Anggraeni et al., 2023). The implementation of PBL in Geography education involves a
series of systematic steps that require active student participation and teacher facilitation,
as outlined in Table 1.
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Table 1. Experiment Class Activities based on PBL Model Syntax
Sintax Learning Activity Time
Problem Oriented Teacher: Week 1
e Provide basic concepts and local (2 Meeting)
issues related to atmospheric

dynamics
Learners:
e Understand issues about
atmospheric dynamics.
Organized Oriented Students categorize the details of the

discussed problems and explore ways
to solve issues related to atmospheric
dynamics, including climate problems,
by utilizing geospatial technology.

Investigations Guide as Students identify complex, relevant,

Individual or Group and authentic problems or cases related
to atmospheric dynamics by utilizing
geospatial technology.

Attainments Learners explain the results of the Week 2
Development and problem solving that has been found. (2 Meeting)
Presentations
Problem Solving Learners:
Analysation and e Learners summarize the correct and
Evaluation appropriate problem solving.

Teacher:

e The teacher evaluates and
concludes the problem solving.

The implementation of the PBL model in learning transforms the traditional
learning paradigm. Teachers are no longer the center of learning but act as facilitators
who support students in independently finding solutions to problems (Sukacké et al.,
2022). Teachers play a role in guiding critical thinking processes, providing feedback,
and ensuring that learning runs effectively (Burgess et al., 2018). On the other hand,
students become the focal point of the learning process. They actively identify problems,
gather information, engage in discussions, and evaluate solutions (Smith et al., 2022).
Through PBL, students are trained to think critically, solve problems, and utilize
technology to enhance digital literacy.

In the context of Geography education, particularly in the study of atmospheric
dynamics, PBL can be implemented through specific activities requiring students to
analyze real-time weather data using satellite imagery, digital weather maps, and
simulation tools (Rienow et al., 2020). For example, students can collaboratively identify
the causes of extreme weather phenomena, such as hurricanes or monsoons, and propose
appropriate mitigation strategies based on the collected data (Hazrat et al., 2023;
Skorenkyy et al., 2021). This approach not only strengthens students' critical thinking
skills but also enhances their ability to process and interpret geographic information
(Ardiansyah et al., 2024). Furthermore, integrating digital platforms, such as GIS
software, enables students to connect theoretical knowledge with practical problem-
solving, fostering digital literacy and analytical skills essential for addressing real-world
atmospheric challenges (Shook et al., 2019). The assessment of critical thinking skills in
this study was measured based on indicators established by (Ennis, 2018).
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2. Comparative Analysis of Critical Thinking

Students' critical thinking skills can be significantly enhanced through active
participation in the learning process, particularly when the PBL model is implemented.
PBL is a student centered learning approach in which the learning process focuses on
solving real, relevant, and complex problems (Soubra et al., 2022). In implementing PBL,
the teacher's role shifts to that of a facilitator who guides students during the processes of
exploration, investigation, and reflection. Meanwhile, students take an active role as
learning agents who are responsible for seeking information, engaging in discussions, and
solving problems collaboratively (Belland et al., 2020). These steps not only encourage
improvements in critical thinking and problem-solving skills but also build students’
independence and presentation abilities.

Research by Nutt et al., (2024) has proven the effectiveness of this model in
enhancing students' problem-solving skills. Post-test results show that the experimental
group using PBL experienced significant improvement compared to the control group
that employed conventional teaching methods.

Table 2. Average Scores of the Experimental and Control Groups on
Critical Thinking Indicators

Critical Thinking Indicator Experimental Group Control Group
Average Category Avera  Category
ge

Problem Formulation 85.88 Very High 30.96  Very Low

Providing Arguments 82.35 Very High 31.61 Very Low

Drawing Conclusions 78.82 High 29.67  Very Low

Alternative Solutions 92.35 Very High 43.22  Low

Evaluating Results 85.29 Very High 34.83 Very Low

Average Score 84.94 Very High 34.06 Very Low

In the pre-test phase, the average score for critical thinking skills in the
experimental group was 33.52, while the control group had a lower average score of
31.09. After the intervention, both groups showed an improvement in their average
scores. However, the experimental group achieved a significantly higher average score of
84.94, while the control group only reached 34.06. These results confirm that the
application of the PBL model is substantially more effective in enhancing students'
critical thinking abilities Acharya et al., (2021) particularly in the context of studying
atmospheric dynamics.

A more detailed analysis of the average scores based on the indicators of critical
thinking, as presented in Table 2 reveals that the experimental group consistently
outperformed the control group across all indicators, with a difference of 50.88. This
suggests that students in the experimental group demonstrated significantly higher levels
of critical thinking compared to those in the control group. The application of the PBL
model effectively guided students in constructing knowledge to solve real-world
problems (Mohd et al., 2017). Through this process, students were able to formulate
complex solutions to various challenges they encountered. Based on the data analysis, the
implementation of PBL in the experimental group had a significant impact on improving
students' critical thinking abilities.

One of the most notable indicators of this improvement was in the area of
Proposing Alternative Solutions, where the experimental group scored an average of
92.35, significantly outperforming the control group, which only scored 43.22. This
indicator reflects students’ ability to deeply understand problems and develop creative
alternative solutions, which aligns with the primary goal of the PBL approach. The
marked differences observed across all indicators between the experimental and control
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groups further reinforce the effectiveness of the PBL model in fostering critical thinking
skills. The lower scores in the control group highlight the challenges students face with
traditional, conventional learning methods, particularly when tasked with answering
complex questions that require deep analysis.

In contrast, the PBL approach facilitated students' ability to tackle these
challenges by providing a framework that encourages exploration, analysis, and synthesis
of solutions in a more structured manner. This model creates an environment where
students can be more exploratory, reflective, and independent in processing information
and addressing real-world problems (Wang, 2021). These results suggest that PBL not
only contributes to enhancing critical thinking skills but also encourages students to think
systematically and innovatively when faced with a variety of learning challenges (Ulger,
2018).

Table 3. N-Gain Scores for Critical Thinking Indicators in the
Experimental and Control Groups

Experimental Group Control Group
Indicator N-Gain Category N-Gain Category
Value Value
Problem 0.78 High/Very 0.00 Low/Less
Formulation Effective Effective
Providing 0.73 High/Very 0.00 Low/Less
Arguments Effective Effective
Drawing 0.69 Moderate/ 0.018  Low/Less
Conclusions Effective Effective
Alternative 0.87 High/Very 0.102  Low/Less
Solutions Effective Effective
Evaluating Results 0.78 High/Very 0.098  Low/Less
Effective Effective

The findings presented in Table 3 indicate that the experimental group, which
implemented the PBL model, achieved high N-Gain scores across all critical thinking
indicators. Specifically, the Proposing Alternative Solutions indicator saw the highest N-
Gain score of 0.87 in the experimental group, whereas the control group only reached a
score of 0.10 in the same indicator. This stark difference underscores the superior
effectiveness of the PBL model in enhancing students’ critical thinking abilities,
especially in developing creative and viable solutions to complex problems. The success
of PBL in improving this indicator can be attributed to its core pedagogical approach.

The PBL learning process emphasizes problem exploration and solution
formulation, which encourages active student engagement and deeper understanding
(Ghani et al., 2021; Khamchiyev et al., 2020). In the PBL setting, students are guided to
identify problems, seek relevant information, and propose authentic solutions (Koh et al.,
2019). These stages foster an environment that promotes critical thinking, allowing
students to engage in reflective and independent problem-solving. As such, the findings
affirm that PBL is a highly effective method for enhancing students' critical thinking skills
compared to traditional learning methods (Y. Liu et al., 2020).

Tabel 4. Mann-Whitney Test Significance for Critical Thinking Indicators

Variable . Mann- Asymp.Sig. <. ..
Data Indicator Whitney U (2¥ta=3|e d)g Significance
Critical Critical Thinking 0.00 0.00 0.05
Thinking Providing 2.50 0.00
Arguments
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Drawing 4.50 0.00
Conclusions

Proposing 36.0 0.00
Alternative

Solutions

Evaluating 115 0.00
Results

The results presented in Table 4 were analyzed using the Mann-Whitney U test,
which yielded a significance value of 0.000 across all indicators. This value is well below
the threshold of 0.05, indicating that there are statistically significant differences between
the experimental and control groups. The low Mann-Whitney U values further strengthen
the conclusion that the implementation of the PBL model has a significantly greater
impact on students’ critical thinking compared to conventional learning methods (Zhang,
2023). The experimental group, which used PBL, showed a marked improvement in
critical thinking skills, aligning with the positive outcomes observed in the N-Gain scores.
Thus, the Mann-Whitney U test provides robust statistical evidence that the PBL model
is significantly more effective in improving students' critical thinking skills than
traditional methods.

The results of this study confirm that PBL is more effective than conventional
learning methods in fostering students' critical thinking skills. This finding is consistent
with previous research by M. Liu and Mu (2022), which concluded that PBL not only
enhances critical thinking but also strengthens digital literacy skills. Additional studies
support this conclusion, indicating that PBL helps students become active thinkers (Mohd
et al., 2017). In the PBL model, students are encouraged to explore problems in depth,
identify solutions based on evidence, and make rational decisions. The statistical analysis
conducted in this study further reinforces the superiority of the PBL model, which not
only promotes student engagement in the learning process but also significantly improves
their critical thinking skills (Li et al., 2024). This finding emphasizes that PBL is an
effective approach to prepare students for the 21st-century learning challenges.

3. Comparative Analysis of Digital Literacy

This study evaluates the differences in digital literacy skills between students in
the experimental and control groups. The data presented in the tables indicate that the
implementation of the PBL model had a significant impact on enhancing the digital
literacy of students in the experimental group compared to those in the control group. In
the pre-test phase, the experimental group had an average score of 27.05, while the control
group scored slightly lower at 25.80. Following the intervention, the experimental group
achieved a post-test average score of 85.29, which is substantially higher than the control
group's post-test average of 39.09. Research Hazrat et al., (2023) shows in a PBL based
Geography lesson on atmospheric dynamics, students analyzed extreme weather patterns
using satellite imagery, digital weather maps and climate simulations.

The results show significant improvements in students' digital literacy and critical
thinking skills as they identify causes of extreme weather and propose mitigation
strategies. Bush et al., (2019) similarly reported enhanced student abilities in analyzing
atmospheric circulation systems and predicting weather changes using GIS tools and
atmospheric modeling software. In the context of atmospheric dynamics, PBL enhances
digital literacy and fosters critical thinking, enabling students to interpret meteorological
data and address relevant environmental challenges (Singha and Singha, 2024). These
findings indicate that the PBL model is highly effective in improving digital literacy
among students. The significant improvement in the experimental group further supports
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the claim that PBL fosters students' understanding of digital literacy through an active
and contextual learning process (Patnawar, 2023). Therefore, this study strengthens the
evidence that PBL is an effective method for developing students' digital literacy skills
(Jasti & Pavani, 2021). Students' digital literacy skills were assessed using digital literacy
indicators as defined by Ng, (2012).
Table 5. Average Scores of The Experimental And Control Groups On
Digital Literacy Indicators

Digital Literacy Experimental Group Control Group
Indicator Average Category Average Category
Score Score

Accessing 88.82 Very High 36.12 Very Low

Information

Understanding 80.58 Very High 45.16 Low

Information

Analyzing 94.11 Very High 44.51 Low

Information

Managing 85.29 Very High 34.83 Very Low

Information

Logical Reasoning 77.64 Very High 34.83 Very Low

and Evaluation

Average Score 85.29 Very High 39.09 Very Low

The significant differences in the average scores between the experimental and
control groups are noteworthy. The higher average scores in the experimental group can
be attributed to the implementation of the PBL model, which focuses on atmospheric
dynamics problems (Acharya et al., 2021). This approach engages students in active
thinking to solve problems related to atmospheric dynamics, thereby enhancing their
ability to find and formulate solutions (Nutt et al., 2024). The PBL learning process
encourages active student participation in searching for authentic information relevant to
the problem at hand (Khamchiyev et al., 2020). This process not only strengthens
students' understanding of atmospheric dynamics but also boosts their digital literacy by
facilitating data exploration and the use of technology for problem-solving (Sundari et
al., 2014).

In the experimental group, the average N-Gain scores for each digital literacy
indicator were classified as High/Very Effective. Notably, the Analyzing Information
indicator recorded the highest N-Gain score of 0.92. This result demonstrates that the
PBL model significantly enhances students' ability to think critically and process digital
information effectively. This finding aligns with the research by Belland et al., (2020);
Srikan et al., (2021), which states that PBL strengthens digital literacy through the active
exploration of relevant and valid digital information sources. In contrast, the control
group only showed moderate improvement, with the highest N-Gain score of 0.32
recorded in the Understanding Information indicator.

The remaining indicators in the control group showed lower N-Gain scores,
falling into the Low/Less Effective category. This suggests that traditional teaching
methods are less effective in improving students' digital literacy skills. These findings
further support the conclusion that PBL is a highly effective instructional strategy for
fostering students' digital literacy skills (Chang et al., 2020).
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Table 6. N-Gain Scores for Digital Literacy Indicators in the
Experimental and Control Groups

Digital Literacy  Experimental Group Control Group
Indicator N-Gain Category N-Gain Category
Value Value
Accessing 0.81 High/Very 0.12 Low/Less
Information Effective Effective
Understanding 0.74 High/Very 0.27 Low/Less
Information Effective Effective
Analyzing 0.92 High/Very 0.32 Moderate/
Information Effective Effective
Managing 0.81 High/Very 0.04 Low/Less
Information Effective Effective
Logical 0.68 Moderate/ 0.09 Low/Less
Reasoning and Effective Effective
Evaluation

The PBL model has a significant impact because it engages students in active,
collaborative learning focused on solving real-world problems. This approach encourages
students to independently search for, process, and evaluate information, thereby
enhancing their digital literacy. As noted by Das et al., (2023) problem-based approaches
not only improve learning motivation but also enhance collaborative skills and the ability
to solve complex problems. The findings from this study further confirm that PBL is
highly effective in digital learning environments. This is evident in the Understanding
Information indicator, where the experimental group achieved a N-Gain score of 0.74
(categorized as high), while the control group only reached 0.27 (categorized as
moderate).

These results reinforce the value of PBL as an effective strategy for improving
students' digital literacy, particularly in an era that demands strong digital skills. Studies
such as Angraini et al., (2023) highlight the critical role of digital literacy in preparing
students for the challenges of the information age.

Table 7. Mann-Whitney Test Significance for Digital Literacy Indicators

Mann- Asymp.

Indicator Whitney  Sig. (2-  Significance
U tailed)

Digital ~ Accessing Information 0.00 0.00 0.05
Literacy Understanding 0.00 0.00

Information

Analyzing Information 0.00 0.00

Managing Information 27.50 0.00

Logical Reasoningand  27.50 0.00

Evaluation

The Mann-Whitney U test data analysis shows a significant difference between
the experimental group and the control group across all digital literacy indicators. As
shown in Table 7, the Asymp. Sig. (2-tailed) values for all indicators are 0.000, which is
well below the significance level of 0.05. This result indicates that the differences
observed are a genuine impact of the PBL model. The findings highlight that each step in
the PBL model was effective in improving students' abilities across all digital literacy
indicators (Acharya et al., 2021). The implementation of the PBL model has proven
effective in enhancing students' digital literacy across all indicators. This success is
supported by the characteristics of PBL, which encourage students to actively seek,
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analyze, and process information, thereby fostering meaningful learning (Dolmans et al.,
2016; Patnawar, 2023). Active learning models like PBL also play a crucial role in
preparing students to face the challenges of the digital era (Al-Thomali, 2021; Sukacké et
al., 2022). An example of PBL implementation is demonstrated by R. Liu et al., (2019)
in a senior high school Geography class, where students solved local flood case studies
using GIS tools and digital data. The results showed significant improvements in critical
thinking skills and digital literacy, such as data analysis and information presentation.
Similar findings were reported by Mufidah et al., (2023) who applied PBL to analyze the
impacts of climate change. Through the collection and evaluation of climate data from
digital sources, students simultaneously developed critical thinking and digital literacy
skills. The analysis of these two case studies confirms that PBL not only enhances higher-
order thinking skills but also strengthens digital literacy through the utilization of digital
tools and resources (Ali, 2024). Thus, PBL is an ideal method to meet the demands of
education in the modern era.

Conclusion

This study demonstrates that the implementation of the PBL model has a
significant and effective impact on improving students' critical thinking and digital
literacy in the context of atmospheric dynamics. The results of the Mann-Whitney U test
revealed a significance value of 0.000 (p < 0.05), indicating a statistically significant
difference between the experimental and control groups. Specifically, the experimental
group showed a substantial improvement in both critical thinking and digital literacy
compared to the traditional, conventional teaching methods. The experimental group
exhibited a consistently higher average increase across all indicators, with N-Gain scores
categorized as effective to very effective. These findings underscore the ability of PBL to
engage students in actively understanding problems, processing information, and
developing creative, real-world solutions. Furthermore, the results confirm that PBL not
only enhances students' cognitive and digital skills but also promotes problem-solving
and innovative thinking in a collaborative, contextual learning environment. However,
this study does have certain limitations that should be addressed in future research. The
limited geographic scope, with the study conducted at a single school, restricts the
generalizability of the findings. Future studies should involve a broader range of schools,
incorporating different geographic, cultural, and educational contexts, to test the
replicability of these results across diverse settings.
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