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skills. This study explores the impact of PBL on fostering critical thinking and
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INTRODUCTION

Project-Based Learning (PBL) has emerged as a progressive pedagogical approach that
emphasizes hands-on, student-centered learning. By engaging students in real-world
challenges, PBL fosters critical thinking, creativity, collaboration, and problem-solving skills
(Hussein, 2025). The shift from traditional teaching methods to PBL has garnered significant
attention, particularly in the context of STEM (Science, Technology, Engineering, and
Mathematics) education. Primary education, as the foundation for lifelong learning, is
increasingly incorporating PBL to prepare students for the demands of the future (Hung, 2025).
One of the key areas where PBL has shown promise is in addressing environmental issues, as it
encourages students to engage with complex, real-world problems (Sudhakaran, 2025). By
focusing on environmental challenges, students are not only learning STEM concepts but are
also applying these concepts to understand and address pressing global concerns such as
climate change, sustainability, and conservation.

Incorporating real-world environmental challenges into PBL allows students to explore
the interconnectedness of science, technology, and society (Evangelista, 2025). Students are
given opportunities to collaborate, analyze problems from multiple perspectives, and design
solutions that contribute to the betterment of their communities and the environment (Isnawati
et al., 2025). This approach aligns with the goals of STEM education, which seek to cultivate a
generation of critical thinkers and innovators capable of addressing future challenges (Smith,
2025). Research has shown that students who participate in PBL demonstrate improved
academic performance, enhanced motivation, and better retention of knowledge, particularly in
subjects like science and mathematics (Azad & Moore, 2025). As educators continue to explore
the potential of PBL, it becomes evident that this methodology not only fosters academic
success but also encourages social and environmental awareness among young learners.

The adoption of PBL in primary STEM education is gaining momentum, but there
remains a need for a more systematic understanding of how specific PBL strategies influence
the development of critical thinking and collaboration skills in young students (Girondini,
2025). Given the growing emphasis on preparing students for complex, global challenges, the
integration of real-world environmental issues into PBL presents a powerful opportunity to
engage students in meaningful learning (David, 2025). However, empirical research exploring
the impact of this approach on critical thinking and collaboration in primary school settings is
still limited (Wang, 2025). This study seeks to fill this gap by investigating how PBL, when
centered around environmental challenges, can foster these essential skills in young learners
and contribute to their overall development as engaged, responsible citizens.

While the implementation of Project-Based Learning (PBL) has demonstrated positive
outcomes in various educational settings, the specific impact of PBL on the development of
critical thinking and collaboration skills in primary school students, particularly in the context
of STEM education, remains underexplored (Mushtaq et al., 2025). In the realm of STEM,
critical thinking and collaboration are crucial skills for future success (Q. Zhang, 2025).
However, many primary education settings still rely heavily on traditional, teacher-centered
methods that focus more on rote memorization rather than the application of knowledge to real-
world problems (Lavoie, 2025). Despite the recognized importance of these skills in preparing
students for the challenges of the 21st century, research on how PBL can specifically foster
critical thinking and collaboration, particularly through the lens of environmental challenges, is
sparse.

In particular, students with limited exposure to collaborative, inquiry-based learning
environments often face difficulties in developing problem-solving abilities and working
effectively in teams (Zhao, 2025). These challenges are even more pronounced for students
who may have limited access to resources or who struggle with traditional forms of instruction.
The problem, therefore, lies in the lack of targeted, empirical evidence on how PBL strategies,
especially those centered around environmental issues, can specifically enhance -critical
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thinking and foster collaboration in primary school students (SchleuBBinger, 2025). Without a
clear understanding of how PBL impacts these skills, educators may struggle to effectively
integrate these practices into their classrooms, which limits the potential benefits for students.

This study aims to address these gaps by evaluating the role of PBL in enhancing
critical thinking and collaboration skills in primary school students through engagement with
real-world environmental challenges (Membrillo-Herndndez & Martinez-Ortiz, 2025). By
focusing on the intersection of PBL, STEM education, and environmental issues, this research
intends to clarify the potential of PBL to develop these essential skills in young learners
(Crawford et al., 2025). Additionally, the study will examine how PBL can be implemented
effectively to support students with diverse needs and abilities, ensuring that the benefits of this
pedagogical approach are accessible to all.

The primary objective of this research is to evaluate the impact of Project-Based
Learning (PBL) centered on environmental challenges on the development of critical thinking
and collaboration skills in primary school students (Crawford et al., 2025). Specifically, the
study aims to: 1). Assess how PBL interventions focused on real-world environmental
challenges influence students' ability to think critically about scientific issues, 2). Investigate
the effect of PBL on students' collaboration skills, including their ability to work effectively in
teams and contribute to group problem-solving, 3). Examine the relationship between
engagement with environmental issues through PBL and the motivation and academic
performance of students in STEM subjects.

Furthermore, the research will explore the specific characteristics of PBL that
contribute to the enhancement of critical thinking and collaboration, such as project design,
peer interactions, and teacher facilitation (Membrillo-Hernandez & Martinez-Ortiz, 2025). The
study will also examine how these skills are transferred to other subject areas and the
implications for fostering lifelong learning in students (Suhardjo et al., 2025). Through these
objectives, the research aims to provide a comprehensive understanding of how PBL in primary
STEM education can enhance both cognitive and social skills, preparing students to engage
with complex, real-world challenges.

By addressing these objectives, this study will contribute to the ongoing conversation
about the role of PBL in primary education, particularly in STEM fields. It will offer insights
into how real-world, inquiry-based learning experiences can be structured to foster critical
thinking and collaboration, providing educators with practical strategies for integrating these
practices into their classrooms (Ramirez-Duque & Morillo-Torres, 2026). Additionally, the
findings will help shape future educational policies and practices that support the development
of essential 21st-century skills among young learners.

While there is a substantial body of literature on Project-Based Learning (PBL) and its
general impact on student engagement and academic performance, there is limited research that
specifically examines its effect on fostering critical thinking and collaboration in primary
school students within the context of STEM education (Araripe & Zuin Zeidler, 2024). Most
existing studies focus on higher education or secondary education, where students may already
possess foundational critical thinking skills (Cai et al., 2024). Moreover, while the benefits of
PBL for student engagement and motivation are well-documented, the direct connection
between PBL and the development of critical thinking and collaboration skills in primary
school students remains unclear.

Additionally, much of the existing research on PBL in STEM education does not focus
on real-world applications, particularly in relation to environmental challenges. Environmental
issues provide a rich context for students to engage in problem-solving and critical thinking,
yet there is a lack of studies that explore how these issues, when incorporated into PBL, affect
students' cognitive and social development (Yu & Mei, 2025). Most studies on PBL have
concentrated on general academic improvement rather than specific skill development,
especially in the context of inclusive classrooms where diverse learners, including those with
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learning difficulties, are involved. This gap in the literature highlights the need for research that
not only examines the effectiveness of PBL in primary STEM education but also explores its
potential to foster critical thinking, collaboration, and other 21st-century skills essential for
student success.

This study seeks to fill this gap by specifically examining how PBL centered on
environmental challenges can enhance critical thinking and collaboration skills in primary
school students (Pataca et al., 2025). By focusing on the intersection of PBL, STEM education,
and real-world environmental issues, this research will provide valuable insights into how these
strategies can be effectively implemented to meet the needs of diverse learners and foster social
and academic skills that are essential for success in the modern world.

This study is novel in its focus on the integration of Project-Based Learning (PBL) with
real-world environmental challenges to foster critical thinking and collaboration in primary
school students (Joshi et al., 2024). While PBL has been widely explored in various educational
contexts, the unique combination of PBL with environmental issues in primary STEM
education is relatively unexplored (Islam et al., 2024). This research contributes to the growing
body of knowledge by investigating how PBL can be applied specifically to enhance essential
skills such as critical thinking and teamwork in young learners (Hasankhani et al., 2024). By
focusing on environmental challenges, this study also brings an important social dimension to
PBL, encouraging students to engage with pressing global issues and consider their roles as
informed citizens in a rapidly changing world.

The justification for this study lies in the increasing emphasis on preparing students for
complex, global challenges, including environmental sustainability, through education
(Muawanah et al., 2025). As educators strive to develop students who are not only
knowledgeable in STEM fields but also capable of addressing real-world problems, it is
essential to investigate how pedagogical strategies like PBL can support these goals (Syed et
al., 2024). The study’s findings will help refine educational practices by providing evidence on
the effectiveness of PBL in fostering critical thinking and collaboration, while also
emphasizing the importance of real-world connections to motivate and engage students
(Yalcinkaya et al., 2024). The integration of environmental challenges into PBL offers a
valuable opportunity for students to connect academic content with real-world applications,
enhancing both their cognitive and social skills.

The novelty of this research is also reflected in its mixed-methods approach, which
combines both quantitative and qualitative data to provide a more comprehensive
understanding of how PBL influences student outcomes (Yue et al., 2025). The combination of
pre- and post-assessments, classroom observations, and interviews will offer both measurable
data on academic performance and deeper insights into student experiences (Farias et al.,
2025). This methodological approach ensures a holistic understanding of the impact of PBL on
critical thinking and collaboration skills, making this study a valuable contribution to the field
of STEM education and inclusive teaching practices.

RESEARCH METHOD
Research Design

The study utilizes a mixed-methods research design, integrating both quantitative and
qualitative data collection to evaluate the effectiveness of Project-Based Learning (PBL)
(Odame-Amoabeng, 2025). The quantitative component follows a quasi-experimental
approach, comparing an experimental group with a control group using pre- and post-
intervention assessments (Gradone et al., 2025). This is complemented by a qualitative
component involving observations, interviews, and student reflections (L. Zhang, 2025). This
integrative design ensures a comprehensive understanding of how PBL fosters critical thinking
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and collaboration skills while capturing the lived experiences of both students and teachers
during the implementation process.

Research Target/Subject

The research population consists of Grade 4 primary school students from three schools
that offer STEM-based curricula. A total of 120 students are selected through purposive
sampling and are divided equally into two groups: an experimental group (n = 60), which
undergoes the PBL intervention, and a control group (n = 60), which continues with traditional
teaching methods. Additionally, the study includes the teachers from these participating
schools to provide professional insights into the implementation and pedagogical effectiveness
of the PBL strategies.

Research Procedure

The research procedure follows a systematic multi-stage approach. It begins with the
collection of baseline data through pre-assessments for both groups. This is followed by a 6-
week intervention phase, where the experimental group engages in PBL activities focused on
real-world environmental challenges, such as research tasks and collaborative problem-solving.
During this period, teachers facilitate the process and provide feedback while the researcher
conducts classroom observations. The procedure concludes with post-intervention assessments
and follow-up interviews with students and teachers to reflect on the project’s outcomes.

Instruments, and Data Collection Techniques

Data is collected using a variety of instruments to ensure a robust data set. To measure
measurable shifts in problem-solving and teamwork, the study employs pre- and post-
intervention assessments for all students. Qualitative data collection techniques include semi-
structured interviews with both students and teachers to gain deeper insights into their
perceptions of the STEM project. Furthermore, classroom observations are utilized to monitor
real-time engagement and the practical application of collaboration and critical thinking skills
during group activities.

Data Analysis Technique

The study employs a dual-analysis strategy to process the findings. Statistical methods
are used to analyze the quantitative data from the pre- and post-assessments, allowing for a
clear comparison of skill development between the experimental and control groups. For the
qualitative data gathered from interviews and observations, thematic analysis is applied to
identify recurring patterns, challenges, and successes. By synthesizing these two analysis types,
the study provides a holistic evaluation of how PBL enhances students' critical thinking and
collaboration skills in a STEM context.

RESULTS AND DISCUSSION

The study aimed to assess the impact of Project-Based Learning (PBL) on fostering
critical thinking and collaboration in primary school students, specifically through real-world
environmental challenges. Data was collected from 120 Grade 4 students across three schools,
divided into an experimental group (60 students) participating in PBL activities and a control
group (60 students) receiving traditional instruction. The students' critical thinking and
collaboration skills were assessed before and after the intervention. The results, as shown in
Table 1, demonstrate a significant improvement in both areas for the experimental group.
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Table 1. Pre- and Post-Intervention Assessment Scores for Critical Thinking and Collaboration

Skills
Group Pre-Intervention Post-Intervention Change (%)
Score (%) Score (%)
Experimental (PBL) 58 82 +24
Control 59 63 +4

The data reveals that students in the experimental group exhibited a 24% improvement in
their critical thinking skills and a similar increase in their collaboration abilities, while the
control group only showed a marginal 4% improvement. This substantial growth in the
experimental group suggests that the PBL intervention, centered around real-world
environmental challenges, effectively enhanced students' problem-solving and teamwork skills.
These findings support the hypothesis that engaging students in meaningful, project-based
activities can foster the development of essential 21st-century skills, particularly in STEM
education.

Inferential statistical analysis using a paired t-test indicated that the difference in the pre-
and post-intervention scores for the experimental group was statistically significant (t = 7.38, p
< 0.01). The effect size for both critical thinking and collaboration was large (Cohen’s d = 1.2),
indicating a substantial impact of the PBL intervention on students’ cognitive and social skills.
In contrast, the control group did not show a significant change in their post-assessment scores
(t = 1.3, p > 0.05), which further supports the conclusion that PBL had a more pronounced
effect on student outcomes than traditional instructional methods.

The relationship between critical thinking and collaboration skills was further examined
through the correlation between the two variables. A strong positive correlation (r = 0.75, p <
0.01) was found between students’ performance in critical thinking tasks and their
collaboration scores in the experimental group. This suggests that as students’ ability to think
critically improved, so did their ability to work effectively in teams. This correlation
emphasizes the interconnected nature of these skills, particularly in the context of STEM
education, where problem-solving and collaboration are essential components of success. The
findings imply that fostering one skill, such as critical thinking, can naturally support the
development of other skills like collaboration, which are crucial for effective teamwork in real-

world settings.
100
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Figure 1. Case Study: Emily’s PBL Performance Growth
A case study of one student, "Emily," illustrates the positive impact of PBL on both
critical thinking and collaboration skills. Emily, who initially struggled with engaging in group
discussions and was hesitant to share her ideas, showed a significant transformation during the
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PBL intervention. By the end of the project, Emily demonstrated improved problem-solving
abilities, contributing more effectively to group discussions and collaborating with her peers to
design solutions for the environmental challenge. Her post-intervention scores indicated a 30%
improvement in both critical thinking and collaboration. This case highlights the personalized
impact of PBL, showing that students who initially had difficulty engaging in collaborative
activities can experience substantial improvements in these areas when provided with
structured, real-world problems to solve.

The improvement in Emily's skills is indicative of the broader trends observed in the
experimental group. Many students who were initially hesitant or disengaged during classroom
discussions became more actively involved in group activities and problem-solving tasks as the
project progressed. The use of real-world environmental challenges created a context that was
both engaging and relevant to the students, which likely contributed to their increased
motivation and engagement. This suggests that real-world contexts, such as environmental
challenges, can provide a powerful motivator for students to apply their critical thinking skills
and collaborate with others. The PBL approach not only enhanced academic performance but
also contributed to the development of interpersonal skills necessary for future success in both
educational and social settings.

The results of this study reveal that engaging primary school students in real-world
environmental challenges through Project-Based Learning (PBL) significantly enhances their
critical thinking and collaboration skills. The experimental group, which participated in the
PBL intervention, demonstrated a substantial improvement in both critical thinking (24%) and
collaboration (24%) compared to the control group, which only showed minor improvements.
These findings indicate that real-world environmental issues serve as effective contexts for
developing essential 21st-century skills in young learners. The significant improvement
observed in the experimental group highlights the potential of PBL in fostering deeper learning
experiences that go beyond academic knowledge to include crucial skills like problem-solving,
teamwork, and communication.

Skill
030 / Development
PBL in
Environmental > &O‘ Critical Thinking

Education

e ®

Qw9 Collaboration

Figure 2. Unveiling the Multifaceted Benefits of PBL in Environmental Education

These findings align with previous research on the benefits of PBL for skill development
in students. Studies by (Dahhan, 2025; Kim, 2025) found that PBL fosters critical thinking and
problem-solving abilities by engaging students in meaningful, real-world tasks. However, this
study extends previous research by specifically focusing on environmental challenges as the
context for PBL. While other studies have explored PBL in various subjects, few have
examined how real-world environmental challenges can uniquely enhance critical thinking and
collaboration, particularly in primary school students. The results suggest that the integration of
environmental issues into PBL not only helps students develop STEM-related skills but also
cultivates social responsibility and global awareness.

The results of this study reflect the growing recognition of the importance of critical
thinking and collaboration in modern education. The increase in both skills indicates that PBL
can be an effective strategy for promoting deeper cognitive engagement and interpersonal
growth among students. As schools face increasing pressure to equip students with the skills
necessary for the future, the positive outcomes observed in this study signal that PBL is a
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valuable approach in preparing students to tackle complex, real-world problems. The success of
the experimental group demonstrates that providing students with opportunities to solve real-
world environmental problems encourages them to think critically, collaborate with peers, and
engage meaningfully with their learning.

The implications of these results are significant for both educational practice and policy.
The success of PBL in fostering critical thinking and collaboration skills suggests that schools
should incorporate more real-world challenges, such as environmental issues, into the
curriculum to enhance students' cognitive and social development. Educators should be
encouraged to design learning experiences that not only focus on academic content but also
emphasize the development of essential 21st-century skills through project-based approaches.
Furthermore, policymakers should consider supporting professional development for teachers
to implement PBL effectively in classrooms, ensuring that all students, regardless of
background or ability, benefit from these enriching learning experiences.

The findings can be attributed to the engaging nature of real-world environmental
challenges, which naturally motivate students to think critically and collaborate. By involving
students in projects that have tangible, real-world applications, the PBL approach fosters a
deeper connection to the material and encourages students to apply what they’ve learned in a
meaningful context. The collaborative aspect of PBL also plays a crucial role in enhancing
interpersonal skills, as students work together to solve problems and develop solutions. The
success of this approach reflects the power of experiential learning in enhancing both
individual and group-based cognitive abilities, suggesting that PBL can be a transformative
tool for education.

Looking ahead, further research is needed to explore the long-term effects of PBL on
critical thinking and collaboration skills in students. Longitudinal studies could provide
valuable insights into how these skills develop and are retained over time, particularly as
students move through different grade levels (Moorthy & Marochi, 2025). Future studies
should also examine the scalability of real-world environmental challenges in diverse
educational settings to understand how they can be adapted to different cultural and socio-
economic contexts. Additionally, exploring the specific components of PBL that contribute
most to the development of these skills, such as teacher facilitation, peer interaction, or project
design, would provide deeper insights into how to optimize PBL for maximum impact.

CONCLUSION

The most important finding of this study is that engaging students in real-world
environmental challenges through Project-Based Learning (PBL) significantly enhances their
critical thinking and collaboration skills. Students in the experimental group demonstrated a
24% improvement in both critical thinking and collaboration, which was notably higher than
the 4% improvement seen in the control group. This finding highlights the effectiveness of
PBL in fostering essential 21st-century skills, particularly in primary school students. The
study shows that real-world environmental problems provide a meaningful context for students
to practice and develop cognitive and social skills, which are critical for their academic and
personal growth.

This research makes a valuable contribution to the field of education by demonstrating
the specific impact of PBL on critical thinking and collaboration, two skills essential for
success in the modern world. While prior studies have explored the general benefits of PBL,
this research adds new insights by focusing on the role of real-world environmental challenges
in promoting these skills within primary STEM education. The study also advances
understanding by using a mixed-methods approach to measure both quantitative improvements
in skills and qualitative insights into students’ experiences. This comprehensive approach

Page | 285



International Journal of Educatio Elementaria and Psychologia

provides a more nuanced understanding of how PBL can be applied to foster deeper learning
and collaboration in young students.

One limitation of this study is its short duration, with the PBL intervention lasting only
6 weeks. Although the improvements in students’ skills were significant, the long-term impact
of PBL on critical thinking and collaboration was not assessed. Future research should explore
the sustainability of these gains over time, particularly as students continue to engage in higher
levels of education. Additionally, the study focused on a limited sample of students from
specific schools, which may limit the generalizability of the findings. Research conducted
across a wider variety of schools with diverse student populations would enhance the external
validity of the results and provide more comprehensive insights into the scalability of PBL
interventions.

Further research should examine the long-term effects of PBL on the development of critical
thinking and collaboration skills. Longitudinal studies could provide valuable insights into
whether these skills are retained and further developed as students progress through their
academic careers. Additionally, it would be beneficial to investigate how different types of
real-world challenges, such as those related to social issues or technological problems, impact
the development of these skills in primary school students. Future studies could also explore
the role of teacher facilitation, peer interactions, and the specific design elements of PBL
projects to identify which factors are most critical in fostering the desired outcomes. These
findings will inform future practices and policies aimed at integrating PBL into educational
frameworks, ensuring that students are equipped with the skills necessary for success in an
increasingly complex and interconnected world.
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