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EXTENDED ABSTRACT

Introduction: In the 21st century, amid the rapid pace of technological progress and the growing complexity of
everyday challenges, problem-solving has emerged as a core competency essential for success across personal,
academic, and professional domains (Carbonell et al., 2024). As a metacognitive process, problem-solving involves
multiple stages—including situational analysis, strategic planning, solution implementation, and outcome evaluation.
Beyond enhancing learners’ cognitive performance, it plays a pivotal role in fostering collaborative learning and
reinforcing academic self-efficacy (Sharma et al., 2022).

A key determinant in this process is an individual’s perception of their own problem-solving ability, which
encompasses components such as self-confidence, positive orientation, and emotional regulation (Heppner, 1988).
This perception significantly contributes to emotional adjustment, the development of a positive self-concept, and the
adoption of effective coping strategies (Riyanti & Herabadi, 2023). Thus, problem-solving perception is not only a
crucial psychological construct but also a foundational element in the academic development of students—drawing
increasing attention from both researchers and educational policymakers. In modern education systems, academic
achievement is no longer narrowly defined by standardized test scores or rote memorization. Rather, it entails the
holistic development of competencies such as critical thinking, creativity, independent learning, and the ability to
solve complex problems (Saif, 2021). Achieving this broader vision of educational success necessitates the use of
pedagogical approaches that actively engage learners, encourage meaningful participation, and place real-world
problem-solving at the center of the learning experience.
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Among the innovative responses to this pedagogical imperative is the project-based STEM curriculum model,
which integrates Science, Technology, Engineering, and Mathematics into a unified and hands-on instructional
framework. This interdisciplinary approach provides students with authentic, problem-driven, and skills-based
learning experiences. It nurtures creative thinking, improves communication and collaboration skills, enhances
intrinsic motivation, and ultimately fosters sustainable academic achievement (Maspul, 2024).

Although the positive impact of STEM-based project learning has been extensively documented in various
educational systems—through studies such as Shongwe (2024), Zengin et al. (2022), and Muzna et al. (2021)—the
Iranian educational context still faces structural challenges. These include an overreliance on memorization, limited
emphasis on the cultivation of thinking skills, and a lack of integrated curricular frameworks. Domestic research,
including the works of Kadkhoda et al. (2020) and Khalili-Kalaki (2023), underscores the potential of project-based
and competency-oriented approaches to bridge these gaps and lay the groundwork for meaningful curriculum reform.

In light of these considerations, the present study seeks to investigate the effectiveness of a STEM-based project-
oriented curriculum on elementary students’ problem-solving perception and academic achievement. Grounded in
both theoretical insights and empirical evidence, this research aims to offer robust findings on the applicability of this
approach within the Iranian general education system. The results are expected to contribute not only to the theoretical
enrichment of meaningful learning paradigms but also to provide actionable guidance for curriculum developers and
policymakers striving to modernize elementary education.

Method: This study was applied in purpose and employed a quasi-experimental design with a pre-test—post-test
control group. The statistical population included all sixth-grade elementary students in Tabriz during the 2023-2024
academic year. Using multistage cluster sampling, 120 students were selected from two educational districts. The
sample size was determined based on Cohen’s table, with a statistical power of 0.8, an effect size of 0.5, and four
groups. Research instruments included the Problem-Solving Inventory by Heppner and Peterson (1982), consisting of
three subscales and a Cronbach's alpha of 0.85, and a teacher-made academic achievement test with a reliability of
0.82. The experimental group received a project-based STEM curriculum over 27 sessions (each 45 minutes),
involving the design and construction of simple, functional structures. The control group received traditional
instruction. Both groups completed pre- and post-tests.

Results: The findings of the study indicated that, in the descriptive statistics section, the mean scores of problem-
solving perceptions in the experimental group decreased (indicating improvement) in the post-test compared to the
pre-test, while there was no significant change in the control group. Moreover, the mean academic achievement scores
in the experimental group showed a substantial increase in the post-test, whereas this increase was limited in the
control group. These results indicate the positive impact of the project-based STEM curriculum on academic
achievement and changes in problem-solving perception.

In the inferential statistics section, to assess the effectiveness of the project-based STEM curriculum on sixth-grade
students’ problem-solving perception, multivariate analysis of covariance (MANCOVA) was used.

Table 1. Results of Multivariate Analysis of Covariance (MANCOVA) for Comparing Problem-Solving
Perception Between Experimental and Control Groups

Effect Test Value F df Effect  df Error p Effect Size (n°)
Pillai's Trace 0.782  134.815 3 113 <0.001 0.782
Group Wilks_,' Lambda 0.218 134.815 3 113 <0.001 0.782
Hotelling's Trace 3.579 134.815 3 113 <0.001 0.782
Roy's Largest Root 3.579  134.815 3 113 <0.001 0.782

The findings suggest that the project-based STEM curriculum has a significant and positive effect on enhancing
students’ problem-solving perception.

To further examine the differences between the experimental and control groups in each subcomponent of problem-
solving perception, the Test of Between-Subject Effects was used, and the results are presented below.

Table 2. Adjusted Post-Test Means of Problem-Solving Perception and Academic Achievement
Variable Control Group  Control Group  Experimental Group Experimental

Mean SE Mean Group SE
Problem-Solving Perception 129.192 2.053 72.908 2.053
Academic Achievement 10.408 0.247 16.349 0.247

As shown in Table 2, after adjusting the scores, the mean problem-solving perception score of the experimental
group is lower, while the mean academic achievement score is higher than the control group.
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To assess the effectiveness of the project-based STEM curriculum on students’ academic achievement, univariate
analysis of covariance (ANCOVA) was employed, and its assumptions were evaluated.

Table 3. Results of Univariate ANCOVA for Comparing Academic Achievement Between Experimental and
Control Groups

Source of Variation Sum of Squares df Mean Square F Sig. Effect Size
Pre-test 1.404 1 1.404 0.441 0.508 0.004
Group 822.740 1 822.740 258.635  0.001 0.689
Error 372.186 117 3.181 — — —
Total 1393.387 119 — — — —

The results of the ANCOVA test showed a significant difference between the experimental and control groups in
academic achievement in the post-test stage (p < 0.01, F = 258.635). Given the higher mean score of the experimental
group, it can be concluded that the project-based STEM curriculum had a positive and significant impact on improving
the academic achievement of sixth-grade students.

Discussion: The purpose of this study was to examine the impact of a project-based STEM curriculum design on
problem-solving perception, and academic achievement among sixth-grade elementary students. The main findings
indicated that implementing a project-based STEM curriculum significantly increased students’ creativity levels.
Additionally, students’ problem-solving perception showed considerable improvement after participating in the
program, and their academic achievement in related subjects also improved. These results align with previous research,
such as the studies by Jack et al. (2020) and Aghaei et al. (2019), which demonstrated the positive role of project-
based learning in enhancing critical thinking and problem-solving skills.

These outcomes suggest that curricula based on practical activities, active student engagement, and integration of
multiple scientific domains (science, technology, engineering, and mathematics) not only reinforce conceptual
learning but also promote the development of students’ practical and cognitive skills. Considering the cognitive
developmental characteristics of sixth-grade students, this type of curriculum design provides a suitable opportunity
to increase learning motivation, foster creativity, and enhance problem-solving abilities.

Despite these positive results, two major limitations of the study should be noted. First, the sample was drawn from
a limited geographic area that may have unique cultural and educational characteristics. Therefore, generalizing the
findings to other regions requires further complementary research. Second, the duration of the curriculum
implementation was relatively short, which limited the possibility of investigating the long-term effects of the
intervention on academic achievement and the targeted skills.

Based on the findings of this research, it is recommended that elementary school curricula, particularly in the middle
grades, increasingly incorporate project-based STEM models with an emphasis on hands-on and problem-centered
activities. This approach encourages deeper engagement and facilitates the acquisition of critical 21st-century skills
among students. Furthermore, future studies could explore the long-term impacts of such educational approaches and
examine how they interact with the individual and cultural characteristics of students across different regions. Such
investigations will contribute to the development of more effective strategies for designing curricula that better meet
diverse educational needs.

In summary, the results of this study provide compelling evidence supporting the integration of project-based STEM
learning in elementary education as a means to foster creativity, improve problem-solving perception, and boost
academic performance. These findings reinforce the growing consensus in educational research regarding the benefits
of active, interdisciplinary, and experiential learning frameworks. Addressing the identified limitations through
broader and longer-term studies will further strengthen the evidence base and guide educational policymakers and
curriculum designers in implementing effective STEM education programs.
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