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ABSTRACT

This study aimed to investigate the effect of STEAM-based education on reducing math
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Available Online: 12 Oct2025 A quasi-experimental single-group pre-test—post-test design was employed. Twenty-eight

ninth-grade male students in Gorgan, Iran, were selected via multi-stage cluster random
Keywords sampling. Instruments included the Math Anxiety Rating Scale (MARS) and a researcher-

developed mathematics achievement test, both validated for content and reliability. The
STEAM intervention spanned five sessions incorporating group work, games, problem-
solving, technology, and artistic components aligned with the mathematics curriculum.
Statistical analysis involved paired t-tests, Wilcoxon signed-rank tests, Spearman
correlation, and quantile regression. The STEAM intervention significantly reduced math
anxiety in classroom settings (p = 0.001), homework (p = 0.002), and tests (p = 0.001), but
not in general anxiety (p = 0.301) or anxiety in social settings (p = 0.251). Students with
higher pre-test achievement experienced lower anxiety post-intervention. Academic
achievement significantly improved following the intervention (p = 0.000, Z = -3.658).
However, the negative correlation between anxiety reduction and achievement gain was not
statistically significant (p = 0.606). STEAM-based instruction effectively reduced specific
dimensions of math anxiety and significantly enhanced academic performance among
ninth-grade students. While it proved beneficial in educational contexts, additional
measures may be needed to address generalized and socially driven anxiety.
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EXTENDED ABSTRACT
INTRODUCTION

In recent years, educational systems across the globe have increasingly recognized
the necessity of integrating science, technology, engineering, arts, and mathematics—
collectively known as STEAM—into the school curriculum as a strategy for promoting
innovation, interdisciplinary learning, and academic success. STEAM education is
positioned as a holistic approach that nurtures critical thinking, creativity, and applied
knowledge, aiming to prepare students for the complex challenges of the 21st century (&,
2). Research suggests that STEAM-based instruction not only bridges disciplinary silos but
also enhances students’ engagement and performance, especially in mathematics, where
conceptual abstraction often becomes a barrier to learning (4, 20).

One of the major obstacles to students’ academic performance in mathematics is
math anxiety, a specific form of anxiety characterized by apprehension and tension when
confronted with math-related tasks. Math anxiety can emerge as early as elementary school
and persist throughout secondary and even tertiary education, often resulting in avoidance
behaviors, low self-efficacy, and impaired academic outcomes (5, 9). Numerous studies
have established a negative correlation between math anxiety and math achievement,
emphasizing that anxious students tend to perform worse in mathematical problem-solving
and reasoning tasks (6, 7). Beyond cognitive interference, math anxiety also manifests
physiologically and emotionally, making it a multifaceted issue that demands pedagogical
innovation.

The traditional model of math instruction, often centered on rote learning and
passive reception, is increasingly viewed as insufficient for addressing the cognitive and
emotional needs of learners. In contrast, STEAM-based learning environments, which
involve hands-on activities, collaborative projects, and real-world problem-solving, have
shown promise in mitigating anxiety and improving learning outcomes (16, 23). For
example, STEAM approaches that incorporate technology and art into mathematics
instruction are thought to offer more inclusive, engaging, and less intimidating learning
experiences (18, 19).

Several empirical investigations have highlighted the potential of STEAM education
to support at-risk students and reduce academic disparities caused by anxiety or socio-
economic background (14, 20). Moreover, findings from interdisciplinary education models
suggest that when students engage with mathematics in an integrated context—such as
through science experiments, engineering design tasks, or visual arts—they often



demonstrate higher conceptual understanding and improved motivation (3, 10).
Nevertheless, despite the growing attention to STEAM frameworks, few studies have
empirically tested the dual impact of STEAM on both math anxiety and academic
performance simultaneously, particularly in middle school settings within non-Western
contexts.

Given these gaps in the literature, the present study aims to explore the effectiveness
of STEAM education on reducing math anxiety and enhancing academic achievement
among ninth-grade students in Iran. Specifically, it examines which components of math
anxiety are most affected by STEAM interventions and whether reductions in anxiety
correspond to improvements in test performance. By adopting a single-group pre-test and
post-test design, this study contributes empirical evidence to the ongoing discourse on
integrating affective and cognitive goals in STEAM-based mathematics instruction.

METHODS AND MATERIALS

The study employed a quasi-experimental single-group pretest-posttest design. The
statistical population comprised ninth-grade male students enrolled in a public middle
school in Gorgan, Iran, during the academic year 2024—-2025. Through multi-stage cluster
sampling, one school and one class were randomly selected, resulting in a final sample of
28 students.

Two main instruments were used for data collection: the Mathematics Anxiety
Rating Scale (MARS) and a researcher-made academic achievement test tailored to the
mathematics curriculum. The MARS scale included 24 items categorized into five
components: general math anxiety, classroom-related anxiety, homework-related anxiety,
social anxiety (problem-solving in presence of others), and test-related anxiety. The
achievement test contained 12 multiple-choice questions covering algebra, geometry, and
statistics. The instruments were administered before and after the STEAM intervention.

The STEAM intervention consisted of five 1-hour workshops over five sessions,
each aligned with a different STEAM domain. Activities included group-based learning,
educational games, hands-on problem-solving, use of educational software like GeoGebra,
and artistic integration such as creative modeling. The content was derived directly from
the national ninth-grade mathematics textbook.

Data were analyzed using SPSS version 26. Descriptive statistics were used to
summarize the results, while inferential statistics—including paired t-tests, Wilcoxon
signed-rank tests, Spearman correlation coefficients, and quantile regression analysis—
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were used to evaluate the effectiveness of the intervention on anxiety and academic
outcomes.

FINDINGS

The results indicated that the STEAM intervention led to a statistically significant
reduction in three specific components of math anxiety. Classroom-related anxiety showed
a marked decrease (p = 0.001), homework-related anxiety was significantly lower (p =
0.002), and test-related anxiety also declined substantially (p = 0.001). However, the
intervention had no statistically significant effect on general math anxiety (p = 0.301) or
social anxiety related to solving problems in front of others (p = 0.251). Cohen’s d effect
sizes revealed large practical significance for the three improved components: 0.719
(classroom anxiety), 0.665 (homework), and 0.671 (test anxiety).

Regarding academic achievement, students showed significant gains in their post-
test scores across all mathematics sub-domains (Z = -3.658, p = 0.000). The increase in
correct responses ranged from 10% to 30% across items, with the most substantial
Improvements observed in algebra and statistics questions.

A weak negative correlation was found between reductions in math anxiety and
increases in academic achievement (r = -0.266, p = 0.606), suggesting that while a general
trend of improvement was evident, the statistical link between reduced anxiety and better
scores was not robust. Further, quantile regression analysis showed that pre-intervention
academic achievement was a strong predictor of post-intervention performance (p = 5.33,
p = 0.000), whereas initial math anxiety had marginal predictive power (B = 7.78, p =
0.066) for post-test anxiety levels.

DISCUSSION AND CONCLUSION

The findings of this study underscore the potential of STEAM education to serve as
an effective pedagogical strategy for reducing specific forms of math anxiety and
improving academic performance in mathematics. The significant reductions observed in
classroom, homework, and test-related anxiety suggest that when students are immersed in
dynamic, collaborative, and multisensory learning environments, their psychological
barriers toward math can be meaningfully alleviated. This aligns with the theory that
anxiety is highly situational and can be moderated through positive, low-pressure learning
experiences.

While the intervention did not significantly reduce general or social math anxiety,
this may reflect the deeper, trait-like nature of these anxiety types, which are often rooted
in personality or long-term experience rather than immediate instructional context. The



lack of statistical significance in the correlation between anxiety reduction and academic
gain also points to the complexity of the relationship between emotional and cognitive
variables in learning. It is possible that other unmeasured factors—such as intrinsic
motivation, prior experiences, or socio-emotional support—may mediate this relationship.

The observed academic improvements post-intervention provide strong support for
the efficacy of STEAM-based instruction. The multifaceted nature of the workshops, which
integrated real-life problem-solving, visual and technological tools, and student-led
activities, likely contributed to greater conceptual clarity and retention of mathematical
knowledge. These outcomes reinforce the idea that STEAM can be more than a curriculum
innovation—it can function as a transformative learning philosophy that enhances both
academic and affective domains.

Overall, this study contributes to the growing body of literature advocating for
integrative teaching models that address both the emotional and cognitive challenges in
mathematics education. By highlighting the specific components of anxiety that can be
influenced by pedagogical change, it also provides actionable insights for educators
seeking to make mathematics more accessible and less intimidating for learners.

Future studies should consider employing larger and more diverse samples,
longitudinal designs, and control groups to validate and extend these findings.
Incorporating qualitative data such as student reflections and teacher feedback could also
enrich our understanding of how STEAM education influences learner attitudes and
behaviors over time.
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