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Abstract

The present study aimed to examine the effect of a Scratch-based educational
intervention on preservice elementary teachers’ attitudes toward the integrated
STEAM approach. This study employed a quasi-experimental design with a pretest—
posttest control group. The statistical population consisted of undergraduate students
majoring in Primary Education at Farhangian University (Motahari Campus,
Zahedan) during the 2025-2026 academic year. A total of 70 students were selected
through convenience sampling and randomly assigned to experimental and control
groups (n=35 each). Data were collected using a 19-item STEAM attitude
questionnaire covering four components: willingness to implement, thinking and
problem-solving, motivation and self-learning, and collaboration and
communication. Content validity (CVR=1, CVI=1) and reliability (Cronbach’s
alpha=0.71) were confirmed. The experimental group participated in a two-week
project-based workshop using Scratch, while the control group received no
intervention. Data were analyzed using two-way repeated measures ANOVA. Results
indicated a significant main effect of time in the experimental group (p<0.0001),
reflecting a statistically significant improvement in attitudes following the
intervention, whereas no significant change was observed in the control group
(p>0.05). Furthermore, the main effect of group in the posttest was significant
(p=0.0004), with the experimental group demonstrating significantly higher attitude
scores compared to the control group. Engagement in project-based educational
activities supported by Scratch significantly enhances preservice teachers’ attitudes
toward implementingthe STEAM approach and facilitates the adoptionofinnovative
instructional practices.

Keywords: STEAM, attitudes, teacher education, Scratch, mathematics education,
educational technology
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Extended Abstract

Introduction

Contemporary educational systems are undergoing profound transformations driven by rapid technological
advancement, globalization, and the increasing complexity of real-world problems. These developments have
necessitated a shift from traditional teacher-centered instruction toward learner-centered approaches that
emphasize critical thinking, creativity, collaboration, and problem-solving. The theoretical foundations of such
transformations can be traced back to classical educational philosophies that highlight experiential, active, and
socially mediated learning. For instance, experiential learning theory underscores the importance of learning
through meaningful engagement with real-life situations (Dewey, 1916), while discovery learning emphasizes
the active role of learners in constructing knowledge through exploration (Bruner, 1961). Similarly, the
sociocultural perspective highlights the centrality of social interaction and collaborative learning in cognitive
development (Vygotsky, 1978). These foundational perspectives have informed modern pedagogical models
such as project-based learning (Blumenfeld et al., 1991), cooperative learning (Johnson & Johnson, 1987),

and problem-based learning (Hmelo-Silver, 2004), all of which aim to create authentic and engaging learning
environments.
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In response to these pedagogical shifts, integrated educational approaches such as STEM (Science,
Technology, Engineering, and Mathematics) and its expanded form STEAM (which includes Arts) have gained
global prominence. STEM education was initially conceptualized as a strategy to integrate disciplinary
knowledge and prepare learners for complex, interdisciplinary challenges (Sanders, 2008). The evolution
toward STEAM reflects a broader recognition of the importance of creativity, innovation, and aesthetic
thinking in addition to technical competencies (Yakman & Lee, 2012). This integrative approach facilitates
meaningful learning by connecting theoretical knowledge with practical application and fostering
interdisciplinary thinking (English, 2016). Recent studies indicate that STEAM-based learning environments
enhance students’ motivation, engagement, and critical thinking abilities, particularly when supported by
inquiry-based and technology-enhanced instructional strategies (Khurma et al., 2023; Sunzuma, 2023; Viseu
et al., 2022). Furthermore, mathematics has been identified as a central component in STEAM education,
serving both as a foundational discipline and a tool for integrating other domains (Kristensen et al., 2024).
Despite its potential, the successful implementation of STEAM education largely depends on teachers’ beliefs,
attitudes, and competencies. Research has consistently shown that preservice teachers’ attitudes toward
integrated approaches significantly influence their willingness to adopt innovative teaching practices
(Michaluk et al., 2018). Additionally, factors such as self-efficacy, institutional support, and professional
development opportunities play critical roles in shaping teachers’ readiness to implement STEAM-based
instruction (Spyropoulou et al., 2025; Tang et al., 2025). In many educational contexts, including Iran,
challenges such as insufficient infrastructure, limited training, and traditional instructional paradigms hinder
the effective adoption of integrated approaches (Karimzadeh et al., 2022; Rezaei et al., 2020). Furthermore,
the integration of arts and technology into science and mathematics curricula remains underdeveloped,
highlighting the need for innovative instructional models and teacher training programs (Asghari Asl
Sardaroud et al., 2022; Askari & Javadipour, 2023). Given these challenges, it is essential to explore
practical interventions that can positively influence preservice teachers’ attitudes toward STEAM education
and enhance their readiness for implementation.

Methods and Materials

This study employed a quasi-experimental design with a pretest—posttest control group to examine the effect
of a STEAM-based educational intervention on preservice elementary teachers’ attitudes. The statistical
population consisted of undergraduate students majoring in Primary Education at Farhangian University,
Motahari Campus of Zahedan, during the 2025-2026 academic year. A total of 70 participants were selected
using convenience sampling and randomly assigned to an experimental group and a control group, each
consisting of 35 students. Inclusion criteria included enrollment in the primary education program, willingness
to participate, and no prior experience with Scratch programming or STEAM-based instruction.

Data were collected using a standardized questionnaire designed to measure attitudes toward the
implementation of the STEAM approach. The instrument comprised 19 items distributed across four
dimensions: willingness to implement the strategy, thinking and problem-solving, motivation and self-
learning, and collaboration and communication. Responses were recorded on a five-point Likert scale ranging
from strongly disagree to strongly agree, with total scores ranging from 19 to 95. Content validity was
confirmed through expert evaluation, and reliability was assessed using Cronbach’s alpha, yielding an
acceptable level of internal consistency.

The intervention consisted of a two-week intensive workshop conducted for the experimental group, focusing
on project-based learning activities using the Scratch programming environment. The workshop included three
main components: introduction to STEAM concepts and Scratch software, guided development of
interdisciplinary projects such as educational games, and presentation and discussion of project outcomes. The
control group did not receive any intervention and continued with their regular coursework. Data analysis was
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conducted using descriptive statistics and two-way repeated measures ANOVA to assess the effects of time,
group, and their interaction on attitude scores.

Findings

The results of the descriptive analysis indicated that both the experimental and control groups had similar
baseline levels of attitudes toward the STEAM approach during the pretest phase. The mean attitude score in
the experimental group was approximately 3.61, while the control group reported a mean score of 3.64,
suggesting comparable initial conditions between the groups. Following the intervention, the experimental
group demonstrated a notable increase in mean attitude scores, reaching approximately 4.08, whereas the
control group showed minimal change, with a mean score of 3.65 in the posttest.

Inferential statistical analysis using two-way repeated measures ANOVA revealed a significant main effect of
time in the experimental group, indicating a statistically significant improvement in attitudes from pretest to
posttest. In contrast, no significant change was observed in the control group, confirming the stability of
attitudes in the absence of intervention. Furthermore, the interaction effect between group and time was
statistically significant, suggesting that the observed changes in the experimental group were attributable to
the educational intervention.

Additional analysis of posttestscores indicated a significant main effect of group, with the experimental group
outperforming the control group in overall attitude scores. These findings demonstrate that participation in the
STEAM-based workshop had a substantial positive impact on preservice teachers’ attitudes. Improvements
were observed across all four components of the attitude scale, with the most pronounced gains in willingness
to implement STEAM strategies and motivation for self-directed learning. These results highlight the
effectiveness of project-based, technology-enhanced interventions in fostering positive attitudes toward
integrated educational approaches.

Discussion and Conclusion

The findings of this study provide compelling evidence for the effectiveness of STEAM-based educational
interventions in enhancing preservice teachers’ attitudes toward integrated teaching approaches. The
significant improvement observed in the experimental group can be attributed to the active, experiential, and
collaborative nature of the intervention, which aligns with contemporary pedagogical principles emphasizing
learner engagement and meaningful learning. By engaging participants in hands-on, project-based activities
within a digital environment, the intervention facilitated the development of both cognitive and affective
dimensions of learning, leading to more favorable attitudes toward STEAM implementation.

The absence of significant changes in the control group further reinforces the importance of structured
interventions in promoting attitudinal change. Without exposure to innovative instructional experiences,
preservice teachers may remain anchored in traditional perceptions of teaching and learning, limiting their
readiness to adopt interdisciplinary approaches. In contrast, the structured exposure provided in the
experimental condition enabled participants to experience the practical benefits of STEAM education, thereby
enhancing their confidence and willingness to implement such approaches in future classrooms.

The results also underscore the critical role of technology in modern education. The use of Scratch as an
instructional tool not only supported the integration of multiple disciplines but also fostered creativity,
problem-solving, and collaboration. These findings suggest that incorporating digital tools into teacher
education programs can serve as a catalyst for pedagogical innovation and improve the overall quality of
instruction. Moreover, the emphasis on project-based learning contributed to the development of transferable
skills that are essential for both teachers and students in the twenty-first century.

From a broader perspective, this study highlights the importance of addressing teachers’ attitudes as a key
factor in educational reform. Positive attitudes toward STEAM education are likely to translate into greater
adoption of nnovative practices, ultimately benefiting students’ learning outcomes. Therefore, teacher
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education programs should prioritize the development of both competencies and positive dispositions toward
integrated approaches. Short-term, intensive workshops, as demonstrated in this study, can be an effective
strategy for achieving this goal.

In conclusion, the study demonstrates that a well-designed, technology-supported, project-based intervention
can significantly enhance preservice teachers’ attitudes toward STEAM education. These findings have
important implications for teacher training, curriculum development, and educational policy, suggesting that
integrating practical, hands-on experiences into teacher education programs can play a crucial role in
facilitating the transition toward more innovative and effective teaching practices.
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