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ARTICLE INFO EXTENDED ABSTRACT
In the rapidly evolving and complex world of the twenty-first century,
Received: 2025-02-24 educational systems are increasingly challenged to provide learners with the
Revised: 2025-11-03 knowledge and skills necessary to address real-world problems, technological
Accepted: 2026-03-25 change, and global competition. Traditional subject-based teaching approaches often
Available online: fail to foster interdisciplinary thinking, creativity, and problem-solving abilities that
2026-04-08 are essential for modern societies. In response to these challenges, the integrated
educational approach called Science, Technology, Engineering, Arts, and
KEYWORDS: Mathematics (STEAM) has gained increasing attention worldwide. STEAM
Blended learning, education emphasizes interdisciplinary integration, experiential learning, creativity,
STEAM, and the application of knowledge to authentic problems. Rather than teaching
teacher role, academic subjects in isolation, STEAM encourages learners to connect concepts from
teaching-learning strategies, different domains and apply them collaboratively in real-life contexts. Many
21st century. countries have incorporated STEAM education into their curricula in order to
strengthen innovation capacity, technological literacy, and workforce readiness
! Corresponding author among students. Despite its growing importance, effective implementation of
Fateme.akrami@modres.ac.ir | STEAM education largely depends on appropriate teaching—learning strategies that
@ (+9821) 77151882 support active engagement, collaboration, inquiry, and technological integration. In

the Iranian educational context, although national policy documents emphasize active
and integrated learning approaches, classroom instruction often remains largely
traditional and discipline-centered. Moreover, previous studies have mainly focused
on the advantages of STEAM education or teachers’ perceptions, while limited
research has systematically examined the teaching—learning strategies required for
implementing STEAM in elementary education. Considering the unique structure of
elementary schooling—where a single teacher often teaches multiple subjects—this
level offers significant potential for integrated and interdisciplinary instruction.
Therefore, identifying effective pedagogical strategies is essential for enabling
teachers to implement STEAM successfully. Accordingly, the present study aimed to
identify and conceptualize effective teaching—learning strategies for integrated
STEAM education in elementary schools and to provide a practical framework to
support teachers and curriculum planners in implementing this approach.

This study adopted a qualitative approach and was conducted
using a conceptual research synthesis method. Research synthesis is a systematic
approach designed to integrate and reinterpret findings from previous studies in order
to produce new conceptual insights. Given the interdisciplinary and relatively
emerging nature of STEAM education, existing research is dispersed across different
academic fields and educational contexts. Therefore, research synthesis was selected
as an appropriate method for analyzing, organizing, and integrating existing
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knowledge on teaching—learning strategies in STEAM education. The research
sample consisted of academic studies related to STEAM education, including journal
articles and doctoral dissertations. International studies published between 2014 and
2024 and Iranian studies published between 1398 and 1403 (2019-2024) were
considered. Relevant sources were identified through systematic searches in major
academic databases, including Google Scholar, ScienceDirect, ProQuest, ERIC,
IranDoc, and SID. The initial search yielded 5,215 documents. After removing
duplicate records, 2,404 sources were excluded. In the next stage, the studies written
in languages other than Persian or English, the studies without accessible full texts,
and those unrelated to educational contexts were removed. Subsequently, the
abstracts of 174 remaining studies were examined, leading to the exclusion of 82
additional sources due to lack of relevance to the research focus. The remaining
studies were then evaluated using the CASP qualitative research appraisal checklist,
which assesses methodological rigor, clarity of research design, data collection
procedures, analytical transparency, ethical considerations, and practical relevance.
Only studies that met the required quality standards were included in the final
analysis. Ultimately, 30 high-quality studies (including three doctoral dissertations
and twenty-seven research articles) were selected for synthesis. Data analysis was
conducted using Strauss and Corbin’s grounded theory coding procedure, including
open coding, axial coding, and selective coding. During open coding, key concepts
and instructional practices were extracted from the selected studies. In axial coding,
related codes were organized into conceptual categories based on similarities and
relationships. Finally, in selective coding, overarching themes representing major
teaching—learning strategies in STEAM education were identified. To enhance the
validity of the findings, the coding process was conducted using MAXQDA software
and reviewed by academic experts and experienced elementary school teachers.

The analysis of the selected studies resulted in the identification of three
main categories of teaching-learning strategies for integrated STEAM education:
interactive—social strategies, scientific—instructional strategies, and technological
strategies. Interactive—social strategies emphasize collaboration, communication, and
collective inquiry in the learning process. These strategies include cooperative
learning activities, teamwork in heterogeneous groups, shared problem-solving tasks,
and inquiry-based exploration. Such approaches enable students to exchange ideas,
build social understanding, and develop communication and teamwork skills while
engaging in meaningful learning experiences. Scientific—instructional strategies focus
on pedagogical practices that support conceptual understanding through experiential
and multisensory learning. Two key subcomponents were identified in this category:
role-playing and simulation activities, and multisensory experiential learning.
Role-playing and simulation activities, such as educational dramatization,
scenario-based learning, and interactive demonstrations, help students visualize
abstract concepts and understand complex scientific phenomena. Multisensory
experiential learning engages multiple sensory channels, including visual, auditory,
and tactile experiences, allowing students to interact directly with materials,
experiments, and real-world situations. These strategies strengthen conceptual
comprehension and promote long-term knowledge retention. The third category,
technological strategies, highlights the integration of digital tools and engineering
practices in STEAM education. This category includes hands-on engineering and
construction activities as well as game-based and gamified learning approaches.
Engineering-oriented activities involve designing prototypes, constructing models,
applying engineering design processes, and engaging in problem-based projects that
require creativity and innovation. Game-based and gamified learning strategies use
interactive games, digital platforms, coding activities, and scenario-based challenges
to enhance students’ motivation and engagement. Collectively, these strategies create
dynamic learning environments in which students actively construct knowledge
through collaboration, experimentation, and technological exploration.

The findings of this study demonstrate that effective
implementation of integrated STEAM education requires a combination of
interactive—social, scientific—instructional, and technological teaching strategies.
These strategies collectively promote active participation, creativity, critical thinking,
and problem-solving skills among students—competencies that are essential for
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education in the twenty-first century. In particular, the integration of collaborative
learning, experiential instruction, and technology-enhanced activities can transform
classroom environments into spaces that support inquiry, innovation, and
interdisciplinary understanding. However, the successful adoption of these strategies
largely depends on teachers’ professional competencies, including their ability to
design integrated learning experiences, facilitate collaborative activities, and
effectively incorporate digital technologies into instruction. Therefore, teacher
education programs should place greater emphasis on developing pedagogical and
technological competencies related to STEAM education. In addition, professional
development programs, workshops, and training courses can help practicing teachers
gain the necessary knowledge and skills to implement STEAM-based teaching
approaches. Educational policymakers and curriculum developers should also
consider revising existing curricula to incorporate interdisciplinary learning
opportunities and provide schools with adequate technological infrastructure. Overall,
the conceptual framework identified in this study offers practical guidance for
teachers, curriculum planners, and educational policymakers seeking to implement
integrated STEAM education in elementary schools. By adopting the proposed
strategies and supporting teachers through appropriate training and resources,
educational systems can create more innovative and engaging learning environments
that prepare students for the complex challenges of the modern world.
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Figure 2. The Framework of STEAM Teaching-Learning Strategies in Primary Education in MaxQDA.
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