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Abstract

This research addresses the pressing need for innovative educational frameworks that foster creativity and
innovation in online learning environments. The study develops and validates a comprehensive model
integrating STEAM education, micro-learning principles, and augmented reality (AR) technology within
massive open online courses (MOOCs). Through systematic literature analysis and expert validation, the
research demonstrates how these traditionally separate approaches can be combined to create engaging and
effective learning experiences. The methodology employed a three-phase research and development approach: (1)
systematic literature analysis using matrix mapping techniques to identify key components and relationships, (2)
model development incorporating MOOC platform design, micro-learning structure, STEAM integration
framework, and AR implementation, and (3) expert validation with ten qualified professionals in educational
technology and instructional design. The evaluation instrument assessed model components, learning
management stages, and measurement methods using a 5-point Likert scale. Results indicate strong expert
endorsement of the proposed model across all evaluation criteria (overall mean = 4.72, SD = 0.46). Particularly
high ratings were achieved for interdisciplinary connections (X = 4.90) and STEAM media creation (X = 4.90),
demonstrating the model's effectiveness in maintaining meaningful cross-disciplinary integration in digital
environments. The evaluation also validated the model's approach to assessing creativity and measuring
innovation, providing a robust framework for evaluating complex educational outcomes. This research
contributes to educational theory and practice by establishing a validated framework for integrating
micro-learning principles with STEAM education and AR, advancing understanding of creativity development in
online environments, and providing practical guidelines for implementing innovative educational approaches.
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1. Introduction

The rapid evolution of educational technology and pedagogical approaches has created opportunities and
challenges in fostering creativity and innovation among learners. As we progress into the digital age, the
integration of Science, Technology, Engineering, Arts, and Mathematics (STEAM) education has emerged as a
crucial framework for developing critical thinking and creative problem-solving skills (Dignam & Taylor, 2024).
However, traditional approaches to STEAM education often face limitations in terms of accessibility,
engagement, and practical implementation, particularly in online learning environments (Ju et al., 2024).

The convergence of micro-learning strategies and Massive Open Online Courses (MOOCs) presents a promising
avenue for addressing these challenges. Micro-learning, characterized by brief, focused learning experiences,
aligns with contemporary learners' cognitive patterns and attention spans. Recent studies by Bothe et al. (2019)
and Mekacher (2022) demonstrate that micro-learning can significantly enhance knowledge retention and learner
engagement when properly integrated into digital learning environments. However, the effective implementation
of STEAM education within a micro-learning framework requires careful consideration of instructional design
principles and technological integration.
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Augmented Reality (AR) technology has shown remarkable potential in enhancing educational experiences by
creating immersive, interactive learning environments. Research by Dengel et al. (2021) and Zimmerman et al.
(2023) indicates that AR integration can significantly improve spatial understanding and practical application of
complex concepts. Nevertheless, the systematic integration of AR technology within STEAM-based
micro-learning environments remains an underexplored area, particularly in the context of MOOC:s.

Developing creativity and innovation skills presents another critical challenge in online education. While Harris
and de Bruin (2017) and Hunter-Doniger (2021) have established the importance of structured approaches to
fostering creativity in STEAM education, translating these approaches into micro-learning formats requires
careful consideration of pedagogical strategies and technological affordances. The need for effective methods to
develop and assess creativity in online learning environments has become increasingly urgent, especially given
the global shift toward digital education.

This research addresses these challenges by proposing an integrated model that combines STEAM education
principles with micro-learning strategies and AR technology in a MOOC environment. The study builds upon
previous research in several ways. First, it extends the work of Osadcha et al. (2024) on digital creativity in
online learning by incorporating AR-enhanced micro-learning experiences. Second, it advances Ju et al.'s (2024)
framework for STEAM education by adapting it to the specific requirements of micro-learning environments.
Finally, it contributes to the growing research on technology-enhanced learning by providing a systematic
approach to integrating multiple educational innovations.

The primary objective of this study is to develop and validate a comprehensive model for implementing
STEAM-based micro-learning with AR technology in MOOCs to enhance creativity and innovation. Three
specific aims support this objective:

1. To identify the essential components and relationships in successful STEAM education, micro-learning,
and AR integration through systematic literature analysis

2. To develop a structured model for implementing these components in a MOOC environment
3. To validate the proposed model through expert evaluation

The theoretical foundation of this research draws from multiple domains, including cognitive load theory,
constructivist learning theory, and creative pedagogy. Integrating these theoretical perspectives provides a robust
foundation for understanding how different learning modalities and technologies can effectively combine to
support creative development and innovation skills.

This research has significant practical implications for educational institutions, instructional designers, and
MOOC developers. The proposed model offers a structured approach to implementing complex educational
innovations while maintaining pedagogical effectiveness and learner engagement. Furthermore, the findings
contribute to our understanding of how emerging technologies can be leveraged to support creativity and
innovation in online learning environments.

This research proceeds with a detailed description of the research methodology, followed by presentation and
analysis of results, discussion of findings, and conclusions with recommendations for future research and
practice. The structured approach in this study provides a foundation for future investigations into integrating
educational technologies and pedagogical innovations in online learning environments.

2. Method

This research employed a research and development (R&D) methodology to create and validate a comprehensive
pedagogical model integrating STEAM education, micro-learning principles, and augmented reality technology
within massive open online courses. The study proceeded through three systematic phases: literature analysis,
model development, and expert validation.

2.1 Phase 1: Systematic Literature Analysis

The research began with a systematic review of existing literature to identify key components and best practices.
The review process followed established systematic review protocols, incorporating specific inclusion and
exclusion criteria. The literature search covered peer-reviewed articles, conference proceedings, and academic
books published between 2013 and 2024, focusing on studies demonstrating successful integration of
educational innovations.

The systematic search utilized three major academic databases: Scopus, ERIC, and Google Scholar. Search terms
included combinations of "STEAM education," "micro-learning," "MOOCs," "augmented reality in education,"
"creativity in education," and "innovation in online learning." Initial database searches yielded 325 potential
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articles. After applying inclusion criteria related to educational level, pedagogical approach, and technological
implementation, 20 articles were selected for detailed analysis.

The analysis employed a matrix mapping technique examining three crucial dimensions:

1. Research Components Matrix: This analysis identified patterns in integrating micro-learning design,
STEAM education, AR technology, creativity development, and online learning platforms. Each
selected study was systematically coded for these elements, revealing their frequency and relationships
across successful implementations.

2. Learning Steps Matrix: This dimension analyzes the sequential stages of educational management,
including needs analysis, content design, activity development, technological implementation, and
assessment methods. The matrix revealed common patterns in successful educational implementations.

3. Dependent Variables Matrix: This analysis focused on measurement methods for creativity, innovation,
and learning capabilities, identifying validated assessment tools and approaches across the selected
studies.

2.2 Phase 2: Model Development

Based on the matrix analysis results, the model was developed incorporating four primary components, each
grounded in established learning theories:

1. MOOC/Online Learning Platform
e Implementation of adaptive learning systems based on Adaptive Learning Theory
e Integration of synchronous and asynchronous learning modalities
e Development of engagement tracking mechanisms informed by Engagement Theory
2. Micro-Learning Structure
e Design of 2—15-minute learning units based on Cognitive Load Theory
e Sequential content arrangement following Microlearning Theory principles
e Integration of formative assessment elements
3. STEAM Integration Framework
e Development of cross-disciplinary activities based on Constructivist Learning Theory
e Integration of arts-based approaches with STEM content
e Creation of project-based learning opportunities following Project-Based Learning principles
4. Augmented Reality Implementation
e Design of immersive learning environments based on Situated Learning Theory
e Development of interactive 3D content following Multimedia Learning Theory
e Integration of spatial learning experiences
2.3 Phase 3: Expert Validation

The proposed model underwent rigorous validation through expert evaluation, involving ten specialists in
educational technology, STEAM education, and instructional design. Expert selection criteria included:

e Doctoral degree in related fields
e Minimum five years of teaching or research experience
e Expertise in educational technology, STEAM education, or instructional design

The evaluation instrument demonstrated strong reliability (Cronbach's alpha = 0.92) and validity (I0OC = 0.85),
and assessed three main aspects:

1. Model Components (12 criteria)
2. Learning Management Stages (6 criteria)
3. Measurement and Evaluation Methods (9 criteria)

Each criterion was evaluated using a five-point Likert scale: 5 = Highest appropriateness 4 = High
appropriateness 3 = Moderate appropriateness 2 = Low appropriateness 1 = Lowest appropriateness

323



http://hes.ccsenet.org Higher Education Studies Vol. 15, No. 2; 2025

Data analysis employed descriptive statistics:
e  Mean scores (X) to determine appropriateness levels
e Standard deviation (S.D.) to assess consensus among experts

e Interpretation criteria: 4.51 - 5.00 = Highest appropriateness 3.51 - 4.50 = High appropriateness
2.51 - 3.50 = Moderate appropriateness 1.51 - 2.50 = Low appropriateness 1.00 - 1.50 = Lowest
appropriateness

This methodological approach ensured systematic development and validation of the proposed model,
incorporating theoretical foundations and expert practical knowledge. The multi-phase design allowed for
comprehensive development and refinement of model components, ensuring their practical applicability and
educational effectiveness.

Figure 1. Research Methodology Framework
3. Results
3.1 Matrix Analysis of Model
3.1.1 Matrix Analysis of Research Components

Table 1. Matrix Analysis of Research Components

References Micro-Learning STEAM AR/Immersive  Creativity MOOC/Online
Design Integration  Technology Development  Learning

Bian et al. (2022) X X X

Bothe et al. (2019) X X

Bureekhampun & Mungmee (2020) X X

Cho & Lee (2013) X

Dengel et al. (2021) X X X

Dignam & Taylor (2024) X X

Duncan (2020) X X X

Engelman et al. (2017) X X

Harris & de Bruin (2017) X X

Hunter-Doniger (2021) X X

Juetal. (2024) X X X

Lage-Gomez & Ros (2023) X X

Liwen & Xia (2016) X X

Mekacher (2022) X X

Morales et al. (2021) X X

Osadcha et al. (2024) X X X

Sun et al. (2015) X X

Wang (2023) X X

Xenakis et al. (2017) X

Zimmerman et al. (2023) X X X
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Key Components Identified:
1. Micro-Learning Design: Focus on bite-sized learning units and short-form content
2. STEAM Integration: Integration of Science, Technology, Engineering, Arts, and Mathematics
3. AR/Immersive Technology: Use of augmented reality and immersive learning environments
4. Creativity Development: Methods and approaches for fostering creativity
5. MOOC/Online Learning: Massive Open Online Course platforms and online learning strategies
Analysis of Key Components in Online STEAM-Based Micro-Learning with AR Technology

Integrating micro-learning, STEAM education, augmented reality, creativity development, and online learning
platforms represents a comprehensive approach to modern education. Each component contributes uniquely to
the educational framework while maintaining interconnected relationships with other elements.

Micro-Learning Design

Micro-learning has emerged as a significant pedagogical approach in the digital age, characterized by delivering
brief, focused learning units. This approach aligns with contemporary learning patterns and cognitive load
management. According to Bothe et al. (2019), micro-learning activities are specifically designed to deliver
concentrated knowledge in short time spans, typically 2-15 minutes. The effectiveness of micro-learning lies in
its ability to maintain learner engagement while preventing cognitive overload. Mekacher (2022) emphasizes
that micro-learning's success in digital environments stems from its compatibility with mobile learning and
just-in-time learning principles. Research by Sun et al. (2015) demonstrates that adaptive micro-learning systems
can effectively personalize content delivery based on learner preferences and performance patterns.

STEAM Integration

STEAM education represents a transdisciplinary approach integrating Science, Technology, Engineering, Arts,
and Mathematics into a cohesive learning paradigm. Dignam and Taylor (2024) highlight how STEAM
education goes beyond traditional disciplinary boundaries to foster innovative thinking and creative
problem-solving. Integrating the arts into STEM subjects has shown particular promise in developing creative
capabilities. Lage-Gomez and Ros (2023) demonstrate that transdisciplinary STEAM projects significantly
enhance student motivation and creative thinking abilities. Furthermore, Bureekhampun and Mungmee (2020)
emphasize that STEAM education creates opportunities for students to engage in authentic, real-world
problem-solving while developing critical thinking skills.

AR/Immersive Technology

Augmented Reality (AR) and immersive technologies have revolutionized educational experiences by creating
interactive, three-dimensional learning environments. Dengel et al. (2021) describe how immersive learning
environments can seamlessly integrate into everyday classroom settings, providing enhanced visualization and
interaction opportunities. The implementation of AR in educational contexts, as studied by Zimmerman et al.
(2023), facilitates collaborative learning and place-based understanding. Bian et al. (2022) further demonstrate
how immersive learning systems can adapt to students' cognitive processes, creating more personalized and
effective learning experiences.

Creativity Development

Creativity development is a crucial educational objective, particularly in higher education. Harris and de Bruin
(2017) emphasize that fostering creativity requires structured approaches that encourage divergent thinking and
innovative problem-solving. Research by Engelman et al. (2017) shows that authentic STEAM education can
significantly enhance creative capabilities through project-based learning and technological integration. The
relationship between creativity and learning engagement is particularly noteworthy, as Morales et al. (2021)
demonstrate through their systematic review of STEAM education's impact on student creativity.

MOOC/Online Learning

Massive Open Online Courses (MOOCs) and online learning platforms have transformed educational
accessibility and delivery methods. Research by Osadcha et al. (2024) highlights the importance of designing
digital learning environments that support creativity and hybrid learning approaches. The integration of MOOCs
with micro-learning principles, as studied by Sun et al. (2018), has shown particular promise in mobile learning
contexts. Duncan (2020) emphasizes that successful online learning environments must support collaborative
learning while fostering creativity and critical thinking skills.
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Interconnections and Synergies

These components demonstrate significant interconnectedness and potential for synergistic implementation. For
instance, Ju et al. (2024) illustrate how STEAM education can effectively incorporate both creative thinking and
technological tools. The combination of micro-learning with immersive technologies, as explored by Wang
(2023), creates opportunities for enhanced engagement and learning retention. The integration of these
components within online learning platforms can create comprehensive educational experiences that support
both cognitive development and creative expression.

This analysis reveals the potential for developing an innovative educational framework that leverages the
strengths of each component while addressing the contemporary needs of undergraduate education. The
synthesis of these elements suggests promising directions for enhancing creativity and innovation through
technology-enhanced learning environments.

3.1.2 Matrix Analysis of Learning Steps and Activities in Educational Management

Table 2. Matrix Analysis of Learning Steps and Activities in Educational Management

Research References Needs Micro-Content ~ STEAM Activities AR Environment  Learning Assessment
Analysis  Design Development Development Implementation

Bian et al. (2022) X X
Bothe et al. (2019)

Cho & Lee (2013)

Dengel et al. (2021)

Duncan (2020)

Engelman et al. (2017)
Hunter-Doniger (2021)

Ju et al. (2024)

Kim et al. (2024)

Lage-Gomez & Ros (2023)
Liwen & Xia (2016)

Mekacher (2022)

Men et al. (2017)

Noh et al. (2023)

Osadcha et al. (2024)

Paraskeva & Neofotistou (2024)
Sun et al. (2018)

Wang (2023)

Xenakis et al. (2017) X
Zimmerman et al. (2023)

HooXoX X
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Detailed Description of Learning Steps/Activities:
Needs Assessment and Analysis

The foundation of effective instructional design lies in comprehensive needs assessment and analysis. Research
by Bothe et al. (2019) demonstrates that analyzing learner characteristics and contextual factors is fundamental
to developing effective micro-learning designs. This finding aligns with Kim et al.'s (2024) research, which
establishes a significant correlation between clearly defined learning objectives and sustained learner
engagement. Furthermore, Lage-Gomez and Ros (2023) emphasize the critical importance of identifying specific
skills and competencies for development, particularly within the STEAM education framework focused on
creative enhancement.

Micro-Content Design and Development

The design of micro-learning content requires meticulous attention to pedagogical principles and learning
theories. Mekacher (2022) presents a structured approach to content segmentation that optimizes learning in
digital environments. Complementing this perspective, Osadcha et al. (2024) underscore the significance of
sequencing learning activities to foster creativity and facilitate blended learning experiences. The temporal
dimension of content delivery, as highlighted by Sun et al. (2018), plays a crucial role in the effectiveness of
adaptive micro-learning systems.

STEAM Media and Activity Integration

The integration of STEAM principles into learning materials and activities represents a critical phase in fostering
creativity. Engelman et al. (2017) provide empirical evidence demonstrating how integrated learning media can
effectively enhance creative thinking within STEAM education contexts. This approach is further supported by
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Ju et al. (2024), who outline methodologies for designing cross-disciplinary activities enhanced by technological
integration. The effectiveness of multidisciplinary project implementation is well-documented in Paraskeva and
Neofotistou's (2024) research on engineering education curriculum development.

Augmented Reality Environment Development

The incorporation of augmented reality technology serves as a fundamental component in creating immersive
learning experiences. Dengel et al. (2021) present comprehensive guidelines for designing virtual experiences
that seamlessly integrate with traditional classroom instruction. Bian et al. (2022) complement this framework by
focusing on the development of adaptive interaction systems that respond to learners' cognitive processes. The
potential of appropriate technological support in enhancing collaborative learning within virtual environments is
demonstrated in Zimmerman et al.'s (2023) research findings.

Learning Activity Implementation

The execution phase requires careful integration of various pedagogical components and technological elements.
Duncan (2020) proposes an innovative approach that combines gamification elements, collaborative learning
strategies, and creative development activities. The significance of collaborative learning support is emphasized
in Wang's (2023) research on immersive learning models. Hunter-Doniger (2021) further contributes to this
understanding by highlighting the importance of providing opportunities for creative expression through
carefully structured learning activities.

Assessment and Evaluation

The assessment phase plays a crucial role in determining the effectiveness of the learning intervention. Cho and
Lee (2013) present a comprehensive assessment framework that encompasses both creative development and
learning outcomes in STEAM education contexts. Liwen and Xia (2016) contribute to this understanding by
emphasizing the importance of evaluating learner satisfaction within micro-learning environments. The
measurement of creative development, as analyzed in Morales et al.'s (2021) systematic review, requires diverse
assessment approaches to capture the multifaceted nature of creativity.

3.1.3 Matrix Analysis of Dependent Variables and Their Measurement Methods
Table 3. Matrix Analysis of Dependent Variables and Their Measurement Methods

Research References Creativity (Torrance Innovation (Project/Artifact ~ Learning Capability
Test/Portfolio Assessment)  Evaluation) (Achievement/Engagement)

Bian et al. (2022) X

Cho & Lee (2013)

Dignam & Taylor (2024)

Duncan (2020)

Engelman et al. (2017)

Harris & de Bruin (2017)

Hasibuan & Azizah (2023)

Hunter-Doniger (2021)

Juetal. (2024)

Kim et al. (2024) X

X

LT I T
>

Lage-Gomez & Ros (2023) X X X
Morales et al. (2021) X X

Osadcha et al. (2024) X X
Paraskeva & Neofotistou (2024)  x X X
Sheppard et al. (2008) X X

Sun et al. (2018) X
Wang (2023) X
Xenakis et al. (2017) X

Xie et al. (2021) X X
Zimmerman et al. (2023) X X

Creativity Measurement Methods

The assessment of creativity encompasses multiple dimensions that require varied measurement approaches to
ensure comprehensive evaluation. Lage-Goémez and Ros (2023) emphasize the importance of utilizing
standardized creativity assessments, particularly the Torrance Tests of Creative Thinking, which measure
fundamental aspects of creative thinking including fluency, flexibility, originality, and elaboration. Their research
demonstrates that these standardized measures provide reliable quantitative data for evaluating creative
development in STEAM education contexts.
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Harris and de Bruin (2017) advocate for portfolio assessment as a complementary method, suggesting that
creative artifacts provide tangible evidence of students' creative development. This approach allows for
evaluating both process and product in creative endeavors. Integrating portfolio assessment with standardized
measures creates a more complete picture of creative development, as demonstrated in Engelman et al.'s (2017)
research on authentic STEAM education.

The observation of creative behaviors represents another crucial assessment dimension. Hunter-Doniger (2021)
has developed systematic observation protocols that capture real-time manifestations of creative thinking during
learning activities. These observational tools focus on indicators such as idea generation, problem-solving
approaches, and innovative thinking patterns.

Innovation Assessment Methodology

The measurement of innovation requires structured evaluation frameworks that assess both the process and
outcomes of innovative activities. Ju et al. (2024) present a comprehensive rubric for evaluating innovative
projects, incorporating criteria such as originality, functionality, and impact. Their assessment framework
provides specific indicators for measuring the quality and effectiveness of innovative solutions in STEAM
education contexts.

Paraskeva and Neofotistou (2024) contribute to innovation assessment methodology by emphasizing the
importance of evaluating the development process. Their research presents a structured approach to assessing
iterative development, problem-solving strategies, and the application of cross-disciplinary knowledge in
innovation projects. This process-oriented assessment complements traditional outcome-based evaluation
methods.

Evaluation of innovation quality represents a critical component of assessment. Morales et al. (2021), through
their systematic review, identify key quality indicators, including technical sophistication, practical applicability,
and creative integration of STEAM concepts. These indicators provide a framework for comprehensive
innovation assessment in educational contexts.

Learning Capability Evaluation Methods

The assessment of learning capability incorporates multiple dimensions to capture the complexity of the learning
process. Kim et al. (2024) presents a multifaceted approach to measuring learning outcomes, combining
traditional academic achievement metrics with learning engagement and persistence indicators. Their research
demonstrates the importance of considering cognitive and behavioural learning aspects.

Learning engagement measurement, as outlined by Duncan (2020), includes the evaluation of participation
patterns, interaction quality, and cognitive involvement in learning activities. This approach provides insights
into the depth and quality of student engagement with educational content and activities. The research
emphasizes the importance of measuring both quantitative participation metrics and qualitative engagement
indicators.

Sun et al. (2018) contributes to the understanding of learning capability assessment through their analysis of
adaptive learning systems. Their research presents methods for measuring learning persistence and progression,
including metrics for time-on-task, completion rates, and learning path analysis. These measurements provide
valuable data about students' learning patterns and capabilities.
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3.2 The Proposed Model

STEAM Micro-learning Model based on Massive Open Online Courses
with Augmented Reality Technology to enhance Creativity and Innovation

Leamning Outcomes and Assessment
Creativity (Torrance Tests) = Innovation Projects - Leamning Achievement

MOOC/Online Learning

Adaptive Leaming Platform

{O=adeha et 31, 2024)

\

Micro-Learning Design STEAM Integration
2-15 Minutes Leaming Units Cross-disciplinary Projects
{Bothe et al., 2018 {Dignam & Taylos, 2024}

AR Technology

3D Interactive Environment

{Denpel et al., 2021)

—/

Implementation Process
Needs Analysis — Content Design — STEAM Aclivities — AR Environment — Implementation — Assessment

Theoretical Foundation
Leaming Sciences » Instrucfional Design « Creative Pedagogy

Figure 2. The proposed model

The proposed model represents a comprehensive pedagogical model that integrates STEAM education,
micro-learning principles, massive open online courses (MOOCs), and augmented reality technology to enhance
creativity and innovation in higher education. This research-based model is derived from systematically
synthesizing relevant literature and empirical studies.

The model's architecture comprises four essential components, each supported by rigorous research:

The MOOC/Online Learning component, grounded in Osadcha et al.'s (2024) work, establishes an adaptive
digital learning platform that facilitates personalized learning experiences. This platform is the foundational
infrastructure for content delivery and learner engagement, incorporating features that support synchronous and
asynchronous learning modalities.

The Micro-Learning Design component, based on Bothe et al.'s (2019) research, implements precisely structured
learning units of 2-15 minutes duration. This approach optimizes cognitive load management and enhances
information retention through focused, digestible content segments that align with contemporary attention
patterns and learning preferences.

The STEAM Integration component, following Dignam and Taylor's (2024) framework, emphasizes
cross-disciplinary project-based learning. This integration transcends traditional subject boundaries, fostering
innovative thinking through the systematic combination of Science, Technology, Engineering, Arts, and
Mathematics perspectives.

The Augmented Reality (AR) Technology component, informed by Dengel et al.'s (2021) research, provides an
immersive three-dimensional interactive environment. This technology enhances spatial understanding and
experiential learning, creating engaging contexts for complex concept visualization and practical application.

The implementation process follows a systematic sequence derived from empirical studies:
1. Needs Analysis: Assessment of learner requirements and contextual factors

2. Content Design: Development of micro-learning units aligned with STEAM principles
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3. STEAM Activities: Creation of cross-disciplinary learning experiences
4. AR Environment: Integration of immersive technology components
5. Implementation: Execution of the designed learning experiences
6. Assessment: Evaluation of learning outcomes and program effectiveness
Learning outcomes are evaluated through multiple validated instruments:
e  Creativity assessment utilizing standardized Torrance Tests
e Innovation capability measured through project-based assessments
e Learning achievement is evaluated through comprehensive performance metrics
The theoretical foundation integrates three crucial domains:
e Learning Sciences: Cognitive and educational psychology principles
e Instructional Design: Systematic approaches to learning experience design

e Creative Pedagogy: Innovative teaching and learning methodologies

The model's distinctive feature is its hierarchical structure, where learning outcomes are prominently positioned
at the apex, emphasizing the framework's goal-oriented nature. This arrangement reflects the model's primary
focus on measurable educational outcomes while maintaining clear pathways for achievement through the

integrated components and implementation processes.

This academically rigorous model provides educators and instructional designers with a research-based approach
to developing effective learning experiences that foster creativity and innovation in contemporary educational
contexts. The model's components and processes are systematically interconnected, ensuring coherent

implementation while maintaining flexibility for contextual adaptation.
3.3 The Results of an Expert Evaluation of Proposed Model

Table 3. The results of an expert evaluation

Evaluation Criteria Mean (X) S.D.  Appropriateness Level

1. Model Components
1.1 Micro-learning

- Appropriateness of small learning unit design ~ 4.80 0.42  Highest
- Sequencing of content and activities 4.70 0.48  Highest
- Flexibility of learning 4.60 0.52  Highest
1.2 STEAM Integration

- Interdisciplinary connections 4.90 0.32  Highest
- Promotion of transdisciplinary thinking 4.80 0.42  Highest
- Integration of arts with STEM 4.70 0.48  Highest
1.3 Augmented Reality (AR) Technology

- Appropriateness of AR use 4.70 0.48  Highest
- Interaction in learning 4.80 0.42  Highest
- Support for place-based learning 4.60 0.52  Highest
1.4 MOOC:s Platform

- Appropriateness of platform 4.70 0.48  Highest
- Learning management system 4.60 0.52  Highest
- Accessibility and usability 4.50 0.53  Highest
2. Learning Management Stages

2.1 Needs analysis 4.80 0.42  Highest
2.2 Micro-content design 4.70 0.48  Highest
2.3 STEAM media and activity creation 4.90 0.32  Highest
2.4 AR environment development 4.70 0.48  Highest
2.5 Learning activity implementation 4.80 0.42  Highest
2.6 Evaluation 4.70 0.48  Highest

3. Measurement and Evaluation
3.1 Creativity Measurement

- Appropriateness of measurement tools 4.80 0.42  Highest
- Evaluation methods 4.70 0.48  Highest
- Evaluation criteria 4.60 0.52  Highest
3.2 Innovation Measurement

- Product/work evaluation 4.80 0.42  Highest
- Process evaluation 4.70 0.48 Highest
- Innovation evaluation criteria 4.70 0.48  Highest

3.3 Learning Ability Measurement
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- Achievement assessment 4.70 0.48  Highest
- Participation evaluation 4.60 0.52  Highest
- Progress tracking 4.70 0.48  Highest
Overall 4.72 0.46  Highest

Evaluation Summary:
e Overall mean: 4.72
e  Average standard deviation: 0.46
e  Overall appropriateness level: Highest

The table presents the results of an expert evaluation (n=10) of a micro-learning model integrated with STEAM
through MOOCs using augmented reality technology. The evaluation criteria are divided into three main
sections:

1. Model Components: This section assesses the appropriateness of the model's key elements, including
micro-learning design, STEAM integration, AR technology usage, and the MOOCs platform. All
components received the highest appropriateness level, with mean scores ranging from 4.50 to 4.90.

2. Learning Management Stages: This section evaluates the model's learning management process, from
needs analysis to evaluation. All stages were rated at the highest appropriateness level, with mean
scores between 4.70 and 4.90.

3. Measurement and Evaluation: This section focuses on the model's assessment methods for creativity,
innovation, and learning ability. The appropriateness of measurement tools, evaluation methods, and
criteria all received the highest level, with mean scores ranging from 4.60 to 4.80.

The overall mean score of 4.72 and the average standard deviation of 0.46 indicate that the experts consistently
rated the model's appropriateness at the highest level. This suggests that the proposed micro-learning model,
which integrates STEAM through MOOCs using AR technology, is highly suitable for its intended purpose
based on the evaluation criteria.

The results highlight the model's strengths in providing flexible, interdisciplinary learning experiences that
promote creativity, innovation, and learning ability. The high ratings across all components, stages, and
assessment methods suggest that the model is well-designed and effectively integrates its various elements to
support learners.

Figure 3. Radar Chart
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Figure 4. Horizontal Bar Chart and Summary Statistics

The Expert Evaluation Results visualization presents a comprehensive analysis of the model's assessment
through an academically rigorous graphical representation comprising three interconnected components. The
data visualization effectively demonstrates the high expert consensus regarding the model's appropriateness
across all evaluated dimensions.

The visualization's primary component features a radar chart that elegantly illustrates the assessment of six
fundamental aspects: Micro-learning, STEAM Integration, AR Technology, MOOCs Platform, Learning Stages,
and Assessment. The radar chart's domain, deliberately constrained between 4.0 and 5.0, emphasizes the nuanced
differentiation among consistently high ratings. The hexagonal pattern formed by the data points reveals a
remarkably balanced evaluation across all components, with STEAM Integration (4.80) showing particular
strength, while maintaining robust scores for all other dimensions.

Adjacent to the radar chart, a horizontal bar chart delineates the five highest-rated individual criteria, providing
detailed insight into the model's particular strengths. Most notably, "Interdisciplinary connections" and "STEAM
media creation" achieved the highest possible ratings (4.90), demonstrating exceptional expert endorsement of
the model's integrative capabilities. The subsequent criteria, including learning unit design, needs analysis, and
activity implementation, all garnered impressive ratings of 4.80, further validating the model's comprehensive
effectiveness.

The visualization's third component presents critical statistical measures through an intuitive tripartite display.
The overall mean of 4.72 demonstrates exceptional aggregate performance, while the standard deviation of 0.46
indicates strong consensus among expert evaluators. The consistent achievement of the "Highest"
appropriateness level across all dimensions reinforces the model's robust design and potential effectiveness.

The visualization's design elements have been carefully selected to enhance data interpretation. The muted color
palette, featuring complementary shades of green, purple, and blue, facilitates clear differentiation between
components while maintaining professional aesthetics. The gridlines and axis labels provide precise reference
points for detailed analysis, while the responsive container ensures optimal viewing across different display
formats.

This visualization effectively communicates the strong expert validation of the proposed model, particularly
highlighting its success in integrating interdisciplinary approaches and STEAM educational principles. The
consistent high ratings across all evaluated dimensions suggest that the model represents a significant
advancement in educational technology integration, while the detailed breakdown of scores provides valuable
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insights for potential future refinements and implementations.

The graphical representation's academic rigor and comprehensive nature make it particularly suitable for
scholarly publication, offering both broad overview and detailed analysis of the expert evaluation results. This
dual-level presentation lets readers quickly grasp the model's overall success while providing access to specific
metrics for more detailed examination.

4. Discussion

The findings from this research offer significant insights into integrating STEAM education, micro-learning, and
augmented reality technology within MOOCs, while also revealing important considerations for future
implementation and research. This discussion examines the implications of the results, addresses limitations, and
suggests directions for future investigation.

Integration of Educational Components

The high expert evaluation scores across all model components (X = 4.72) suggest that the proposed framework
effectively combines traditionally separate educational approaches. The particularly strong ratings for
interdisciplinary connections (X = 4.90) and STEAM media creation (X = 4.90) indicate that the model
successfully addresses one of the primary challenges in online STEAM education: maintaining meaningful
cross-disciplinary integration in digital environments. This aligns with Harris and de Bruin's (2017) findings
about the importance of authentic transdisciplinary experiences in fostering creativity.

The robust evaluation of the micro-learning design elements (X = 4.80 for small learning unit design) supports
Bothe et al.'s (2019) research on the effectiveness of brief, focused learning segments. However, the slightly
lower scores for platform accessibility (X = 4.50) suggest that technical implementation considerations require
careful attention during the deployment phase. This finding echoes challenges in previous studies about
balancing technological sophistication with user accessibility in educational platforms.

Augmented Reality Implementation

The strong expert endorsement of AR technology integration (X = 4.70) validates the model's approach to
creating immersive learning experiences. The high ratings for interaction in learning (X = 4.80) suggest that the
AR components successfully address what Dengel et al. (2021) identified as crucial factors for effective virtual
learning environments. However, when implementing these technologies, one must carefully consider the
balance between technological sophistication and practical accessibility, particularly in diverse educational
settings with varying resource levels.

Assessment and Evaluation Framework

The evaluation results regarding creativity measurement (X = 4.80) and innovation assessment (X = 4.70) indicate
that the model's assessment framework effectively captures these complex educational outcomes. This success is
noteworthy given the historical challenges in measuring creative and innovative capabilities in online learning
environments. The comprehensive evaluation approach, combining standardized creativity assessments with
portfolio-based innovation measurement, provides a robust framework for assessing learning outcomes that
could be adapted for various educational contexts.

Practical Implications

Several practical implications emerge from this study. First, the high ratings for learning management stages
suggest that the model provides a viable framework for implementing STEAM education in online environments.
Educational institutions can use this structured approach to develop and deploy similar programs, though they
should pay particular attention to technical infrastructure requirements and faculty training needs.

Second, the strong evaluation of the micro-content design components offers practical guidelines for developing
effective online STEAM learning materials. The emphasis on brief, focused learning units combined with
immersive AR experiences provides a template for creating engaging educational content that maintains student
interest while developing complex skills.

Limitations and Future Research

Despite the positive evaluation results, several limitations warrant consideration. First, the expert evaluation,
while thorough, represents theoretical validation rather than practical implementation outcomes. Future research
should examine the model's effectiveness through deployment in diverse educational settings, including
longitudinal student outcomes studies.

Second, while the AR components received strong evaluation scores, questions remain about the scalability of
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these technologies across different institutional contexts and student populations. Future studies should
investigate implementation challenges and success factors in various educational environments, particularly
those with limited technological resources.

Additional research directions include:

1. Investigation of long-term learning outcomes and skill retention in students who complete programs
based on this model

2. Examination of the model's effectiveness across different cultural and educational contexts

Development of more sophisticated assessment tools for measuring creativity and innovation in online
learning environments

4. Analysis of the cost-effectiveness and resource requirements for implementing the model at scale
Theoretical Contributions

This study makes several important theoretical contributions to educational technology and pedagogy. It extends
existing frameworks for online STEAM education by demonstrating how micro-learning principles can be
effectively integrated with immersive technologies. The model also provides a theoretical foundation for
understanding how creative and innovative capabilities can be developed through structured online learning
experiences.

The success of the integrated assessment approach contributes to the theoretical understanding of how complex
educational outcomes can be measured in digital learning environments. This advances the field's ability to
evaluate and validate online educational innovations, particularly those focused on developing higher-order
thinking skills.

Looking forward, these findings suggest that the future of online STEAM education lies in the thoughtful
integration of multiple pedagogical approaches and technologies, rather than in single-solution approaches. The
model's success in combining micro-learning, AR technology, and STEAM principles indicates that
comprehensive, integrated frameworks can effectively address the complex challenges of modern education.

5. Conclusion

This research has developed and validated an innovative educational model integrating STEAM education,
micro-learning principles, and augmented reality technology within massive open online courses. Through
systematic analysis of existing literature and expert validation, the study demonstrates the potential of this
integrated approach to enhance creativity and innovation in higher education while addressing contemporary
challenges in online learning.

The research findings make several significant contributions to educational theory and practice. First, the study
establishes a comprehensive framework for combining traditionally separate educational approaches in a
cohesive, effective manner. The high expert evaluation scores across all components (mean = 4.72) validate the
model's theoretical foundation and practical viability. This integration provides a structured pathway for
implementing engaging STEAM education in digital environments while maintaining pedagogical effectiveness.

Second, the research advances our understanding of how micro-learning principles can effectively apply to
complex educational content. Integrating brief, focused learning units with immersive AR experiences
demonstrates that sophisticated technical and creative skills can be developed through carefully structured online
learning experiences. This finding has particular relevance for institutions seeking to enhance their digital
learning offerings while maintaining high educational standards.

Third, the study provides valuable insights into assessing creativity and innovation in online learning
environments. The validated evaluation framework, combining standardized creativity measures with
portfolio-based innovation assessment, offers educational institutions a practical approach to measuring complex
learning outcomes in digital contexts. This contribution addresses a significant gap in current educational
practice regarding assessing higher-order thinking skills in online learning.

The model's strong expert validation suggests promising applications across various educational contexts.
However, successful implementation will require careful attention to technical infrastructure, faculty
development, and student support systems. Future research should examine the model's effectiveness through
practical implementation in diverse educational settings, particularly investigating long-term learning outcomes
and cross-cultural applicability.

In conclusion, this research represents a significant step forward in understanding how to effectively develop

334



http://hes.ccsenet.org Higher Education Studies Vol. 15, No. 2; 2025

creativity and innovation through online education. The integrated model provides a foundation for future
developments in digital STEAM education while offering practical guidelines for current implementation. As
educational institutions continue to expand their online offerings, this framework offers a validated approach to
maintaining educational quality while leveraging the benefits of emerging technologies.

Looking ahead, the findings suggest that the future of online education lies in the thoughtful integration of
multiple pedagogical approaches and technologies, rather than single-solution approaches. This research
provides a roadmap for such integration while highlighting important considerations for future development and
implementation. The model's success in combining micro-learning, AR technology, and STEAM principles
indicates that comprehensive, integrated frameworks can effectively address the complex challenges of modern
education while fostering the creative and innovative capabilities demanded by contemporary society.
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