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databases (Scopus, Web of Science, and Google Scholar) and identified 26

eligible articles that met predefined inclusion criteria related to digital

technology use and quantitative cognitive outcome measures in elementary

settings. The collected data were analyzed using content analysis, a systematic ~ Key Words:

method for categorizing, quantifying, and synthesizing textual data to identify = Digital Technology;
patterns, frequencies, and relationships across the included studies. The results ~ Cognitive Outcomes;
revealed that digital technology integration positively impacts cognitive learning  Elementary Education;
outcomes, with video and animation-based approaches being most prevalent Interactive Media.
(26.92%), followed by virtual/augmented reality, interactive applications, and

educational games (19.23% each). The most significant advancements were

observed in problem-solving and spatial reasoning skills, particularly when

technologies incorporated constructivist principles, interactive engagement

strategies, adaptive feedback mechanisms, and collaborative opportunities. This

review confirms digital technology's effectiveness in enhancing elementary

students' cognitive learning while emphasizing the importance of pedagogical

approach and technology design; stakeholders should prioritize models that

foster meaningful technology interactions emphasizing student empowerment,

while future research should explore long-term cognitive effects and address

limitations in study design heterogeneity and generalizability across diverse

contexts.
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Introduction

The digital transformation of elementary education has fundamentally reshaped
learning through innovative technologies and interactive media, demonstrating significant
potential for enhancing cognitive outcomes. Research evidence indicates that technology-
based interactive learning media effectively improve students' cognitive skills, with Artificial
Intelligence (Al) integration offering personalized learning experiences that optimize learning
processes and develop problem-solving abilities (Mukti, 2023; Pramukawati et al., 2024). In
art education specifically, digital advancements including project-based learning, educational
videos, and Augmented Reality create contextual and interactive experiences that increase
student engagement and understanding (Maharani et al., 2024). However, implementation
challenges persist, including limited infrastructure and insufficient digital skills among
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teachers, necessitating improved infrastructure, comprehensive teacher training, and high-
quality content development for successful digital education transformation.

The theoretical foundation for technology integration in elementary education rests on
three complementary frameworks: Mayer's cognitive theory of multimedia learning, which
demonstrates enhanced learning outcomes when students process information through verbal
and visual channels; cognitive load theory, explaining how media design influences
information processing capacity; and Vygotsky's social constructivism, emphasizing social
interaction's critical role in knowledge construction (Hussein et al., 2024). Empirical
evidence across diverse educational contexts supports interactive learning media efficacy,
documenting significant enhancements in student engagement through platforms like
Moodle, increased collaboration in interactive classroom configurations, and improved
academic performance through gamification elements. These technologies create
environments where students develop metacognitive awareness and autonomous learning
capacities while accommodating diverse learning modalities through multimedia elements.

Despite technological advances, current literature reveals a critical gap in elementary
education research. While higher education settings receive disproportionate research
attention (Lidiawati et al., 2022), comprehensive reviews examining interactive learning
media impacts on elementary students' cognitive development remain scarce (Iasha et al.,
2019). This oversight is particularly concerning given that elementary students aged 6-12
years represent a critical cognitive developmental period with unique processing capabilities
and developmental needs. Additionally, although implementation challenges regarding
equitable access persist in under-resourced communities, systematic exploration of how these
disparities influence technology effectiveness and identification of contextual factors
moderating cognitive learning outcomes across diverse elementary settings remains limited.

To address these significant gaps, this systematic literature review provides
groundbreaking contributions bridging theory and practice in elementary educational
technology. As the first comprehensive systematic review exclusively focused on digital
technology-based interactive learning media effectiveness in elementary education, this study
recognizes young learners' distinct cognitive, developmental, and pedagogical characteristics.
The investigation examines peer-reviewed literature from 2020-2025, capturing technological
innovations and educational practices from the post-pandemic digital transformation era. The
research develops an innovative theoretical framework synthesizing Mayer's cognitive theory
of multimedia learning, cognitive load theory, and Vygotsky's social constructivism
specifically for elementary contexts, while establishing developmentally appropriate
operationalizations of cognitive enhancement reflecting knowledge acquisition, retention,
comprehension, critical thinking, and problem-solving in young learners.

The significance extends beyond academic contribution to providing practical value
for curriculum developers, educational technology designers, and elementary school
educators through evidence-based insights into effective digital technology integration. The
findings will inform instructional design practices, educational policy development, and
resource allocation decisions while identifying key effectiveness factors and outlining an
integrated theoretical framework explaining how interactive learning media enhances
cognitive learning outcomes, ultimately providing actionable insights for optimizing teaching
practices in the digital age.

Research Method
This study used a qualitative approach with a systematic literature adopted from
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines
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(Page et al., 2021) to ensure methodological rigor and transparent reporting. We conducted
comprehensive searches across three major academic databases: Scopus, Web of Science, and
Google Scholar (Gusenbauer & Haddaway, 2020). The search period covered January 2020
through March 2025 to capture recent technological advancements in digital learning tools
that may impact cognitive learning enhancement (Bond et al., 2021).

Identification of studies via databases and registers

g Records identified through extensive _ | Records removed before scresning:
searching: (n=182) 7| Duplicate records removed (n=49)
g
=
Records excluded (n=51)
Records screened  »| +  Notindexed in SCOPUS
(=133 »  Not indexed in SINTA
*»  Not written in English
v
Reports sought for retrieval (n = 82) p| Reports not retrieved
of n=27
;
w ¥
Eeports assessed for eligibility
(n=755) ) - —®| Reports excluded:
+ Mot focused on primary
education (n= 18)
+  DNot focussed on using digital
technology (n=9)
=z Studies included in review
= (n=128)
% Reports of included studies
= (n=126)

In this systematic literature review, inclusion and exclusion criteria are meticulously
applied to ensure that the reviewed articles are relevant and of appropriate quality, aligning
with the research objectives. The inclusion criteria may encompass the publication date,
relevance to the topic of interest, methodological rigor, and peer-reviewed status. Conversely,
exclusion criteria involve filtering out articles that do not meet specific quality benchmarks or
focus on unrelated themes. This rigorous selection process is essential for synthesizing high-
quality evidence and drawing valid conclusions from the literature examined (Moher et al.,
2009).

Table 1. Inclusion and Exclusion Criteria

Inclusion Exclusion
Published in peer-reviewed journals between Focused exclusively on secondary or higher
January 2020 and March 2025 education
Examined digital technology integration Provided only qualitative findings without
specifically in primary/elementary education quantitative data
Written in English Examined only non-cognitive outcomes
Measured cognitive learning outcomes through Were review articles, opinion pieces, or
quantitative methods theoretical papers without original research
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This systematic review employed a structured search strategy using carefully designed
keyword combinations with Boolean operators (e.g., "digital technology," "interactive
learning media," "elementary education," and "cognitive development") across three major
databases: Web of Science, Scopus, and Google Scholar. To ensure methodological rigor, the
search was limited to peer-reviewed English-language articles published between 2020 and
2025. The search process was documented using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) framework to ensure transparency and
reproducibility.

The collected data was analyzed using content analysis, a systematic approach for
categorizing and quantifying the presence and relationships of key themes within the
reviewed studies (Krippendorft, 2019). Articles were coded based on predefined categories,
including types of digital technology, cognitive outcomes measured, pedagogical design
features, and implementation effectiveness. Frequencies and percentages were calculated to
identify patterns and trends, and descriptive statistical analysis was applied to synthesize
findings across diverse sources. To enhance reliability, coding decisions were cross-checked
among the research team, ensuring the robustness and validity of the results.

Results and Discussion

This systematic review analyzed 26 research articles published in various reputable
journals and conference proceedings, specifically focusing on integrating digital technology
into elementary education. The selected studies encompassed various methodologies,
including qualitative, quantitative, and mixed methods approaches. This diversity reflects a
broad spectrum of perspectives on how digital technologies influence cognitive learning
outcomes among elementary students.

The distribution of articles based on journal indexing reveals that most publications
are indexed in SCOPUS QI1, with eight articles accounting for 30.8% of the total. SCOPUS
Q3 ranks second, with six articles representing 23%. SINTA 2 holds a significant share with
five articles, making up 19.2%, followed by SCOPUS Q2 with four articles at 15.4%.
Meanwhile, SCOPUS Q4 includes only three articles, comprising 11.6% of the total. This
distribution indicates that most articles are published on reputable national and international
indexing platforms. SCOPUS is the dominant indexer for these studies on digital technology
integration in elementary education settings. The articles reviewed included experimental
studies that assessed the effectiveness of specific digital tools in enhancing learning
engagement and achievement, as well as case studies that provided insights into real-world
applications and challenges faced by educators during implementation. Additionally, some
studies employed surveys to gather data from teachers and students regarding their
experiences with digital technology in the classroom.

By synthesizing findings from these varied methodologies, this review aims to
comprehensively understand the current landscape regarding digital technology integration in
elementary education. It highlights the positive impacts observed—such as improved student
motivation and enhanced critical thinking skills—and addresses potential barriers to effective
implementation, such as lack of training for educators and disparities in access to technology
among students. Ultimately, this systematic review seeks to inform future research directions
and practical applications for integrating digital technologies effectively within elementary
educational settings.

The systematic review revealed various digital technologies employed across the 26
studies. The analysis of educational media types in elementary education research reveals that
video and animation-based approaches remain the most researched category, constituting
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26.92% of the studies with seven papers (Bulkani & Adella, 2022; Daryanes et al., 2023; Du
et al., 2025; Hanif, 2020; Nurmawati et al., 2020; Safitri et al., 2021; Ulfah et al., 2025).
Three categories share equal representation at 19.23% with five papers each: Virtual &
Augmented Reality (Akman & Cakir, 2023; Erviana & Sepriansyah, 2024; Marini et al.,
2022; Winarni et al., 2024; Wu et al., 2024), Interactive Applications & E-Modules
(Alyusfitri et al., 2024; Banda & Nzabahimana, 2023; Chen & Jamiat, 2023; Guldana A.
Totikova et al., 2020; Praja & Andriani, 2025), and Educational Games & Physical Media
(Fitrianawati & Noerazizah, 2025; Fitriyani et al., 2023; Islekler et al., 2024; Nuradhisti &
Prasetyanigtyas, 2025; Syawaluddin et al., 2020). This shows a balanced research interest
across immersive technologies, interactive digital content, and tangible learning materials.
Mobile & Android Applications represent 15.38% of the research corpus with four papers,
demonstrating the growing adoption of mobile technology in elementary education
trimurtini(Ahmadi & Widihastrini, 2020; Sujarwo et al., 2022; Vebrianto Susilo et al., 2020;
Vitalievna et al., 2025).

This distribution indicates a diverse research landscape in educational technology for
elementary education, with significant attention given to both digital technologies and
traditional physical learning materials. The balanced representation across categories suggests
that researchers recognize the value of various approaches to address different learning needs
and preferences among elementary school students.

This meta-analysis provides robust evidence supporting digital technology's efficacy
in enhancing cognitive learning outcomes within elementary education, revealing significant
variations across cognitive domains, tools, pedagogical approaches, and implementation
timeframes. These findings offer valuable guidance for educational practitioners and
policymakers, demonstrating that strategic technology integration aligned with sound
pedagogical theory significantly elevates students' cognitive development and learning
experiences in contemporary educational environments (Clemente-Suérez et al., 2024; Vera-
Mera et al., 2023; Widyadhari, 2024).

As educational frameworks evolve, stakeholders must prioritize models fostering
meaningful technology interactions that position students as active learning participants while
continuing to investigate diverse pedagogical strategies, technology types, and learner
characteristics to advance digital tool integration across varied educational contexts
(Ellianawati et al., 2024; Pigozne et al., 2024; Simdes et al., 2023; Wahyuni & Ariadi, 2022).
RQ 1 Effectiveness of Digital Technology Integration

Integrating digital technology in elementary education significantly positively affects
students' cognitive learning outcomes, particularly when aligned with pedagogical strategies
emphasizing interactive engagement (Sekarningrum et al., 2025; Zainil et al., 2022). The
analysis revealed differential impacts across cognitive domains, with the most pronounced
advancements in problem-solving and spatial reasoning abilities. Wu et al. (2024)
demonstrated that VR-based learning simulations enhance elementary students' critical
thinking capacities, while Hsu & Wu, (2023) showed that digital technologies facilitate
spatial-temporal reasoning through dynamic visualization capabilities typically unattainable
in conventional educational settings.

The review identified moderate effects on critical thinking and conceptual
understanding. Sujarwo et al. (2022) provided evidence that android-based interactive media
significantly improves students' cognitive abilities in solving problems. This aligns with
Mayer's cognitive theory of multimedia learning, which posits that the cognitive benefits of
technology are most significant in tasks requiring higher order thinking rather than simple
factual recall. Educational simulations and gamification strategies yield promising outcomes
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for cognitive enhancement. Fitriyani et al. (2023) demonstrated that digital game-based
learning fosters higher-order thinking skills and student engagement, reinforcing the
effectiveness of dynamic learning environments in promoting cognitive development.
Specific Cognitive Outcomes Enhanced by Different Technologies

Different digital technologies enhance specific cognitive skills with varying
effectiveness. In augmented reality and spatial reasoning development, AR mathematics
applications have improved students' ability to mentally manipulate 3D geometric objects by
37% compared to traditional instruction (Wu et al., 2024). AR applications that overlay
digital information onto physical objects showed a 42% improvement in students' ability to
interpret cross-sections and internal structures of 3D objects (Marini et al., 2022), while
elementary students using AR-based mapping tools demonstrated a 31% improvement in map
navigation tasks (Erviana & Sepriansyah, 2024).

Regarding game-based learning and problem-solving, educational games focusing on
computational thinking improved students' ability to develop step-by-step solutions by 28%
(Fitriyani et al., 2023). Games requiring strategic thinking enhanced students' ability to
develop efficient problem-solving approaches by 34% (Fitrianawati & Noerazizah, 2025),
and students showed 26% better ability to apply learned strategies to novel situations outside
the game context (Islekler et al., 2024).

Interactive multimedia has shown remarkable effects on critical thinking
development. Students using interactive multimedia demonstrated a 23% improvement in
their ability to evaluate information sources (Alyusfitri et al., 2024). Interactive narratives
improved students' ability to consider multiple perspectives by 27% (Chen & Jamiat, 2023),
while interactive multimedia tools with embedded questioning improved students' ability to
draw logical conclusions by 31% (Nurmawati et al., 2020).

RQ 2 Design Characteristics Contributing to Improvement

Several specific design characteristics contribute to improvements in educational
efficacy. Augmented reality (AR) applications demonstrate superior effectiveness, aligning
with theories of embodied cognition. The exceptional effectiveness of AR stems from several
key mechanisms. AR applications bridge abstract concepts with physical interaction; when
students physically manipulate AR markers to explore 3D shapes, the technology creates a
direct sensorimotor connection between movement and spatial understanding, strengthening
neural pathways associated with spatial reasoning (Wu et al., 2024). Additionally, AR
systems reduce extraneous cognitive load by overlaying relevant information directly onto
physical objects, eliminating the need for students to translate between representations
mentally. This reduces working memory demands and allows more cognitive resources
dedicated to meaningful concept processing (Marini et al., 2022). Moreover, AR provides
dynamic, three-dimensional representations that can be viewed from multiple angles, which
is particularly beneficial for conveying spatial concepts that are difficult to represent in static
two-dimensional formats (Erviana & Sepriansyah, 2024).

The success of gamified learning platforms emerges as another significant design
characteristic. Gamification works through specific psychological mechanisms. Game-based
learning systems trigger dopamine release through reward schedules, creating positive
neurological associations with learning activities. This neurological engagement is
particularly powerful for elementary students whose reward systems are highly responsive to
immediate positive feedback (Fitriyani et al., 2023; Vitalievna et al., 2025). Effective
educational games implement algorithms that continuously adjust difficulty based on student
performance, maintaining them in an optimal challenge zone or flow state (Fitrianawati &
Noerazizah, 2025). Furthermore, educational games transform errors from negative

Jurnal Kependidikan Vol. 11, No. 2 (June 2025)
Copyright © 2025, The Author(s) 1926



Jurnal Kependidikan: Vol. 11, No. 2 : June 2025

Jurnal Hasil Penelitian dan Kajian Kepustakaan E-ISSN: 2442-7667
di Bidang Pendidikan, Pengajaran dan Pembelajaran pp- 921-933
https://e-journal.undikma.ac.id/index.php/jurnalkependidikan/index Email: jklppm@undikma.ac.id

experiences into natural parts of the learning process by providing immediate, non-
judgmental feedback and unlimited retry opportunities. This dramatically reduces anxiety and
encourages students to attempt challenging problems (Islekler et al., 2024).

The pedagogical integration approach employed plays a critical role in moderating
technology effectiveness. Technologies rooted in constructivist principles, where learners
actively construct their knowledge, yield significantly more educational impact than those
used merely as supplementary tools (Akman & Cakir, 2023; Daryanes et al., 2023). When
technology is embedded within constructivist pedagogies, it transforms from a passive to an
active component of the learning process, amplifying its impact on understanding and
application (Alyusfitri et al., 2024; Suranto et al., 2024). Digital tools can significantly
enhance educational outcomes to promote active student engagement and understanding
construction (Nurmawati et al., 2020).

Research identifies four interactivity design elements crucial for effective educational
technology development. The Hattie and Timperley feedback model identifies three functions
and four levels of feedback, emphasizing task, process, self-regulation, and self-feedback
(Hattie & Timperley, 2007). This framework suggests that timely, specific feedback tailored
to learner progress is vital to fostering cognitive development (Du et al., 2025; Vebrianto
Susilo et al., 2020). Collaborative features in digital environments enhance outcomes through
active participation in joint problem-solving (Ahmadi & Widihastrini, 2020). Collaborative
digital tools that facilitate peer feedback, joint project development, and synchronous
problem-solving have demonstrated effectiveness in elementary education contexts (Asani et
al., 2023; Ulfah et al., 2025).

RQ 3 Theoretical and Practical Implications of Digital Technology Integration

This systematic review reveals profound theoretical insights that fundamentally
reconceptualize digital technology integration in elementary education. The findings robustly
support the dynamic cognitive development framework, demonstrating that digital
environments accelerate cognitive development through tailored scaffolding within children's
zones of proximal development, particularly enhancing higher-order thinking skills (HOTS)
through problem-solving strategies and digital literacy in social studies contexts (Hasni et al.,
2022; Nuradhisti & Prasetyanigtyas, 2025). Mobile technology emerges as particularly
influential in developing HOTS and 21st-century skills (Ahmad et al., 2020).

Critically, these findings challenge reductive conceptualizations of technology as
mere supplementary tools, instead advocating for ecological perspectives that emphasize
complex interactions among technological affordances, pedagogical strategies, learner
characteristics, and contextual factors. This theoretical shift is empirically supported by
evidence that pedagogical approaches integrating technology as core components yield
significantly superior cognitive benefits compared to adjunct implementations (Banda &
Nzabahimana, 2023; Wu et al., 2024). The differential effectiveness across cognitive domains
contributes meaningfully to domain-general versus domain-specific cognitive development
debates, revealing that digital technology enhances specific skills like problem-solving and
spatial reasoning while showing marginal effects on factual recall, suggesting targeted
cognitive structure maturation rather than uniform enhancement.

The theoretical framework of distributed cognition receives substantial validation,
positioning digital technologies as cognitive amplifiers that extend students' intellectual
capabilities beyond individual minds to encompass tool-mediated interactions and
collaborative problem-solving environments. Furthermore, the critical importance of
sustained engagement emerges as a pivotal theoretical insight, with brief implementations
showing attenuated effects while gradual cognitive benefit accrual occurs as students develop
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technological proficiency and integrated learning strategies (Bulkani & Adella, 2022;
Vitalievna et al., 2025). These findings necessitate educational models prioritizing long-term
technology integration for sustained academic growth.

The practical implications span multiple stakeholder domains with transformative
potential for educational practice. Technology developers must prioritize adaptive feedback
mechanisms, collaborative functionalities, scaffolded progression paths, and multimodal
representations as essential interactivity design characteristics for effective learning tools.
Educators require paradigmatic shifts toward appropriate pedagogical integration strategies
rather than technical skill emphasis, with constructivist implementation approaches
demonstrating pronounced advantages that necessitate professional development programs
emphasizing pedagogical rather than technical proficiency (Widyadhari, 2024). This aligns
with research demonstrating teacher beliefs and practices as critical mediators of technology
effectiveness (Pigozne et al., 2024).

Educational policymakers must recognize implementation duration as a decisive
factor, abandoning short-term episodic projects in favor of sustained, long-term technology
integration initiatives that facilitate meaningful and lasting learning outcome improvements.
The differential effects across cognitive domains require curriculum designers and
assessment specialists to restructure curricula capitalizing on technology's demonstrated
strengths in problem-solving and spatial reasoning while complementing these with
traditional methods where technology shows modest effects. Assessment frameworks require
fundamental recalibration to evaluate unique cognitive skills fostered by digital learning
environments that conventional testing methods inadequately capture (Simdes et al., 2023).
K-12 Implications Beyond Elementary Education

While focusing primarily on elementary education, the findings have significant
implications for the broader K-12 educational continuum. A developmental progression of
technology integration is recommended across K-12 education, where early elementary
grades (K-2) emphasize technologies supporting concrete manipulation and visual
representation that align with students' cognitive development in the concrete operational
stage. For upper elementary and middle school (grades 3-8), technologies supporting the
transition to abstract thinking become increasingly important, with applications that gradually
move from concrete to symbolic representations. By high school (grades 9-12), technologies
facilitating higher-order analytical thinking should predominate, supporting students'
advanced cognitive development (Clemente-Suarez et al., 2024; Wu et al., 2024).

Coordinated K-12 technology integration plans should be built coherently across
grade levels, with elementary technology integration emphasizing foundational cognitive
skills such as spatial reasoning and basic problem-solving, while middle school applications
should extend these to more complex problems. High school implementations should connect
these skills to advanced disciplinary thinking, creating a seamless progression of technology-
enhanced cognitive development (Banda & Nzabahimana, 2023; Pigozne et al., 2024). Rather
than implementing uniform technology solutions across all grade levels, schools should
strategically allocate resources based on demonstrated cognitive benefits at different
developmental stages. Investments in augmented reality technology may yield higher returns
in elementary and middle school science and mathematics instruction, while advanced
simulation software might be prioritized for high school STEM courses.

Conclusion
This systematic literature review demonstrates that digital technology-based
interactive learning media significantly enhances cognitive development in elementary school
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students. The analysis reveals video and animation-based media as most prevalent (26.92%),
with virtual and augmented reality, interactive applications, and educational games each
comprising 19.23% of implementations. The most substantial cognitive improvements
occurred in problem-solving abilities, spatial reasoning, critical thinking, and conceptual
understanding. Technologies incorporating constructivist principles, interactive engagement
strategies, adaptive feedback mechanisms, and collaborative features proved most effective in
enhancing cognitive outcomes. Critically, pedagogical approach and technology design
characteristics serve as key moderating factors, with problem-solving and spatial reasoning
demonstrating superior gains compared to factual recall. Implementation duration emerges as
essential for achieving sustained cognitive benefits.

The findings provide compelling evidence that thoughtfully integrated digital
technologies can substantially elevate elementary students' cognitive learning outcomes.
Success requires aligning technological tools with sound pedagogical strategies while
addressing implementation challenges including teacher training and infrastructure support to
maximize educational impact.

Recommendation

Based on the findings, this study recommends that teachers adopt constructivist-based
pedagogical strategies when integrating digital technologies to engage students in problem-
solving and critical thinking tasks actively. Education policymakers should prioritize long-
term investments in digital infrastructure, teacher training, and curriculum reforms that align
technology use with cognitive learning goals to ensure equitable and sustainable
implementation. For further researchers, future studies should explore the long-term cognitive
impacts of digital technology integration, examine its effects across diverse educational
contexts, and address methodological limitations to strengthen the generalizability of
findings.
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