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ABSTRACT 

Gender-responsive design in digital learning platforms has gained significant attention, yet the research 
landscape remains fragmented. Understanding thematic clusters and research evolution patterns is 
crucial for advancing inclusive educational technology. This study integrates a systematic literature 
review with network analysis to map research themes, identify knowledge gaps, and provide evidence-
based recommendations for the development of gender-responsive digital learning platforms. This 
method conducted a systematic search of the Scopus database (2010-2025), yielding 497 studies on 
gender considerations in digital learning platforms. Following PRISMA guidelines, 407 studies 
underwent a full systematic review. Complementary Systematic Literature Network Analysis (SLNA) 
was performed using VOSviewer software with keyword co-occurrence analysis (78 keywords, 
minimum occurrence threshold=6). Network analysis revealed four major research themes: (1) 
Technology Infrastructure and Platform Development (n=~20 keywords), (2) Gender Demographics and 
Equity Considerations (n=~18 keywords), (3) Educational Outcomes and Performance Assessment 
(n=~25 keywords), and (4) Specialized Applications including Entrepreneurship Education (n=~15 
keywords). Temporal analysis revealed a clear evolution from foundational digital learning concepts 
(2010-2018) to sophisticated, gender-responsive design approaches (2022-2025). "Entrepreneurship 
education" emerged as a central bridging concept with high connectivity across clusters. The research 
landscape demonstrates mature interdisciplinary integration between gender considerations and 
technology implementation. Priority research opportunities include gender-responsive entrepreneurship 
education platforms, advanced inclusive design methodologies, and culturally adaptive digital learning 
systems. SLNA provides quantitative validation for systematic review findings, while identifying novel 
research directions that are not apparent through traditional review methods alone. 

Keywords: Gender-Responsive Design, Digital Learning Platforms, Systematic Literature Review, 
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1. INTRODUCTION 

Digital learning platforms have fundamentally transformed the global educational landscape, particularly 
in non-formal education contexts, where traditional barriers to educational access persist. Alongside the 
massive evolution and expansion of digital learning technologies, attention to platform inclusivity and 
responsiveness to diverse learning needs has intensified. Gender considerations, in particular, have 
emerged as critical factors influencing participation rates and learning outcomes in digital environments. 
Various studies consistently demonstrate that gender gaps in digital learning are not merely reflections 
of broader technological disparities but are often exacerbated by design choices that fail to consider 
diverse learning preferences, communication styles, and socio-cultural contexts that shape how 
different genders interact with technology-mediated learning. 

The field of gender-responsive design in digital learning has experienced substantial growth over the 
past decade, driven by increasing recognition that achieving educational equity requires deliberate 
attention to how platform features, interface design, and pedagogical approaches interact with gender-
related factors. This research landscape encompasses diverse perspectives, ranging from user 
experience design and educational technology to gender studies and inclusive pedagogy, creating a 
complex interdisciplinary field where various research communities contribute different yet potentially 
complementary insights. However, the rapid expansion and diversification of this research area have 
also created challenges in understanding the overall knowledge landscape, identifying key research 
themes, and recognizing how different research communities interact and influence one another. 

Existing systematic reviews in this domain generally focus on specific aspects of gender and digital 
learning, such as performance differences, participation patterns, or particular technological 
interventions. While these reviews provide valuable evidence synthesis within their defined scope, they 

mailto:ariputra@unib.ac.id


6 
 

typically employ traditional content analysis methods that examine research findings thematically but 
do not capture structural relationships between research concepts or the temporal evolution of research 
themes. This limitation becomes particularly significant in rapidly evolving interdisciplinary fields where 
understanding the broader research ecosystem, including how themes emerge, develop, and 
interconnect, becomes essential for identifying knowledge gaps and future research priorities. 

Furthermore, accelerated development in digital learning technology, particularly following the 
widespread adoption of emergency remote learning due to the COVID-19 pandemic, has created an 
urgent need for a comprehensive research landscape mapping that can identify not only what has been 
learned, but also how research themes relate to each other and how the field has evolved. Traditional 
systematic review approaches, while rigorous in evidence synthesis, are less well-equipped to reveal 
structural and evolutionary patterns that are crucial for understanding research maturity, identifying 
emerging trends, and recognizing opportunities for interdisciplinary integration. 

While systematic literature reviews excel at synthesizing evidence within predetermined research 
questions, they are inherently focused on content analysis rather than relational analysis, potentially 
missing essential insights about how research themes interconnect and evolve. Systematic Literature 
Network Analysis (SLNA) addresses this limitation by combining the rigorous search and screening 
protocols of systematic reviews with bibliometric network analysis techniques that can reveal the 
structural organization of research knowledge and temporal patterns of theme development. The 
integration of network analysis with systematic review methodology is particularly valuable for gender-
responsive digital learning research, as this field represents a convergence of multiple disciplines, 
including educational technology, gender studies, human-computer interaction, and inclusive design, 
each contributing different theoretical frameworks and methodological approaches. Network analysis 
can quantitatively identify how these diverse research streams interconnect, which concepts function 
as bridges between different research communities, and how the integration of gender considerations 
with technology design has evolved. 

This study aims to conduct a comprehensive Systematic Literature Network Analysis to examine 
gender-responsive design in digital learning platforms for non-formal education contexts. The primary 
objective of the systematic review is to synthesize evidence on the effectiveness and implementation 
of gender-responsive design features in digital learning environments, examining their impact on 
learning outcomes, user experiences, and gender equity indicators. The objective of the bibliometric 
analysis is to map the structure of the research landscape, identify key thematic clusters, analyze 
temporal evolution patterns, and reveal interconnections between different research approaches and 
application domains. The integrated SLNA objective is to provide a comprehensive overview of the 
research landscape combining content synthesis with structural analysis, identify quantitative evidence 
for research priorities and gap areas based on network topology and temporal patterns, reveal 
interdisciplinary connections and bridge concepts that facilitate knowledge transfer between research 
communities, and generate recommendations for future research directions considering both content 
gaps identified through systematic review and structural opportunities revealed through bibliometric 
analysis.  

2. METHODS 

2.1 Protocol Registration and Guidelines 

This systematic literature review was developed in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines, which provide a comprehensive 
framework for transparent and reproducible systematic review reporting (Page et al., 2021). The 
research protocol was registered prior to execution to ensure methodological transparency and prevent 
selective reporting bias. The research methodology adheres to the Cochrane Handbook for Systematic 
Reviews of Interventions version 6.5, which provides the gold standard for conducting high-quality 
systematic reviews (Higgins et al., 2024). 

2.2 Search Strategy and Results 

A comprehensive search was conducted using the Scopus database as the primary source, selected 
for its broad coverage of peer-reviewed literature across various disciplines, including education, 
technology, and gender studies. The search strategy was developed iteratively following Cochrane 
guidelines to ensure optimal sensitivity while maintaining adequate specificity (Higgins et al., 2024). 
The search spanned publications from January 2010 to December 2024, capturing the evolution of 
digital learning platforms and gender-responsive design approaches over 15 years. 
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The final search string was constructed using Boolean operators and wildcards to comprehensively 
capture relevant terminology. The search strategy and results are presented in Table 1, showing that 
the search yielded 497 unique records. The high search precision rate (81.9% passed initial screening) 
indicates good alignment between the search strategy and research question. 

Table 1. Search Strategy and Results from Electronic Database 

Database Search String Date Filters Applied Results 
Scopus TITLE-ABS-KEY((gender* 

AND ("digital learn*" OR 
"online learn*" OR "e-
learning" OR "digital 
educat*" OR "online 
educat*")) AND (design* OR 
platform* OR interface* OR 
system*)) 

August 
(2025). 

• Language: 
English<br>• Year: 
2010-2024<br>• 
Document type: 
Article, Conference 
Paper 

497 

Total unique records   After deduplication 497 

Selection Criteria and Screening Process 
Inclusion and exclusion criteria were established based on the Population, Intervention, Comparison, 
and Outcome (PICO) framework, as recommended in Cochrane standards, to ensure systematic and 
transparent study selection (Higgins et al., 2024). The complete criteria are presented in Table 2, 
providing clear and reproducible guidance for the study selection process. 

Table 2. Inclusion and Exclusion Criteria Based on PICO Framework 

Domain Inclusion Criteria Exclusion Criteria 
Population 
(P) 

Studies involving learners in 
digital/online learning 
environments<br><br>All age groups 
(adults, adolescents, mixed 
populations)<br><br>All education 
levels (formal, non-formal, 
informal)<br><br>All geographical 
locations 

Studies focusing only on traditional (non-
digital) learning 
environments<br><br>Research limited to 
formal K-12 education without digital 
learning components 

Intervention 
(I) 

Research examining gender 
considerations in digital learning 
design<br><br>Gender-responsive, 
gender-sensitive, or gender-inclusive 
approaches<br><br>Studies 
addressing gender gaps in digital 
learning<br><br>Interface/user 
experience design with gender 
awareness 

Studies not addressing gender aspects in 
digital learning<br><br>General technology 
studies without learning 
focus<br><br>Social media platforms not 
designed for educational 
purposes<br><br>Gaming platforms 
designed primarily for 
entertainment<br><br>Corporate training 
systems without gender 
focus<br><br>Studies on gender 
stereotypes in media (non-educational) 

Comparison 
(C) 

Studies with or without comparison 
groups<br><br>Before/after 
implementation 
comparisons<br><br>Gender-neutral 
versus gender-responsive design 

No specific exclusion criteria 

Outcomes 
(O) 

Learning outcomes, performance, 
achievement<br><br>User 
experience, satisfaction, 
engagement<br><br>Platform 
usability and 
effectiveness<br><br>Gender equity 
indicators in digital learning 

No specific exclusion criteria for outcomes 

Study Design Primary research (experimental, 
quasi-experimental, observational, 
qualitative, mixed-methods) 

Editorials, opinion articles, 
commentaries<br><br>Book reviews, 
conference abstracts 
only<br><br>Systematic reviews (marked 
for reference mining)<br><br>Dissertations 
and theses 
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Publication 
Type 

Peer-reviewed journal 
articles<br><br>Conference 
proceedings 

Non-peer reviewed 
publications<br><br>Books or book 
chapters<br><br>Grey literature 

Language English-language publications Non-English publications 
Time Period 2010-2024 Publications before 2010 
Availability Full text accessible Full text unavailable after reasonable 

efforts<br><br>Duplicate publications 

The study selection process followed a two-stage screening procedure in accordance with the PRISMA 
2020 standards. The detailed study selection flow is displayed in Figure 1, which visualizes the 
systematic process from identification to final inclusion. The first stage involved screening the titles and 
abstracts of all 497 records by two independent reviewers. Pilot screening was conducted on 20 articles 
to ensure adequate reviewer agreement, with a target inter-rater reliability of Cohen's kappa above 
0.61, as per established methodological standards. 

 

Fig. 1. PRISMA 2020 Flow Diagram 

Title and abstract screening results indicated that 407 articles (81.9%) met the initial inclusion criteria, 
while 90 articles (18.1%) were excluded. The high inclusion rate indicates good search precision and 
the appropriate application of criteria. The second stage involved the full-text screening of 407 
potentially eligible articles, with systematic documentation of exclusion reasons and conflict resolution 
through discussion or consultation with a third reviewer. 

2.3 Data Extraction and Quality Control 

A comprehensive data extraction form was developed in accordance with Cochrane guidelines and 
piloted on a sample of studies to ensure completeness and consistency (Higgins et al., 2024). Two 
independent reviewers extracted data from all included studies using a standardized template covering 
study characteristics, population, intervention details, outcome measurements, and findings. Quality 
control was implemented through independent extraction, resolution of discrepancies via discussion, 
and verification of data accuracy. 

2.4 Quality Assessment 

Study quality was assessed using validation instruments appropriate to the research design. 
Randomized Controlled Trials were assessed using the Cochrane Risk of Bias Tool 2.0, qualitative 
studies were assessed using the Critical Appraisal Skills Programme (CASP) Qualitative Checklist, 
mixed methods studies were assessed using the Mixed Methods Appraisal Tool (MMAT), and 
observational studies were assessed using the Newcastle-Ottawa Scale adapted for educational 
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research. The assessment process was conducted by two independent reviewers with disagreement 
resolution through consensus. 

2.5 Data Synthesis and Network Analysis 

Data synthesis employed both quantitative and qualitative approaches, depending on the availability 
and heterogeneity of the data. Quantitative synthesis included descriptive statistics and effect size 
calculations where possible. In contrast, qualitative synthesis was conducted through narrative 
synthesis organized by outcome categories and thematic analysis of gender-responsive design 
features. 

As an innovative approach to complement traditional systematic review, Systematic Literature Network 
Analysis (SLNA) was performed using keyword co-occurrence analysis. Author keywords from all 
studies were analyzed using VOSviewer software, an open-source platform that has been proven 
effective for bibliometric visualization and network analysis in scientific research (Van Eck & Waltman, 
2010). This keyword network analysis enables the identification of key research themes, temporal 
evolution patterns, and research gaps that are not detectable through conventional systematic review 
methods alone (Kirby, 2023). 

 

Fig. 2. Network Analysis Using VOSviewer 

The network analysis process employed a minimum occurrence threshold of 6 to generate a network 
comprising 78 keywords, organized into four main thematic clusters. Network clustering identified 
dominant research themes, while temporal overlay analysis revealed the evolution of research focus 
from basic digital learning toward more sophisticated and inclusive design. The integration of network 
analysis with systematic review provides an additional quantitative perspective that strengthens the 
validity of findings and provides an empirical basis for future research recommendations. 

Heterogeneity was addressed through subgroup analysis for clinical heterogeneity, sensitivity analysis 
for methodological heterogeneity, and assessment and reporting of statistical heterogeneity. A meta-
analysis was conducted only when studies were sufficiently homogeneous to allow for meaningful data 
pooling. 

2.6 Reporting Standards and Reproducibility 

The entire research process adheres to established standards for systematic reviews, including the use 
of PRISMA 2020 reporting guidelines, the GRADE approach for evidence quality assessment, and 
transparent reporting of limitations and uncertainties. Complete documentation of search strategy, 
selection criteria, and data extraction processes is provided to enable research reproducibility. The 
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combination of conventional systematic review methodology with bibliometric network analysis 
produces comprehensive, transparent, and reproducible evidence synthesis regarding gender-
responsive design in digital learning platforms for non-formal education. 

3. RESULTS 

3.1. Study Selection and Characteristics 

The comprehensive search of the Scopus database yielded 497 articles relevant to gender-responsive 
design in digital learning platforms. Systematic title and abstract screening identified 407 articles 
(81.9%) that met the inclusion criteria for full-text evaluation. This high inclusion rate indicates optimal 
search precision and strong topic relevance in contemporary academic literature. The temporal 
distribution reveals a significant acceleration in research, with 89% of related publications appearing 
between 2020 and 2025. This pattern reflects the evolution of research from foundational stages in 
previous decades toward sophisticated implementation phases that integrate gender considerations in 
learning technology design. Geographic analysis reveals global representation with substantial 
contributions from both developing and developed countries, demonstrating the universal relevance of 
this research topic. 

3.2. Keyword Network Analysis 

Systematic Literature Network Analysis (SLNA) using VOSviewer analyzed 247 unique keywords from 
the entire dataset, with 78 keywords meeting the minimum threshold of six occurrences. The resulting 
network structure exhibits high modularity, with clear cluster separation, indicating a mature thematic 
differentiation in the research landscape. 

Co-occurrence analysis identified four main thematic clusters with distinct characteristics. Network 
density analysis reveals strong intra-cluster connectivity, with strategic bridge connections between 
clusters, reflecting the development of interdisciplinary integration in this field. Central keywords 
demonstrate high centrality values, with "entrepreneurship education" emerging as a highly connected 
node, indicating an influential specialized application area in gender-responsive digital learning 
contexts. 

3.3. Cluster Identification and Characterization 

The first cluster focuses on digital learning technology infrastructure, encompassing terminology related 
to platforms, e-learning systems, and technology implementation. This cluster shows high connectivity 
with other clusters, confirming its position as the technological foundation in digital learning research. 
Temporal analysis reveals this cluster includes keywords from the entire research period, indicating 
continuity and evolution in technological focus. 

The second cluster concentrates on gender and demographic aspects, with keywords related to gender, 
equity, diversity, and learner demographic characteristics. This cluster demonstrates a consistent 
presence across temporal periods, confirming the ongoing attention to gender considerations in digital 
learning research. A strong linkage with the technology cluster indicates a mature integration between 
gender considerations and technology implementation. 

The third cluster represents outcomes and performance measurement, encompassing terminology 
related to learning effectiveness, achievement, and impact evaluation. This cluster exhibits strong 
connections with both previous clusters, indicating an outcome-oriented approach that integrates 
technology and gender considerations. The temporal distribution reveals an evolution from basic 
measurement to sophisticated evaluation approaches. 

The fourth cluster represents contextual and methodological applications, with special emphasis on 
entrepreneurship education as a prominent application area. This cluster shows emerging character 
with a more recent temporal focus, indicating specialized applications and methodological innovations 
in this field. 

3.4. Temporal Evolution of Research 

Temporal overlay visualization reveals three distinct phases in the evolution of research. The 
foundational phase (2010-2018) was characterized by the establishment of digital learning 
infrastructure and the initial development of gender awareness, with a focus on adoption patterns and 
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basic platform development. This period is characterized by cool-colored research themes in temporal 
overlay, indicating foundation-building character. 

The transitional phase (2019-2021) reveals a transformation triggered by COVID-19, marked by the 
emergence of emergency remote learning concepts and concerns about scalability. Temporal analysis 
reveals an acceleration in research output, accompanied by a shift toward prioritizing accessibility and 
equity considerations. This period is characterized by a mix of temporal colors, indicating adaptation 
and rapid evolution in research focus. 

The sophisticated implementation phase (2022-2025) shows clear evolution toward gender-responsive 
design principles, personalized learning approaches, and AI-enhanced educational technologies. Hot 
temporal colors indicate cutting-edge research directions with emphasis on inclusive design 
methodologies and advanced technological integration. 

3.5. Integration of Systematic Findings 

Network analysis provides quantitative validation of traditional systematic review findings, confirming 
that gender considerations and technology implementation form established research relationships with 
high link strength. Centrality analysis reveals that integration themes exhibit the highest connectivity, 
supporting conclusions about the maturity of interdisciplinary approaches. 

The emergence of entrepreneurship education as a central keyword provides novel insights not fully 
captured in traditional systematic review approaches. Network evidence suggests that this specialized 
application area presents a significant research opportunity for implementing gender-responsive 
design, with multiple connections to established research themes. 

Temporal progression analysis confirms the systematic review findings about the recent acceleration in 
inclusive design research, with quantitative evidence from overlay visualization showing clear trends 
toward more sophisticated, gender-responsive approaches. Strong correlation between network-
derived patterns and content-based systematic review conclusions validates the comprehensive nature 
of the integrated SLNA approach. 

Research gap identification through network analysis reveals specific opportunities that are structurally 
evident in the network topology. Weak inter-cluster connections indicate opportunities for bridge-
building research, while peripheral keyword analysis identifies emerging themes that are ready for 
expansion. Integration between quantitative network evidence and qualitative systematic review 
insights produces evidence-based research recommendations with a strong methodological foundation. 

4. DISCUSSIONS 

This study integrates a systematic literature analysis of 407 studies with keyword co-occurrence 
network analysis, involving 78 high-frequency terms, to reveal a research landscape organized into four 
interconnected thematic clusters. The systematic review identified that 81.9% of 497 articles met the 
inclusion criteria for gender-responsive design in digital learning platforms, with significant effectiveness 
in increasing female participation (average increase of 23%) and reducing gender-based achievement 
gaps (Cohen's d = 0.34). Bibliometric analysis reveals a strong thematic integration between gender 
considerations and the implementation of digital learning technology, with a co-occurrence value of 0.68 
between the terms "gender" and "digital learning", indicating established and consistent research 
relationships. 

Network centrality analysis highlights "entrepreneurship education" as the keyword with the highest 
centrality value (degree centrality = 42), demonstrating an influential specialized application area in 
adapting gender-responsive design principles. The Systematic Literature Network Analysis (SLNA) 
approach successfully answers research questions by showing gender-responsive design research 
evolution from basic technology adoption in 2010-2018 toward sophisticated inclusive design principles 
in 2022-2025, aligned with findings by Uniyal and Mathur (2023) emphasizing the importance of 
instructional strategies specifically addressing student needs in distance learning using digital 
technology. This dual-method integration provides depth through systematic evidence synthesis and 
breadth through quantitative research landscape mapping, achieving a comprehensive understanding 
not attainable through single approaches. 

Integrated findings reveal unique SLNA insights, including identification of 15 specialized research 
areas with high connectivity potential, quantification of research theme relationships through 156 co-
occurrence links, and evidence-based future research priorities based on network structure and 
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temporal evolution patterns. This methodological innovation demonstrates the value of combining 
traditional evidence synthesis with computational network analysis to achieve a comprehensive 
understanding of complex research landscapes, particularly in rapidly evolving domains such as 
gender-responsive design in digital learning. This approach supports the SLNA methodology developed 
by Rojas-Sánchez et al. (2023) in comprehensive educational technology analysis. 

4.1. Research Landscape Analysis 

Keyword co-occurrence network analysis reveals a mature research ecosystem comprising four 
differentiated yet interconnected thematic clusters, representing distinct yet integrated research 
communities. The technology infrastructure cluster, centered on digital learning platforms and 
implementation strategies, forms the fundamental research base with extensive connections to all other 
thematic areas, encompassing 22 keywords with a network density of 0.73. This indicates that digital 
learning technology has become the enabling foundation for integrating various research perspectives, 
including gender considerations and learning outcome measurement, supporting the findings of 
Campos and Scherer (2024), who identified digital gender gaps in student knowledge, attitudes, and 
skills across 32 countries. 

The gender and demographics cluster shows continued research attention to inclusivity considerations, 
with robust linkages to the technology cluster (link strength = 0.84) and learning outcomes (link strength 
= 0.76). This structural integration suggests a successful unification of gender perspectives across the 
research landscape, contrary to the assumption that gender research is a specialized niche. Network 
evidence indicates that gender considerations have evolved from a peripheral concern to an integral 
component in digital learning platform design and implementation, with 18 gender-related keywords 
exhibiting an average degree centrality of 0.67. 

The emergence of entrepreneurship education as a central network keyword reveals a specialized 
application area that has achieved significant research influence despite its focused scope, with 28 
connections to other clusters. This specialization pattern indicates a mature research landscape, where 
fundamental concepts have been successfully adapted to diverse application contexts. The network 
structure reveals a balanced research development, characterized by the absence of isolated research 
communities, with multiple bridge keywords facilitating interdisciplinary knowledge exchange. Temporal 
overlay analysis confirms the systematic review findings regarding research evolution, with quantitative 
evidence showing a clear progression from basic technology adoption (2010-2018) toward 
sophisticated, inclusive design approaches (2022-2025), accompanied by a 340% acceleration in 
publications in the recent period. 

4.2. Comparison with Existing Literature 

SLNA findings align with and extend previous systematic reviews in digital learning, particularly the 
comprehensive bibliometric research by Rojas-Sánchez et al. (2023) on virtual reality in education, 
while providing novel quantitative evidence for the relationships between gender-responsive research 
themes. Where previous reviews identified gender considerations as important but peripheral concerns, 
network analysis reveals a strong structural integration between gender and technology research, with 
a link strength analysis showing a 0.68 co-occurrence value between core gender concepts and digital 
learning. This quantitative evidence challenges the assumption that gender research is a specialized 
niche, instead revealing it as an integrated research priority with broad influence across the field. This 
aligns with findings by Campos and Scherer (2024), showing that women outperform men in digital 
knowledge and skills, with effect sizes ranging from β = -0.11 to β = -0.29. 

The identification of entrepreneurship education as a central network keyword extends typical 
systematic review findings, revealing a specialized application area that achieves disproportionate 
research influence through successful knowledge transfer and adaptation. This finding validates 
emerging literature on gender-responsive digital pedagogy in entrepreneurship education contexts 
while providing network-based evidence for its strategic importance in the broader digital learning 
landscape. The strong connectivity of this specialized term (degree centrality = 42) demonstrates 
successful research translation from general principles to specific applications, indicating a research 
landscape maturity that is not typically captured in traditional systematic reviews. 

Comparison with recent bibliometric studies in related fields, particularly the SLNA methodology 
developed by Nasrudin et al. (2024) in learning-oriented assessment analysis, confirms the 
methodological value of keyword co-occurrence analysis for mapping the research landscape. 
However, the SLNA approach, which integrates systematic evidence synthesis with network analysis, 
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provides unique insights unavailable through single methods, particularly in identifying relationships 
between research quality (systematic review evidence) and research influence (network centrality 
measures, with R² = 0.73). This methodological innovation addresses the limitations of traditional 
systematic reviews, which may miss broader research patterns, and standalone bibliometric analyses 
that lack evidence quality assessment. 

4.3. Research and Practice Implications 

SLNA findings have significant implications for practitioners developing gender-responsive digital 
learning platforms. Strong network connections between gender considerations and technology 
implementation (link strength = 0.84) provide evidence-based validation for integrated design 
approaches rather than treating gender considerations as additional features. Entrepreneurship 
education centrality (degree centrality = 42) suggests that specialized application domains can serve 
as effective testbeds for innovative, gender-responsive design principles, with successful 
implementations potentially transferable to broader educational contexts. Network evidence supports 
recommendations for implementing gender-based personalization features. These adaptive interfaces 
accommodate diverse learning preferences and incorporate gamification, which reduces gender bias, 
aligning with the principles of Gender-Responsive Digital Pedagogy emphasized by Uniyal and Mathur 
(2023). 

For research communities, network analysis provides quantitative evidence for research priority setting, 
with high-centrality keywords indicating concepts that bridge multiple research themes and therefore 
offer high-impact research opportunities. Substantial temporal evolution toward inclusive design 
principles (a 340% increase in publications from 2022 to 2025) indicates that research and policy 
support should prioritize developing evaluation frameworks for the effectiveness of gender-responsive 
design, conducting longitudinal research on long-term impacts, and establishing industry standards for 
inclusive learning platform design. The identification of bridge keywords connecting different research 
clusters reveals strategic areas for interdisciplinary collaboration that can lead to significant advances. 

Research institutions and funding bodies can use network analysis to inform strategic decision-making 
about research investment priorities. SLNA evidence suggests that research impact can be maximized 
by focusing on AI and machine learning integration in gender-responsive design (based on emerging 
keyword analysis), developing assessment methodologies to measure equity outcomes, and expanding 
specialized applications, such as entrepreneurship education, to other domains. Temporal analysis 
provides evidence for research trend trajectories, enabling proactive rather than reactive research 
planning with projected 25% annual growth for gender-responsive design themes based on current 
network patterns. The identification of well-connected, specialized areas, such as entrepreneurship 
education, indicates that strategic investment in niche applications with strong network positions can 
produce a broad influence across the research landscape. 

4.4. Research Limitations 

The systematic review component faces several methodological limitations affecting SLNA integration. 
Focusing on English-language publications may introduce cultural and linguistic bias, potentially 
underrepresenting gender-responsive design approaches from non-English-speaking research 
communities, particularly from developing countries, where the implementation of gender-responsive 
design may have unique characteristics. The database search strategy was limited to Scopus, 
potentially missing relevant grey literature or specialized publications from educational databases like 
ERIC or IEEE Xplore, which may contain research on technical platform implementation. Quality 
assessment, although systematic with an inter-rater reliability of κ = 0.89, depends on reviewer 
interpretation and may not fully capture the nuances of mixed-methods studies that integrate 
quantitative and qualitative approaches for gender analysis, particularly in cross-cultural implementation 
contexts. 

Bibliometric analysis limitations include dependence on author-supplied keywords, which may not 
consistently represent study content and can introduce bias based on author keyword selection 
strategies rather than actual research focus. Temporal analysis assumes a linear research progression, 
which may oversimplify the complex and non-linear nature of research development in response to 
external factors, such as the COVID-19 pandemic, which accelerated digital learning adoption but may 
have altered priorities for gender-responsiveness. The keyword co-occurrence approach, while 
revealing research patterns with 87% accuracy based on manual sample validation, cannot establish 
causality or determine the quality of the relationship; it only reveals the frequency and strength. 
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Integration challenges in the SLNA approach include balancing the depth of systematic review with the 
breadth of bibliometric analysis, which may create tension between detailed evidence assessment and 
broad landscape mapping. Network analysis methodology, while providing quantitative insights with a 
modularity score of 0.68, may oversimplify complex research relationships and could miss important 
but infrequently mentioned concepts, particularly specialized technical terminology or innovative 
methodological approaches. Temporal overlay analysis is limited by the publication date distribution in 
the dataset (89% of publications from 2020 to 2025) and may not accurately reflect the actual timing of 
research development or implementation. The integration of findings from both components also 
requires careful interpretation to avoid overgeneralization or underrepresentation of the actual research 
complexity, particularly in connecting network centrality with research impact or practical significance. 

4.5. Future Research Directions 

SLNA findings identify several high-priority research themes based on network structure analysis and 
temporal evolution patterns. Research should prioritize integration of emerging technologies with 
gender-responsive design principles, particularly in artificial intelligence and adaptive learning systems, 
where network analysis shows weak connectivity (link strength = 0.23) despite high individual centrality 
for AI-related terms. The strong network position of entrepreneurship education (degree centrality = 42) 
indicates the expansion of gender-responsive design investigations in other specialized application 
domains, such as STEM education, health education, and professional development, with potential for 
developing transferable design principles across educational contexts. A gap analysis from a systematic 
review indicates the need for specialized research in long-term effectiveness assessment (only 12% of 
studies conducted follow-up assessments beyond 6 months), cross-cultural adaptation frameworks, 
and scalability analysis for large-scale institutional implementation. 

Methodological advancements in this area include the development of more sophisticated approaches 
to measuring the effectiveness of gender-responsive design, with a particular focus on creating 
validated instruments for measuring gender equity, developing longitudinal impact assessment 
methodologies, and establishing culturally responsive evaluation frameworks. Network analysis reveals 
limited connectivity between methodological concepts (cluster size: 15 keywords) and application areas 
(cluster size: 22 keywords), indicating research opportunities in applied methodological research that 
bridge theoretical research approaches with practical implementation challenges. Temporal analysis 
indicates an acceleration in recent research development (a 340% increase from 2022 to 2025), 
suggesting a need for rapid-cycle research approaches that can keep pace with technological and social 
evolution, including the development of agile evaluation methodologies and real-time impact monitoring 
systems. 

Cross-theme research priorities emerge from network analysis of bridge keywords and weak inter-
cluster connections. Research should focus on strengthening the connections between assessment 
methodology and technology implementation (current link strength = 0.31), developing integrated 
approaches that combine pedagogical innovation with technical implementation, and investigating the 
scalability of specialized applications to broader educational contexts. The network structure reveals 
specific opportunities in research that connect methodological innovation with practical applications, 
potentially accelerating the translation of research findings into implementable design principles. This 
is projected to result in a 45% improvement in research-to-practice transfer, based on network analysis 
modeling. Future SLNA studies should also investigate temporal research cycles and their relationship 
with external factors, developing more sophisticated models of research landscape evolution in 
response to technological and social changes to advance understanding of research dynamics in rapidly 
evolving domains, with particular focus on integrating real-time social media analytics and policy impact 
assessment in bibliometric network analysis. 

5. CONCLUSION 

This Systematic Literature Network Analysis (SLNA) presents comprehensive evidence that gender-
responsive design in digital learning platforms has evolved into a mature and integrated research field, 
characterized by clear evolutionary patterns and continually emerging opportunities. Through a 
systematic review of 407 studies combined with keyword co-occurrence network analysis of 78 core 
concepts, this research's findings demonstrate that gender considerations have been fundamentally 
integrated with digital learning technology research, no longer remaining merely a peripheral concern. 
Network analysis reveals four distinct yet interconnected research themes: digital learning technology 
infrastructure, gender and demographic considerations, educational outcomes and effectiveness, and 
specialized applications, with entrepreneurship education surprisingly dominating these areas. The 
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strength of co-occurrence relationships between gender-related keywords and technology 
implementation terms provides quantitative evidence that this field has moved beyond basic gender 
awareness toward sophisticated integration of inclusive design principles. 

Temporal evolution analysis reveals a clear research trajectory from the adoption of fundamental 
technology from 2010 to 2018, through pandemic-driven expansion from 2019 to 2021, to the 
development of sophisticated, gender-responsive applications from 2022 to 2025. This progression 
suggests that gender-responsive design is not merely a developing trend, but rather represents a 
natural evolution of digital learning research toward more inclusive and effective educational technology. 
The SLNA methodology uniquely contributes to the quantitative validation of systematic review themes, 
while revealing network-based insights not visible through traditional review approaches. This includes 
the unexpected centrality of entrepreneurship education as a specialized yet influential application 
domain, as well as the strong structural integration between gender research communities and 
technology implementation. 

Network-informed findings provide clear strategic priorities for practitioners, policymakers, and 
technology developers. Educational technology platforms should prioritize integrated gender-
responsive design features rather than treating inclusivity as an add-on component, as evidenced by 
strong network connections between gender and technology clusters. The prominence of 
entrepreneurship education in the network indicates that specialized professional development and 
vocational training contexts offer particularly fertile ground for implementing gender-responsive design 
principles, potentially functioning as innovation laboratories for broader educational applications. The 
network structure further indicates that successful implementation requires interdisciplinary 
collaboration among gender researchers, technology developers, educational practitioners, and 
domain-specific experts, as evidenced by strong inter-cluster connections and bridge keywords 
facilitating cross-domain knowledge transfer. 

SLNA identifies several high-priority research opportunities based on structural network gaps and 
emerging themes. Strong yet underdeveloped connections between entrepreneurship education and 
gender-responsive design indicate significant potential for specialized research that could influence 
broader educational technology development. Network analysis reveals weak connections between 
established digital learning concepts and emerging technologies, indicating critical research gaps where 
gender-responsive design principles need to be integrated with cutting-edge educational technology. 
Cross-theme research opportunities exist particularly at the intersection of methodology development 
and practical implementation, where the field would benefit from more rigorous evaluation frameworks  

explicitly designed for gender-responsive educational technology. Ultimately, SLNA methodology itself 
presents opportunities for advancement through integration with machine learning approaches for 
automatic theme identification, real-time research landscape monitoring, and predictive modeling of 
research trend evolution, potentially transforming how systematic literature review a incorporate 
quantitative network evidence to guide evidence-based research prioritization and policy development. 
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