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Abstract 
This study aims to map global scientific developments and research trends at the intersection of game-
related studies and the Sustainable Development Goals (SDGs), while identifying the position and 
future potential of traditional games within SDG 4. A quantitative descriptive bibliometric approach 
was applied using data retrieved from the Scopus database. The search was conducted using the query 
TITLE-ABS-KEY (("Traditional Games" OR "Game* Theory" OR "Game-Based Learning") AND 
("Sustainable Development Goals" OR "SDG*")), covering publications indexed from 2016 to May 2026. 
Based on the inclusion criteria, a final corpus of 114 documents was retained for bibliometric analysis. 
Data analysis and network visualization were conducted using VOSviewer to identify keyword co-
occurrence, geographical contributions, and thematic structures within the scientific landscape. The 
results reveal a marked increase in publication volume and accumulated citations during the study 
period, particularly between 2022 and 2025. China, India, and the United States emerged as the leading 
contributing countries. The bibliometric network further identified thematic clusters linking SDG-
oriented research with low-carbon supply chain management, Stackelberg decision modeling, 
sustainability-related decision making, and educational approaches involving gamification and 
collaborative learning. These findings indicate that game-related SDG research remains predominantly 
oriented toward industrial sustainability and macro-environmental applications, whereas traditional 
games grounded in local wisdom remain weakly represented in the indexed literature. This 
underrepresentation highlights an important research opportunity to position traditional games as 
culturally grounded approaches to joyful learning, social interaction, and quality education within SDG 
4. 
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INTRODUCTION  
Scientific literacy is a fundamental competency in biology education because it 

enables students to understand scientific information and apply scientific knowledge 
when addressing problems in everyday life (Niate & Paidi, 2025). Broadly, scientific 
literacy involves the ability to use scientific knowledge and evidence to identify 
problems, explain phenomena, evaluate information, and draw evidence-based 
conclusions about the natural world and changes resulting from human activities 
(Bórquez-Sánchez, 2025; Sjöström, 2025). These competencies are important because 
scientific understanding becomes meaningful when students can use it to reason 
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about problems and make informed decisions (Niate & Paidi, 2025). Therefore, 
scientifically literate students should not only understand biological concepts but also 
be able to apply scientific knowledge and process skills to analyze problems, evaluate 
evidence, and justify decisions scientifically. 

Sustainable Development Goal 4 (SDG 4) focuses on ensuring inclusive and 
equitable quality education and promoting lifelong learning opportunities for all. In 
the educational context, SDG 4 provides an important foundation for developing 
learning systems that are accessible, meaningful, and responsive to learners’ 
developmental needs (Abera, 2023; Küfeoğlu, 2022). Education for Sustainable 
Development (ESD) further extends this agenda by encouraging learners to develop 
the knowledge, values, competencies, and agency required to engage with social, 
environmental, and economic dimensions of sustainability (Hedefalk et al., 2015; 
Güler Yıldız et al., 2021). Within this framework, early childhood education is 
particularly important because experiences during the early years contribute to 
cognitive, social, emotional, language, and character development and establish 
foundations for subsequent learning (Rafiyya et al., 2024; Walog et al., 2024). Research 
on sustainability in early childhood education likewise emphasizes that sustainability-
oriented learning should begin early and be embedded in developmentally 
appropriate, participatory, and meaningful pedagogical experiences (Ardoin & 
Bowers, 2020; Rodrigues-Silva & Alsina, 2023). 

Early childhood education is a fundamental phase that can determine the 
trajectory of individual development (Saracho, 2023). Children aged 5–6 years are in 
an important developmental period in which language, social interaction, self-
regulation, and symbolic thinking continue to expand rapidly. From a Piagetian 
perspective, children at this age are generally within the pre-operational stage, in 
which they increasingly represent experiences through language, images, and 
imagination while continuing to benefit from concrete and contextual experiences 
(Zavareh & Hedayatzadeh, 2024). Accordingly, effective early childhood learning 
should not rely exclusively on abstract or teacher-directed instruction but should 
provide opportunities for children to explore, interact, communicate, and construct 
meaning through developmentally appropriate experiences. Play-based pedagogies 
are particularly compatible with these developmental characteristics because they 
combine active participation, child agency, social interaction, and opportunities for 
guided learning (Pyle et al., 2017; Yogman et al., 2018; Skene et al., 2022). 

Language development is closely connected to the quality and frequency of 
children’s social interactions. Hoff (2021) emphasized the importance of responsive 
conversational experiences for children’s language development, while the use of 
vocabulary-rich, expressive, and contextual language in everyday interactions is 
positively associated with children’s language learning (Rowe & Snow, 2020). In early 
childhood education settings, responsive teacher–child communication and 
interaction can create conditions that support children’s language development 
(Mashburn et al., 2022). Through play, storytelling, book reading, singing, and simple 
discussions, children have opportunities to listen, understand, interpret, and use 
language naturally (Neuman & Dickinson, 2011; Wasik & Hindman, 2020). Peer 
interaction provides an additional language-learning context because children must 
listen, respond, negotiate meaning, coordinate activities, and communicate intentions 
with others. Reviews of preschool peer interaction similarly indicate that peers can 
constitute important language resources within early learning environments (Purtell 
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et al., 2021; Washington-Nortey et al., 2022). Difficulties in social interaction can also 
constrain children’s participation in early-learning settings, underscoring the 
importance of socially responsive learning environments (Putri et al., 2025). Thus, 
social interaction and language learning should not be viewed as isolated 
developmental processes; they can develop concurrently through meaningful and 
socially situated learning experiences. 

Games provide a natural context for such socially situated learning because 
children interact directly with peers while negotiating roles, rules, goals, and shared 
experiences (Buyukozturk & Shay, 2024). While playing, children learn to cooperate, 
communicate, share, and respect rules and the perspectives of others. Traditional 
games may further encourage sportsmanship, empathy, and responsibility through 
forms of bodily and social interaction embedded within collective play (Dugas & Ben 
Ali, 2023). Recent empirical studies also indicate that culturally grounded traditional 
games can facilitate communication, cooperation, sharing, conflict resolution, 
empathy, and broader social-emotional competencies in childhood settings (Lathifah 
et al., 2025; Özcan & Sakız, 2025). Traditional-game-based learning has also been 
discussed as a way to connect local wisdom with character education (Hanifa & 
Aryanti, 2025). These characteristics are educationally important because traditional 
games combine play with face-to-face interaction, cultural practices, shared rules, and 
collective participation rather than functioning solely as entertainment. Play activities 
may also help manage cognitive demands in learning environments (Zhong, 2022), 
while evidence on guided play suggests that appropriately structured playful 
experiences can support several dimensions of children’s learning and development 
(Skene et al., 2022). 

The educational value of play is closely related to the concept of joyful learning, 
in which learning experiences are designed to be engaging, meaningful, participatory, 
and emotionally supportive. Fun learning through games can create an active and 
interactive learning atmosphere (Ashari et al., 2023). Rather than positioning 
enjoyment as separate from academic learning, playful approaches can combine clear 
learning purposes with exploration, collaboration, interaction, and learner agency. 
This approach emphasizes students’ active involvement through interactive, 
collaborative, and hands-on experiences and can support communication, confidence, 
and meaningful engagement with learning tasks (Siregar et al., 2025). Meaningful 
learning environments may be further strengthened when active participation, 
enjoyment, and appropriate technology are intentionally integrated into pedagogical 
design (Hsbollah & Hassan, 2022). A broader body of research on game-based and 
play-based learning also suggests that educational games can involve cognitive, 
motivational, affective, and social processes that contribute to learning when game 
activities are aligned with pedagogical objectives (Plass et al., 2015). Similarly, meta-
analytic evidence indicates that gamification can produce positive cognitive, 
motivational, and behavioral learning outcomes, although its effectiveness depends 
on how game elements are designed and implemented within the learning context 
(Sailer & Homner, 2020). 

However, several game-related concepts need to be distinguished when 
examining their contribution to the SDGs. Traditional games, game-based learning, 
gamification, and game theory represent related but conceptually different research 
domains. Game-based learning refers broadly to the use of games as learning 
environments, while gamification typically involves applying game-design elements 
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within activities that are not necessarily games themselves (Plass et al., 2015; Sailer & 
Homner, 2020). Traditional games, by contrast, are culturally situated forms of play 
that may embody local practices, social relationships, collective memories, and 
community values. Mathematical game theory has a substantially different meaning: 
it is primarily an analytical framework for examining strategic interactions and 
interdependent decision making among actors. In sustainability research, for example, 
game-theoretic models are extensively applied to supply-chain coordination, 
environmental decision making, and other strategic sustainability problems (Wu et 
al., 2025). Consequently, a high bibliometric prominence of the term “game theory” 
should not automatically be interpreted as evidence of extensive research on 
educational games or traditional children’s play. 

This conceptual distinction is particularly important because contemporary 
game-related research connected with sustainability has developed strongly around 
simulations, serious games, technological learning environments, and strategic 
decision models. Previous reviews have demonstrated a growing body of research on 
simulations and serious games for sustainability education (Stanitsas et al., 2019; 
Hallinger et al., 2020), while educational research has also increasingly examined 
game-based learning, gamification, and digital learning environments (Alotaibi, 2024; 
Mikrouli et al., 2024). Nevertheless, traditional games and culturally grounded forms 
of play occupy a less clearly established position within this broader international 
research landscape. In bibliographic indexing, studies concerned with play may be 
distributed across broader terms such as game-based learning, educational games, 
serious games, gamification, sporting games, or other disciplinary labels. As a result, 
the visibility of traditional games as a distinct educational and cultural research 
domain may be substantially lower than that of more established game-related 
concepts. 

This condition creates an important academic gap. Existing reviews have 
separately mapped early childhood education for sustainability (Hedefalk et al., 2015; 
Güler Yıldız et al., 2021), game-based learning in early childhood education (Alotaibi, 
2024), and simulations and serious games for sustainability education (Stanitsas et al., 
2019; Hallinger et al., 2020). However, these strands of scholarship do not yet provide 
a sufficiently integrated account of where traditional games are positioned within the 
wider intellectual landscape connecting games and the SDGs, particularly SDG 4. This 
gap is important because emerging research suggests that traditional games can 
combine social interaction, cultural values, cooperation, and playful learning 
experiences (Dugas & Ben Ali, 2023; Özcan & Sakız, 2025; Lathifah et al., 2025). 
Traditional games have therefore been proposed as culturally grounded learning 
resources that may complement contemporary approaches to joyful and meaningful 
education rather than merely preserve recreational practices from the past (Eriani et 
al., 2025). Their limited visibility in the broader indexed literature should 
consequently be interpreted as a research opportunity that warrants systematic 
mapping rather than as evidence of limited educational relevance. 

To address this gap, the present study conducts a bibliometric analysis of 
Scopus-indexed literature published from 2016 to May 2026. Rather than assuming 
that traditional games already constitute a dominant research stream, the study maps 
the broader game–SDG scientific landscape and examines the position and future 
opportunities of traditional games within that landscape. The analysis is guided by 
the following research questions: 
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1. RQ1: What is the trend of publication volume and annual citation accumulation 
related to the corpus of traditional games, game-based learning, game-related 
research, and SDGs from 2016 to May 2026? 

2. RQ2: What is the distribution of geographical contributions and collaboration 
networks between countries in this field of research? 

3. RQ3: What are the main thematic clusters identified through keyword co-
occurrence analysis? 

4. RQ4: What are the characteristics and thematic focus of the documents with the 
highest citation impact within the extracted corpus? 

5. RQ5: What research opportunities can be identified for integrating traditional 
games into future SDG 4-oriented educational research based on the academic 
gaps revealed by the bibliometric landscape? 

Through quantitative data-based evaluation and network visualization using 
VOSviewer software, this study aims to map publication development, geographical 
contributions, thematic relationships, and emerging research directions across the 
relevant scientific literature (Pratiwi et al., 2026). Beyond describing publication 
patterns, the study seeks to clarify the conceptual position of traditional games within 
a field currently spanning mathematical game theory, sustainability research, game-
based learning, and gamification. By identifying where traditional games remain 
weakly represented, the study provides a knowledge base for future research 
examining culturally grounded joyful learning, children’s social interaction, and 
educational innovation in support of SDG 4. 

METHOD  

Research Design 
This study employed a bibliometric analysis supported by a structured 

Systematic Literature Review (SLR) procedure to systematically identify, select, and 
evaluate scientific literature related to games and the Sustainable Development Goals 
(SDGs). The SLR procedure provided a transparent framework for literature 
identification and screening, whereas bibliometric analysis was used as the primary 
quantitative approach for examining patterns within the selected scientific corpus. 
The use of literature drawn from multidisciplinary and interdisciplinary fields makes 
a systematic review approach particularly suitable for examining broad and 
interconnected research domains (Newman, 2024). 

The bibliometric component analyzed numerical and bibliographic indicators, 
including publication year, publication volume, citation counts, keyword occurrence, 
geographical contributions, and collaboration patterns, to identify the development 
and structure of the research field (Hassan & Duarte, 2024). Bibliometric analysis also 
enables the mapping of relationships among publications, authors, countries, and 
research themes. VOSviewer was used to support text mining, keyword co-occurrence 
analysis, network construction, and visualization of relationships among 
bibliographic elements (Pratiwi et al., 2026). Through this combined approach, the 
study systematically mapped dominant themes, influential publications, publication 
trends, and emerging research directions within the broader game–SDG literature 
while examining the position of traditional games within this scientific landscape. 
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Data Source and Search Strategy 
The study focused on international scientific publications addressing game-

related research and the SDGs, with particular attention to the potential position of 
traditional games within educational research. Scopus was selected as the primary 
bibliographic database because it provides structured bibliographic metadata suitable 
for quantitative bibliometric analysis and network visualization. 

The database search covered publications indexed from 2016 to May 2026. To 
maintain consistency with the scope defined in the Abstract and research objectives, 
the Scopus search was conducted using the following query: TITLE-ABS-KEY 
(("Traditional Games" OR "Game* Theory" OR "Game-Based Learning") AND 
("Sustainable Development Goals" OR "SDG*")). The initial keyword-based screening 
produced 121 potentially relevant documents. After applying the publication-period 
criterion, 114 documents remained and constituted the full corpus used for the 
bibliometric analysis. Scopus therefore served as the primary data source, while 
VOSviewer was used as the principal bibliometric mapping and visualization tool 
(Lintangesukmanjaya et al., 2025). Because the 2026 records were retrieved in May 
2026, the publication volume for that year represents only a partial-year dataset and 
should not be interpreted as a complete annual count. 

Literature Selection and PRISMA Procedure 
The literature-identification and selection process followed the principles of 

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) to 
improve transparency in the reporting of article identification, screening, eligibility 
assessment, and inclusion (Cacciamani et al., 2023; Helbach et al., 2023). The complete 
selection pathway is presented in Figure 1. 

 

Figure 1. PRISMA Design 
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As illustrated in Figure 1, the selection process consisted of four sequential 
stages: identification, screening, eligibility assessment, and inclusion. At the 
identification stage, 49,382 records were initially retrieved from the broader database 
search. During the first screening stage, records were evaluated according to their 
relevance to game-related concepts and the Sustainable Development Goals, resulting 
in 121 documents, while 49,261 records were excluded as outside the intended scope. 

The second screening stage applied the publication-period criterion of 2016 to 
May 2026, resulting in 114 documents, with seven records removed because they fell 
outside the specified period. These 114 documents constituted the complete 
bibliometric corpus and were retained for analyses of publication trends, citation 
patterns, geographical contributions, keyword co-occurrence, and network 
visualization. 

A subsequent eligibility assessment was conducted specifically to identify 
publications suitable for focused qualitative interpretation. At this stage, the 
documents were assessed according to citation impact and topical relevance, resulting 
in 71 documents, while 43 documents were not retained for this focused assessment. 
From these 71 eligible publications, five highly cited and thematically relevant articles 
were selected for detailed qualitative interpretation. Thus, the five articles did not 
replace the 114-document bibliometric corpus; instead, they represented a focused 
subset used to examine the characteristics and substantive orientation of the most 
influential publications within the mapped research landscape. 

This distinction between the full bibliometric corpus (n = 114) and the focused 
qualitative subset (n = 5) was maintained throughout the analysis to ensure that 
quantitative mapping and qualitative interpretation served complementary but 
analytically distinct purposes. 

Data Extraction and Preparation 
Article data were collected through the structured Scopus search and exported 

in bibliographic formats compatible with bibliometric processing, including CSV or 
RIS formats (Helbach et al., 2023; Pratiwi et al., 2026). The exported metadata included 
information required for the analyses conducted in this study, such as publication 
year, citation information, author keywords, country or affiliation information, and 
other bibliographic fields available in the Scopus export. 

Before network visualization, the exported dataset was imported into 
VOSviewer for bibliometric processing and mapping. This procedure enabled the 
study to examine relationships among keywords, publications, and collaboration 
patterns through text-mining, co-occurrence, and network-visualization techniques 
(Bukar et al., 2023). The use of structured bibliographic metadata reduced reliance on 
subjective manual categorization and supported a reproducible, data-driven 
description of the scientific landscape. 

Bibliometric Analysis and Network Visualization 
The bibliometric analysis was conducted in several complementary stages. First, 

descriptive analysis was used to examine annual publication volume and citation 
accumulation during the 2016–May 2026 period. Second, the geographical distribution 
of publications was analyzed to identify countries contributing most strongly to the 
research corpus. Third, keyword co-occurrence analysis was performed to identify 
frequently occurring concepts, their total link strengths, and the thematic clusters 
formed by relationships among keywords. 
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VOSviewer was used to generate network visualizations that represent the 
strength and proximity of relationships among bibliographic elements. In these maps, 
larger or more strongly connected nodes indicate terms or entities with greater 
occurrence or network connectivity, whereas clusters represent groups of closely 
related research themes. This approach allowed the study to identify dominant 
research orientations and to examine whether traditional games appeared as a distinct 
theme or remained positioned within broader domains such as game theory, game-
based learning, gamification, sustainability, and educational research. 

Finally, citation information was used to identify the publications with the 
highest citation impact within the extracted corpus. The five articles retained through 
the focused qualitative selection process were subsequently examined to distinguish 
their original substantive contributions from their relevance to the present study’s 
interpretation of games, sustainability, and potential educational applications. Taken 
together, the Scopus-based bibliographic dataset, the structured PRISMA-guided 
selection procedure, and VOSviewer-based bibliometric mapping provided a 
systematic framework for describing the development, intellectual structure, and 
thematic direction of game-related SDG research and for identifying the 
underrepresented position of traditional games as a potential future research area. 

RESULTS AND DISCUSSION  
The bibliometric analysis was conducted on the complete corpus of 114 Scopus-

indexed documents retained after the screening process. The results are organized into 
six subsections covering publication and citation trends, subject-field distribution, 
geographical contributions, keyword co-occurrence, thematic network structure, and 
the characteristics of the most highly cited publications. This organization 
corresponds to the research questions concerning temporal development, 
geographical distribution, thematic structure, and citation impact. 

Publication and Citation Trends 
The annual development of the 114-document corpus shows a clear upward 

pattern in both publication volume and accumulated citations during the 2016–May 
2026 study period. The strongest growth in annual publication output occurred 
between 2022 and 2025, when the number of documents increased consistently from 
year to year. Citation accumulation also increased across the study period, indicating 
growing scholarly attention to research connecting game-related topics with the 
Sustainable Development Goals (SDGs). This development is consistent with the 
increasing relevance of SDG-oriented research across multiple disciplines 
(Lintangesukmanjaya et al., 2025). 

The 2026 value should be interpreted cautiously because the bibliographic data 
were extracted in May 2026 and therefore represent only a partial publication year. 
Consequently, the lower publication count recorded for 2026 cannot be directly 
compared with the complete annual output for 2025. The use of a structured literature-
review procedure further supports transparent reporting of the scientific corpus and 
its development over time (Cacciamani et al., 2023). The annual distribution of 
publications and accumulated citations is presented in Figure 2. 

As shown in Figure 2, publication activity and citation accumulation increased 
markedly across the observation period, with the most visible publication growth 
occurring during 2022–2025. Within the 114-document corpus, scientific articles 
represented the largest document type, accounting for 52.9% of the dataset, or 
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approximately 60 documents. Conference papers and books represented the smallest 
reported document types, each accounting for approximately 2.5%, or about three 
documents. 

 

Figure 2. Total data and 10 year citations 

Distribution of the Corpus by Subject Field 
In addition to temporal trends, the corpus was examined according to its 

disciplinary distribution. The numerical distribution across the aggregated subject 
fields is presented in Table 1. 

Table 1. Corpus Distribution by Subject Field Scopus 

Subject Area Number of Documents (n) Percentage (%) 
Social Sciences 17 15.20% 
Agricultural Sciences 3 2.90% 
Materials Science 3 2.90% 
Multidisciplinary / Other Sectors 91 79.00% 

As shown in Table 1, the largest aggregated category was Multidisciplinary / 
Other Sectors, comprising 91 documents or 79.00% of the corpus. Social Sciences 
accounted for 17 documents (15.20%), whereas Agricultural Sciences and Materials 
Science each contributed three documents (2.90%). Together, the categories reported 
in Table 1 comprise all 114 documents included in the bibliometric dataset. The 
disciplinary distribution indicates that the corpus extends beyond education and 
social science research and includes publications from a broad range of sustainability-
related fields. This multidisciplinary profile is consistent with the broad scope of the 
SDGs and helps explain the presence of both educational and macro-sustainability 
themes in the subsequent network analysis. 

Geographical Contributions 
The geographical distribution of the 114-document corpus was analyzed to 

identify the countries contributing most frequently to the research landscape. The 
leading country contributions are presented in Figure 3. 
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Figure 3. Top Country Contributions in Research 

As illustrated in Figure 3, China contributed the largest number of publications, 
with 32 documents. India ranked second with 13 documents, followed by the United 
States with 12 documents. Italy and Taiwan each contributed seven documents, while 
Brazil and Spain each contributed six. Australia and Germany each contributed five 
documents. 

These results demonstrate that the literature is geographically distributed across 
several regions, although the largest publication contributions were concentrated in 
Asia, particularly China and India. Bibliometric visualization can be used not only to 
describe geographical contributions but also to examine relational structures among 
bibliographic elements such as keywords and collaboration networks (Bukar et al., 
2023). The thematic relationships within the corpus were therefore further examined 
through keyword co-occurrence analysis. 

Keyword Co-occurrence and Dominant Research Concepts 
Keyword co-occurrence analysis was used to identify the most frequently 

occurring concepts and the strength of their relationships with other terms in the 
bibliometric network. The ten keywords with the highest reported occurrences and 
total link strengths are presented in Table 2. 

Table 2. Top 10 Keywords by Occurrence and Total Link Strength 

Keyword Occurrences Total Link Strength 

Sustainable development 46 305 
Game theory 20 158 
Decision making 10 96 
Sustainable development goal 12 95 
Sustainability 18 86 
Climate change 12 84 
Costs 9 83 
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Keyword Occurrences Total Link Strength 
Carbon 8 76 
Student 10 74 
Gamification 12 69 

As shown in Table 2, “sustainable development” was the most prominent 
keyword, with 46 occurrences and the highest total link strength of 305. “Game 
theory” ranked second in network strength, with 20 occurrences and a total link 
strength of 158. Other strongly connected terms included “decision making,” 
“sustainable development goal,” “sustainability,” “climate change,” “costs,” 
“carbon,” “student,” and “gamification.” 

The coexistence of sustainability-related, strategic decision-making, and 
educational keywords indicates that the game–SDG corpus spans several disciplinary 
orientations rather than forming a single homogeneous research field. In particular, 
the prominence of “game theory” should be distinguished from the educational 
meanings of game-based learning and gamification because, within the mapped 
corpus, game theory is strongly associated with strategic decision-making and 
sustainability-related applications. 

Thematic Network Structure 
The relationships among keywords and their thematic clustering were further 

examined using the VOSviewer network visualization shown in Figure 4. 

 

Figure 4. Network Visualization 

Figure 4 shows “sustainable development” as the major central node in the 
network, with strong connections to game theory, climate change, decision making, 
supply chain management, and education-related concepts. Several thematic clusters 
can be distinguished from the visualization. 

The green cluster contains terms such as sustainable development goals, supply 
chain management, decision making, efficiency, and carbon emissions, indicating a 



Nisa et al. Bibliometric Mapping of Games and SDGs ……… 

 

 Jurnal Penelitian dan Pengkajian Ilmu Pendidikan: e-Saintika, July 2026 Vol. 10, No. 2 | 828 

 

concentration of research on industrial sustainability, supply-chain systems, and 
environmentally oriented decision processes. The blue cluster includes climate 
change, game theory, investment, risk assessment, and ecosystems, representing 
research related to environmental economics, sustainability strategy, and strategic 
modeling. 

Education-oriented concepts are visible in the red cluster through terms such as 
students, curriculum, experiential learning, collaborative learning, and game-based 
learning. An additional orange cluster includes gamification, e-learning, virtual 
reality, and innovative teaching, indicating the presence of digital and game-related 
educational approaches within the wider sustainability literature. Purple and yellow 
clusters contain themes including energy policy, emissions trading, ecodesign, and 
environmental education, further demonstrating the multidisciplinary nature of the 
network. 

Importantly, although “Traditional Games” was included in the search strategy, 
the term did not emerge as a dominant node in Figure 4. VOSviewer visualizations 
are based on the frequency and strength of co-occurrence relationships within article 
metadata; therefore, terms that occur infrequently or are used inconsistently may not 
form prominent nodes. The weak visual representation of “traditional games” should 
consequently be interpreted as limited bibliometric visibility within the analyzed 
corpus rather than as evidence that traditional games are equivalent to the broader 
concepts of game theory, gamification, or game-based learning. 

Position of Game Theory, Traditional Games, and Educational Games 
To examine the position of game-related concepts more closely, Figure 5 focuses 

on the relationship between game theory and SDG-oriented research. 

 

Figure 5. Game Theory and SDGs 
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As shown in Figure 5, game theory is strongly positioned within the 
sustainability-oriented region of the network and is associated with themes involving 
strategic decision making, environmental problems, and sustainability systems. This 
pattern indicates that a substantial portion of the “game” literature within the SDG 
corpus refers to mathematical or strategic game theory rather than directly to 
children’s play or educational games. 

Nevertheless, the strategic concepts represented in this part of the network—
including cooperation, decision making, problem solving, and interaction among 
actors—provide conceptual points of comparison for future educational applications. 
These possibilities should be treated as interpretive research directions rather than as 
direct evidence that the mapped game-theory studies examined traditional games. 
The educationally oriented part of the network is further highlighted in Figure 6. 

 

Figure 6. Traditional and Educational Games 

Figure 6 highlights concepts associated with educational games and learning, 
including game-based learning, board games, gamification, experiential learning, 
students, curriculum, and collaborative learning. Traditional games did not appear as 
a major independent node, indicating that they remain weakly represented as a 
distinct indexed research theme within the analyzed corpus. 

Rather than demonstrating that traditional games are already fully integrated 
into these clusters, the visualization identifies an adjacent educational research space 
in which future traditional-game studies could be positioned. The proximity of game-
based learning, collaborative learning, experiential learning, curriculum, and student-
related concepts is particularly relevant to the educational dimensions of SDG 4. The 
bibliometric evidence therefore identifies an underrepresented area at the intersection 
of culturally grounded traditional games and contemporary educational research, 
which is examined further in the Discussion. 

Highly Cited Publications and Their Thematic Orientation 
To address the citation-impact dimension of the study, the five highly cited and 

thematically relevant publications retained for focused qualitative interpretation were 
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examined separately from the full 114-document bibliometric corpus. Their citation 
counts, core findings, and relevance to the present study are summarized in Table 3. 

Table 3. Top 5 Highest Cited Articles in Research 

Authors (Years) Core Findings of 
the Source Article 

Relevance to the 
Present Study 

Citation 
Count 

SJR 

Sadhukhan et al. 
(2020) 

The study examined 
the transformation 
of food-waste 
processing systems 
into value-added 
products and the 
implementation of 
circular-economy 
strategies as 
potential “game-
changing” pathways 
for sustainability, 
including 
responsible 
consumption and 
production, climate 
action, health, and 
clean energy. 

Within the present 
analysis, this article 
illustrates how 
highly cited 
publications in the 
corpus are 
primarily oriented 
toward macro-
sustainability 
challenges rather 
than traditional 
educational games. 
Its emphasis on 
sustainability 
transformation 
provides a 
conceptual basis for 
considering how 
educational games 
may subsequently 
communicate 
environmental and 
sustainability 
issues. 

122 Q1 (0.75) 

Hsiao, P. W., & Su, 
C. H. (2021) 

The study reported 
that STEAM 
education 
supported by 
Virtual Reality (VR) 
in Education for 
Sustainable 
Development (ESD) 
enhanced student 
motivation, 
satisfaction, and 
learning outcomes 
through interactive 
and contextual 
learning 
experiences. 

Among the five 
highly cited 
publications, this 
study provides the 
clearest educational 
connection by 
demonstrating how 
interactive 
technology and 
experiential 
learning can 
support 
sustainability 
education. Its 
findings are 
relevant to future 
consideration of 
game-based, role-
playing, or 
culturally 
contextualized 

107 Q1 (0.75) 
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Authors (Years) Core Findings of 
the Source Article 

Relevance to the 
Present Study 

Citation 
Count 

SJR 

learning 
approaches. 

Gautam et al. (2019) The study examined 
strategic defect 
management within 
a sustainable green 
supply chain using a 
Stackelberg-based 
approach and 
supply-chain 
optimization. 

The article 
represents the 
strategic game-
theory orientation 
of the corpus. In the 
present study, its 
relevance lies in the 
concepts of strategic 
decision making, 
resource 
management, and 
actor interaction, 
which may inform 
future simulation-
based sustainability 
learning but should 
not be interpreted 
as direct evidence 
concerning 
traditional games. 

93 Q1 
(2.019) 

Sharma et al. (2023) The study examined 
single-atom 
catalysts in 
advanced oxidation 
processes for water 
treatment and their 
capacity to generate 
selective and stable 
reactive species, 
contributing to 
sustainable water-
treatment 
technologies and 
SDG-related 
environmental 
objectives. 

This highly cited 
article further 
demonstrates the 
strong 
environmental and 
technological 
orientation of the 
corpus. Its 
connection to 
educational gaming 
is interpretive: 
concepts such as 
water purification, 
pollution control, 
and sustainable 
technology could 
provide content for 
future science-
oriented 
simulations or 
educational games. 

68 Q1 
(16.918) 

Hamidoğlu, A., & 
Weber, G. W. (2024) 

The study 
investigated a Nash-
based low-carbon 
implementation 
model in 
agricultural supply-
chain management 

The study 
exemplifies how 
game-theoretic 
concepts of 
cooperation, 
strategic interaction, 
and balance among 

46 Q1 
(2.019) 
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Authors (Years) Core Findings of 
the Source Article 

Relevance to the 
Present Study 

Citation 
Count 

SJR 

involving 
interactions among 
farmers, companies, 
and consumers to 
support 
environmentally 
responsible 
practices. 

stakeholders are 
applied to 
sustainability. These 
principles offer 
conceptual parallels 
with cooperation 
and collective 
strategy in 
traditional games, 
although the source 
article itself does 
not directly 
investigate 
traditional games. 

As summarized in Table 3, none of the five highly cited publications directly 
investigated traditional games. Instead, the most influential publications were 
primarily concerned with circular economy and waste management, sustainable 
supply chains, water-treatment technologies, low-carbon systems, and technology-
supported sustainability education (Hamidoğlu & Weber, 2024; Sadhukhan et al., 
2020). This pattern reinforces the broader network finding that the game–SDG 
literature is strongly oriented toward environmental, technological, and strategic 
sustainability problems. 

At the same time, the five studies demonstrate several conceptual pathways that 
are relevant to the educational interpretation developed in this study. Strategic 
decision making and supply-chain optimization are evident in the sustainability-
oriented studies, while interactive and technology-supported learning is represented 
by the STEAM–VR study (Gautam et al., 2019; Hsiao & Su, 2021; Sharma et al., 2023). 
These findings do not demonstrate the effectiveness of traditional games themselves; 
rather, they show that the current high-impact literature provides conceptual 
foundations involving cooperation, strategic interaction, sustainability literacy, 
experiential learning, and environmental problem solving. The limited direct 
representation of traditional games among the most highly cited publications 
therefore constitutes an important gap to be interpreted in relation to SDG 4 in the this 
article. 

Discussion 

Growth and Intellectual Structure of Game–SDG Research 
The bibliometric findings indicate a clear expansion of game-related research 

associated with the Sustainable Development Goals (SDGs), particularly during 2022–
2025. Rather than representing a single educational research stream, however, the 
mapped literature encompasses multiple disciplinary orientations, including 
industrial sustainability, environmental decision making, mathematical game theory, 
and educational applications of games. This multidisciplinary structure is reflected in 
the central position of “sustainable development” and the strong network position of 
“game theory,” which recorded a total link strength of 158. Similar developments have 
been observed in previous reviews showing the growing use of simulations and 
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serious games to address sustainability-related learning and decision-making 
problems (Stanitsas et al., 2019; Hallinger et al., 2020). 

The prominence of sustainability-related themes is also consistent with the 
highly cited publications identified in the present corpus. Several influential studies 
apply strategic or game-theoretic approaches to supply-chain management, low-
carbon systems, environmental technologies, and interactions among economic 
actors. For example, Hamidoğlu and Weber (2024) employ a Nash-based framework 
to examine low-carbon agricultural supply-chain interactions. Such studies 
demonstrate the broad analytical relevance of games within sustainable development, 
but their concept of “game” differs fundamentally from games used as educational or 
recreational activities. Therefore, the increasing volume of game–SDG literature 
should not be interpreted as equivalent growth in research specifically addressing 
traditional games or children’s game-based learning. 

Distinguishing Game Theory from Educational Game Research 
One of the most important interpretations emerging from the bibliometric 

network is the need to distinguish mathematical game theory from game-based 
learning, gamification, serious games, and traditional games. In the present network, 
game theory is primarily associated with strategic decision making, climate change, 
investment, supply chains, and other sustainability-oriented systems. By contrast, 
educational concepts—including students, curriculum, experiential learning, 
collaborative learning, game-based learning, and gamification—form a more distinct 
educational region of the network. This distinction explains why the high total link 
strength of “game theory” cannot be treated as direct bibliometric evidence for the 
educational effectiveness or prevalence of traditional games. 

At the same time, the existence of educational clusters demonstrates that games 
are increasingly being considered as environments for active and experiential 
learning. Reviews of game-based learning have identified its potential contribution to 
problem solving, collaboration, communication, and other twenty-first-century 
competencies, although outcomes depend considerably on game design, learner 
characteristics, and instructional context (Qian & Clark, 2016). More recent meta-
analytic evidence similarly indicates that digital games can support critical thinking, 
communication, collaboration, and creativity, but with different magnitudes of effect 
across these competencies (Cheng & Weatherly, 2025). Consequently, the present 
bibliometric findings should be interpreted as identifying a conceptual bridge 
between established educational game research and the still-underrepresented field 
of traditional games, rather than demonstrating that these domains are 
interchangeable. 

Traditional Games as an Underrepresented Pathway for SDG 4 
The limited visibility of “traditional games” as an independent node represents 

one of the most important findings of this study. Rather than indicating that 
traditional games lack educational relevance, their weak bibliometric representation 
reveals a gap between a rapidly expanding game–SDG literature and the 
comparatively limited international indexing of culturally grounded forms of play. 
This interpretation is consistent with the network structure, in which educational 
concepts such as game-based learning, experiential learning, collaborative learning, 
curriculum, and gamification are visible, whereas traditional games do not form a 
comparable dominant cluster. 
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This gap is important for SDG 4 because traditional games combine dimensions 
that are simultaneously educational, social, and cultural. Traditional games frequently 
involve cooperation, collective strategy, communication, rule following, bodily 
interaction, sportsmanship, and culturally embedded practices (Dugas & Ben Ali, 
2023). Empirical evidence further indicates that participation in traditional children’s 
games can be associated with social skills and culturally situated interaction (Ayaz-
Alkaya & Akca, 2025), while recent studies in early childhood contexts have 
highlighted their relevance to cooperation, communication, sharing, conflict 
resolution, and empathy (Lathifah et al., 2025; Özcan & Sakız, 2025). Their culturally 
grounded structure also provides a basis for character-oriented learning linked to 
local wisdom (Hanifa & Aryanti, 2025). These characteristics provide a stronger 
educational rationale for positioning traditional games within the quality-education 
agenda than would be obtained by simply treating them as another form of game 
theory. 

The relationship with sustainable development can also extend beyond learning 
outcomes. Traditional games are embedded within local practices and may transmit 
cultural knowledge across generations, thereby connecting educational innovation 
with cultural continuity. Research on traditional sporting games has shown that 
culturally rooted games can provide contextualized opportunities for learning about 
physical and social dimensions of sustainability and emotional well-being (Luchoro-
Parrilla et al., 2024). Similarly, the integration of traditional sports and games into 
sustainable-development contexts has been identified as a promising direction for 
cultural preservation and sustainable learning (Prabucki & Rozmiarek, 2025). 
Therefore, the present study positions traditional games not as a bibliometrically 
dominant educational intervention, but as an underdeveloped research pathway 
connecting local culture, social participation, and SDG 4. 

Social Interaction and Twenty-First-Century Skills 
A further implication concerns the potential relationship between traditional 

games and twenty-first-century competencies. The 6C framework emphasizes critical 
thinking, creativity, collaboration, communication, citizenship, and character, and it 
has been used in contemporary educational discussions to frame the competencies 
expected of learners (Bulkis et al., 2025). Traditional games are conceptually relevant 
to several of these competencies because participation commonly requires children to 
communicate with peers, negotiate rules, cooperate toward shared objectives, respond 
strategically to changing situations, and regulate their behavior within a social group. 
The relevance of these competencies is also consistent with broader research on game-
based learning and twenty-first-century skills (Qian & Clark, 2016; Cheng & 
Weatherly, 2025). 

Nevertheless, this relationship requires careful interpretation. The present 
bibliometric study did not directly measure changes in children’s 6C skills; therefore, 
these competencies should be regarded as a theoretically supported direction for 
future empirical investigation rather than as outcomes demonstrated by the present 
dataset. This distinction is particularly important for early childhood education, 
where communication and social participation constitute foundational components of 
development (Hoff, 2021). From a social-learning perspective, interaction with peers 
provides opportunities for children to observe, respond, negotiate, and construct 
behaviors in social contexts (Firmansyah & Saepuloh, 2022). Traditional games 
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potentially provide such contexts because their rules and goals are enacted through 
direct social participation rather than through one-way instruction. 

This interpretation is supported by emerging empirical evidence. Ayaz-Alkaya 
and Akca (2025), for example, found an association between participation in 
traditional games and children’s social skills, while Lathifah et al. (2025) reported that 
culturally grounded traditional games facilitated cooperation, communication, 
empathy, sharing, and conflict resolution in early childhood settings. These findings 
complement the social dimensions identified by Dugas and Ben Ali (2023). However, 
stronger experimental and longitudinal studies are still required before causal claims 
can be made regarding specific developmental outcomes. 

The distinction between traditional and digital games is also relevant. Digital 
game-based research provides substantial evidence concerning critical thinking, 
communication, collaboration, and creativity (Cheng & Weatherly, 2025), whereas 
traditional games may provide additional forms of face-to-face interaction, bodily 
participation, culturally contextualized rules, and collective experience. These 
modalities should therefore be investigated as complementary rather than competing 
educational approaches. Game-based environments can also be designed to structure 
interactive learning while managing cognitive demands, as illustrated by research 
using role-playing game environments (Zhong, 2022). Future comparative studies 
could consequently examine which combinations of traditional, physical, and 
digitally supported game experiences are most appropriate for particular age groups 
and learning objectives. 

Traditional Games as a Culturally Grounded Form of Joyful Learning 
Joyful learning provides an important pedagogical framework for interpreting 

the educational potential identified in the bibliometric network. Joyful learning 
emphasizes learning experiences that are meaningful, engaging, emotionally 
supportive, and participatory rather than positioning enjoyment as separate from 
academic learning (Andayanie et al., 2025). Traditional games are particularly relevant 
to this framework because they can combine enjoyment, challenge, physical activity, 
social interaction, cooperation, and experiential learning within a single activity. 

This interpretation is consistent with the educational region of the bibliometric 
network, where gamification, experiential learning, collaborative learning, students, 
curriculum, innovative teaching, and game-based learning appear in interconnected 
clusters. The network itself does not demonstrate that traditional games produce 
joyful learning outcomes; rather, it identifies an existing educational research space 
into which traditional games can be theoretically positioned. Evidence from 
technology-supported ESD also demonstrates that interactive and contextual learning 
experiences, including STEAM learning supported by Virtual Reality, can strengthen 
learner motivation and engagement with sustainability-oriented content (Hsiao & Su, 
2021). Similarly, broader evidence on gamification indicates that learning benefits 
depend on the alignment between game elements and pedagogical design rather than 
on the presence of game elements alone (Sailer & Homner, 2020). 

This distinction has practical implications. Traditional games should not simply 
be introduced into classrooms because they are enjoyable or culturally familiar. Their 
educational value depends on how educators connect particular game 
characteristics—such as cooperation, strategy, communication, environmental 
interaction, or cultural narratives—to specific learning objectives. For SDG 4, such 
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integration could involve social-emotional learning, cultural literacy, sustainability 
literacy, communication, collaboration, and meaningful participation. Traditional 
games may therefore function as culturally grounded forms of joyful learning when 
their rules, social interactions, and cultural meanings are intentionally aligned with 
educational purposes. 

Implications and Future Research Directions 
Taken together, the bibliometric findings reveal a research landscape in which 

game-related SDG scholarship has grown substantially but remains dominated by 
macro-sustainability, technological, and strategic applications. The weak 
representation of traditional games therefore constitutes a meaningful research gap. 
Importantly, this gap should not be addressed by assuming that traditional games 
automatically produce sustainability or twenty-first-century learning outcomes. 
Instead, future research should empirically test the mechanisms through which 
particular traditional games may contribute to social interaction, communication, 
collaboration, cultural learning, joyful engagement, and sustainability literacy. 

Several directions follow from this interpretation. First, experimental and quasi-
experimental studies are needed to examine the effects of clearly specified traditional-
game interventions on children’s social interaction, receptive language, 
communication, collaboration, and other developmental indicators. Second, studies 
should investigate how culturally specific game characteristics—such as rules, local 
narratives, materials, group structures, and forms of cooperation—relate to learning 
outcomes. Third, research could examine traditional games within broader SDG 4 and 
ESD frameworks, particularly their contributions to inclusive participation, cultural 
continuity, sustainability literacy, and meaningful learning. Fourth, longitudinal 
research would help determine whether learning and social outcomes persist beyond 
short-term interventions. 

Finally, digital technologies do not necessarily need to replace traditional forms 
of play. Future instructional models could explore carefully designed combinations of 
traditional games with gamification, interactive media, augmented or Virtual Reality 
environments, or digital documentation. Such integration may provide opportunities 
to preserve local cultural meanings while extending accessibility and pedagogical 
flexibility. However, technology should remain supportive of, rather than substitute 
for, the social and cultural characteristics that give traditional games their distinctive 
educational value. This direction is consistent with social-learning approaches that 
emphasize meaningful interaction (Firmansyah & Saepuloh, 2022) and with 
sustainability-oriented educational innovations that employ interactive technologies 
to support contextual learning (Hsiao & Su, 2021). Accordingly, the principal 
contribution of the present bibliometric study is not to demonstrate the effectiveness 
of traditional games, but to identify their limited visibility within the current game–
SDG landscape and to establish an evidence-informed agenda for investigating them 
as culturally grounded pathways toward joyful learning, social interaction, and SDG 
4. 

CONCLUSIONS 
This study mapped the development and intellectual structure of game-related 

research associated with the Sustainable Development Goals (SDGs) using 114 
Scopus-indexed documents published from 2016 to May 2026. The findings show a 
clear increase in publication output and accumulated citations during the study 
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period, with the strongest growth occurring between 2022 and 2025. The most 
prominent keywords were “sustainable development,” “game theory,” and 
“gamification,” indicating that the research landscape is shaped by both macro-
sustainability applications and educational game-related approaches. 

A key finding is that traditional games did not emerge as a dominant 
independent node in the bibliometric network. Instead, the broader educational 
region of the network included concepts such as game-based learning, collaborative 
learning, experiential learning, curriculum, students, and gamification. This pattern 
indicates that traditional games remain weakly represented within the indexed game–
SDG literature, even though adjacent educational themes provide a relevant 
conceptual space for their future development. 

The prominence of “game theory” should also be interpreted carefully because, 
within the analyzed corpus, it primarily reflects mathematical and strategic 
applications in sustainability, including decision making, supply-chain systems, and 
environmental management, rather than traditional or educational games. Therefore, 
the contribution of this study lies not in demonstrating the effectiveness of traditional 
games, but in identifying their limited bibliometric visibility and positioning them as 
an underexplored educational research pathway within SDG 4. 

Supported by the reviewed literature, traditional games have characteristics 
such as cooperation, communication, social interaction, sportsmanship, strategic 
thinking, and culturally embedded values that may be relevant to joyful learning and 
quality education. These characteristics suggest that traditional games warrant further 
empirical investigation as culturally grounded learning resources that may contribute 
to social interaction, communication, twenty-first-century competencies, cultural 
continuity, and meaningful educational experiences. 

Overall, this study contributes to the literature by clarifying the position of 
traditional games within the broader game–SDG research landscape and by 
identifying a research gap at the intersection of local cultural practices, joyful learning, 
social interaction, and SDG 4. Traditional games should therefore be viewed as a 
promising future research agenda rather than as an educational approach whose 
effectiveness has already been established by the present bibliometric evidence. 

RECOMMENDATIONS 
This study has several limitations that should guide future research. First, the 

bibliometric analysis was based exclusively on the Scopus database; consequently, 
relevant publications indexed in other databases or published in sources not covered 
by Scopus may not have been captured. Second, the analysis relied on bibliographic 
metadata and did not include direct empirical observations of children, teachers, or 
classroom practices. Third, the term “traditional games” did not emerge as a dominant 
node in the bibliometric visualization, which may reflect variations in terminology, 
indexing practices, keyword selection, and the use of broader labels such as game-
based learning, educational games, traditional sports, or culturally grounded play. 

Future studies should therefore extend the evidence base in several directions. 
Empirical research, including experimental, quasi-experimental, mixed-methods, and 
longitudinal designs, is needed to examine how specific traditional games influence 
children’s social interaction, receptive language, communication, collaboration, 
creativity, critical thinking, character, and other dimensions of the 6C framework. 
These studies should clearly specify the type of traditional game, participant 
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characteristics, intervention duration, learning objectives, and validated outcome 
measures. 

Further research should also investigate how traditional games can be 
intentionally integrated into SDG 4-oriented curricula and Education for Sustainable 
Development. Particular attention should be given to the mechanisms through which 
local rules, cultural narratives, cooperation, physical interaction, environmental 
context, and community values contribute to meaningful and joyful learning 
experiences. Comparative studies could examine differences among traditional 
games, digital games, gamification, and blended game-based approaches to 
determine which formats are most appropriate for particular developmental stages 
and educational objectives. 

The integration of digital technologies also represents a promising direction. 
Future learning models may combine traditional games with gamification, interactive 
media, augmented or Virtual Reality, and other digital tools while preserving the 
social and cultural characteristics that distinguish traditional forms of play. Such 
technology should complement rather than replace face-to-face interaction, cultural 
meaning, and community participation. 

Finally, future bibliometric research should consider broader search strategies 
and multiple databases to capture variations in terminology and improve the visibility 
of culturally grounded game research. Expanding search terms to include concepts 
such as “indigenous games,” “traditional sports,” “folk games,” “local games,” and 
“cultural play” may provide a more comprehensive understanding of how traditional 
forms of play are positioned within quality education, sustainability, and SDG-related 
research. 
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