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ABSTRACT 
This study presents a bibliometric analysis of the research trends and applications of gamification 
technology in the field of environmental protection between 2014 and 2024. Addressing critical 
environmental challenges such as climate change, resource depletion, and biodiversity loss, gamification 
has emerged as an innovative approach to enhance public engagement in sustainability. By incorporating 
game-like motivational mechanisms into non-game contexts, gamification has proven effective in 
fostering behavioral changes in areas like energy conservation, water management, and ecological 
restoration. Utilizing tools such as VOSviewer and CiteSpace, this study analyzes collaboration 
networks, citation patterns, and emerging trends, with a particular focus on the integration of immersive 
technologies like virtual and augmented reality. The findings highlight key applications of gamification 
in environmental protection and suggest practical implications for policymakers and practitioners 
seeking to design more engaging environmental initiatives. Furthermore, the study identifies the 
potential for immersive technologies to enhance environmental awareness and action. Despite these 
advancements, challenges remain, particularly in adapting gamification strategies to diverse 
demographic groups and sustaining long-term behavioral changes. The study concludes with 
recommendations for future research, including the need for large-scale evaluations and the exploration 
of the synergy between gamification and emerging technologies to maximize the impact on public 
engagement in environmental sustainability. 
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1 INTRODUCTION 
The increasingly severe environmental challenges, such as climate change and biodiversity loss, 
necessitate innovative approaches to engage the public in sustainable practices. Traditional 
environmental education methods often fail to sustain long-term public interest and action, highlighting 
the need for interactive technological solutions. For instance, mobile augmented reality and gamification 
have been shown to improve students' environmental knowledge and awareness, encouraging greater 
involvement in environmental issues [1]. Furthermore, public sector innovation aimed at addressing 
environmental challenges often faces obstacles such as limited resources and governance issues, which 
may hinder effective implementation [2]. The role of community initiatives and environmental NGOs 
is also critical in promoting public engagement and raising awareness [3]. Integrating technology into 
environmental education can significantly enhance public participation, foster a deeper understanding 
of sustainability issues, and ultimately lead to more proactive environmental behavior [4]. Thus, 
employing innovative educational technologies and promoting community involvement are essential 
strategies for maintaining public interest in environmental protection efforts. 
Gamification, by integrating game elements such as points, rewards, and leaderboards into non-game 
environments, has become a powerful tool for enhancing public environmental awareness and behavior. 
This approach has demonstrated its effectiveness in various fields, including energy management and 
water conservation, successfully motivating individuals to adopt sustainable practices [5][6]. For 
example, Madani et al. illustrated how serious games can significantly improve public understanding of 
environmental management, leading to tangible pro-environmental behaviors[7]. Empirical studies 
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further support the effectiveness of gamification in fostering both intrinsic and extrinsic motivation. The 
Self-Determination Theory (SDT) explains how gamification fulfills individuals' needs for autonomy, 
competence, and relatedness, thereby enhancing intrinsic motivation and sustaining long-term 
engagement with environmental initiatives [8][9]. Overall, gamification represents a promising strategy 
for encouraging public participation in environmental protection efforts. 
Despite the extensive exploration of gamification technology in existing studies, several challenges and 
limitations remain. First, further research is needed to understand how current gamification designs can 
be adapted to meet the needs of diverse groups, ensuring they effectively stimulate user engagement 
across different demographics. Variations in age, cultural background, and educational levels affect how 
individuals respond to gamification mechanisms, necessitating the design of more targeted and flexible 
gamification strategies. Second, most research to date has focused on small-scale or short-term 
experiments, with a lack of systematic evaluations on large-scale, long-term behavior change. Thus, 
exploring how gamification can sustain public participation in environmental actions and foster lasting 
behavior change in real life is a critical direction for future research. Additionally, with the rise of 
emerging technologies such as virtual reality (VR) and augmented reality (AR), investigating how these 
technologies can be integrated with gamification to enhance public engagement and behavior change 
has become a growing area of interest. 
Based on these challenges, the primary objective of this study is to systematically review the application 
of gamification in the field of environmental protection over the past decade (2014-2024) using 
bibliometric methods, to identify research hotspots and future trends, and to explore how gamification 
can encourage public participation in environmental behaviors and sustainable development actions. 
Specifically, this study will address the following research questions: 
1. What are the main application scenarios and research hotspots of gamification in the field of 

environmental protection? 
2. How does gamification technology promote public engagement in environmental protection and 

associated behavior change? 
3. How have citation patterns and research trends in the literature evolved, particularly regarding the 

integration of emerging technologies such as virtual reality and augmented reality with 
gamification? 

This paper will employ bibliometric analysis tools, such as VOSviewer and CiteSpace, to systematically 
review relevant research from 2014 to 2024, identifying current research hotspots and trends, and 
proposing directions for future research. Through a comprehensive analysis of the role of gamification 
in environmental protection, this study aims to provide new insights into promoting long-term public 
engagement in environmental actions and advancing sustainable development. 

2 METHOD 
This study adopts bibliometric analysis in order to reveal the current status and future development trend 
of gamification technology application in the field of environmental protection. To ensure the breadth 
and academic authority of the data, Web of Science and Google Scholar were chosen as the main data 
sources for this study, and the bibliometric tools VOSviewer and CiteSpace were applied to visualise 
and analyse the data. Three key visualisation data were included in the study: (1)keyword co-occurrence 
analysis, (2)citation emergence detection, (3)time-evolving pattern recognition. The study aims to 
systematically reveal the research hotspots in the field as well as the analysis of future trends. The results 
of the study provide a comprehensive academic overview of gamification applications in environmental 
protection, as well as an important reference value for future research directions. 
Based on bibliometric analysis, this study aims to systematically sort out and summarise the current 
status and future development trend of the application of gamification technology in the field of 
environmental protection. The advantage of the bibliometric method is that it can reveal research areas 
that have not been fully explored through objective data, and provide scientific direction guidance for 
future research. This method is particularly effective in interdisciplinary research, which can avoid the 
bias of subjective assessment by researchers and provide a more comprehensive analysis perspective(see 
Figure 1). 
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Figure 1. Research Flow 

2.1 Search Strategy  
During the data collection process, a detailed literature search strategy was designed to ensure that all 
key literature related to gamification technology and environmental protection was covered. Web of 
Science and Google Scholar were chosen as the data sources, which not only cover a wide range of 
topics, but also provide a large amount of peer-reviewed, high-quality literature, providing a solid data 
base for the study and ensuring that the data are academically rigorous and comprehensive. we set a 
timeframe of 2014 to 2024, aiming to capture the trend of gamification technology in the field of 
environmental protection over the past decade. To ensure the academic rigour and empirical validity of 
the data, the types of literature screened for inclusion were limited to journal articles, review papers, and 
conference papers, with a focus on empirical analysis studies of academic value. 
In the literature search, multiple keyword combinations were used to cover gamification-related topics 
(e.g., ‘gamification’, ‘serious games’, ’ interactive games’, “game-based learning”) and 
environmental protection related topics (e.g., ’environmental protection ’ , ‘ sustainability’ , 
‘climate change’, ‘energy conservation ’, ‘pollution control’). In the Web of Science database, 
the specific search formula is: 

TS=(‘gamification’ OR ‘serious games’ OR ‘interactive games’ OR ‘game-based 
learning’) AND TS=(‘environmental protection’ OR ‘sustainability’ OR ’ climate 
change‘ OR “energy conservation” OR “pollution control”) AND PY=(2009-2024) 

AND DT=(’Article’ OR “Conference Paper”). 

This search formula resulted in an initial 570 documents. Then, after subject relevance filtering, the 
filtering result was 299 articles. In Google Scholar, using a similar advanced search strategy, 502 articles 
were obtained and 202 articles were retained after further screening. Subsequently, an initial screening 
based on the titles and abstracts of the literature excluded literature that was not relevant to the study 
topic, especially those that only explored education or business management but did not address 
environmental protection. Eventually, after further screening, 299 documents were retained in Web of 
Science and 202 in Google Scholar. 
To ensure the uniqueness of the literature, the screened literature was de-weighted using the literature 
management tool Zotero. After de-weighting, the final included dataset contained 457 documents. Next, 
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the literature was further screened and processed based on explicit inclusion and exclusion criteria. The 
inclusion criteria included that the literature should be related to the application of gamification in the 
fields of environmental protection, sustainable development, climate change, energy saving or pollution 
control, and only journal articles, conference papers and review papers published between 2014 and 
2024 were included to ensure that the literature had internationalisation and academic impact. At the 
same time, literature with inconsistent themes, non-academic literature, short literature with abstracts 
only, and literature that is biased towards medicine, chemistry, and other literature that is not directly 
related to the cross-cutting applications of gamification and environmental protection were excluded. 
• Inclusion Criteria 

– The literature should discuss the application of gamification technology or interaction design in 
environmental protection, sustainable development, or climate change. 
– The literature should include empirical research, such as the application of gamification 
technology in specific environmental protection projects or empirical analysis of user behavior. 
– The literature should be academic journal articles or conference papers to ensure academic rigor 
and scientific quality. 

• Exclusion Criteria 
– Studies that focus solely on energy-saving education without directly addressing the broader 
application of environmental protection. 
– Research that mainly discusses workplace gamification for efficiency improvement, which does 
not focus on environmental protection. 
– Literature that concentrates on climate change risk management or digital transformation without 
in-depth exploration of gamification applications. 
– Studies related to traffic management or food systems, which do not focus on the direct impact 
of gamification on environmental protection 
....... 

After rigorous screening, a total of 213 literatures were finally included in the data analysis. In order to 
systematically process and analyse these documents, we coded the documents using Excel and Zotero, 
and the coding fields included information such as document title, author, year of publication, keywords, 
DOI, number of citations, and the name of the journal or conference in which the document was 
published. These literature organisation and coding laid a solid data foundation for the subsequent 
analysis. 

2.2 Data Analysis 
After completing the literature de-duplication and screening process, the study entered the literature 
network analysis phase. With the help of bibliometric analysis tools such as VOSviewer and CiteSpace, 
key hotspots and trends in the field were systematically revealed. This phase began with a keyword co-
occurrence analysis using VOSviewer to identify high-frequency keywords and their co-occurrence 
relationships, helping to identify important topics and concerns in the study. In this way, high-frequency 
co-occurrences of certain concepts can be clearly identified, revealing key themes in the field of 
gamification and environmental protection. For example, “environmental sustainability”, “user 
engagement”, “behavioral change”, and “incentives” may be high-frequency keywords. 
The keyword co-occurrence analysis not only demonstrates the core issues that researchers are 
concerned with in this field, but also reflects the intersection and collaboration of different disciplinary 
fields, showing how gamification technology can be combined with behavioral science, psychology, 
pedagogy, and other disciplines to provide innovative solutions for environmental protection. By 
analyzing the co-occurrence relationships between keywords, researchers can better understand the 
intrinsic connections between different concepts, reveal the importance of interdisciplinary 
collaboration, and help identify future research directions. 
In addition, a citation emergence analysis was conducted through CiteSpace in order to further explore 
the academic frontier. This analysis identifies key documents with a significant increase in citation 
frequency within a specific time period, revealing important research breakthroughs and hot topics in 
the field. By analyzing citation bursts, researchers are able to identify certain studies that have gained a 
high level of academic attention within a short period of time, indicating that these literatures have made 
significant contributions to advancing the field. For example, within certain time frames, there may be 
prominent studies that explore how gamification can motivate users to adopt more environmentally 
friendly behaviors in their daily lives, or how interactive systems can be designed to drive public 
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awareness of sustainability. This analysis provides a dynamic perspective on research that can help 
understand how academic hotspots evolve in response to technological developments and changing 
societal needs. 
In addition to keyword co-occurrence analysis and citation emergence analysis, time evolution analysis 
was also used. This analysis reveals changes in research focus over time by generating a timeline 
showing the evolution of gamification technologies in environmental protection. For example, early 
research may have focused more on basic interaction design and user behavioral changes, while over 
time, research has gradually evolved toward how to more effectively promote environmental protection 
actions through the application of refined game mechanics, and smart devices. This time-dimensional 
analysis helps researchers better understand the development trajectory of the field and possible future 
research directions, providing a reference basis for the next academic work. 
In order to verify the accuracy and consistency of the analysis results, the keyword co-occurrence and 
citation emergence analyses were repeated at various stages, and cross-validation was performed to 
ensure the reliability of the data. Intuitive visualization diagrams were generated using tools such as 
VOSviewer and CiteSpace, which provide a clear picture of the key issues in the research area as well 
as an analysis of trends in future research. 

3 RESULTS 
Through a comprehensive bibliometric analysis of literature from 2014 to 2024, this study identifies 
major trends and research hotspots in the application of gamification within the field of environmental 
protection. Using tools such as VOSviewer and CiteSpace, the study conducted keyword co-occurrence, 
citation burst, and timeline analyses.  

3.1 Keywords Co-occurrence Analysis 
The analysis highlights the prominence of keywords such as gamification, serious games, and 
sustainability within the research network (see Figure 2). These terms frequently co-occur with concepts 
like behavior change, social interaction, and pro-environmental behavior, demonstrating the focus 
on utilizing gamification to foster public engagement and modify environmental behaviors. For instance, 
gamified applications incorporating point systems, rewards, and interactive tasks have been shown 
to enhance user motivation in adopting environmentally responsible actions. Moreover, the strong 
association between sustainability and pro-environmental behavior further underscores the potential 
of gamification in promoting sustainable practices at both individual and community levels. The 
significant co-occurrence of education with these key terms also points to the widespread use of 
gamification in environmental education, where serious games provide simulated environments for 
users to learn and apply environmental knowledge in real-world contexts. 
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Figure 2. Keywords Co-occurrence 

3.2 Citation Burst Analysis 
The citation burst analysis identifies pivotal studies that have significantly influenced research on 
gamification and serious games since 2014. Notable publications, such as Hamari (2014) and Connolly 
(2012), have been instrumental in shaping the application of gamification in both education and 
environmental protection (see Figure 3). Hamari’s (2014) work investigates the impact of gamification 
on user behavior, providing empirical evidence that highlights gamification’s potential to drive 
environmental behavior change by enhancing user engagement and motivation. Similarly, Orland et al. 
(2014) explore the role of gamification in promoting energy conservation within buildings, 
demonstrating how virtual environments can educate users on energy-saving practices. These citation 
bursts underscore the expanding application of gamification, emphasizing its broader social and 
environmental implications beyond conventional domains like entertainment and education. 

 

Figure 3. Citation Bursts 

3.3 Timeline Analysis 
The timeline analysis reveals that since 2017, the integration of energy conservation and virtual reality 
technologies has emerged as a significant research trend in the field of environmental protection (see 
Figure 4). The increasing occurrence of keywords like energy conservation and virtual reality reflects 
growing interest in utilizing these technologies together. The prominence of energy conservation 
suggests a focus on leveraging gamification to improve energy management practices. Virtual reality, 
as an emerging technology, enhances the immersive experience, allowing users to visualize the 
consequences of energy wastage, thus encouraging behavioral change. Additionally, the rising 
frequency of augmented reality points to its recognized potential in environmental education and 
behavior modification, where users can simulate real-world environmental challenges in virtual 
environments. 

3.4 Multidisciplinary Applications of Gamification in Environmental Protection 
The experimental data underscore the broad application of gamification across various environmental 
protection domains, particularly in energy conservation, ecological restoration, and water resource 
management. Keywords such as energy conservation and energy efficiency frequently appear in the 
literature, signaling the significant role of gamification in these areas. 
The strong association between gamification and behavior change in the context of energy conservation 
suggests that researchers are focusing on how gamified systems can foster sustainable energy behaviors 
in daily life. For example, platforms like Smartege simulate energy-saving activities within virtual 
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environments, educating users on efficient energy use. Gamification systems also support community-
level initiatives, such as promoting the adoption of renewable energy. 
In the area of water management, keywords like water conservation highlight gamification's potential 
in encouraging the efficient use and management of water resources. Although less frequently discussed, 
the combination of ecological restoration and gamification presents opportunities for public engagement 
in virtual ecological restoration tasks, offering interactive learning experiences and practical skills that 
can be applied to real-life conservation efforts. 
 

 
Figure 4. Timeline 

3.5 Public Engagement and Social Impact 
Gamification has proven to be an effective tool for enhancing public engagement and generating social 
impact in environmental actions. The high frequency of engagement in the keyword co-occurrence 
analysis highlights public participation as a key objective of gamified applications. By increasing users' 
sense of involvement, gamified platforms, such as community-based energy conservation apps, have 
significantly boosted participation in energy-saving behaviors through competitive elements like 
leaderboards and rewards. 
Furthermore, the strong association between social interaction and engagement indicates that 
gamification frequently integrates social features such as progress sharing, team collaboration, and 
community challenges. These elements further enhance public participation, particularly in collective 
environmental initiatives, by fostering a sense of community and shared responsibility. 

3.6 Emerging Trends: Virtual Reality and Augmented Reality 
The integration of virtual and augmented reality with gamification has seen significant growth since 
2018, as indicated by the increasing frequency of these keywords in the literature. Immersive 
technologies, such as virtual reality, when combined with gamified environments, allow users to directly 
experience environmental challenges, such as ecosystem degradation. This immersive experience 
fosters a stronger sense of environmental responsibility and promotes behavior change. 
The expanding application of augmented reality further enhances user interaction with real-world 
environmental challenges by superimposing virtual information onto physical surroundings. This 
approach provides innovative ways to engage users in sustainability actions, enabling them to interact 
with environmental data in real time and encouraging more effective environmental behaviors. 

4 CONCLUSION 
This study provides a comprehensive bibliometric analysis of the application of gamification in the field 
of environmental protection, focusing on the evolving research trends, key areas of impact, and future 
directions. The findings demonstrate that gamification, through its interactive and motivational 
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mechanisms, has proven effective in enhancing public engagement with environmental issues, 
particularly in areas like energy conservation, water management, and ecological restoration. 
The study identified gamification, serious games, and sustainability as central concepts, with an 
increasing focus on behavior change and social interaction. These elements are vital in driving public 
participation and fostering long-term commitment to sustainable practices. Moreover, the integration of 
virtual reality (VR) and augmented reality (AR) with gamification has emerged as a significant trend 
since 2017, offering immersive experiences that can enhance the effectiveness of environmental 
education and behavior change initiatives. 
While the application of gamification has gained traction, there are several areas for future exploration. 
First, the long-term impact of gamification on sustained behavior change, particularly in large-scale 
initiatives, requires more comprehensive evaluation. Second, adapting gamification strategies to suit 
diverse demographic groups is essential, as cultural and educational differences influence the 
effectiveness of these interventions. Finally, the growing synergy between gamification and emerging 
technologies like VR and AR presents a promising avenue for creating more engaging and impactful 
environmental solutions. 
In conclusion, gamification holds significant potential in addressing environmental challenges by 
promoting public engagement and facilitating sustainable behavior change. Future research should focus 
on optimizing these technologies, exploring their broader applications, and investigating their long-term 
effects on public involvement in environmental protection. 
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