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In the face of mounting pressures in modern society, research into restorative environments has emerged as a crucial field addressing issues related to mental health and environmental wellbeing. This study presents a comprehensive bibliometric analysis of 919 publications on restorative environment research, spanning from 1993 to 2024, utilizing VOSviewer and CiteSpace for data visualization, based on the Web of Science database. The main objective of this bibliometric analysis is to provide scholars and researchers with a deeper insight into the current state and evolving trends in restorative environment research, while also pinpointing areas that warrant further investigation. The study examines research patterns across several key dimensions, including publication volume, keywords, journals, academic disciplines, countries, institutions, and individual researchers. The results of this analysis highlight the following key points: (1) Research on restorative environments has experienced significant growth since 2014, with a marked acceleration during the COVID-19 pandemic. (2) The primary research foci include environmental psychology, the relationship between nature and social wellbeing, and urban ecosystems with aesthetic health, with environmental psychology and cognitive restoration emerging as the most interconnected core themes. (3) Leading journals in restorative environment research include the Journal of Environmental Psychology, the International Journal of Environmental Research and Public Health, and Frontiers in Psychology. (4) The main academic fields contributing to this body of research are psychology, public health, landscape architecture, and urban planning. (5) The United States has the highest number of publications on restorative environments (212 papers), followed by China (159 papers), the United Kingdom (90 papers), Sweden (67 papers), and Australia (55 papers). (6) Uppsala University has emerged as the most prolific institution, with 35 publications, followed by the Swedish University of Agricultural Sciences (32 papers) and the University of Exeter (24 papers). Finally, environmental psychology and cognitive restoration, the connection between nature and social wellbeing, and urban ecosystems with aesthetic health are identified as the leading and most dynamic research areas. These findings suggest that restorative environment research has made significant strides over the past 3 decades and is poised to continue expanding in the years ahead.
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1 INTRODUCTION
The escalating global mental health crisis, exacerbated by rapid urbanization, has increasingly highlighted the impact of living environments on mental wellbeing. The World Health Organization reports that over 1 billion people worldwide are affected by mental health disorders, with the prevalence of conditions like depression and anxiety continuing to rise. At the same time, the United Nations forecasts that by 2050, nearly 70% of the global population will reside in urban areas. The pressures of high-density living, scarce green spaces, and ongoing environmental challenges linked to urbanization have intensified the mental health issues faced by city dwellers. In this context, the concept of restorative environments has attracted growing academic attention, becoming a focal point in research dedicated to promoting psychological restoration, alleviating stress, and enhancing cognitive function (Du et al., 2022; Guo et al., 2023; Masullo et al., 2023). Among the most influential theoretical frameworks for restorative environments are the Attention Restoration Theory (ART) and the Stress Reduction Theory (SRT). ART, developed by Kaplan & Kaplan (Rachel and Stephen, 1989), posits that natural environments can effectively restore attention depleted by sustained cognitive exertion. This theory outlines four essential attributes of restorative environments: being away, extent, compatibility, and fascination. In contrast to ART’s emphasis on cognitive restoration, SRT focuses on the emotional regulation and physiological recovery facilitated by exposure to natural settings. Ulrich et al. (1991) suggested that interaction with natural environments can alleviate physiological stress responses, such as lowering heart rate, blood pressure, and cortisol levels, thereby improving mental health and fostering emotional balance.
Extensive research has established that restorative environments positively influence both mental health and cognitive function. Even brief exposure to natural settings, such as parks or forests, has been shown to significantly enhance individuals’ performance on cognitive tasks (Backman et al., 2022; Yan et al., 2024; Tundisi, 2024). In contrast to confined urban spaces, individuals show a marked reduction in cortisol levels and a notable improvement in subjective wellbeing when they rest in open green spaces or near waterfronts (Huang B. et al., 2024; Zhu et al., 2024; Moura et al., 2024). Additionally, restorative environments can facilitate social cohesion by promoting more frequent interactions among community members, thus helping to alleviate feelings of loneliness and social isolation (Deemer et al., 2023; Park et al., 2022; Huang J. et al., 2024). These findings not only corroborate the fundamental tenets of the Attention Restoration Theory (ART) and Stress Reduction Theory (SRT), but also underscore the broader social benefits of restorative environments, which extend beyond individual wellbeing. Despite the considerable advancements in restorative environment research in recent years, the findings remain scattered across a variety of disciplines and research streams, with a lack of systematic reviews or knowledge integration. This fragmentation hinders researchers’ ability to gain a comprehensive understanding of emerging trends and critical issues within the field. Furthermore, traditional literature review methods face inherent limitations when dealing with large volumes of interdisciplinary research, making it difficult to uncover the development trajectory and knowledge structure of restorative environment studies. To address this issue, the current study employs a bibliometric approach, utilizing VOSviewer and CiteSpace software to conduct an in-depth analysis of the restorative environment literature from the Web of Science database. The study examines several dimensions, including annual publication volume, institutional affiliations, and keyword co-occurrence clustering, with the aim of revealing the overall characteristics, research progress, key themes, and future research directions in the field of restorative environment research.
This paper is structured as follows: The first section introduces the research background and objectives. The second section outlines the data sources and research methods, including the selection of the Web of Science database and the application of bibliometric tools. The third section presents the results of the analysis, covering trends in annual publications, international collaboration, research institutions, source journals, keyword clustering, and emergent word analysis. The fourth section discusses the implications of the findings, focusing on the advantages of bibliometric analysis, contributions to existing research, gaps in the field, future research directions, and limitations of the study. Finally, the fifth section summarizes the key findings, offers recommendations for future research, and highlights the contributions of this study to sustainable development.
2 DATA SOURCES AND RESEARCH METHODS
2.1 Data sources
For this study, the literature was extracted from the Web of Science (WoS) database, an esteemed resource widely recognized for its comprehensive academic content across diverse fields, including the natural and social sciences, as well as engineering. The WoS is acknowledged for providing accurate and reliable data essential for scholarly research (Chen, 2006). To guarantee the reliability and thoroughness of the data, the analysis focused specifically on the WoS core collection, which includes both the Science Citation Index Expanded (SCIE) and the Social Sciences Citation Index (SSCI). The literature selection was driven by a series of strategically chosen search terms, such as “TS = ‘restorative environment’”, “attention recovery”, “restorative perception”, and “psychological recovery”, among others. To enhance the precision of the search, these terms were refined by analyzing citation frequencies and article usage patterns. The study adopted the following inclusion criteria: 1) Relevance to the topic: All selected publications must explore restorative environments and their effects on mental health, environmental quality, urban planning, or similar domains; 2) Type of publication: Only peer-reviewed journal articles (Article) were considered, while conference papers and book chapters were excluded. Following the application of these criteria, a final set of 919 articles was retained, with the data retrieval date set at 20 March 2024.
2.2 Research methods
In order to ensure the precision of data analysis and optimize the effectiveness of visualization, this study adopted bibliometric methods, incorporating the advanced information visualization tools VOSviewer and CiteSpace. These tools enable a comprehensive extraction of key elements, such as keywords, research institutions, authors, and source journals, from the selected literature. By conducting co-occurrence analysis, they allow for the construction of a detailed knowledge structure, thereby providing deeper insights into the research landscape (Chaturvedi et al., 2023).
VOSviewer and CiteSpace are widely recognized tools in the field of bibliometric analysis. VOSviewer excels in creating keyword co-occurrence maps and collaboration network visualizations, effectively showcasing the prevailing research hotspots and trends. In contrast, CiteSpace specializes in revealing the citation networks and research trajectories through co-citation and emergent word analysis (Tan et al., 2021). The selection of these tools is driven not only by their ability to manage large-scale datasets with efficiency but also by their capacity to offer multi-dimensional visualizations, empowering researchers to explore literature and academic networks from diverse viewpoints.
While VOSviewer and CiteSpace are extensively used in bibliometric studies, other tools like BibExcel and Gephi also offer valuable alternatives (Chen, 2006). However, VOSviewer and CiteSpace stand out for their superior graphical interfaces and advanced analytical capabilities, particularly in performing complex co-occurrence and co-citation analyses. These tools are not only intuitive and accessible but also exceptionally efficient in handling large datasets (Vaneck and Waltman, 2010; OuYang and Du, 2019). Thus, the decision to utilize these two tools for this research is both highly justified and practical.
3 RESEARCH RESULTS
3.1 Annual publication volume analysis
The volume of scholarly publications is a critical indicator of scientific progress, serving as a reflection of knowledge accumulation and the ongoing contributions of researchers within a given field (Shao et al., 2021). To assess this trend, the study extracted, cleaned, and deduplicated data from the Web of Science (WoS) database, generating a chart that illustrates the annual publication trends (see Figure 1). This visualization demonstrates a consistent upward trend in the number of publications within the domain of restorative environment research.
[image: Figure 1]FIGURE 1 | Statistical map of annual publications in the field of restorative environment research.
Figure 1 illustrates the annual publication trends in restorative environment research from 1984 to 2024. The data indicate that the development of research in this area can be divided into three clear phases:
(1) Preliminary Exploration (1993–2000): In this phase, the publication volume remained modest, with only 10 papers published in total. This period marked the early stages of restorative environment research, where scholars began to investigate the concept and its emerging relevance.
(2) Steady Development (2001–2013): From 2001 to 2013, the number of publications steadily increased, reaching a total of 160 papers. This period witnessed a growing acknowledgment of the significance of restorative environments, as research became more sophisticated, expanded, and attracted broader academic interest.
(3) Rapid Expansion (2014–2024): Since 2014, there has been a notable increase in publication volume, with the number of papers expected to total 749 by 2024, accounting for 81% of all publications. This surge is largely attributed to the growing focus on the connection between environment and mental health, especially during the COVID-19 pandemic. The crisis acted as a catalyst for a wave of research investigating how environmental factors affect human wellbeing, leading to a substantial acceleration in the field’s development.
In conclusion, the publication trend in restorative environment research demonstrates an increasing depth and scope of scholarly engagement over time. From its initial exploration, through gradual development, to its recent rapid growth, this trajectory underscores the ongoing evolution of academic inquiry and the expanding focus on this critical field of study.
3.2 International collaboration analysis
To gain a comprehensive understanding of global cooperation in restorative environment research, this study employs an international collaboration network (29 nodes, 139 links) and examines the top ten countries based on publication volume. Figure 2 offers a clear depiction of the academic collaboration dynamics within this field,while the top ten countries by publication volume are listed in Table 1. By analyzing node size (which reflects the number of publications), link thickness (indicating the intensity of collaboration), and color density (representing collaboration frequency), it becomes apparent that the United States, China, the United Kingdom, Sweden, and Australia form the central network of academic collaboration in this domain. Simultaneously, the figure illustrates a gradual expansion of collaborations towards emerging nations. However, countries in the global South, including those in South America, Africa, and Southeast Asia, are still underrepresented in these international partnerships. In Figure 2, these nations are represented by smaller nodes and fewer connections, signifying their limited engagement in the global research network. This collaborative structure not only shapes the key research themes but also promotes the worldwide dissemination of restorative environment theories.
[image: Figure 2]FIGURE 2 | International cooperation networks.
TABLE 1 | Top 10 national publications.
[image: Table 1]As of 20 March 2024, data reveals that the United States, China, the United Kingdom, and Sweden occupy central positions in the international collaboration network within the Web of Science Core Collection. Figure 2 illustrates that the United States, with a total collaboration intensity of 116, holds a dominant position in global academic networks, forming extensive partnerships with China, the UK, Sweden, South Korea, and Australia. In terms of citation impact, the United States leads with 13,488 total citations, followed by the United Kingdom (5,531 citations) and Sweden (5,393 citations). These findings underscore the United States’ preeminent role in restorative environment research while highlighting the growing influence of China and European countries. The prominent node size and numerous connections of China in Figure 2 further emphasize its expanding role and increasing participation in international collaborative efforts.
Key insights from Figure 2 are summarized as follows:
(1) United States (USA): The United States, with 212 publications, stands as the global leader in academic collaboration within the field of restorative environments. It boasts the widest collaboration network and the highest intensity of partnerships, particularly with China, the United Kingdom, Sweden, South Korea, and Australia. The USA is represented in Figure 2 by the largest node and the darkest color, underscoring its dominant academic influence.
(2) China: Ranking second with 159 publications, China has established an extensive network of collaborations, notably with the United States, reflecting the highest degree of bilateral cooperation. The numerous links in Figure 2 further highlight China’s significant and active role within the global research network.
(3) United Kingdom (UK): With 90 publications, the UK ranks third in both research output and academic influence. Its collaborative efforts are primarily focused on partnerships with European nations (such as Sweden and the Netherlands) as well as with the United States.
(4) Sweden: Holding the fourth position with 67 publications, Sweden exerts substantial research influence. Its collaborative ties are predominantly with the USA and other European countries, further reinforcing its standing in the global research landscape.
(5) Australia: Ranking fifth with 55 publications, Australia’s research contributions primarily center on urban greening and public health. The nation plays a crucial role in academic collaboration within the Asia-Pacific region, with its strongest partnerships being with the United States and China.
In conclusion, the findings underscore the pivotal roles of the United States, China, the United Kingdom, Sweden, and Australia in advancing restorative environment research. These countries are distinguished by their robust international collaborations and influential contributions to the field. The dominance of the United States, China, and the United Kingdom is primarily driven by strong research funding, supportive policies, the influence of academic institutions, and active participation in global research networks. The United States maintains a central position in restorative environment research, bolstered by sustained support from organizations such as the National Science Foundation (NSF). This funding has been essential in developing key theoretical frameworks like Attention Restoration Theory (ART) and Stress Reduction Theory (SRT) (Kaiser et al., 2022). In recent years, China has made rapid strides in this area, largely driven by its “Ecological Civilization” policy and the National Natural Science Foundation of China’s (NSFC) active promotion of restorative environment research and urban green infrastructure (Wu et al., 2024). The United Kingdom has focused heavily on the role of green spaces in improving social wellbeing, as reflected in its “Environmental Improvement Plan.” This emphasis has solidified its leadership in environmental psychology and urban planning research (Edeigba et al., 2024). Although Sweden and Australia have fewer publications, their impact on the field remains substantial. Swedish academic institutions have been instrumental in the theoretical development of restorative environments and continue to play a vital role within the European research network. Australia’s research, which integrates urban greening with public health, and its close collaborations with the United States and China, further enhance its global research influence. Together, the contributions of these nations provide valuable insights and drive international collaboration, enriching the global understanding of restorative environment research and advancing the field as a whole.
3.3 Analysis of research institutions
Analyzing the publication output of leading research institutions offers valuable insights into the distribution and influence of key contributors to restorative environment research. This study ranks institutions based on their publication volume, with the ten most influential ones listed in Table 2. The data indicate that the foremost institutions are primarily situated within higher education establishments. The top-ranking institutions globally include: Uppsala University (35 papers), Swedish University of Agricultural Sciences (32 papers), University of Exeter (24 papers), National Taiwan University (19 papers), University of Michigan (18 papers), University of Copenhagen (17 papers), University of Illinois (17 papers), Tongji University (15 papers), Tampere University (15 papers), and University of Melbourne (14 papers).
TABLE 2 | Top 10 statistics of research organisations in terms of the number of articles published.
[image: Table 2]These findings emphasize the crucial role of universities in advancing restorative environment research, underscoring their leadership in shaping global academic discourse in this field.
3.4 Analysis of literature sources
By ranking sources and publication volumes, as shown in Table 3, this study identified the top ten high-impact journals in restorative environment research. These include: Journal of Environmental Psychology (92 papers), International Journal of Environmental Research and Public Health (69 papers), Frontiers in Psychology (64 papers), Urban Forestry & Urban Greening (64 papers), Landscape and Urban Planning (46 papers), Environment and Behavior (39 papers), Sustainability (36 papers), Forests (16 papers), Health and Place (14 papers), and Landscape Research (12 papers).
TABLE 3 | Top 10 international journals and publications.
[image: Table 3]The data indicate that the majority of publications in this field are concentrated in journals related to psychology, public health, landscape architecture, and urban planning. This concentration underscores the interdisciplinary nature of restorative environment research and highlights the critical role these disciplines play in advancing both theoretical understanding and practical applications.
3.5 Keyword cluster analysis
The co-occurrence frequency of keywords was set to a minimum of 3 in VOSviewer. After consolidating synonymous terms, a network of 326 distinct keywords was generated (see Figure 3). The analysis reveals that restorative environment research can be categorized into five main clusters of hotspots.
[image: Figure 3]FIGURE 3 | Keyword co-occurrence clustering network.
Cluster #1: Environmental Psychology and Cognitive Restoration
Cluster #2: Nature Connection and Social Wellbeing
Cluster #3: Urban Ecosystems and Aesthetic Health
Cluster #4: Biophilia and Environmental Experience
Cluster #5: Green Cities and Public Health
These clusters highlight the central themes in restorative environment research, reflecting the diversity and interconnections of topics explored by scholars. The analysis emphasizes the multi-dimensional nature of the field, providing valuable insights into how environmental factors impact both mental and physical wellbeing.
3.5.1 Cluster #1: environmental psychology and cognitive restoration
This cluster includes 85 items, focusing on key topics such as environmental psychology, cognitive function, attention restoration, the impact of natural environments, restorative environment design, mental health promotion, and urban green space planning. The integration of environmental psychology and cognitive restoration offers a novel perspective on human-environment interactions, enriching environmental design research and enhancing its scientific and practical value. Environmental psychology explores how environmental factors influence cognitive processes and psychological states, emphasizing the positive effects of natural environments on attention, emotion regulation, and memory. This has led to the emergence of restorative environment design (White et al., 2010), which aims to create spaces that promote psychological recovery and reduce stress, helping individuals cope with daily life pressures and improve overall wellbeing (White and Gatersleben, 2011). Core principles of restorative design include optimizing the relationship between nature and cognition, integrating restorative environments with mental health initiatives, and enhancing urban quality of life through green space development. These considerations highlight the importance of natural environments in cognitive restoration, support the innovative application of restorative design, and enrich the cultural and emotional value of environmental design (Corraliza et al., 2012). The intersection of environmental psychology and cognitive restoration not only underpins the scientific basis of design but also drives innovation by bridging theory with practice.
3.5.2 Cluster #2: nature connection and social wellbeing
This cluster encompasses 70 items, with a central focus on keywords like nature connection, social wellbeing, environmental perception, community participation, urban greening, public health, emotional wellbeing, environmental justice, quality of life, and urban design. A key theme emerging from this cluster is the interplay between nature connection and social wellbeing, which provides a fresh viewpoint on how natural environments influence collective and individual wellbeing. This exploration enhances urban planning and social policy research, while also enriching the humanistic dimension of urban environmental design. Nature connection theory explores the impact of human-nature interactions on social cohesion, community involvement, and public health. It emphasizes how these interactions foster emotional health, strengthen community ties, and improve quality of life. This intersection of nature and social wellbeing has given rise to an emerging paradigm—nature-based enhancement of social wellbeing (Hartmann et al., 2013). This framework advocates for community involvement in the preservation and utilization of green spaces, thus promoting environmental stewardship and enhancing collective happiness (Gao et al., 2019). The foundational principles of this paradigm advocate for integrating natural environments into urban spaces to foster social wellbeing. They emphasize urban greening, community engagement, and the promotion of both public and emotional health. From a design perspective, the emphasis is on creating environments that not only support ecological sustainability but also promote social equity and improve quality of life through community participation in environmental planning. The integration of nature connection with social wellbeing offers essential ecological insights, furthering the interdisciplinary approach necessary for urban planning that supports both sustainable communities and environmental justice (Jahani and Saffariha, 2020; Bilius et al., 2021).
3.5.3 Cluster #3: urban ecosystems and aesthetic health
This cluster comprises 64 items and focuses on themes such as urban ecosystems, aesthetic health, urban greening, parks, urban forests, soundscapes, environmental aesthetics, urban design, renewal, ecological services, biodiversity, and the health of urban residents. At the intersection of urban ecosystems and aesthetic health lies a novel approach to understanding how the aesthetics of urban environments contribute to residents’ wellbeing. This perspective enriches research in both urban ecology and environmental psychology, while also enhancing the aesthetic and health-oriented value of urban environmental design. By exploring the role of urban ecosystem aesthetics in mental and physical health, environmental aesthetics theory emphasizes the positive influence of green spaces, parks, and urban forests in reducing stress and improving overall quality of life. This integration has led to the development of a new design philosophy—ecological aesthetic health design. This approach promotes interaction between residents and nature by designing urban spaces that offer both ecological and aesthetic benefits, thereby improving environmental perceptions and boosting resident satisfaction (Zhang et al., 2022). The design principles of this approach focus on the aesthetic features of urban ecosystems and their direct impact on residents’ health. This includes the thoughtful planning of green spaces, parks, and urban soundscapes to optimize environmental perception. Furthermore, these principles stress the importance of urban design in improving mental health and contributing to biodiversity and ecological services through responsible urban planning (Ma et al., 2023). Ultimately, the integration of urban ecosystems and aesthetic health provides vital ecological aesthetic principles that not only enhance urban beauty but also improve residents’ wellbeing through sustainable, innovative design practices (Zhang et al., 2024).
3.5.4 Cluster #4: biophilia and environmental experience
This cluster includes 62 items, with keywords such as biophilia, environmental experience, natural contact, physical and mental health, restorative environments, natural environment perception, forest bathing, healing landscapes, urban green spaces, health promotion, ecological design, psychological restoration, and emotional regulation. The intersection of biophilia and environmental experience offers a fresh perspective on the deep, inherent connection between humans and nature, emphasizing its significant impact on health. This perspective enriches research within health psychology and environmental design, emphasizing the crucial role of design in promoting human wellbeing (Sahoo et al., 2021). By examining the influence of biophilia theory on human interactions with natural settings, research on environmental experience illustrates how natural contact can improve physical and mental health, promote psychological restoration, and enhance emotional regulation. This combination has given rise to a novel design strategy—biophilic design (Malyan et al., 2022). Biophilic design seeks to foster stronger human-nature connections by creating environments that promote health, leading to improved quality of life and overall wellbeing (Lindal and Hartig, 2015). Key design principles focus on integrating biophilic elements into environmental design, encouraging natural interaction for health benefits, and enhancing emotional regulation and psychological restoration. Design considerations stress the importance of natural environments in supporting human health, underline the role of design in facilitating psychological healing and emotional balance, and highlight how thoughtful environmental design can elevate quality of life and happiness (Huang Z. et al., 2024). The integration of biophilia and environmental experience provides both scientific and humanistic insights into environmental design, promoting innovative, human-centered approaches that advance its application in fostering better health outcomes.
3.5.5 Cluster #5: green cities and public health
This cluster encompasses 45 items, with key terms such as urban greening, public mental health, urban design, urban green spaces, parks, forests, urban soundscapes, environmental justice, socioeconomic status, residents’ quality of life, mental health promotion, emotional regulation, stress reduction, community participation, physical activity, and blue-green spaces. The intersection of green urbanism and public mental health offers a new perspective on the crucial role urban green spaces play in enhancing public mental health. This perspective contributes to research in urban planning and public health, highlighting the social value of urban environmental design (Staats et al., 2016). By investigating the impact of urban green spaces on mental health and overall wellbeing, green urbanism theory illustrates how urban parks, forests, and green spaces can reduce stress, improve emotional wellbeing, foster social interaction, and strengthen community cohesion (Zhao et al., 2019). This integration has led to the emergence of a novel urban planning approach—green urban mental health promotion (Nicosi et al., 2020). This strategy focuses on optimizing the design and distribution of urban green spaces to provide more opportunities for residents to connect with nature, thereby improving mental health and enhancing quality of life (Luo et al., 2022). Key design principles explore the relationship between green spaces and public mental health, examine the role of urban design in mental health promotion, and assess how community participation and socioeconomic status influence mental health outcomes. Design considerations emphasize the importance of urban green spaces in enhancing public mental health, the role of urban design in improving quality of life, and the significance of community participation in fostering social cohesion and mental health (Chaturvedi et al., 2025a). The fusion of green urbanism and public mental health offers both ecological and social benefits for urban planning, advancing urban greening initiatives and promoting mental health through interdisciplinary, human-centered approaches.
3.6 Burst term analysis
Figure 4 highlights the top 25 emerging keywords in restorative environment research, shedding light on the evolving trends and shifting focal points in the field.
[image: Figure 4]FIGURE 4 | Keywords with the strongest citation bursts.
Early Exploration Stage (1993–2005): In this initial phase, the keyword “attention” started to gain momentum around 1995, continuing to rise steadily until 2012. This upward trajectory reflects the growing academic interest in the mechanisms of attention restoration.
Mid-term Development Stage (2006–2016): During this period, the keyword “mental fatigue” emerged as a significant topic around 2003, reaching its peak citation intensity of 6.13 by 2016. Similarly, “exercise” began to attract attention around 2003, with its citation intensity rising to 4.49 by 2014. These trends indicate an increasing focus on how environments can reduce mental fatigue and promote physical activity.
Recent Deepening Stage (2017–2024): From 2017 onward, keywords such as “virtual reality” and “stress reduction” have shown substantial increases in research intensity, with values reaching 4.2 and 3.71, respectively. These trends are expected to continue growing through 2024. Additionally, the keyword “perception” saw a surge in 2019 and 2020, peaking at 5.12, highlighting the rising importance of environmental perception in restorative environment research.
In summary, the trends illustrated in Figure 4 emphasize the growing integration of advanced technologies like virtual reality into restorative environment studies, alongside an intensified focus on strategies for stress reduction and psychological recovery.
4 DISCUSSION
4.1 Advantages of bibliometric analysis
The integration of bibliometric analysis with visual knowledge mapping offers a powerful methodology for conducting literature reviews, allowing scholars and researchers to obtain a thorough and systematic understanding of research trends within a given field (Bhardwaj et al., 2023; Yan et al., 2022). By utilizing advanced tools such as CiteSpace and VOSviewer, researchers can process large datasets efficiently, swiftly identifying key trends and emerging topics, thereby overcoming the limitations of traditional review methods (Chen et al., 2023; Wang and Ge, 2024).
This approach also enables the identification of interdisciplinary connections and facilitates the quantitative analysis of knowledge transfer across various domains. By leveraging extensive literature data from databases like the Web of Science, it becomes possible to construct clear academic collaboration networks and research topic maps, providing essential support for ongoing scholarly discussions (Chaturvedi et al., 2025b; Dubey et al., 2023).
Moreover, bibliometric analysis allows for the examination of large volumes of literature from sources such as the Web of Science, generating scientific visualizations that include keywords, countries, institutions, and authors, thus offering intuitive insights into research. This method supports a comprehensive investigation of the current state, developmental phases, and potential future directions of research. It is applicable across a variety of academic databases, including Google Scholar, Scopus, and non-English databases like CNKI (Nugroho et al., 2022; Ramadhan et al., 2024). Consequently, this approach equips researchers with powerful tools to explore global research frontiers and identify emerging trends.
4.2 Contributions to existing research
This study presents a comprehensive and systematic examination of the research landscape in restorative environment studies through bibliometric analysis, making several important contributions. First, it extends the scope of prior research by covering a broader time frame and providing a more thorough analysis compared to earlier studies (Fang et al., 2018; Weber and Trojan, 2018; Ratcliffe, 2021). The integration of VOSviewer and CiteSpace allows for a detailed visual representation of key research directions and emerging hotspots in the field of restorative environment research. Second, the study identifies five core clusters within the discipline: Environmental Psychology and Cognitive Restoration, Nature Connection and Social Wellbeing, Urban Ecosystems and Aesthetic Health, Biophilia and Environmental Experience, and Green Urbanism and Public Mental Health. These clusters not only capture distinct focal areas but also reflect the evolving trends and development stages within restorative environment research. Third, the analysis of the international collaboration network highlights the significant influence of countries such as the United States, China, the United Kingdom, Sweden, and Australia. This underscores the importance of global cooperation in advancing restorative environment research and knowledge dissemination. Furthermore, by assessing the publication output of leading research institutions, the study provides valuable insights into the academic contributions of influential universities in the field. Finally, the study’s examination of high-output journals reveals that restorative environment research is predominantly published in journals related to psychology, public health, landscape architecture, and urban planning. This insight can guide researchers in identifying appropriate academic outlets for their work.
4.3 Research gaps
Despite significant progress in restorative environment research, several critical gaps remain that warrant further exploration:
First, there exists a notable gap between theoretical advancements in restorative environment research and its practical application in policy-making. While numerous studies have established the positive impact of restorative environments on mental health and wellbeing, the integration of these findings into management practices and policy decisions is still limited (Siah et al., 2022; Xie et al., 2022). Many existing studies focus primarily on theoretical aspects, with insufficient attention given to translating these theoretical results into actionable public policies and management strategies. This study uses bibliometric analysis to systematically review research hotspots in the field and identify the knowledge gap between academia and policymakers. Through an analysis of international collaboration networks and high-output journals, the study highlights the leading countries and institutions in implementing restorative environment policies, as well as summarizing practical experiences from various nations. This provides valuable guidance for future policy integration. Furthermore, the keyword clustering analysis uncovers cross-disciplinary trends in urban planning, health management, and social welfare, offering data-driven support for policymakers and facilitating the translation of theory into practice.
Second, while much of the current research focuses on the quantifiable benefits of restorative environments, their intangible values remain underexplored. Much of the existing literature concentrates on how restorative environments affect physiological indicators of mental health, such as heart rate and cortisol levels, but there is a lack of systematic evaluation regarding their cultural ecosystem services and broader social values (Nakamura et al., 2023; Nukarinen et al., 2022). This study, using keyword co-occurrence and burst word analysis, uncovers research connections between restorative environments and themes like cultural ecosystem services, social cohesion, and community welfare. It proposes a more comprehensive research framework to explore the potential non-direct health benefits of restorative environments. Notably, the study identifies a significant rise in keywords such as “environmental justice,” “social equity,” and “social value of urban greening” in recent years, reflecting a growing academic interest in the social dimensions of restorative environments. Additionally, by examining the work of high-impact research institutions and authors, this study identifies research groups focused on evaluating the social value of restorative environments, providing insights for future empirical studies.
Finally, there is a marked geographic imbalance in restorative environment research, with limited contributions from the Global South. Currently, most research originates from North America and Europe, which may limit the global applicability of the findings (Bolognesi et al., 2023; Shine and Elphick, 2023). Through an analysis of international collaboration, this study reveals a stark contrast in research output, with countries in the Global South contributing less significantly. Regions such as Sub-Saharan Africa, South Asia, and Latin America, due to varying economic development levels, urban planning systems, and environmental governance policies, are less equipped to conduct restorative environment research. However, the geographical distribution analysis also reveals a rising trend in research output from countries like China and Brazil, although their global influence remains limited. Moreover, burst word analysis indicates that academic attention to topics like “the application of urban greening in developing countries” has been growing, suggesting that restorative environment research is gradually expanding to the Global South. These findings advocate for broader applicability of restorative environment theory across various developmental stages and cultural contexts, offering valuable guidance for urban planning and environmental design in the Global South.
4.4 Policy implications
This study’s bibliometric analysis unveils the global trajectory of restorative environment research and identifies key research gaps across different regions. Based on these insights, several targeted policy recommendations are proposed to optimize urban policies, public health initiatives, and environmental design:
1. Urban Policies: Urban planning must incorporate clear, measurable indicators for restorative environments. Governments should focus on expanding green space availability, optimizing their distribution, and ensuring these spaces are accessible to low-income communities. Drawing inspiration from countries like the Netherlands, which have established robust standards for evaluating restorative environments, policymakers should embed these standards within urban renewal and infrastructure policies. This would facilitate the systematic integration of restorative environments into urban planning frameworks. Specifically, in densely populated urban centers, attention should be given to small-scale restorative spaces such as rooftop gardens, community green spaces, and pocket parks. These compact, yet vital, areas will help alleviate the deficit in green spaces and provide urban residents with crucial psychological restoration.
2. Public Health Strategies: There is a need to deepen the integration of restorative environments within public health initiatives. Governments and healthcare organizations should promote “green prescription” programs, wherein exposure to nature serves as a therapeutic tool for mental health. For instance, individuals experiencing depression or high stress could be encouraged to spend more time in restorative environments as a means of alleviating anxiety and mental strain. Moreover, health centers and elder care facilities could incorporate horticultural therapy zones, walking greenways, and meditation gardens to foster long-term wellbeing. Policymakers should also ensure that these restorative spaces are accessible to vulnerable populations, including the elderly, disabled, and low-income individuals. This can be achieved by adding features like accessible pathways, seating, and shade structures, ensuring equitable access to the health benefits offered by restorative environments.
3. Environmental Design: Urban planners and landscape architects must prioritize the functional benefits of restorative environments, alongside their aesthetic appeal. The design of public green spaces should draw directly from the theoretical insights of restorative environment research, focusing on enhancing natural landscapes, reducing noise pollution, and creating spaces conducive to walking and resting. In areas with limited land availability, solutions like vertical greening, rooftop gardens, and community gardens should be prioritized. These small but effective spaces provide urban dwellers with accessible and meaningful opportunities for psychological recovery. Moreover, the integration of smart technologies such as air quality sensors, adaptive lighting for nighttime safety, and virtual reality applications can further enrich the restorative potential of these spaces. By diversifying the environmental experience, these technological innovations will help create more personalized, immersive, and effective restorative environments. Through the adoption of these policy measures, governments, public health agencies, and urban planners can effectively leverage the insights derived from restorative environment research. Such initiatives will enhance urban livability, promote residents’ mental and physical health, and contribute to the sustainable development of urban spaces.
4.5 Limitations of the study
While this study employs bibliometric techniques and visualization tools to comprehensively analyze research on restorative environments, several limitations must be considered:
1. The study relies exclusively on the Web of Science (WoS) database, which, while offering extensive coverage, predominantly indexes high-impact journals. This may introduce citation bias, potentially distorting the trends identified within the field. Additionally, WoS primarily features English-language publications, which means that valuable studies published in other languages might be excluded, possibly limiting the breadth of the analysis. Moreover, since the data was collected on 20 March 2024, the most recent research findings might not have been incorporated, creating a temporal gap in the dataset.
2. The bibliometric approach employed here is based on co-occurrence relationships, making it highly sensitive to the quality and completeness of the data. As the study depends on literature indexed by WoS, some relevant studies might be underrepresented due to delays in database updates, inconsistent indexing practices, or fluctuations in journal impact factors. Furthermore, bibliometric analysis typically relies on publication year and citation relationships for statistical interpretation. However, academic influence often develops gradually, meaning that highly impactful studies published recently might not yet exhibit stable citation patterns. This delay could lead to emerging research trends being underrepresented or overlooked.
3. This study is limited to published academic literature, but much academic knowledge is generated through other means, such as unpublished reports, policy documents, conference proceedings, corporate research, and studies by non-governmental organizations. These forms of gray literature play a significant role in shaping research ideas and academic discourse, yet they were excluded from this study. Additionally, the structure of academic publishing, research funding priorities, and the biases inherent in high-impact journals may influence the visibility of certain research topics, potentially affecting the representation of specific research trends in the bibliometric analysis.
4. The study adopts the disciplinary classification system provided by the WoS database, which can introduce biases when defining interdisciplinary research. Restorative environment research spans various fields, including psychology, urban planning, public health, and environmental science. However, the way these disciplines are categorized in WoS may result in some studies being classified under unrelated or niche areas, potentially skewing the overall trends in the field. Additionally, the rigid structure of the disciplinary classification system may hinder the accurate identification of emerging interdisciplinary studies, potentially leading to insufficient recognition of cross-disciplinary research areas.
5 CONCLUSION
This study, utilizing the Web of Science database along with VOSviewer and CiteSpace software, offers a comprehensive analysis of the academic literature on restorative environment research. It explores the current state of research, highlights emerging themes, and anticipates future trends, making valuable contributions both to academic knowledge and practical applications. The key findings are summarized as follows:
Research on restorative environments is predominantly concentrated in leading higher education institutions, including Uppsala University, the Swedish University of Agricultural Sciences, and the University of Exeter. These institutions have shown significant success in both publication output and academic influence. Internationally, the United States plays a pivotal role in fostering collaborations, particularly with countries such as China, the United Kingdom, and Sweden, highlighting the importance of global cooperation in advancing the field.
Prominent journals in restorative environment research, including the Journal of Environmental Psychology and the International Journal of Environmental Research and Public Health, are central to academic discourse. These journals not only occupy leading positions in fields like psychology, public health, landscape architecture, and urban planning, but also promote interdisciplinary integration, illustrating the diverse and wide-reaching impact of restorative environments in contemporary society.
The body of research can be categorized into five major clusters: environmental psychology and cognitive restoration, nature connection and social wellbeing, urban ecosystems and aesthetic health, biophilic environmental experiences, and green urbanism in relation to public mental health. These clusters reflect the broad and evolving scope of research, highlighting the interdisciplinary connections that bridge environmental design, public health, and social welfare.
The focus of research has evolved over time, transitioning from foundational studies on restorative environments and Attention Restoration Theory (ART) to more recent investigations on natural environments and mental fatigue. In the latest phase, virtual reality technology and stress management have become key areas of interest. This progression suggests that restorative environment research is increasingly incorporating modern technologies like virtual reality, expanding the field’s scope and its potential applications.
Future research should diversify its data sources by incorporating additional databases such as Scopus, Google Scholar, and CNKI. This would allow for a more comprehensive analysis and reduce the citation bias associated with relying on a single database. Moreover, integrating multilingual text mining techniques, natural language processing (NLP), and machine translation would significantly extend the coverage of non-English language research, thereby enhancing the completeness of the dataset. In terms of the intangible values of restorative environments, future studies could incorporate remote sensing data to track the distribution of urban green spaces, natural resources, vegetation cover, and biodiversity. This data could be combined with psychological health survey results to explore how specific environmental features impact psychological restoration and emotional regulation. Additionally, community-based participatory surveys that gather feedback on environmental perceptions and social wellbeing would provide valuable insights, helping to quantify the intangible benefits of natural environments. To address the time lag effect inherent in bibliometric methods, it is essential to implement dynamic data updates and rolling window analyses. These approaches would enable real-time monitoring of newly published research, and artificial intelligence-driven trend prediction models could be employed to identify emerging research hotspots more accurately. Regarding knowledge diversity, the inclusion of gray literature should be a priority. Mining policy documents, conference papers, and industry reports would help fill the gaps left by formally published research. Furthermore, future studies could combine qualitative content analysis with bibliometric methods through multimodal analysis techniques, creating a more holistic research framework that offers deeper insights into the evolution of academic thought. For interdisciplinary research, co-word analysis coupled with machine learning classification algorithms could be employed to establish a more flexible disciplinary classification system. This would improve the identification of cross-disciplinary research areas. Additionally, network science methods could be used to investigate knowledge flows between disciplines, providing a clearer understanding of the true interdisciplinary nature of restorative environment research. With these methodological advancements, future studies will be better equipped to depict the dynamic trajectory of knowledge development in the field. This will provide more accurate academic support for both policymaking and practical applications.
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