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Abstract – This study presents a comprehensive overview of biophilic design research that incorporates ecological 

considerations, specifically focusing on energy efficiency, thermal comfort, and sustainability. While biophilic design has 

traditionally emphasized human well-being and connection to nature, its integration with ecological performance metrics remains 

limited. To address this gap, a two-stage methodology was applied. First, 117 publications from the Web of Science Core 

Collection were analyzed using Bibliometrix (R) for bibliometric mapping and trend identification. Second, the records were 

screened using Rayyan.ai, where titles, abstracts, and keywords were reviewed to select the 37 most relevant studies. The results 

show a clear dominance of sustainability-related topics, with energy efficiency moderately addressed and thermal comfort 

significantly underrepresented. Thematic and content analyses revealed a lack of studies combining all three ecological themes, 

despite the growing scholarly attention in recent years. Furthermore, the most productive countries and institutions, particularly 

in Australia, demonstrate leadership in this interdisciplinary area. The findings highlight the need for more integrated, 

performance-driven approaches that align biophilic strategies with broader environmental goals. This study contributes valuable 

insights to guide future research toward more holistic applications of biophilic design in sustainable architecture. 
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I. INTRODUCTION 

The increasing global population, environmental 

degradation, and excessive consumption of natural resources 

have led to urgent concerns about sustainability and the 

ecological impact of the built environment. These concerns 

were formally recognized in the 1987 report by the World 

Commission on Environment and Development, marking a 

significant moment in the emergence of sustainable 

development strategies on a global scale [1]. In response, the 

architectural field began to adopt ecological design principles, 

emphasizing healthier, more environmentally conscious 

approaches to building design. 

Ecological architecture focuses on reducing the 

environmental footprint of buildings by considering both 

living and non-living elements within the ecosystem. This 

includes energy-efficient systems, sustainable materials, 

passive and active solar strategies, and climate-responsive 

building envelopes. Its goal is to create artificial environments 

that function in harmony with natural systems, integrating 

strategies such as renewable energy use, waste minimization, 

and water conservation [2]. 

In parallel, biophilic design has emerged with a more 

human-centered perspective. Defined by Wilson [3], [4] and 

further developed by Kellert and others [5], [6], biophilic 

design emphasizes the innate human affinity for nature and 

aims to integrate natural elements and processes into built 

environments to promote well-being and performance. While 

ecological architecture is often measured through 

environmental metrics like energy savings and carbon 

reduction, biophilic design measures its success through 

psychological and physiological outcomes such as stress 

reduction, cognitive function, and emotional health [7], [8], 

[9]. 

Despite their different focuses, ecological and biophilic 

design share common goals and are increasingly seen as 

complementary approaches. However, the literature often 

treats them separately: ecological architecture tends to focus 

on environmental performance, while biophilic design 

emphasizes user experience and connection to nature. This 

divide has left a gap in research that fully explores their 

intersection, especially regarding how biophilic design 

contributes to ecological performance metrics like energy 

efficiency, thermal comfort, and sustainability. 

This gap is particularly critical in the context of growing 

energy demands, climate change, and the need for healthier 

indoor environments. As energy-efficient architecture and 

renewable technologies evolve to address environmental 

challenges [10], it becomes essential to also consider how 

these strategies interact with human comfort and well-being. 

For example, thermal comfort—defined by parameters such as 

air temperature, humidity, and airflow—plays a central role in 

building performance and occupant satisfaction [11]. 

Moreover, global initiatives such as the United Nations 

Sustainable Development Goals (SDGs) have further 

underscored the need to integrate environmental, social, and 

economic objectives into building practices. From early 

declarations like the World Charter for Nature [12] to the 

Rio+20 outcome document [13], sustainable development has 

evolved to encompass ecological preservation, social well-

being, and equitable growth. 

Given this context, the present study offers a systematic 

overview and bibliometric mapping of the most relevant 

academic literature that explicitly connects biophilic design 

with ecological considerations. By examining publications 

indexed in Web of Science and filtering them through 

qualitative analysis of titles, abstracts, and keywords, this 

research identifies the core themes, influential sources, and 

emerging trends at the convergence of these two vital design 

https://doi.org/10.36287/setsci.23.28.001


Tekin, An Overview of Biophilic Design Research with Ecological Consideration, SIAP2025, Gaziantep, Turkiye 

68 

paradigms. The aim is to highlight how biophilic strategies are 

contributing to energy-efficient, thermally comfortable, and 

sustainable environments, and where further integration is still 

needed 

II. MATERIALS AND METHOD 

This study employed a two-stage approach combining 

bibliometric analysis and systematic screening to investigate 

research on biophilic design with ecological considerations, 

specifically focusing on energy efficiency, thermal comfort, 

and sustainability. 

The data was collected from the Web of Science Core 

Collection on April 13, 2025, using the following search 

syntax: 

"Biophilic Design" AND (ecolog* OR "sustainability" OR 

"energy efficiency" OR "energy saving" OR "renewable 

energy" OR “net-zero” OR "thermal comfort" OR "building 

performance") 

This search yielded a total of 117 documents. The retrieved 

records were exported in a format compatible with 

Bibliometrix, an R-based bibliometric analysis tool designed 

for exploring and visualizing scholarly data. 

In the first stage, the data was imported into Bibliometrix 

(R), which enabled quantitative analysis of publication trends, 

key sources, authorship patterns, subject categories, citation 

networks, and keyword co-occurrences. This phase provided a 

broad overview of the research landscape and thematic 

development related to biophilic design and ecological 

performance. 

For the second stage, all 117 records were uploaded to 

Rayyan.ai, a web-based tool for conducting systematic 

reviews. Each document was carefully screened by analyzing 

its title, abstract, and keywords to assess its relevance to the 

specific intersection of biophilic design with energy 

efficiency, thermal comfort, and sustainability. Through this 

qualitative review process, the most relevant studies were 

identified, classified based on the ecological themes they 

addressed, and ranked according to Web of Science search 

relevancy. 

This mixed-method approach ensured both a quantitative 

mapping of the field and a qualitative refinement of the 

literature to capture the most meaningful contributions to the 

targeted research focus. 

III. BIBLIOMETRİC ANALYSIS 

This section presents the findings from the bibliometric 

analysis of publications related to biophilic design and 

ecological considerations. The results are categorized into key 

bibliometric indicators and thematic analyses. 

A. Key Bibliometric Indicators  

The number of publications on biophilic design with 

ecological considerations remained low from 2013 to 2016, 

followed by a noticeable increase starting in 2017 (Fig. 1). 

Research output grew steadily, peaking at 23 documents in 

2024. Although only 12 documents were published in the first 

quarter of 2025, this suggests a projected total of around 48 for 

the full year, highlighting continued and rising interest in the 

field. 

 
Fig. 1 Number of documents per year 

 

The analysis of document types reveals that the vast majority 

of publications are articles, accounting for nearly all of the 

total output. Review papers and proceedings papers make up a 

smaller portion, while early access, data papers, and editorial 

materials are minimal. This indicates that original research 

articles are the dominant format in the field of biophilic design 

with ecological considerations (Fig. 2). 

 

 
Fig. 2 Document types 

 

The classification of documents by subject area shows that 

Engineering, Environmental Sciences Ecology, and 

Construction & Building Technology are the most represented 

fields (Fig. 3). Surprisingly, Architecture appears lower than 

expected despite being a fundamental discipline within the 

biophilic design field. This suggests that much of the research 

is being driven by technical and environmental perspectives 

rather than traditional architectural scholarship. 

 

 
Fig. 3 Classification of documents based on subject area 

 

Citation Topics Meso is a classification system used in 

bibliometric analysis to group publications into medium-level 

subject categories based on citation patterns. It helps identify 

the thematic focus and interdisciplinary nature of research 

[14]. 
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In this analysis, the most prominent citation topic meso is 

"Hospitality, Leisure, Sport & Tourism," which accounts for 

the highest number of citations, indicating strong interest in 

how biophilic design contributes to user experience and well-

being in leisure or service environments. This is followed by 

"Sustainability Science" and "Oceanography, Meteorology & 

Climate", showing the ecological dimension of the topic. Other 

categories such as Environmental Sciences, Social 

Psychology, and Art appear less frequently, reflecting a more 

specialized or emerging interest within those fields (Fig. 4). 

 

 
Fig. 4 Citation Topics Meso 

 

The corresponding author's country chart and the 

collaboration network map offer complementary insights into 

the geographic distribution and international partnerships in 

biophilic design research with ecological considerations. 

 

 
Fig. 5. Corresponding author's country 

 

Figure 5 highlights that Australia, Italy, and the USA are the 

leading countries in terms of publication output. Australia 

stands out with the highest number of contributions, most of 

which are Single Country Publications (SCP), suggesting a 

strong national research effort. Meanwhile, countries like the 

USA, UK, and Netherlands also show a significant share of 

Multiple Country Publications (MCP), indicating a higher 

level of international collaboration. 

 

 
Fig. 6. Collaboration network map 

These findings are reinforced by the collaboration network 

map, where Australia is clearly positioned as a central hub, 

connected to numerous countries including the USA, Italy, and 

Netherlands. These countries form the most interconnected 

cluster, signifying their leadership in fostering collaborative, 

cross-border research. Other notable regional clusters include: 

• A European-Pacific group involving Portugal, 

Romania, Lithuania, and New Zealand 

• An East Asian cluster centred on China, Singapore, 

and Korea 

• Smaller, more isolated partnerships such as 

Sweden–Iraq or Canada–Thailand 

Together, these charts reveal that while a handful of 

countries dominate in terms of output and international 

collaboration, many others contribute independently or within 

limited regional networks. This suggests both a strong 

foundation and an opportunity to broaden global cooperation 

in advancing biophilic and ecologically responsible building 

research. 

 
Fig. 7. Word cluster 

 

The abstract analysis reveals that the most frequently 

occurring terms in the selected studies are centered around 

"health", "benefits", and "exposure", reflecting a strong 

research focus on the human-centered outcomes of biophilic 

design. Terms like "sustainability", "design", "green", 

"performance", and "cities" also appear prominently, 

indicating an intersection between environmental 

responsibility and urban application. 

Additionally, keywords such as "stress", "recovery", 

"thermal comfort", and "air quality" highlight the importance 

of comfort and well-being within indoor environments. The 

presence of ecological terms like "biodiversity", "ecosystem", 

and "restoration" suggests that some studies also consider 

broader environmental impacts. 

Overall, the frequent use of both human health and 

ecological performance terms supports the aim of this study to 

explore how biophilic design contributes not only to occupant 

well-being but also to sustainability and environmental goals. 

 
 Fig. 8. Author affiliation 
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Figure 8 shows the most productive institutions in research 

related to biophilic design with ecological considerations. 

Leading the list is the University of Sydney, with the highest 

number of publications, followed by the University of 

Melbourne and the University of Algarve. 

Australian institutions, particularly the University of 

Sydney, University of Melbourne, Murdoch University, and 

Queensland University of Technology, are prominently 

represented, reflecting Australia's strong academic 

contribution to this field. European institutions such as 

Eindhoven University of Technology, University of Florence, 

and University of Perugia also feature significantly. 

This distribution aligns with earlier findings that highlight 

Australia as a central player in both research output and 

international collaboration. The presence of diverse 

universities from Europe, Asia, and North America also 

suggests a growing global interest in integrating biophilic 

design with sustainable building practices. 

 

 
Fig. 9  Most relevant sources 

 

The analysis of the most relevant sources shows that the 

journal Sustainability leads by a wide margin, publishing the 

highest number of documents. It is followed by Building and 

Environment, Buildings, and the Journal of Building 

Engineering, which also contribute significantly to the field. 

Other journals such as Land, Energies, and Frontiers in Built 

Environment have fewer publications, indicating a more 

specialized or emerging interest (Fig. 9). Overall, the research 

is concentrated in journals focused on sustainability, 

architecture, and the built environment. 

 

 
Fig. 10 Most cited sources 

 

The most cited sources are led by Building and 

Environment, followed by the Journal of Environmental 

Psychology and Sustainability (Fig. 10). These journals have 

the highest citation impact, indicating their strong influence 

and relevance within the academic community. 

 

When compared to the most relevant sources (by number of 

publications), Sustainability tops the list in terms of volume 

but ranks third in citations, suggesting that while it publishes 

frequently on the topic, other journals may have a higher 

impact per article. Building and Environment appears 

prominently in both charts, highlighting its dual role as a 

leading source in both productivity and influence. In contrast, 

some journals like the Journal of Environmental Psychology 

are highly cited but do not rank among the most frequent 

publishers, pointing to their specialized but impactful 

contributions. This contrast reveals that publication volume 

does not always equate to academic influence, emphasizing the 

importance of quality and relevance in the field. 

 

 
Fig. 11 The leading sources in the field of biophilic building design. 

 

Based on Bradford’s Law, the leading sources in biophilic 

building design are concentrated in a small group of core 

journals that publish the majority of relevant research. These 

core sources include Sustainability, Building and 

Environment, Buildings, and the Journal of Building 

Engineering (Fig. 11). These journals form the central zone of 

high productivity, indicating they are the primary outlets for 

scholarly work in this field. Their prominence strongly aligns 

with topics related to sustainable architecture, environmental 

performance, and innovative building practices. 

 

 
Fig. 12 Production trends of sources  

 

Figure 12 shows the production of key sources over time in 

the field of biophilic building design. Sustainability stands out 

with a sharp and consistent increase in publications since 2018, 

reaching the highest output by 2025. Building and 

Environment, Buildings, and the Journal of Building 

Engineering also show steady growth, particularly after 2020. 

Land has seen more modest increases, indicating a more 

specialized or emerging role.  
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Overall, the trend reflects a rising interest across multiple 

journals, with Sustainability leading the field in both volume 

and growth rate. 

Table 1 shows how research on biophilic design relates to 

the UN Sustainable Development Goals. Most of the 

documents are linked to Sustainable Cities and Communities 

and Good Health and Well-being, showing a strong focus on 

creating healthier and more livable urban spaces. There is also 

notable attention to Climate Action and Clean Energy, while 

goals like Quality Education and Gender Equality are 

mentioned much less. This highlights that biophilic design 

research mainly supports environmental and urban 

sustainability topics. For biophilic and ecological design to 

evolve further, future research should aim for a more holistic 

SDG alignment, bridging ecological performance with social, 

cultural, and educational dimensions. 

 
Table 1. Contribution to Sustainable Development Goals 

Sustainable Development Goals Count 

11 Sustainable Cities and Communities 92 

03 Good Health and Well Being 70 

13 Climate Action 34 

07 Affordable and Clean Energy 21 

14 Life Below Water 12 

15 Life on Land 12 

09 Industry Innovation and Infrastructure 10 

12 Responsible Consumption and Production 9 

06 Clean Water and Sanitation 8 

02 Zero Hunger 7 

04 Quality Education 2 

05 Gender Equality 1 

17 Partnerships for The Goals 1 

 

B. Thematic Analyses 

The thematic analysis was conducted to identify the major 

conceptual structures and evolving topics within the literature 

that intersect biophilic design with ecological considerations. 

 

 
Fig. 13 Trending topics from 2015 to 2025 

 

The trend topics chart illustrates the evolution of research 

themes from 2015 to 2025. The most prominent and recent 

trends include biophilic design, indoor environments, human 

health, and thermal comfort, highlighting a growing focus on 

performance and well-being in ecologically responsive spaces. 

Recent years also show increased interest in physiological 

and psychological aspects, such as stress recovery, mental 

health, and heart rate, indicating a deeper exploration of how 

biophilic strategies impact occupant health in sustainable 

buildings. While terms like learning environments, green 

infrastructure, and urban nature appeared earlier, they have 

seen less emphasis in recent years. 

It is important to note that this analysis does not cover all 

biophilic design research, only those studies that also address 

ecological performance dimensions. Many publications 

focusing solely on aesthetic, psychological, or experiential 

aspects of biophilic design are not included here. 

 

 

 
Fig. 14 Visualization of thematic mapping 

 

This thematic map (Fig. 14) highlights key research areas. 

The most prominent and well-developed themes are located in 

the Motor Themes quadrant, where topics like health, benefits, 

exposure, and stress show strong relevance and development, 

indicating a dominant focus on the health impacts of 

sustainable and biophilic environments. 

Basic Themes such as biophilic design, infrastructure, and 

systems are central to the field but remain less developed, 

suggesting they serve as foundational concepts that still offer 

room for deeper exploration. On the other hand, terms like 

efficiency and energy appear in the Emerging or Declining 

Themes quadrant, reflecting lower development and influence 

within the current research focus. Meanwhile, Niche Themes 

like management and values are well-developed but more 

isolated from the core of the field. 

Overall, the map reveals a strong shift toward health and 

performance outcomes, while traditional ecological metrics 

like energy efficiency may be underexplored within this 

specific research intersection. 

 

IV. CONTENT ANALYSIS  

The studies were identified through detailed abstract 

screening using Rayyan.ai and ranked based on their relevancy 

scores in Web of Science. This ensures that the included 

literature directly connects biophilic design with 

environmental performance rather than addressing biophilia in 

a more general or aesthetic sense. This table presents 37 

carefully selected studies that examine biophilic design in 

combination with at least one of the following ecological 

performance themes: energy efficiency, thermal comfort, and 

sustainability.  
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Table 1. Content analysis of biophilic design research 
Search 

Relevancy 

Energy 

Efficiency 

Thermal 

Comfort 

Sustainability  

1 x x 
 

[15] 

2 x 
  

[16] 

3 x x 
 

[17] 

4 x 
 

x [18] 

5 x 
  

[19] 

6 
  

x [20] 

7 x x 
 

[21] 

8 
 

x x [22] 

9 
  

x [22] 

10 
  

x [23] 

11 
  

x [24] 

12 
  

x [25] 

13 
  

x [26] 

14 
 

x 
 

[27] 

15 
  

x [28] 

16 x 
  

[29] 

17 
  

x [30] 

18 
  

x [31] 

19 x 
  

[32] 

20 
  

x [33] 

21 
  

x [34] 

22 
  

x [35] 

23 
  

x [36] 

24 x 
  

[37] 

25 
  

x [38] 

26 
  

x [39] 

27 x 
  

[40] 

28 
 

x 
 

[41] 

29 x 
 

x [42] 

30 x 
  

[43] 

31 
  

x [44] 

32 
  

x [45] 

33 x 
  

[46] 

34 x 
  

[47] 

35 x 
  

[48] 

36 
 

x 
 

[49] 

37 
  

x [50] 

 

The analysis reveals that sustainability is the most frequently 

addressed topic, appearing in 21 out of 37 documents. This 

indicates a strong emphasis on aligning biophilic strategies 

with broader sustainability goals, such as resource 

conservation, ecological responsibility, and sustainable 

building practices. Energy efficiency is discussed in 15 

documents, reflecting moderate attention to how biophilic 

design can contribute to reduced energy consumption, 

particularly through features like natural lighting and 

ventilation. In contrast, thermal comfort appears in only 7 

studies, making it the least represented theme. This suggests 

that the relationship between biophilic design and occupant 

comfort—especially thermal aspects—is still underexplored. 

Interestingly, only six studies combine two themes, such as 

energy and sustainability or thermal comfort and 

sustainability. Five out of six studies ranked at the top of the 

list. However, most studies focus on only one ecological aspect 

in abstracts, highlighting a clear gap in integrated research that 

considers biophilic design’s full environmental impact. 

In summary, the current research landscape shows a strong 

connection between biophilic design and sustainability, with 

energy efficiency receiving moderate attention, and thermal 

comfort lagging behind. This suggests a valuable opportunity 

for future studies to take a more comprehensive and 

performance-oriented approach, integrating all three 

ecological dimensions to fully realize the potential of biophilic 

strategies in building design. 

V. CONCLUSION 

This study offers a comprehensive overview of research at 

the intersection of biophilic design and ecological 

performance through a combined bibliometric and systematic 

content analysis. 

The findings reveal a strong emphasis on sustainability, 

moderate attention to energy efficiency, and limited focus on 

thermal comfort. While the integration of biophilic design with 

ecological concerns is increasing, most studies address only 

one of these dimensions. Notably, no study was found to 

incorporate all themes simultaneously, highlighting a clear 

research gap. 

Thematic mapping and trending topic analyses further 

underscore the dominance of health and well-being themes, 

while technical performance metrics like energy optimization 

remain underexplored. Geographically, research leadership is 

concentrated in countries like Australia, Italy, and the USA, 

with Australian institutions playing a particularly prominent 

role. 

In conclusion, although there is growing recognition of the 

value of biophilic design in sustainable building practices, 

there is a need for more integrated and performance-driven 

research. Future studies should aim to bridge the gap between 

environmental design and human-centered outcomes by 

incorporating all three ecological dimensions, ultimately 

advancing biophilic design as both a sustainable and health-

promoting strategy for the built environment. 
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