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Abstract | In a world that is increasingly confronted with environmental crises and public health 
challenges, biophilic design, as a bridge between humans and nature, has gained a strategic position 
in the process of enhancing the quality of life. Despite the widespread adoption of this approach 
in architecture, there has yet to be a systematic review dedicated specifically to biophilic design in 
residential settings. The present study is an attempt to identify and categorize biophilic design patterns 
and strategies within residential settings, focusing on interior, exterior, and intermediate spaces, and 
to assess their impact on users. The research employs a qualitative and applied methodology, with 
data collected through library and documentary studies. This systematic review was conducted by 
searching reputable academic databases and selecting 83 articles published from 2000 to 2025 that 
specifically focus on biophilic design and its patterns in residential settings. The findings indicate 
that 36% of the studies utilized the framework proposed by Browning, which includes three main 
categories: ‘Nature in the Space,’ ‘Natural Analogues,’ and ‘Nature of the Space,’ along with 14 sub-
patterns. To analyze the distribution frequency of the patterns, a Chi-square test was employed (χ² 
= 165.24, df = 2, p < 0.001), revealing a significant difference in the distribution. The results show 
that the ‘Nature in the Space’ category accounted for the largest share, with an average frequency of 
60.3%, and patterns such as ‘Visual Connection with Nature,’ ‘Connection with Natural Systems,’ and 
‘Dynamic and Diffuse Light’ were the most commonly applied within this category. Furthermore, 
the majority of proposed strategies were related to interior spaces, with a particular emphasis on the 
pattern of ‘Visual Connection with Nature.’ The present study identifies the enhancement of resident 
well-being as the central goal of biophilic design in residential settings.
Keywords | Biophilic housing, Design patterns, Biophilic design, Systematic review, Resident well-being.
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Introduction| Biophilic design has emerged as an 
approach to integrating natural elements into built settings 
to enhance human health, well-being, and environmental 
sustainability. This approach refers to the intrinsic human 
connection to nature and can contribute to improving 
mental and physical health, reducing stress, and enhancing 
the sense of connection with nature (Lee & Park, 2021a; 
Asnani & Sharma, 2024; Shakhshir & Sheta, 2024). Despite 
the extensive literature on this topic, significant gaps remain 
in systematic reviews that focus specifically on residential 
applications. Previous studies have primarily focused on 
commercial and academic settings, with less attention given 
to residential ones (Lee & Park, 2022; Khanzadeh, 2024). 
This gap has made it difficult to identify effective patterns 
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and formulate specialized strategies. The rapid growth of 
the population and urban sprawl has inevitably encroached 
upon natural habitats, leading to people living in steel and 
concrete cages without warmth, resulting in a disconnection 
between humans and nature. This exacerbates the internal 
isolation experienced in modern society, where individuals 
spend over 90% of their time in indoor spaces, particularly 
in poorly designed residential settings, with low-quality 
construction and a lack of emphasis on attachment of 
humans to nature (Gong et al., 2023; Kujundzic et al., 
2023; Mojtabavi & Tafakkori, 2023).  Furthermore, 
the COVID- 19 pandemic, which was associated with 
social restrictions and increased time spent in enclosed 
residential spaces, has highlighted the fragility of urban 
ecosystems and underscored the need to reconsider 
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factors such as space area, natural ventilation, natural 
light, and access to green spaces (Tokazhanov et al., 2020; 
González & Krarti, 2021). The significance of biophilic 
design in residential settings has grown in response to global 
challenges such as climate change and the COVID- 19 
pandemic (Bahador & Mahmudi Zarandi, 2024), as these 
factors have amplified the need for environments that support 
mental and physical health (Al Sayyed & Al-Azhari, 2025). 
Integrating biophilic elements can create more comfortable 
spaces and encourage individuals to connect with natural 
elements within their homes (Karaman & Selçuk, 2022). 
Despite the fact that theoretical frameworks, such as Browning 
and Clert’s biophilic patterns, have been around for a while, 
their practical application in residential settings remains 
limited (Lee & Park, 2022). While previous studies have 
pointed to the potential of biophilic design to enhance quality 
of life and create proper housing (Mojtabavi & Tafakkori, 2023; 
Pandita & Choudhary, 2024; Untaru et al., 2024), Significant 
gaps still exist in understanding how to design these elements 
and biophilic design frameworks within residential settings 
(Peters & D’Penna, 2020; Richardson & Butler, 2022; 
Song et al., 2022). The present study addresses these gaps by 
conducting a systematic review of biophilic design strategies 
and patterns in residential settings, aiming to identify and 
categorize effective strategies for interior, exterior, and 
intermediate spaces.
The present study, based on the analysis of 83 sources, seeks 
to identify the most commonly applied biophilic patterns and 
assess their impact on users. The motivation for this research 
stems from the need to address the challenges of urban living, 
where access to nature is limited (Zhong et al., 2022; Asojo 
& Hazazi, 2025). This approach not only reduces stress and 
anxiety and enhances creativity but also conforms with the 
United Nations’ Sustainable Development Goals for 2030 
(Bettaieb & Alsabban, 2023; Gong et al., 2023). The present 
study seeks to provide practical insights and commonly 
applied patterns for architects, designers, and urban planners 
to create healthier and more sustainable residential settings. 
The primary question is: What are the biophilic design 
patterns and strategies in residential settings, and how do 
they impact users?” The results of the present study can 
serve as a scientific reference for architects, designers, and 
researchers, paving the path for the development of standards 
and supportive policies in the housing sector.

Review of Literature
This section introduces the viewpoints presented on biophilic 
design patterns in residential settings. One of the earliest 
viewpoints used in biophilic design for residential settings is 
that of Kellert (2005). In 2005, Kellert defined the concept of 
biophilic design along two main dimensions: organic design, 
which directly, indirectly, or symbolically elicits people’s 
inherent affinity for the natural environment, and vernacular 

design, which is rooted in ecology, culture, history, and the 
avoidance of placelessness. In 2008, he expanded on this 
concept by introducing six key elements and 72 biophilic 
design attributes, including (1). environmental features, (2). 
natural shapes and forms (3). natural patterns, (4). light and 
space, (5). place-based relationships, and (5). the evolved 
human-nature relationships (Kellert, 2008) (Fig. 1).
At the Terrapin Bright Green Group,  Browning et al. (2014) 
presented 14 biophilic design patterns, categorized into three 
groups: Nature in the Space (including visual and non-visual 
connections with nature, non-rhythmic sensory stimuli, 
thermal and airflow variability, dynamic light, presence 
of water, and connection with natural systems), Natural 
Analogues (biomorphic patterns, materials connection with 
nature, and complexity and order), and Nature of the Space 
(prospect, refuge, mystery, and risk/peril) (Fig. 2). In 2015, 
Kellert and Calabrese revised the previous 72 features and 
summarized them into 24 features across three categories: 
direct experience of nature, indirect experience of nature, 
and experience of space and place (Kellert & Calabrese, 2015) 
(Fig. 3). In 2018, Kellert retained this tripartite structure but 
introduced modifications, such as adding “prospect” to and 
removing “Evoking nature” from the direct experience of 
nature and adding “texture” to the indirect experience of 
nature (Kellert, 2018).
Drawing on Kellert’s (2008) perspective, McGee et al. (2019) 
introduced a biophilic interior design matrix consisting of 
6 elements and 54 attributes to facilitate the incorporation 
of biophilic components into interior space design. 
Coulthard (2020) defined biophilic design as an eco-friendly 
approach that emphasizes natural prospects, seasonal 
rhythms, thermal comfort, water presence, dynamic 
lighting, natural materials, natural sounds and scents, and 
fresh air. Browning & Ryan (2020) retained the previous 
structure and added the feature of “awe” to the “Nature of 
Space” category. Lee & Park (2021a) examined biophilic 
design for the renovation of sustainable housing at three 
scales: unit, building, and complex. Their study included 
three categories (supporting biodiversity, enhancing the 
experience of connection with nature, and collaborating 
with natural ecosystems) and 12 attributes, such as 
ecological parks, green rooftops, and daylighting. Nitu 
et al (2022), to increase energy efficiency in housing 
retrofitting, reviewed design strategies similar to Browning 
& Ryan ‘s (2020) categorization, but with a focus on four 
elements: plants, daylight, air, and water. These strategies 
include direct use of nature in space (such as skylights, 
passive ventilation, green walls and roofs, and constructed 
streams), biomimicry (lighting, geometric patterns, and 
mimicking plant and water geometrics), and enhancing 
the nature of space (lighting automation, details of building 
elements to ensure airflow, and visual access to plants and 
water bodies). In this approach, both physical connections 
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to natural elements and their representation in architectural 
design are employed.
Comparing the perspectives of Kellert, Browning, and 
the Living Building Challenge (LBC), Lee & Park (2022) 
proposed a hybrid model for biophilic design in residential 
settings. This model includes three categories of experience: 
direct experience of nature (sunlight, air and thermal, 
weather and view, biodiversity and prospects, water and 
fire, image and video), indirect experience of nature (color 
and materials, shapes and structures, artificial lighting and 
HVAC, and biomimicry), and experience of space and place 
(transitional refuge, mobility and wayfinding, complexity 
and integration space, place and community, biophilia 
and education). Continuing their research in 2023, they 
developed this model further to improve the quality of life 

for the seniors, outlining 26 physical and digital features 
such as lightwell courtyards, digital walls, and smart glass, 
categorized into three groups (Lee & Park, 2023). Utilizing 
a biophilic approach, Shaliha et al. (2023) examined the 
quality of architectural spaces in traditional and modern 
housing by adding dimensions of culture, economy, and 
environmental psychology to the 14 patterns of Browning. 
Afifian et al. (2023a) proposed 46 biophilic features for 
outdoor spaces designed for elderly residents in Iranian 
residential complexes, categorizing them into six groups: 
environmental factors, natural forms, place orientation, the 
nature of space, diversity of environmental components, 
and biophilic activities. Combining the theories of Kellert, 
Browning, and Ulrich, Khanzadeh (2023) proposed 15 
features in five categories (Nature in the Space, Nature 

Fig. 1. Kellert’s (2008) perspective on biophilic design patterns. Source: Kellert, 2008.
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of the Space, Natural Analogues, Nature of the Mind, 
and Human-Nature link) to enhance user experience in 
interior architecture (Khanzadeh, 2024). Saraf et al. (2023) 
introduced 16 features in three categories, direct involvement 
of nature, indirect involvement of nature, and involvement 
of space and place, for designing home workspaces during 
the Covid- 19 quarantine. Mousapour (2024) investigated 
the impact of biophilic design on residential satisfaction 
and the promotion of pro-environmental behaviors at four 

scales: building, street, neighborhood, and region, with 12 
key features such as green facades, water features, natural 
materials, and access to natural water. Yue et al. (2024) 
presented an environmental assessment scale for high-rise 
residential areas, consisting of 18 items and five dimensions, 
divided into two categories: environmental factors (natural 
prospect, cultural identity) and behavioral factors (natural 
interaction, personal space, neighborhood interaction). 
Finally, Wil & Ismail (2025) investigated six biophilic 

Fig. 2. Browning’s perspective on biophilic design patterns. Source: Browning et al., 2014.

Fig. 3. Kellert and Calabrese’s perspective on biophilic design patterns. Source: Kellert & Calabrese, 2015.
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Table 1. A comparison of perspectives on biophilic design patterns in residential Settings. Source: Authors.

elements (natural light, green spaces, indoor plants, Access 
to nature, communal areas, and Sustainable materials) for 
multigenerational housing across three designs: single-
house sharing design, strata design, and community design 
(Table 1).
The review of literature reveals diverse perspectives on 
biophilic design patterns in residential settings, which 
exhibit both commonalities and distinctions. The research 
gap highlights the need to offer design strategies for 
implementing these patterns in residential settings (interior, 
intermediate, and exterior). The objective of the present study 
is to identify key patterns and offer design strategies for these 
settings. The research methodology involves the following 
steps: 1. reviewing the relevant literature, 2. Identifying the 
perspectives, 3. Rating the perspectives, 4. Identifying the 
objectives, 5. Rating the objectives, 6. Proposing patterns and 
design strategies, and 7. Rating the patterns (Fig. 4).

Theoretical Foundations of the Study
Biophilia is defined as people’s innate affinity to the natural 
world, and it has been explored in psychology and sociology 
since the 1980s (Peters & D’Penna, 2020). This concept 
reflects a fundamental human need to engage with the natural 
world, which is essential for achieving both psychological and 
physiological well-being. Such an inherent affinity has laid the 
groundwork for the emergence of biophilic design. Biophilic 
design is one of the new approaches in the design of spaces 

where people live, work, and receive training and treatment. 
This design employs nature and natural patterns in the design 
of interior and exterior spaces and promotes mental and 
physical well-being (Dami & Esmaeeldokht, 2024). In recent 
years, various scholars have proposed multiple frameworks 
and classifications for biophilic design. Browning et al. (2014) 
were among the first who introduced the term ‘patterns’ to 
describe the defining characteristics of biophilic design in 
an attempt to provide a clear and standardized terminology, 
reduce confusion with multiple terms, and enhance 
accessibility to the general public by upholding familiar 
terminology (Asim et al., 2021). In residential settings, spaces 
are typically categorized into three groups: 1. Indoor spaces, 
such as bedrooms, living rooms, and kitchens; 2. Transitional 
or intermediate spaces, which act as a bridge between 
indoors and outdoors and include balconies, terraces, 
atriums, corridors, and courtyards; 3. Outdoor spaces, such 
as gardens, parks, landscaped areas, cul-de-sacs, and alleys 
(Yazdanirostam et al., 2023) Each of these spaces possesses 
unique capacities for implementing biophilic patterns, which 
can in turn enhance residents’ well-being while extending 
across various scales, from the micro to the macro, to make 
spatial design more effective and more responsive to human 
needs.  

Research Method
The present research falls into the category of qualitative 

Fifth PerspectiveFourth PerspectiveThird PerspectiveSecond PerspectiveFirst Perspective

Lee & Park (2021a), 
Mousapour (2024), 
Wil & Ismail (2025)

Kellert (2005), 
Yue et al. (2024)

Kellert (2018), 
Kellert & Calabrese (2015), 

Lee & Park (2022), 
Lee & Park (2023)

Browning et al. (2014), 
Browning & Ryan (2020), 

Nitu et al. (2022), 
Shaliha et al. (2023), 
Khanzadeh (2024)

Kellert (2008), 
McGee et al. (2019), 

Saraf et al. (2023), 
Afifian et al. (2023b)

Scale: Unit, building, 
and complex / Building, 

street, neighborhood, 
and district

Dimension: Organic 
design, vernacular / 

Environmental factors, 
behavioral

3 Patterns: Direct 
experience of nature, 
indirect experience of 
nature, and experience 

of space

3 Patterns: Nature 
in the space, natural 

analogues, nature of the 
space

6 Elements: Environmental 
Features, Natural Shapes and 
Forms, Natural Patterns and 
Processes, light and space, 
Place-based Relationships, 
Evolved Human–Nature 

Relationships

Fig. 4. Timeline of different perspectives on biophilic design patterns in the residential settings. Source: Authors.	
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studies in terms of nature and applied studies in terms of 
objective, and employs qualitative content analysis as the 
primary method. Data were collected through library and 
documentary sources, and a systematic review method was 
adopted to examine biophilic design patterns in residential 
settings. The aim of the study was to identify perspectives 
on biophilic design, determine key patterns, and offer 
design strategies for residential spaces. Relevant literature 
on biophilic design in residential settings was retrieved 
using keywords such as “biophilic,” “biophilic design,” and 
“residential setting” in reputable international databases-
including Google Scholar, Scopus, Web of Science, PubMed, 
and ScienceDirect-as well as domestic databases such as SID 
(Jahad-e Daneshgahi) and Noormags (Table 1). From an 
initial pool of 1,596 sources-including review papers, research 
articles, books, and theses-redundant and irrelevant sources 
were removed, and a total of 890 sources were selected for 
screening. The inclusion criteria and quality assessment 
standards were defined based on the researcher’s experiences 
as well as reputable studies such as Zhong et al. (2022). 
These criteria included: (1). direct relevance to biophilic 
housing, requiring explicit reference to the application of 
biophilic design in residential settings within the full text 
(sources focused on non-residential settings were excluded 
to maintain the study’s focus on residential settings alone); 
(2). scientific credibility of the source (e.g., publication in 
reputable journals, well-recognized books, or valid academic 
theses); (3). manual assessment by the researcher (including 
confirmation of non-redundancy and consistency between 
the abstract and full text); (4). institutional affiliation of at 

least one author with the fields of architecture or prospect 
architecture; (5). publication window being restricted to 
2000–2025 for international sources and to 2011-2025 for 
domestic sources (as earlier studies may not be consistent 
with recent developments-such as the impacts of the 
COVID-19 pandemic-and biophilic design in architecture 
emerged in the early 21st century); (6). inclusion of the term 
“biophilic” in the title to ensure explicit focus on thematic 
design ; (7). thematic emphasis on the fields of architecture 
and prospect; (8). direct application of patterns within the 
full text; and (9). a search language restriction to English 
and Persian was applied, however non-English sources such 
as Arabic, Korean, and Indonesian publications were also 
reviewed to maintain geographic diversity and avoid the risk 
of bias. After applying these criteria during the screening 
process, 604 sources were excluded due to non-compliance, 
leaving 286 sources for further review. After reviewing the 
full text of articles, 203 sources were removed due to a lack 
of relevance to the research topic or the absence of biophilic 
design patterns and strategies. Ultimately, 83 sources were 
selected for the final analysis (Fig. 5). In the analysis phase, 
the biophilic design perspectives were reviewed, and due to 
the widespread use of Browning et al.’s 14 Patterns of Biophilic 
Design (2014) in the reviewed studies, these patterns were 
adopted as a basis for analysis. Browning’s 14 patterns are 
categorized into three groups: Nature in the Space, Natural 
Analogues, and Nature of the Space. 
To assess the distribution of pattern frequencies across 
the three groups, a chi-square test was employed. This test 
determines whether the observed frequency distribution 

Fig. 5. Flowchart of the literature analysis process for the systematic review. Source: Authors.
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conforms to the expected distribution under the null 
hypothesis (a uniform distribution). Any pattern with a 
frequency higher than the mean value within its respective 
group was identified as a key pattern.
The extracted design strategies were classified into interior, 
exterior, and intermediate spaces, and the impacts of 
biophilic design on users were also evaluated. This research 
addressed the primary question: What are the predominant 
perspectives and key patterns in biophilic design, what design 
strategies are applicable in residential settings, and how do 
they influence users?  The present study is limited to sources 
with specific publication windows and specific databases, 
and its exclusive focus on residential settings may restrict the 
generalizability of the findings to other settings.

Discussion and Analysis of Findings
The relevant literature on biophilic design has largely 
focused on broad patterns, such as those proposed by 
Kellert (2005) and Browning et al. (2014). These patterns 
have been widely adopted as reference frameworks across 
numerous studies. However, since 2021, researchers have 
developed more specialized patterns tailored to residential 
settings, building upon these theoretical foundations. For 
example, Lee & Park (2021a) proposed biophilic patterns 
tailored to various spatial scales within residential settings, 
with a particular emphasis on the needs of seniors.  
According to the analysis results, among the 83 reviewed 
studies, 30 cited Browning et al.’s (2014) pattern framework, 
and 16 cited Kellert’s (2008) framework, highlighting 
the central role of these two frameworks in shaping the 
theoretical foundation of biophilic design. Nevertheless, the 
number of studies specifically focused on biophilic design 
patterns within residential settings remains very limited. The 

emergence of newer researchers such as Wil & Ismail (2025) 
reflect the dynamism of this field and the introduction of 
new perspectives into this domain. However, the patterns 
proposed by these newer researchers have received fewer 
citations, largely due to their emerging nature and the 
established credibility of the frameworks developed by 
Kellert and Browning.  In the present study, Browning’s 
pattern framework was selected as the primary framework, 
based on frequency of citations rather than prior judgments 
(Fig. 6).
•• Analysis of design patterns and strategies

To examine the frequency distribution of patterns across the 
three main categories-Nature in the Space, Natural Analogues, 
and Nature of the Space-a chi-square goodness-of-fit test was 
conducted. This test evaluates whether the observed frequencies 
conform to the expected frequencies under the null hypothesis 
(uniform distribution). The null hypothesis (H₀) posits that the 
frequencies are evenly distributed (i.e., each category ≈ one-third 
of the total frequency), whereas the alternative hypothesis (H₁) 
posits that the distribution is not even.
The observed data (O) for the three categories: O = [169, 174, 423]
The total frequ    ency: N = ΣOᵢ = 423 + 174 + 169 = 766
The expected frequency (the null hypothesis) of distribution, 
for each category: 

The significance level (p-value), based on the chi-square 
distribution table, is less than 0.001 (χ² = 165.24, df = 2; 
calculated χ² > 13.816 at α = 0.001). Therefore, the null 
hypothesis is rejected, indicating that the frequencies are 
not evenly distributed. This result confirms the significant 
predominance of the “Nature in the Space” category and 

Fig. 6. Distribution of the identified perspectives over the years. Source: Authors.
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suggests that patterns directly derived from nature hold a 
higher priority in biophilic design within residential settings. 
Such a finding can serve as a basis for sustainable and healthy 
architectural policy-making. To identify the dominant 
patterns in biophilic design of residential settings, the 
frequencies of all patterns were extracted, and a frequency 
table was compiled. Patterns with frequencies above the 
mean level were classified as the key biophilic design patterns 
for residential settings. The results indicated that the “Nature 
in the Space” category, with a mean frequency of 60.3, is 
the most significant category in the design of residential 
settings (Fig. 7). Within this category, visual connection with 
nature (frequency = 79), connection with natural systems 
(frequency = 68), and dynamic and diffuse light (frequency 
= 66) were identified as the key patterns. In the Natural 
Analogues category, which had an average frequency of 58, 
the patterns of material connection with nature (frequency 
= 64) and biomorphic forms and patterns (frequency = 56) 
were the most prominent. In the Nature of the Space category, 
with an average frequency of 42.25, the patterns of prospect 
(frequency = 71) and refuge (frequency = 47) were found to 
be the most significant (Fig. 8). To identify applicable biophilic 

design strategies across different residential settings, data 
extracted from the 83 selected scientific sources were used 
as a guide (Fig. 9). These strategies, corresponding to the 
14 key patterns, were organized into three main categories: 
interior, exterior, and intermediate spaces (Table 2). While 
previous studies have primarily focused on commercial 
or academic environments (Lee & Park, 2022), the present 
study specifically focuses on residential settings and proposes 
distinct strategies, such as house plants (for interior spaces), 
ecological parks (for exterior spaces), and green balconies 
(for intermediate spaces). This distinction highlights the 
significant contribution of the present research in addressing 
existing gaps related to the practical application of biophilic 
design patterns within residential settings. Studies indicate 
that biophilic principles are embedded in traditional Iranian 
culture and architecture, where elements such as central 
courtyards, four-season gardens, and the integration of water 
and vegetation are naturally aligned with nature and can 
enhance residents’ comfort and well-being. Incorporating 
traditional and vernacular architectural features not only 
strengthens environmental sustainability but also helps 
mitigate the impacts of global warming in arid regions, 

Fig. 7. Average frequencies of the three selected categories of perspectives and the frequencies of 14 biophilic design patterns in residential settings based on 
83 sources. Source: Authors.

Fig. 8. Frequencies of biophilic design patterns across the three categories proposed by Browning et al. (2014) and the average frequency of each category. 
Source: Authors.
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Fig. 9. Frequencies of applicable design strategies in residential settings based on 83 selected sources. Source: Authors.

reduces energy consumption, and enhances a sense of 
belonging and psychological well-being. Therefore, the 
present study suggests that future research explore the 
practical application of patterns by incorporating Iranian 
traditional elements into a biophilic framework.
In addition, assessments of the impacts of biophilic 
design on users indicate that these patterns can 
contribute to enhancing quality of life and well-being 
in residential settings. The findings also highlight the 
predominance of psychological objectives-such as well-
being (reported in 20 studies), quality of life, and stress 
reduction-which is consistent with recent works such 
as Bahador & Mahmoudi Zarandi (2024). However, the 
systematic analysis conducted in the present study offers a 
more comprehensive framework for the practical application 
of these patterns. Although a wide range of objectives is 
illustrated in Fig. 10, many of them are directly or indirectly 
associated with the concept of human mental well-being 
in different settings, underscoring the high priority of 
enhancing human experience in residential settings, 
which remains a central focus within this field. In contrast, 
objectives such as indigenous identity, human-centered 
architecture, and visual preferences-while occurring less 
frequently-reflect the emergence of new interdisciplinary 
approaches in this field and may shape future research 
trajectories (Fig. 10). For future research, it is suggested that 
empirical studies employing quantitative methods (such as 
resident surveys) be conducted to evaluate the impact of 
biophilic patterns on occupants’ well-being. Furthermore, 
focusing on specific groups-such as children or individuals 
with special needs-and integrating emerging technologies 
such as virtual reality into biophilic design may open new 
avenues in this field.

Conclusion
The present study, through a systematic review of 83 
academic sources, has identified and classified the key 
biophilic design patterns and strategies in residential 
settings. The analysis results show that the category of 
“Nature in The Space”, with an average frequency of 60.3, 
is recognized as the dominant category. Patterns such as 

“visual connection with nature”, “connection with natural 
systems”, and “dynamic and diffuse light” not only have 
the highest frequencies, but also play a central role in 
achieving the main objectives identified in biophilic design 
for residential settings, such as enhancing well-being and 
quality of life for residents. These findings, by corroborating 
and expanding well-known theoretical frameworks, play 
a significant role in addressing the research gaps in the 
field of biophilic design for residential settings. The major 
contribution of the present study is the provision of a 
practical framework for designers, which can lead to the 
development of more sustainable and healthier housing. 
From a practical standpoint, these results help architects, 
designers, and urban planners create more sustainable 
and healthier environments that are better aligned with 
human needs and well-being by thoughtfully selecting and 
integrating biophilic patterns across interior, intermediate, 
and exterior spaces. Furthermore, taking cultural aspects 
into account and localizing these patterns can enhance 
their acceptance and effectiveness. Ultimately, the findings 
of the present study highlight the importance of biophilic 
design as an effective tool for addressing urbanization 
challenges, bridging the gap between humans and nature, 
and improving quality of life. It also lays the groundwork 
for future research, the development of new standards, and 
related policy-making. Practical suggestions include the 
development of design guidelines for architects, such as 
integrating indoor plants and natural light to reduce stress, 
as well as localizing patterns in accordance with traditional 
Iranian architecture (such as central courtyards and four-
season gardens). This not only enhances environmental 
sustainability but also strengthens cultural attachment. For 
future research, it is suggested that quantitative experimental 
studies using instruments such as questionnaires and 
resident surveys, or virtual reality (VR), be conducted to 
assess the impact of these patterns on specific groups (such 
as the elderly or children).
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Table 2. Design strategies for the selected patterns (the 14 biophilic design patterns introduced by Browning et al., 2014). Source: Authors.

Biophilic design strategies for residential settingsEmpirical 
evidence

Biophilic 
design 
pattern

Category
Exterior spacesIntermediate spacesInterior spaces

- Green spaces (urban 
parks, gardens, lawn 

areas, dense vegetation, 
green and blue carpets) 

(Kahveci, 2017)
- Presence of animals, 

birds, insects, and fossils 
(Chen, 2017)

- Natural prospects 
(unimpeded views, 

fruit trees/ vegetables) 
(Mari et al., 2023)

- Green walls and roofs (living 
walls, green façades, green 

roofs) (Orman, 2017)
- Green balconies and terraces 

(planting on balconies, terraces, 
patios) (Browning & Ryan, 2020)
- Interior courtyards and green 

atriums (Lee & Park, 2025)
- Openings and windows 

overlooking nature 
(Sadanand et al., 2022)

- Presence of water (natural/
artificial water flow, 

aquariums, small ponds) 
(Sadanand et al., 2022)

- Indoor plants (houseplants, 
wall-mounted planters, green 
walls) (Bahador & Mahmudi 

Zarandi, 2024; Hudson, 2013) 
- Natural scenery and décor 
(images, paintings, natural 
sculptures, virtual nature) 
(Maulina & Susanto, 2023)

- Natural color palettes (earth 
tones, greens, turquoise, neutrals) 

(Lee & Park, 2021a)
- Visual access to greenery (layout 

configuration offering a view of 
nature, large windows) (Maharani 

& Fitriyanto, 2022)
Natural elements (water, fire, 
fireplaces) (Lee & Park, 2022)
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– Outdoor recreational 
activities: such as walking 

and gardening,
(Shakhshir, 2022)

– Sensory diversity 
(sound, scent, touch): 

birdsong, breeze, 
flowing water, and the 

fragrance of flowers 
(Gong et al., 2023)

– Multisensory landscape 
design: diverse plant 

species, tall trees, and the 
presence of wildlife

(Macovei, 2023)

– Open multisensory 
environments: (water 
and wind sound, or 

the scent of vegetation) 
(Peters & Verderber, 2022)
- Interior courtyards that 

integrate sensory cues (e.g., 
sound and scent)

(Shbaita et al., 2024)

– Multisensory diversity 
(sound, scent, touch, and taste): 
Incorporating natural sensory 

cues such as the sound of flowing 
water and birdsong, plant 

fragrances, and tactile natural 
textures (Asim & Shree, 2019).
– Digital simulation of sounds: 
including water, animal sounds, 
and thunder (Lee & Park, 2020)

– Aromatherapy 
and scented candles 

(Huntsman & Bulaj, 2022).
– Textured materials and wooden 
sculpture (Clark-Havron, 2023)
– Indoor vertical farming and 

houseplants (Khanzadeh, 2024)
– Water- and fire-based sensory 

stimulation: touching water, 
dynamic show (Abouelela, 2023)

– Acoustic control and 
ergonomic adjustments 

(Bettaieb & Alsabban, 2023)
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- Diverse vegetation with 
non-rhythmic patterns 
(trees, seasonal changes 

in foliage, blossoms) 
(Mandasari & Gamal, 2017)
- Dynamic water feature and 
illumination of the historic 

stream (Liang, 2021)
- Sensory diversity 

(bird song, water, plant 
fragrances, sunlight/

moonlight/fire)

– Mobile or reconfigurable 
green walls (Gür & Kaprol, 

2022)
– Dynamic and unexpected 

lighting schemes, including spot 
lighting and variable daylight 
intensities (Lee & Park, 2023)

– Variation in openings, 
featuring windows of diverse 

shapes and sizes
– Multisensory spaces 

incorporating unpredictable 
auditory and visual connections

– Variation in color, texture, and light 
(e.g., vibrant color palettes, diverse 
patterns, and light–dark contrast) 
(Ghorbani Param et al., 2020b)

– Spiral staircases and naturally 
occurring vegetative growth 
(such as moss colonization) 

(Moniaga, 2021)
– Layered and dynamic artificial 

lighting
– Touch-responsive virtual 

natural elements
– Dynamic visual and auditory 
stimulation (e.g., in accordance 

with climatic conditions, birdsong)
– Multisensory diversity in 

interior garden spaces,In
cr

ea
se

d 
dw

el
lin

g 
tim

e a
nd

 en
ha

nc
ed

 b
eh

av
io

ra
l 

m
ar

ke
rs

 o
f a

tte
nt

io
n 

an
d 

ex
pl

or
at

or
y 

en
ga

ge
m

en
t 

(W
in

dh
ag

er
 et

 al
., 

20
11

)

N
on

-r
hy

th
m

ic
 se

ns
or

y 
st

im
ul

i



A Systematic Review of Biophilic Design Patterns and Strategies in Residential Settings M. Mirheydarian & E. Zarghami

42 2026No. 74

Rest of Table 2.

Biophilic design strategies for residential settingsEmpirical 
evidence

Biophilic 
design 
pattern

Category
Exterior spacesIntermediate spacesInterior spaces

- Vegetation and water 
features for indirect 

cooling 
(Abdulkadir & Olagunju, 2023)

- Facade orientation 
optimized for prevailing 

winds and solar exposure
- Windcatchers, 

ventilators, and wind 
traps for passive 

ventilation 
(Shaliha et al., 2023)

- Cross-ventilation through 
balconies and windows

Permeable walls (folding 
doors, deep verandas) 

(Ghanbari Zadeh & Bina 2024)
- Open atriums and courtyards 

to enhance air circulation 
(Azkiawati & Lissimia, 2020)

- Automated thermal regulating 
window and opening

- Natural and cross ventilation 
through adequate windows and 

openings 
(Al Sayyed & Al-Azhari, 2025)

- Materials with thermal 
sensitivity (wood, totora, natural 

insulators)
- Air-purification systems 

and shade-providing plants to 
improve air quality

Fans and shading devices/louvers 
for temperature and light control 

(Coulthard, 2020)
- Passive climatization and 

manual/digital ventilation control 
(Adank, 2025)

- Roofed ground surfaces and proper 
opening layout to enhance air 

circulation (Ahmed & Shukur, 2022)-E
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- Natural water bodies 
(rivers, seas, ponds, 

wetlands, and artificial 
lakes)

- Dynamic water features 
and aquatic landscapes 

(ecological ponds and fish 
pools)

- Integration of water as a 
design element 

(Gür & Kaprol, 2022)

- Reflective water features 
(such as ponds, fountains, 

aquariums, and water 
streams) (Ardiani et al., 2020; 

MirzaMohammadi & 
Doozdoozani, 2021).
- Central courtyards 

incorporating water elements 
(Shaliha et al., 2023) 

- Soft, low-intensity lighting 
combined with reflective 

surfaces and symbolic water-
inspired forms (Barekat, 2024)

- Indoor water features such as 
aquariums, artificial waterfalls, 
water walls, fountains, rills, and 

pools (Kim & Park, 2024)
- Simulated water elements 

(wallpaper, color reflections)
- Fish-breeding basins and 

minimalist water features (such as 
fish bowls, small basins, or sinks)
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- Orientation towards 
sunlight 

– Growing shading plants 
for light regulation 
(Lee & Park, 2021a) 

– Sunlight, moonlight, 
and digital simulations 
– Patterned louvers for 

light control 
– Spotlights or projectors 
for creating dynamic light 

and shadow effects 
(Lee & Park, 2023)

- Glass entrances and walls for 
light and shadow variations

- Reflective lighting in facades
- Arabic mashrabiya and al-faraj 

for light control 
(Algamdi, 2020)

- Wide, well-lit corridors and 
sun-drenched verandas

- Verandas with horizontal 
planting for shading

- Materials with light-reflective 
properties

- Light control through 
sensors and rotating louvers 
(Moghadasi & et al., 2024)

- Openings (windows, orsises, 
holes) and awnings for light 

regulation

- Skylights, daylight atriums, and 
large windows (Nitu et al., 2022)

- Dynamic lighting systems 
incorporating warm light bulbs, 
green LEDs, and natural-light 
simulations such as candles or 

fireplaces
- Smart tinting glass with 

adjustable transparency and 
automated curtain systems

- Variation in openings - shape, 
size, and orientation- and 

reflective illumination 
(Al Sayyed & Al-Azhari, 2025)

- Layered and scheduled artificial 
lighting systems providing a 

minimum of 150 lux 
(Shakhshir & Sheta, 2024)

- Glass walls and verandas to 
enhance daylight penetration

- Light-colored surface materials 
and reflective finishes

- Tall windows with tinted or 
colored glass to diversify the 

visual experiences of light
- Open and uncluttered interior 

arrangements to maximize 
daylight access
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Rest of Table 2.

Biophilic design strategies for residential settingsEmpirical 
evidence

Biophilic 
design 
pattern

Category
Exterior spacesIntermediate spacesInterior spaces

- Habitat and ecosystem 
diversity (ecological 
parks, community 

gardens, sustainable 
parks) 

– seasonally changing 
plant species and 
aboriginal trees 

– Sustainable systems 
(solar panels, water 

storage systems, microbial 
water treatment, biogas) 

– Walking paths in 
natural environments and 

large gardens 
– Animal 

accommodations and 
attraction of birds/insects 
– Sustainable agriculture 

and centralized parks 
(Wil & Ismail, 2025)

Small cozy gardens and vertical 
green wall systems fed with 

rainwater 
– Seasonal verandas and 

cultivation of aboriginal edible 
plants 

– Courtyards and indoor 
gardens to enhance ecosystems 
– Green roofs and vegetation at 
the edges of spaces (Pamanto, 

2023)
 – Birdhouses and dovecotes for 
birds (e.g., pigeons, sparrows) 

– Experience of cyclical changes 
with patinated materials 

– Skylights for connection 
between interior and exterior 
spaces (Susanto et al., 2025).

Air-purifying indoor plants (e.g., 
bamboo, snake plant, areca palm, 

etc.)
 – Indoor fruit and vegetable 

gardens and growth of naturally 
occurring plants (e.g., moss) 

– Smart systems (e.g., microbial 
waste filtration, plant cultivation 

devices) 
– Simulation of seasonal 

environments and social robots 
(e.g., cats/dogs) 

– Passive solar systems and 
space-reshaping equipment 

– Weathered wood and patinated 
materials for time-awareness 

– Aquatic plants and aquariums 
with fish 

– Flexible living rooms and 
access to courtyards (Maharani & 

Fitriyanto, 2022).- I
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- Organic and nature-
inspired forms 

(vernacular forms, 
curves, protruding 

and recessed squares) 
(Bakti et al., 2022; 
Kalantari, 2016)

- Green structures and 
corridors

- Symbolic artworks 
representing nature 

(vernacular plant motifs, 
decorations without living 

creatures) (Mousapour, 2024)
- Fibonacci geometry 

and natural proportions 
(Yazdanirostam et al., 2023a)

Curved surfaces and 
branch-like façades 

(Bitaraf et al., 2018b)

- Curvilinear forms in façades 
and arches (non-90-degree 

angles, curves, ellipses)
- Decorative elements with 

tree motifs and - plant/Islamic 
patterns

- Al-Sharaf (arrow, triangle, 
square) and mashrabiya 

(Stefanovska, 2019)
- Integrated indoor and outdoor 

spaces

- Organic and biomorphic forms 
in furniture, railings, chandeliers, 

and openings (spirals, curves, 
Fibonacci) (Bettaieb et al., 2024)

- Natural patterns and motifs 
(botanical wallpapers, landscape 
paintings, natural woven fabrics)

- Virtual simulations (virtual 
ceilings/windows, 3D holograms, 

natural objects such as birds/
butterflies) (Lee & Park, 2021b)
- Fractal and geometric patterns 
(spirals, shells, beehives, golden 

ratio)
- Visual decor and artwork 

inspired by nature
- Branching shapes and 

biomimicry (biomimetic design) 
(Yassein & Ebrahiem, 2018)- I
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- Vernacular and natural 
materials (stone, clay, wood, 

coral stone, reed, timber) 
(Afifian et al., 2023a)

- Local tree species and 
natural topography
- Recycled wood, 

bamboo, and natural 
stone (Moghimi Shahri & 

Vafamehr, 2024)

- Natural materials with tactile 
interaction (wood, stone, 

concrete)
- Wooden furniture and 

elements (lobby with wood 
grain textures, wooden pallets, 

concrete flower boxes)
- Natural colors (blue, green, 

brown, red) (Kim & Park, 2025) 
- Glazed surfaces and natural 
flooring (e.g., amphitheater 

seating rows

- Natural materials with textural 
diversity (wood, stone, bamboo, 
brick, cob, leather, wool, linen) 

(Nguyen, 2023)
- Materials with minimal 

processing (weathered wood, 
stone, exposed aggregate 

concrete)
- Permeable flooring and natural 

fabrics (linen, jute, wicker)
- Natural colors (neutral, 

warm, white, gray, brown) 
(Cameron, 2025; Prawata, 2024)

- Nature-mimicked patterns 
(shells, leaves, pudding plants) 

(Elsafty, 2024)
- Wooden and stone finishes with 

diverse textures
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Rest of Table 2.

Biophilic design strategies for residential settingsEmpirical 
evidence

Biophilic 
design 
pattern

Category
Exterior spacesIntermediate spacesInterior spaces

- Habitat and ecological 
diversity (trees, shrubs, 

flowers)
- Coordination and 
coherence in design

- Progressive and 
cumulative complexities

- Organic forms and 
regular geometry (Law 
of plurality in Unity) 
(Shaliha et al., 2023)

- Passages and vestibules 
connecting the street to the house 

(Abyazi & Pourahmadi, 2021)
- Seamless connection between 

interior and exterior spaces
- Complexity through openings 

and the combination of 
windows

- Open and semi-open spaces 
(central courtyards, verandas) 

(Heidar Nattaj et al., 2021)
- Richly colored plants and layered 

landscapes (Yue et al., 2024)
- Diverse functional areas (play 

grounds, relaxation, sports) 
(Yazdanirostam et al., 2024)

- Flexible windows and 
uneven green space design 

(Moghadasi et al., 2024)
- Discoverable complexities with rich 

information (Bitaraf et al., 2018b)

- Spatial hierarchy and gradual 
transitions (private to public)

- Open and flexible floor plans 
with fractal geometry

- Plants serving as partitioning 
elements and organized layouts 

(Wijaya, 2023)
- Visual order and symmetry 

(Marquetry, mosaic tiling)
- Complex decorations 

(stucco, Ayeneh-kari, tiling) 
(Ghorbani Param et al., 2020a)

- Short and safe paths with 
directional signage

- Movable partitions 
and connected rooms 

(Tondrosaleh et al., 2023)
Layouts facing openings with 

harmony and rhythm
- Minimized environmental 

complexity with visual clarity
- North-South orientation 

(Maharani & Fitriyanto, 2022)
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- Preferred and natural 
landscapes (mountain, 

savannah)
- Diverse facades and 

scenic streets
- Retreating towards a hill 

for better views
- Glass materials in 

the outdoor spaces for 
visual transparency 

(Pamanto, 2023)

- Terraces and verandas with 
views (shaded trees, water 

features)
- Transparent partitions, wide 
landings, and large windows

- Facade walls with trellises for 
outward views

- Sky gardens with 360-degree 
views (Susilo et al., 2024)

- Expansive and layered vistas
- Open structures and 
transparent barriers 

(Yazdanirostam et al., 2023b)

- Unimpeded sightlines and open 
plans

- Large and numerous 
windows for panoramic views 
(Mojtabavi & Tafakori, 2023)

- Full-height glass walls and glass 
verandas

- Framed landscapes and virtual 
nature

- Striking a balance between 
prospect and refuge using high 
ceilings and cozy living rooms
- Open room corners for better 

sightlines
- - Large openings for 

visual transparency 
(Huntsman & Bulaj, 2022)
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- Refuges and shelters 
for exploration (gazebos, 

under-tree seating)
- Organic forms for bird 

protection
- Transparent refuges and 
low-ceilinged walkways 

(arcades)
- Cozy spaces for physical 

activities (yoga) and 
meditation

- Safe playgrounds for 
children in streets and 

alleys  

- Small, cozy gardens and 
central courtyards for 

conversation and relaxation
- Roofed verandas, Gazebos, 

and trellises for having an 
unobstructed view of the 

surroundings
- Nature-friendly communal 
spaces (atriums, courtyards)

- Carved spaces in facades for 
privacy

- Shading devices, low 
ceilings, and enclosed forms 
(vaulted/dome-shaped roofs) 
(Beigi Nejad & Ameri Sefat, 

2016)
- Short, safe pathways with 

protective qualities

- Private and cozy spaces 
(Gloriette, fire pit table, alcoves 

in walls)
- Spiritual spaces in the bedroom 

and personal resting areas
- Small refuges (reading nook, 

under-stair compartment)
- Movable partitions and 

boundary spaces for privacy
- Protected plants and window 

awnings
- Unidirectional lighting 

in the bedroom and 
low-ceilinged alcoves 

(Ghanbari Zadeh & Bina 2024)
- Functionally separated spaces 

with natural surfaces
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Rest of Table 2.

Biophilic design strategies for residential settingsEmpirical 
evidence

Biophilic 
design 
pattern

Category
Exterior spacesIntermediate spacesInterior spaces

- Hidden vistas with the 
potential for discovering 

deeper insights
- Legibility and 

conceptualism through 
cultural symbols 

(Shaliha et al., 2023)

- Rhythmic and unexpected 
movement paths (opening and 

closing)
- Glass/ transparent doors and 

walls at entrances and verandas
- Labyrinthine pathways, green 

corridors, and unexpected 
recesses in facades

- Ambiguous facades (e.g., 
hanging vine branches) and sky 

garden pathways
- Sensory stimulation from 

unseen sources 
(Yazdanirostam et al., 2023b)

- Gradual transition from private 
to public spaces (Foidart, 2010)

- Spiritual and cozy spaces 
(bedrooms, recessed areas)

- Perforated latticed walls for 
partial visual obstruction.

- Sense of spatial openness in 
corridors and stairways with 

small openings
- Multiple pathways with diverse 

lighting and spatial contrasts 
(light/dark, open/closed)

- Interpretive patterns, 
ambiguous forms, and variations 

in height
- Clean pathways and variable 

topography
- Universal nature references and 

living/cosmic patterns
- Cultural attachment 

(Saraf et al., 2023)
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- Paths for wildlife
Unpredictable 

connections with nature 
(cliff-edge sensation) 
(Afifian et al., 2023b)
- Cliff-edge buildings 

with hidden access paths
- Speed bumps and green 
pedestrian pathways for 

children’s play
- Glass walls facing 

outward (Prawata, 2024)

- Cantilevered balconies and 
patterned structures

- Glass flooring, walkways, and 
elevated pool walkways with 

glass fences
- Unpredictable water features
- Proximity to wildlife through 

bridges/elevated walkways 
(Coulthard, 2020)

- Glass railings
- Small climbing walls

- Services given by pet-like robots
- Red and green colors for 

wayfinding
- Avoid bringing pets home 

(Algamdi, 2020)
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Fig. 10. Distribution of identified themes (impacts) related to biophilic design in residential settings over the years. Source: Authors.



A Systematic Review of Biophilic Design Patterns and Strategies in Residential Settings M. Mirheydarian & E. Zarghami

46 2026No. 74

Endnotes
* This article is extracted from Ph.D. thesis of  “Mahsa Mirheydarian” 
entitled “Principles of  Biophilic Design in Residential Complexes 
with the Aim of Promoting Comfort and Subjective well-being” 

which has being in process under supervision of Dr. “Esmaeil 
Zarghami” at Shahid Rajaee Teacher Training University, Faculty of 
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