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PERSPECTIVE ARTICLE

Neuroinclusive workplaces and biophilic design: 
Strategies for promoting occupational health 
and sustainability in smart cities

James Hutson* and Piper Hutson
Art History and Visual Culture, Lindenwood University, Saint Charles, Missouri, USA

Abstract
This study aims to investigate the impact of biophilic design on occupational 
health and productivity, with a particular focus on addressing the needs of diverse 
populations, including the neurodiverse, during the post-pandemic return to work. 
With an estimated 15 – 20% of the global population considered neurodiverse, it 
is crucial to understand and accommodate their specific needs, such as those with 
attention-deficit hyperactivity disorder, autism spectrum condition, and learning 
disabilities. These individuals face increased occupational stress, necessitating the 
development of targeted strategies. The renewed interest in sustainability and 
employee well-being has led to a resurgence of biophilic design in the workplace. 
Grounded in the concept that humans possess an inherent inclination to affiliate 
with nature, the biophilic design integrates natural elements and art into the built 
environment. This integration has been found to reduce activity in the amygdala, 
promoting stress recovery, prolonged attention, and increased productivity 
among employees. To effectively acclimate neurodiverse individuals in the work 
environment, biophilic design should be complemented using extended reality (XR) 
technology supported by artificial intelligence. Virtual reality, in particular, has been 
shown to facilitate individuals’ comfort in new workspaces, aid in self-assessments 
through biofeedback, and enable the adjustment of surroundings for self-regulation. 
Furthermore, biophilic design has the potential to promote sustainability in smart 
cities by integrating natural elements into the built environment. This integration 
helps reduce the carbon footprint of buildings and enhances energy efficiency. By 
creating workplaces that prioritize biophilic design principles, organizations can 
contribute to a more inclusive, sustainable, and productive work environment.

Keywords: Autism spectrum condition; Biophilia; Biophilic design; Neuroaffirming; 
Neurodiversity

1. Introduction

The concept of biophilia was initially introduced by social psychologist Erich Fromm in 
1964 and subsequently gained prominence through the work of biologist Wilson in the 
1980s (Hartig et al., 2011; Wilson, 1986). Wilson posited that increasing urbanization 
contributes to a growing disconnect from the natural world (Kellert & Wilson, 1995). 
The interdisciplinary applications of biophilia have since expanded, encompassing 
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fields such as biology, psychology, neuroscience, 
endocrinology, and architecture, all emphasizing the 
importance of reestablishing connections with nature 
and natural systems (Jha & Behera, 2022; Menezes 
et al., 2021; Robinson & Pallasmaa, 2015). Incorporating 
natural elements into the design of built environments 
has been recognized as a means to also enhance mental 
health and well-being (Barbiero & Berto, 2021; Mazuch, 
2017; Söderlund & Newman, 2017) (Figure  1). As such, 
biophilic office design emulates various aspects of the 
natural world, including the presence of water, light, and 
plants, as well as the utilization of botanical forms and 
curvilinear shapes that diverge from modernist trends 
(Kellert, 2008; Kellert et al., 2011).

Biophilic design encompasses a range of elements that 
aim to integrate natural features and processes into the built 
environment (Table 1). These elements include natural light, 
which is achieved through abundant windows, skylights, 
and light wells, creating a connection with the outdoor 
environment, enhancing visual comfort, and supporting 
circadian rhythms (Kellert, 2008). Views of nature provide 
access to natural elements such as vegetation, landscapes, 
or water bodies, promoting relaxation, stress reduction, 
and cognitive restoration. Biomorphic forms and patterns, 
such as organic shapes and fractal patterns, mimic elements 
found in nature, evoking positive emotional responses and 
increasing visual interest (Kellert et al., 2011). Integrating 
living systems, particularly indoor plants, not only 
improves air quality but also enhances well-being and 
fosters a sense of connection with nature. Using natural 
materials, such as wood, stone, and natural fibers, in 
building construction and interior finishes, evokes warmth 
and authenticity, creating a welcoming and harmonious 
environment. Water features, such as fountains or water 
walls, provide sensory stimuli and promote relaxation and 
tranquility. Thermal and ventilation variability, mirroring 
natural conditions with varying temperature and airflow, 

supports occupant comfort and well-being (Jha & Behera, 
2022). Soundscapes incorporating natural sounds such as 
flowing water or birdsong create a soothing and calming 
environment while masking unwanted noise. Access to 
natural spaces, such as gardens or rooftop terraces, allows 
occupants to interact directly with nature. By incorporating 
these biophilic design elements, designers can create spaces 
that evoke the positive qualities of nature, improving well-
being, enhancing productivity, and fostering a stronger 
connection between occupants and their surroundings 
(Söderlund & Newman, 2017).

The multifaceted nature of biophilic office design can 
have significant implications for the mental health and well-
being of neurodiverse populations (Van der Geest, 2020). 
By adopting a neuroaffirming approach that emphasizes 
multisensory and multimodal environments, these spaces 
can better cater to the diverse sensory needs and preferences 

Figure 1. Working in open office space, Royal Bank Tower, Montreal, 2017.

Table 1. Elements of biophilic design

Biophilic design 
elements

Description

Natural light Abundant windows, skylights, and light wells 
to bring in natural light, supporting circadian 
rhythms and enhancing visual comfort.

Views of nature Incorporating views of vegetation, landscapes, 
or water bodies to provide access to natural 
elements, promoting relaxation, stress 
reduction, and cognitive restoration.

Biomimicry Using organic shapes and fractal patterns that 
mimic elements found in nature, evoking 
positive emotional responses and increasing 
visual interest.

Living systems Integrating indoor plants and other living 
organisms to improve air quality, enhance 
well-being, and foster a sense of connection 
with nature.

Natural materials Using natural materials such as wood, stone, 
and natural fibers in building construction 
and interior finishes to create a welcoming 
and harmonious environment.

Water features Incorporating water elements such as 
fountains or water walls to provide sensory 
stimuli, promote relaxation, and create a 
tranquil atmosphere.

Thermal and 
ventilation variability

Mirroring natural conditions with varying 
temperature and airflow to support occupant 
comfort and well-being.

Soundscapes Integrating natural sounds such as flowing 
water or birdsong to create a soothing 
and calming environment while masking 
unwanted noise.

Access to natural 
spaces

Providing direct access to natural spaces 
such as gardens or rooftop terraces, allowing 
occupants to interact with nature.
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of neurodiverse individuals (Motti, 2019). Furthermore, 
neurodivergent individuals often exhibit heightened 
sensitivity to visual stimuli (Dinishak, 2019). As such, 
incorporating views of nature and natural environments 
into office design can provide positive sensory experiences 
and promote well-being for these individuals (Aristizabal 
et al., 2021). Moreover, achieving a balance between the 
body’s sympathetic and parasympathetic nervous systems 
is essential for maintaining optimal health and well-
being (Peterson et al., 1988; Schumacher et al., 2013). 
If environments are perceived by individuals as being 
stressful or chaotic, the sympathetic system is activated, 
eliciting a “fight-or-flight” response (Perry & Pollard, 
1998). Simultaneously, the parasympathetic system is 
suppressed, disrupting the body’s natural equilibrium and 
leading to mental fatigue and energy depletion (Adams & 
Kirkby, 2001).

Nature, as the primary habitat for humans, inherently 
fosters a state of homeostasis, which underpins approaches 
to biophilic design in general. The term biophilia originates 
from Ancient Greek and translates to “a love of living 
things” (Ashwell, 2010). This inherent connection to living 
organisms underscores the importance of integrating 
natural elements into built environments, particularly 
in office settings, where individuals spend a significant 
portion of their time. Furthermore, studies have found 
that 76% of the time spent in offices is in sedentary 
activities, such as sitting at a desk and typing; therefore, 
the health benefits are impactful on two levels (Parry & 
Straker, 2013). By designing biophilic office spaces that 
prioritize multisensory and multimodal experiences, a 
more inclusive environment is created that supports the 
physical and mental health and well-being of the general 
population, especially neurodiverse individuals (Requena, 
2021). Through the incorporation of natural light, greenery, 
and calming visual stimuli, biophilic office design can 
help mitigate stress, encourage relaxation, and promote a 
sense of balance and harmony for individuals with varying 
sensory needs (Kellert, 2008).

Employee well-being and satisfaction is not the only 
motivating factor for adopting biophilic design in the 
industry. The implementation of neuroinclusive sensory 
elements and these design considerations in workplaces 
has proven to yield significant financial benefits. By 
investing just US$40 per person per year in biophilic design 
elements, organizations can experience a productivity 
increase of up to US$6,500 per person per year (Sander 
et al., 2019). This substantial return on investment is 
supported by research demonstrating the positive impact 
of natural elements on employee performance and 
well-being (Pawar, 2013). Studies have also shown that 

workers in biophilic environments are over 15% more 
productive and motivated compared to those working in 
sterile surroundings (Hähn et al., 2021). Furthermore, 
employees in spaces featuring natural plants exhibit more 
than a 15% increase in creativity (Rai et al., 2020). These 
enhancements in productivity and creativity translate into 
tangible financial gains for businesses and organizations.

In addition, biophilic office design has been linked 
to improved cognitive performance, with employees in 
biophilic-certified buildings scoring 26.4% higher on 
cognitive tasks than their counterparts in non-certified 
buildings (MacNaughton et al., 2017). These spaces also 
lead to fewer “sick building” symptoms, with a reduction 
of over 30% reported (Hu et al., 2022). Such improvements 
in overall health and well-being can result in reduced 
absenteeism and healthcare costs, further contributing 
to an organization’s bottom line (Lerner & Stopka, 2016). 
Moreover, the benefits of biophilic office design extend 
beyond the workplace, with employees reporting better 
sleep quality on returning home at night (Boubekri et al., 
2014). The improvement in sleep quality, measured by 
wristwatches that track sleep patterns, highlights the 
holistic and long-term advantages of incorporating 
neuroinclusive sensory elements in office environments.

Therefore, investing in neuroinclusive biophilic office 
design not only enhances employee well-being and 
satisfaction but also results in significant financial benefits 
for organizations. By creating spaces that cater to the 
diverse needs of neurodiverse individuals, employers can 
maximize productivity, creativity, and overall performance, 
while also reducing absenteeism and healthcare costs. In 
order to benefit from biophilic design, the present study 
aims to offer valuable insights and actionable resources 
for industry leaders seeking to enhance the productivity, 
health, and creativity of their entire workforce while also 
capitalizing on the unique skillset of the neurodiverse 
community. By examining various biophilic design 
strategies, such as immersive spaces, multisensory 
immersion, escape spaces with natural boundaries 
and nooks, calming soundscapes, thermal and airflow 
variability, material connections with nature, wayfinding, 
natural lighting, and the incorporation of digital and bioart, 
this paper will provide a comprehensive understanding of 
how to create neuroinclusive office environments.

In addition to highlighting the benefits of biophilia in 
the built environment, it is essential to consider established 
design standards that guide the implementation of these 
principles. One such standard is the WELL Building 
Standard, which includes specific criteria related to nature 
and access to natural elements. Standards such as WELL 
V2 M02 Nature and Place and M09 Enhanced Access 
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to Nature emphasize the importance of incorporating 
biophilic elements into indoor spaces and ensuring easy 
access to nature for occupants (Nicolini, 2022).

Furthermore, the Environmental Information Criteria 
for window view design offers valuable guidelines for 
creating optimal views that enhance the connection with 
nature. These criteria consider factors such as landscape 
distance seen from window views, visual satisfaction, 
and the balancing of natural elements with other design 
considerations (Kent & Schiavon, 2022). By incorporating 
these design standards into the discussion, we can ensure 
a more comprehensive understanding of how biophilic 
design can be effectively implemented and aligned with 
established industry guidelines. Thereby striking a balance 
between the principles of biophilic design and established 
design standards, designers, architects, and practitioners 
can create spaces that not only enhance occupant well-being 
but also adhere to recognized benchmarks of sustainable 
and health-oriented design. This integration of biophilic 
principles with established standards will contribute to a 
more holistic and effective approach to designing spaces 
that prioritize human health, connection with nature, and 
overall occupant satisfaction.

In addition to focusing on the importance of biophilic 
design, it is essential to provide a clearer explanation of 
the high-level concepts introduced alongside it. Biophilic 
design goes beyond the mere inclusion of natural 
elements in the built environment. It encompasses various 
principles and approaches that aim to create spaces that 
promote human well-being, connectivity with nature, and 
sustainability. These concepts include but are not limited 
to the use of natural lighting, incorporation of plants and 
greenery, integration of natural materials, consideration 
of sensory experiences, and attention to spatial layout 
and wayfinding. Each of these elements plays a significant 
role in creating environments that enhance occupant 
health, productivity, and satisfaction. By understanding 
and effectively implementing these high-level concepts in 
biophilic design, designers, and architects can create spaces 
that truly harness the benefits of nature and contribute to a 
more sustainable and nurturing built environment.

By implementing biophilic design principles, this 
study aims to assist organizations in developing inclusive 
workspaces that cater to the diverse needs and preferences 
of all employees, fostering a supportive and productive 
atmosphere. In addition, this approach can play a crucial 
role in promoting sustainability efforts in smart cities by 
integrating natural elements into the built environment. 
By leveraging natural lighting, ventilation, passive heating 
and cooling techniques, as well as green roofs and living 
walls, the carbon footprint of buildings can be reduced 

while simultaneously addressing urban heat island effects, 
improving air quality, and providing insulation. The 
recommendations derived from this study will contribute 
to the growing body of evidence on the benefits of biophilic 
design, empowering industry leaders to create workspaces 
that prioritize well-being, creativity, sustainability, and 
productivity, while embracing and harnessing the potential 
of the neurodiverse community.

2. Literature review
This study addresses a significant gap in the existing 
literature by investigating the impact of biophilic design 
on occupancy health and well-being, particularly in the 
context of workplace environments. Despite the growing 
interest in biophilic design and its potential benefits, there 
is a need for a comprehensive review of empirical evidence 
and a clearer understanding of the specific outcomes 
associated with its implementation. The aim of this 
study is to examine the psychological and physiological 
effects of biophilic design on occupants, assess its impact 
on productivity and job satisfaction, and explore its 
potential role in promoting sustainability in smart cities. 
The objectives include investigating stress reduction, 
improved cognitive functioning, and emotional well-
being as psychological effects, evaluating productivity, 
creativity, and job satisfaction as workplace outcomes, and 
examining the potential for reducing the carbon footprint 
and improving energy efficiency in the built environment. 
Through this research, we aim to contribute to the current 
understanding of biophilic design and provide valuable 
insights and recommendations for creating healthier, more 
sustainable, and more productive workspaces.

The use of biophilic design principles to incorporate 
natural elements into building design has been recognized 
as a key contributor to human well-being for many years 
(Gillis & Gatersleben, 2015). In fact, when redesigning 
the first “modern” city beginning in 1853, the city planner 
under Napoleon III, Georges-Eugène Haussmann, insisted 
on the importance of green spaces for the health of citizens 
and believed that the city’s health was directly linked to 
the availability of parks and other green spaces (Gerger, 
2012). The redesign thus incorporated the addition of large 
boulevards lined with trees and the creation of several large 
parks throughout the city. The emphasis on incorporating 
nature into urban design was a precursor to the modern 
biophilic design movement, which recognizes the benefits 
of nature for human well-being and seeks to integrate 
natural elements into the built environment, leading to 
major green spaces in nearly every major city, including 
Central Park in New York City and the eight Royal Parks 
in London (Chae et al., 2014).
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The concept of biophilic design continued in the fin de 
siècle and from modernist trends in art and architecture, 
such as Art Nouveau, which aimed to reconnect individuals 
with the natural world (Grady, 1955; Joye, 2011). Since then, 
research has confirmed that by incorporating elements 
such as water, light, and plants, as well as emphasizing 
botanical forms and curvilinear shapes, biophilic design 
principles are able to create an immersive and multisensory 
environment that enhances human health and well-
being (Gierbienis, 2019; Gillis & Gatersleben, 2015). In 
fact, the impact of biophilic design on various aspects of 
human health and performance, including life expectancy, 
productivity, mental health, absenteeism, and eye fatigue, 
as noted in findings from studies from the German 
Institute of Global and Area Studies, Cardiff University, 
and Stanford University (Blackhurst, 2022; Jones, 2012).

One important aspect of these design elements Joye 
(2011) noted is the use of visual contrasts to enable 
gradual transitions between light and shadow, which can 
cater to the needs of diverse occupants in workplaces. For 
example, high-placed windows can allow natural light to 
penetrate into the space while limiting distracting views 
outward, and the use of shading devices can control the 
amount and direction of sunlight to create a comfortable 
visual environment, notably for a neurodiverse workforce 
(Marchi, 2013). Such design principles have also 
been found to reduce stress and anxiety levels among 
occupants, as well as increase productivity and creativity 
(Kellert et al., 2008).

In addition to the visual elements, the inclusion of 
natural materials such as wood, stone, and water can also 
have a positive impact on human well-being (Gillis & 
Gatersleben, 2015). The use of natural materials not only 
enhances the aesthetic appeal of the space but also provides 
a connection to nature, which has been found to have a 
calming effect on individuals. Furthermore, the presence 
of indoor plants has been found to reduce stress levels 
and improve air quality, contributing to a healthier and 
more comfortable indoor environment (Lee et al., 2011) 
(Figure 2). Research has only recently, however, begun to 
focus on the workplace with these organic additions and 
has previously looked at the benefits of other types of 
structures and the benefits of both mental and physical 
health (Table 2).

For instance, the physical health benefits of biophilic 
design have been investigated in studies such as that by 
Zare et al. (2021), where a use case in hospitals to promote 
patients’ well-being and recovery had positive results. 
In the study, the designs of five hospitals in Australia, 
Singapore, and the United States were compared and 
considered the significant health dimensions influenced 

Table 2. Mental and physical health benefits of biophilic 
design

Mental health benefits Physical health benefits

Stress reduction: Exposure to 
nature and natural elements 
in the built environment 
promotes relaxation, reduces 
stress, and enhances overall 
well-being.

Improved air quality: Incorporating 
plants and natural ventilation systems 
helps improve indoor air quality, 
reducing the presence of pollutants 
and enhancing respiratory health.

Enhanced mood: Interacting 
with nature and natural 
elements elevates mood, 
reduces negative emotions, 
and increases positive feelings.

Increased physical activity: Access 
to green spaces and nature-inspired 
designs encourages physical activity, 
leading to improved cardiovascular 
health and reduced sedentary behavior.

Cognitive restoration: Views of 
nature and exposure to natural 
elements in the environment 
improve attention, 
concentration, and cognitive 
function.

Lower blood pressure: Being in 
environments with biophilic design 
elements has been associated with 
lower blood pressure levels, promoting 
cardiovascular health.

Increased creativity: Biophilic 
design stimulates creativity and 
enhances cognitive flexibility, 
supporting innovation and 
problem-solving.

Improved sleep quality: Exposure to 
natural light and outdoor views helps 
regulate circadian rhythms, leading to 
better sleep quality and overall sleep-
wake patterns.

Improved mental well-being: 
Biophilic design elements 
contribute to a sense of 
connection with nature, fostering 
a positive mental outlook and 
overall psychological well-being.

Faster healing: Studies have shown 
that exposure to natural elements in 
healthcare environments can promote 
faster recovery rates and reduce the 
length of hospital stays.

Figure  2. Guest seating and planter boxes inside an office, Filmnagar, 
Hyderabad, India, 2020.

by nature, including emotional, social, cognitive, and 
spiritual dimensions. Results indicated that biophilic 
design improved individual patient recovery time and 
treatment efficiency and promoted overall health and well-
being. Thus, the physical health benefits of biophilic design 
have been well-documented in several studies in various 
fields adjacent to the work environment and confirm a 
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positive correlation between the two variables (Gillis & 
Gatersleben, 2015; Kellert & Calabrese, 2015; Ryan et al., 
2014; Ryan & Browning, 2020; Zhong et al., 2022).

The mental health benefits have also been investigated. 
For instance, Park et al. (2020) aimed to evaluate the 
effectiveness of a sensory well-being hub designed to cater to 
the needs of diverse learners with developmental disabilities 
and distinct sensory profiles. The study took place at a public 
high school in Chicago. The site was a freestanding structure 
equipped with a range of sensory features aim at supporting 
individuals with a wide range of atypical sensory processing, 
particularly those who are neurodiverse. The results 
showed that the sensory well-being hub was utilized for 
both scheduled and unscheduled visits. Among the various 
elements within the hub, the most frequently visited ones 
included a beanbag accompanied by a weighted blanket, a 
sensory cocoon featuring tensile fabric and a media wall, and 
a fidget wall incorporating multiple components. Students 
diagnosed with autism spectrum condition exhibited 
different patterns of sensory intervention usage compared 
to those without such a diagnosis, despite having similar 
sensory profiles. These findings have significant implications 
for the design of other neuroinclusive environments in both 
educational and occupational settings. Therefore, physical 
and mental health benefits can be seen with the use of 
biophilic design, including the following for consideration 
in industry and office environments.

2.1. Life expectancy

According to a study conducted by the German Institute of 
Global and Area Studies, there is a significant correlation 
between working in offices equipped with high-level 
filtration systems and increased life expectancy (Patterson, 
2017). The study discovered that employees in Tishman’s 
China offices were estimated to gain an average of 6.3 days 
per year in life expectancy compared to their counterparts 
working in unfiltered workplaces. This study emphasizes 
the importance of integrating high-quality filtration 
systems in office environments to promote employee 
well-being and longevity. In addition, air quality in the 
workplace can impact cognitive performance, productivity, 
and overall job satisfaction (Fisk et al., 2011). Therefore, 
investing in air filtration systems can not only benefit 
the health of employees but also contribute to a more 
productive and satisfied workforce. It is recommended 
that office managers prioritize air quality when designing 
work environments and invest in high-quality air filtration 
systems to ensure employee health and well-being.

2.2. Productivity

According to a study conducted by Cardiff University 
in Wales in 2014, the incorporation of plants into office 

spaces that were previously devoid of greenery increased 
productivity by 15%. This finding aligns with previous 
laboratory studies and contradicts modern “lean” 
management techniques and contemporary economic 
and political trends. The researchers suggested that 
incorporating natural elements in the workplace can create 
a more pleasant and comfortable working environment, 
leading to more profitable office-based work (Langer, 
2021). Therefore, companies should consider integrating 
biophilic design elements, such as plants and natural 
lighting, into their office spaces to improve employee well-
being and productivity.

2.3. Neurodiverse tendency toward rumination

In 2015, Stanford University conducted a study that 
demonstrated the psychological benefits of nature for 
mental health. The study revealed that spending time in 
natural surroundings, such as walking in a park, can help 
reduce rumination, which is associated with an increased 
risk of depression and other mental health disorders. 
This finding emphasizes the importance of incorporating 
natural elements and green spaces into urban environments 
to support mental well-being, especially for neurodiverse 
individuals who may have a tendency toward rumination 
(Bratman et al., 2015). Therefore, including natural 
elements in the design of smart cities can provide a more 
holistic and inclusive environment that supports the 
mental health and well-being of all individuals.

2.4. Absenteeism

According to a study by Lerner and Stopka in 2016, 
various architectural elements, such as view quality, 
lighting quality, and window area, can significantly impact 
employee absenteeism. When these factors were considered 
together, they accounted for up to 10% of the variation in 
sick leave days taken. This highlights the crucial role of the 
incorporation of biophilic design principles in creating 
office environments that support employee health and 
well-being. By incorporating natural elements such as 
daylight, outdoor views, and greenery, workplaces can not 
only promote physical health but also enhance employee 
satisfaction and productivity, ultimately reducing 
absenteeism rates. Therefore, integrating biophilic design 
principles in office spaces can lead to a more productive 
and sustainable work environment.

2.5. Eye fatigue

Extended use of digital screens can cause visual fatigue, 
a condition that can be alleviated by regular exposure to 
visual green spaces, as suggested by a study conducted 
by Zari (2017). Therefore, incorporating biophilic design 
elements such as plants and natural light into office 
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environments can offer employees a break from prolonged 
screen time, contributing to their overall well-being and 
comfort. Moreover, research has shown that biophilic 
design can also improve air quality, reduce stress, and 
enhance productivity, which ultimately translates to 
improved business outcomes. Therefore, integrating 
biophilic design principles into office environments can 
offer a range of benefits, including reduced employee 
absenteeism, higher job satisfaction, and increased overall 
productivity.

To address eye fatigue, it is important to consider 
the visual breaks and relief that nature can provide. One 
way to achieve this is by incorporating distant views into 
the design of window views. Research on the evaluation 
of landscape distance seen in window views on visual 
satisfaction has shown that views with a balance of nearby 
and distant content tend to be more beneficial in relieving 
eyestrain (Kent & Schiavon, 2022). By incorporating 
natural elements in the distant views, such as landscapes, 
greenery, or natural scenery, occupants can shift their 
focus from close-up tasks to the visually soothing elements 
in the distance. This allows the eyes to relax and reduces 
the strain caused by prolonged visual exposure to nearby 
content. Designers can utilize this knowledge to create 
window views that provide a visually satisfying experience 
and contribute to the overall well-being and comfort of the 
occupants.

3. Benefits of biophilic design: Enhancing 
well-being and performance
The incorporation of nature into built environments has 
been found to have a positive impact on human well-
being and performance (Frumkin & Fox, 2011). This has 
been supported by two prominent theories: Attention 
Restoration Theory and Stress Recovery Theory. Attention 
Restoration Theory proposes that exposure to natural 
environments can help restore cognitive function and 
attention. On the other hand, Stress Recovery Theory 
suggests that natural environments can help individuals 
recover from stress by reducing negative emotions, heart 
rate, blood pressure, and stress-related hormones such as 
cortisol. Understanding these theories is significant for this 
study as they provide a framework for the importance of 
incorporating natural elements into the built environment 
to improve well-being and performance (Jiang et al., 2021).

3.1. Psychological and physiological responses

Both the psychological effects and physiological responses 
of humans to biophilic design speak to the benefits of 
adopting it as a strategy for both employee productivity 
and well-being and support arguments for sustainability in 

smart cities. For instance, exposure to natural environments 
has been linked to improved adaptability, alertness, 
attention, concentration, and emotion regulation. Studies 
have reported that engaging with natural environments 
offers enhanced emotional restoration compared to urban 
environments that lack natural elements. These natural 
environments have been found to be associated with reduced 
instances of tension, anxiety, anger, fatigue, confusion, and 
overall mood disturbance (Beute & de Kort, 2014; Tang 
et al., 2022; Williams et al., 2018). Physiological responses 
to connections with nature include muscle relaxation, 
lowered diastolic blood pressure, and reduced cortisol 
levels in the bloodstream (Dusek & Benson, 2009; Knight 
& Rickard, 2001). Improved indoor air quality through the 
use of plants and high-level air filtration systems has been 
linked to increased life expectancy and cognitive abilities 
while decreasing the prevalence of sick building syndrome 
(Chen et al., 2017; Wood et al., 2002). Incorporating 
biophilic design elements into the workplace has been 
associated with a range of mental and physical health 
benefits (Table 3). Studies have shown that workplaces with 
natural elements can lead to a 15% higher level of well-
being, a 6% higher level of productivity, and a 15% higher 
level of creativity. Exposure to nature has also been linked 
to reduced negative emotions and stress, as it helps decrease 
self-reported rumination, which is often associated with 
depression and other mental health disorders. In addition, 
spending time in natural environments has been found 
to enhance cognitive functioning, improving working 
memory and overall cognitive performance. Furthermore, 
offices with plants have been shown to increase employee 
engagement, productivity, and well-being, leading to better 
staff retention and attracting top talent. The presence of 
plants also offers health benefits by reducing bacterial 
colonies by 60%, decreasing headaches by 24%, and 
reducing eye irritation by 52%. These findings underscore 

Table 3. Benefits of biophilic design supported by 
corresponding statistics

Benefits Statistics

Improved well-being and 
productivity

15% higher well-being, 6% higher 
productivity, 15% higher creativity

Reduced negative 
emotions and stress

Decreased self-reported rumination

Enhanced cognitive 
functioning

Improved working memory and 
cognitive performance

Improved employee 
engagement and 
retention

Increased employee engagement, 
productivity, and well-being

Health benefits Reduced bacterial colonies by 60%, 
decreased headaches by 24%, reduced 
eye irritation by 52%
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the significant impact of incorporating biophilic design in 
the workplace, promoting both the mental and physical 
well-being of employees.

Given that biophilic design is rooted in the 
understanding that humans have an innate desire for 
connection with nature, incorporating nature into 
the built environment can improve psychological and 
physiological functioning, ultimately enhancing well-
being, productivity, and performance. As such, these 
and other studies highlight the substantial benefits of 
implementing biophilic designs in office environments. 
By incorporating multisensory connections with nature 
through architectural and interior concepts, biophilic 
design seeks to improve the physical, emotional, and 
cognitive well-being of individuals in dense urban settings. 
In addition to the benefits mentioned, biophilic design 
can also promote sustainability in smart cities. Integrating 
natural elements into the built environment can reduce 
the carbon footprint of buildings by increasing energy 
efficiency through the use of natural lighting, ventilation, 
and passive heating and cooling techniques. Green roofs 
and living walls can also help reduce urban heat island 
effects, provide insulation, and improve air quality. These 
benefits contribute to the creation of sustainable urban 
environments that prioritize the well-being of inhabitants.

Research from various institutions, including the 
Harvard Center for Health and the Global Environment, 
the American Psychological Association, and the 
University of Exeter, consistently demonstrates the 
positive impact of biophilic design on cognitive functions, 
disease symptoms, quality of life, employee engagement, 
productivity, and motivation (Browning & Ryan, 2020; 
Depledge et al., 2011; Van den Bosch & Bird, 2018). 
Furthermore, a 2010 study by the University of British 
Columbia investigated the stress-reducing effects of 
wood and plants in an office environment, while a 
2-year study from the Plants and Indoor Environmental 
Quality Research Group at the University of Technology 
Sydney found that green walls could reduce CO2 levels 
and improve productivity by reducing headaches and 
lethargy among workers (Fell, 2010; Fleck et al., 2020). 
Another study from the University of Queensland’s 
School of Psychology concluded that offices enriched with 
plants could boost productivity by 15% (Nieuwenhuis 
et al., 2014). Overall, the scholarship supports the 
significant benefits of biophilic design in workplace 
settings. By integrating elements of nature into the built 
environment, organizations can enhance employee well-
being, productivity, creativity, and motivation, ultimately 
improving the overall workplace experience and fostering 
positive relationships among colleagues.

4. Recommendations
With the growing inorganic urban world, biophilic design 
has emerged as an essential element in creating spaces that 
promote well-being, reduce stress, and enhance productivity 
(Zhong et al., 2022). By incorporating elements of deep nature 
and multisensory immersion, biophilic design has been 
shown to significantly increase positive feelings compared 
to typical urban environments (Aristizabal et al., 2021). This 
approach to design not only appeals to our visual and tactile 
senses, such as through oval atriums with native trees and 
mesh walls but also positively impacts our physiological 
responses. Moreover, studies have shown that forest 
environments can increase parasympathetic nervous system 
activity, which helps restore a sense of calm and safety while 
suppressing sympathetic activity associated with stress 
responses (Lee et al., 2011). By integrating natural elements 
into our surroundings, we can decrease nervous energy and 
lower cortisol levels, improving overall well-being (Beute 
& de Kort, 2014). Interestingly, research suggests that the 
immune-boosting effects of nature immersion may differ 
between genders, with men experiencing increased immune 
function for up to 30 days after a forest walk, while women 
show improvements for only 7 days (Antonelli et al., 2022). 
The finding implies that workplace interventions targeting 
female populations may need to prioritize indoor nature 
experiences or facilitate more extended outdoor nature 
experiences. The following section will first introduce 
industry examples of biophilic design that demonstrate the 
measurable impact of connecting with nature and promoting 
multisensory immersion in our daily environments, 
followed by more specific elements that comprise them.

4.1. Industry examples

Amazon is nearing completion of plans for PenPlace, the 
next phase of its HQ2 in Arlington, Virginia. While the 
project was just put on hold, it focuses on sustainability, 
with HQ2 operations powered by 100% renewable energy 
from a combination of off-site and on-site solar projects 
(Day, 2023). PenPlace will provide more than 100,000 sq ft 
of retail space, multimodal pathways, and over 2.75 acres 
of public park space. The development aims to prioritize 
access by foot, bike, and public transportation, while also 
providing an open-air amphitheater and dog run for the 
community. Amazon has committed to leadership in 
energy and environmental design Platinum certification, 
low-flow fixtures, and bird-safe glass, among other 
sustainable design elements. Over 26,500 sq ft of space 
will be dedicated to Arlington County Community High 
School, and the Helix, a spiral-shaped building, will offer 
meeting spaces, living walls, and an artist-in-residence 
program.
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In addition to the PenPlace development in Arlington, 
Amazon has undertaken other innovative projects, such as 
the futuristic biospheres in Seattle (Bishop, 2016). These 
spheres resemble parks more than offices, featuring over 
3,000 plants from 30 countries, tree-house meeting rooms, 
water features, a birdcage-themed conference room, 
environmental fogging, and a five-story living wall. These 
examples build on previous examples of water features in 
various businesses (Figure 3). Amazon encourages walking 
meetings within the spheres, promoting employee well-
being and engagement with nature.

Similar to the PenPlace project, the Seattle biospheres 
also contribute 2.75 acres of public park space for 
community use, including immersive forest rooms. 
This demonstrates Amazon’s commitment to creating 
shared spaces that benefit both employees and the local 
community. Furthermore, Amazon has pledged to power 
100% of its HQ2 operations with renewable energy through 
a mix of off-site and on-site solar projects. This aligns with 
the company’s Climate Pledge, which aims for net-zero 
carbon emissions across all Amazon operations by 2040. 
By incorporating renewable energy and sustainable design 
elements in its projects, Amazon sets an example for other 
corporations to prioritize sustainability and environmental 
responsibility.

Lendlease’s new global headquarters in Australia 
features the country’s first breathing green wall, which 
lifts the biophilic office design to another level (Jackson & 
Mansfield, 2019). This innovative wall, created by Junglefy, 
incorporates around 5,000 plants and serves as an active, 
modular green wall system. Scientifically proven to remove 
air pollutants such as carbon dioxide and volatile organic 
compounds more effectively than other plant-based 
systems, the breathing wall offers numerous benefits.

In addition to improving air quality, the breathing 
wall also acts as a natural cooling system, reducing the 

surrounding air temperature and leading to increased 
energy efficiency and lower air conditioning costs. 
Moreover, the wall serves as a sound barrier, enhancing 
the office’s acoustics and providing a more comfortable 
working environment. The breathing wall comprises 
modules made from linear, low-density polyethylene, 
which can be infinitely recycled. The modules are filled 
with a coconut fiber-rich growing medium. To ensure 
uniform airflow across the plants and growing medium, 
an electric axial impeller is employed, enhancing the 
absorption of carbon dioxide and maximizing the amount 
of air that can be filtered and cooled by each module.

By incorporating biophilic elements such as the 
breathing green wall, Lendlease headquarters showcases 
how office spaces can be designed to promote both 
environmental sustainability and employee well-being. 
This innovative approach to office design serves as an 
inspiration for businesses worldwide to adopt biophilic 
design principles in their workspaces.

5. Biophilic design elements
This section will explore the interconnectedness of 
biophilic design elements with spacemaking, wayfinding, 
and soundscapes, highlighting their collective impact 
on creating environments that promote well-being and 
enhance the user experience. Biophilic design, with its 
emphasis on integrating natural elements and patterns into 
built environments, serves as the foundation for creating 
spaces that mimic the restorative qualities of nature. By 
incorporating elements such as plants, natural light, and 
organic shapes, spacemaking techniques enhance the overall 
aesthetic appeal and functionality of the environment. 
Wayfinding strategies play a vital role in guiding individuals 
through the space, ensuring ease of navigation and a 
sense of orientation. By integrating natural wayfinding 
cues, such as the use of colors, patterns, and materials 
inspired by nature, individuals can intuitively understand 
their surroundings and establish a stronger connection 
with the built environment. In addition, soundscapes, 
encompassing the acoustic qualities and auditory stimuli 
within a space, contribute to the overall sensory experience. 
By incorporating natural sounds and minimizing 
disruptive noises, biophilic design can create a harmonious 
and calming auditory environment. Understanding the 
relationships between these key components allows for the 
thoughtful integration of biophilic design principles in the 
creation of spaces that not only promote well-being but also 
inspire a deeper connection with the natural world. 

5.1. Spacemaking

Spacemaking with biophilic design involves creating 
environments that provide a sense of refuge and Figure 3. Old post office waterfall, fayetteville historic, 2016.
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relaxation, allowing individuals to readjust their sensory 
and social control over their surroundings. Biophilic 
design concepts such as prospect and refuge, enticement 
and peril, and sensory gardens are all used to create spaces 
that promote relaxation and reduce stress (Tekin et al., 
2023). The use of green spaces as a primary recalibration 
zone is a common approach in biophilic design. Access 
to green spaces from common areas, such as a courtyard 
or rooftop garden, can provide a sense of relaxation and 
rejuvenation for occupants (Parsaee et al., 2019). Sensory 
gardens, which may include edible plants and herbs, can 
also provide a calming effect and offer an opportunity for 
tea-making or other sensory experiences (Wilkinson & 
Orr, 2017).

When it comes to the output of oxygen, trees are more 
effective than plants. Trees produce more oxygen and have 
a greater impact on the overall air quality in a space. In 
addition to using natural elements such as plants and trees, 
using boundaries and nooks can also create a sense of safety 
and privacy within a space (Sieghardt et al., 2005). For 
example, trees can act as boundaries that divide up zones 
of space within an atrium instead of using walls. Overall, 
spacemaking with biophilic design is about creating 
environments that promote relaxation, rejuvenation, 
and a connection with nature. Whether through the use 
of green spaces, sensory gardens, or natural boundaries, 
the biophilic design aims to create spaces that promote 
emotional and mental well-being.

5.2. Wayfinding

Navigating through spaces that incorporate natural 
elements can be a complex task, and biophilic design 
recognizes that effective wayfinding is essential to maximize 
the benefits of such spaces. By providing clear visual 
cues and intuitive paths, wayfinding can help individuals 
navigate and understand their surroundings, contributing 
to an overall positive experience. Effective wayfinding not 
only improves the usability and accessibility of spaces but 
also promotes social interaction and gatherings, leading to 
increased personal relationships among individuals within 
the space.

However, it is important to recognize that some 
individuals may find certain features of biophilic design 
overwhelming or distracting. As such, it is essential to 
provide countermeasures that can accommodate the 
diverse needs of users, including neurodiverse individuals, 
to ensure that everyone can enjoy the benefits of biophilic 
design. A  study by Fidan et al. (2021) emphasizes the 
need for balance in biophilic design by recognizing the 
importance of providing supportive measures for those 
who may find certain aspects challenging. For example, 

sensory gardens or quiet spaces can provide a respite 
for individuals overwhelmed by the visual and auditory 
stimuli of biophilic spaces. Overall, effective wayfinding 
and thoughtful design that accommodates diverse needs 
are crucial elements of successful biophilic design, enabling 
individuals to reap the benefits of interacting with nature 
in built environments.

Effective wayfinding design is a critical component 
of biophilic design, as it facilitates navigation and 
comprehension of one’s surroundings. Design elements 
such as curved edges that gradually reveal can be more 
effective than sharp corners in guiding individuals 
through a space. In addition, carpets with patterned ways 
and colored zones can help direct visitors toward safety 
and desired areas. To be successful, wayfinding design 
should be intuitive and nonverbal, allowing individuals 
to quickly understand where they are and how to get 
where they want to go (Jiang & Verderber, 2017). It is also 
necessary for companies to develop mapping systems to 
assist individuals in knowing where they are and where 
they should be in the physical space. Intensification of 
signage and visual communication can aid in wayfinding, 
and strategic use of color, lighting levels, signage, and art 
can act as landmarks to assist our brains in innovating a 
positioning system. These design elements are particularly 
important for the neurodiverse population, who thrive on 
repetition, predictability, and clear boundaries to feel “safe” 
and “in control” (Crawford & Wu, 2011).

Movement is a significant element of biophilic design 
and can be accomplished by incorporating subtle changes 
in air temperature, airflow, and surface temperatures, 
which can provide a calming effect by simulating a 
natural environment. The use of thermal zones, similar to 
those found in butterfly houses, can also create a shifting 
sensory experience for individuals. This approach has 
been supported by research, such as a study by Ryan and 
Browning (2020), which emphasizes the importance of 
movement in biophilic design. By integrating natural 
movements into the built environment, organizations 
can further enhance employee well-being, productivity, 
creativity, and motivation, ultimately improving the overall 
workplace experience.

5.3. Natural design

Incorporating natural design elements into a space can 
significantly enhance the biophilic experience. Materials 
and elements from nature, when used in their raw or 
minimally processed state, can reflect the local ecology 
or geology and create a distinct sense of place (Beatley, 
2011). For instance, using local timber and xeriscaping, 
which involves using native, drought-tolerant plants to 
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create landscape designs that resemble the climate of 
the surrounding landscape, can be effective strategies 
for designing a resilient, biophilic experience (Ryan 
& Browning, 2020). The use of natural materials, such 
as wood, stone, and exposed brick, can create a tactile 
connection with nature. Wood, in particular, has been 
shown to improve air quality by moderating humidity and 
creating a link to nature that elicits feelings of warmth, 
comfort, and relaxation (Alapieti et al., 2020). However, 
the use of smooth and easily washable surfaces instead 
of porous surfaces that can retain microbes is necessary 
and has come under increased consideration during the 
COVID-19 pandemic (Seidi et al., 2021).

In addition to materials, aesthetic details such as texture, 
color, sequencing, compartmentalization, temperature, and 
smells can also contribute to over- or under-stimulation. 
Textures that mimic bark, scales, or other natural patterns 
can serve a fidget function on furniture. For instance, using 
a sequin pillow trend or soft fur-like materials can enhance 
the tactile experience of space (Badgett, 2020). Natural 
patterns, such as the iridescence of a hummingbird or the 
patterning of a bee’s honeycomb, can also be used to evoke 
a connection with nature. Overall, natural design elements 
and materials can significantly enhance the biophilic 
experience, creating a sense of place and tactile connection 
with the natural world.

5.4. Natural lighting

Lighting design is an essential element of biophilic design, 
and it involves more than just providing illumination. 
Overhead fluorescent lighting can be overwhelming, and 
designers need to consider the quality and color of light 
waves to create a comfortable and stimulating environment. 
Natural light is an excellent lighting source and is especially 
beneficial for learning environments. High-placed windows 
allow natural light to penetrate the space while limiting 
distractions caused by views. Natural light exposure plays a 
crucial role in maintaining the optimal balance of serotonin, 
a hormone associated with mood regulation, while also 
suppressing the production of melatonin, a hormone 
involved in sleep regulation (Marchi, 2013).

Light therapy is also an essential aspect of biophilic 
design. It involves exposing the retina to specific light 
wavelengths to address imbalances in the circadian 
rhythm, which denotes the daily hormonal cycle activity 
observed in many living organisms. This balance is partially 
influenced by the changing color of daylight throughout 
the day, with morning light appearing yellow, shifting to a 
bluer color at midday and transitioning to a reddish tone in 
the late afternoon. Exposure to natural light helps maintain 
the equilibrium of serotonin and melatonin. When there 

is an imbalance between serotonin and melatonin, our 
sleep-wake patterns are disrupted, subsequently inhibiting 
the proper functioning of our neurological and immune 
systems (Parsaee et al., 2019).

Lighting design can also incorporate an element of 
fire through UV lighting and heat therapy. Light exposure 
holds significant implications for the production of 
serotonin, often referred to as the “happy hormone”. 
Serotonergic neurons play a crucial role in regulating 
brain development and function, and disruption in these 
neurons has been linked to various psychiatric disorders, 
including depression and anxiety. Thus, proper lighting 
design can have a significant impact on mood, sleep, and 
overall health (Bhardwaj, 2021).

5.5. Soundscapes

Soundscapes play a significant role in biophilic design, 
as they have the potential to impact our physical and 
emotional well-being. The use of nature and calming 
sounds can counteract hormones released by the body when 
under stress or pain, such as endorphins. Ambient nature 
sound installations can improve three core neuroinclusive 
design goals: focus, stimulation, and relaxation (Chanda 
& Levitin, 2013). This is particularly important for those 
who are neurodivergent and either hypersensitive to sound 
or seeking opportunities for multiple sound activations 
(Harder, 2022). The sounds of nature, such as rivers 
and rain, are popular choices for creating a calming and 
relaxing environment (Chu et al., 2009).

In modern workplaces, noise pollution is a common 
issue, which can lead to sensory sensitivity and distraction. 
To combat this, spaces can be designed effectively to 
absorb sound through partition systems or with acoustic 
baffling to create the illusion of private space. Research 
shows that exposure to nature sounds, compared to urban 
or office noise, accelerates physiological and psychological 
restoration up to 37% faster after a psychological stressor, 
reduces cognitive fatigue and increases motivation 
(Erfanian et al., 2019; Ulrich et al., 1991). Another 
interesting aspect of soundscapes is the use of bird noises 
as directional markers. By incorporating directional sound 
cues, people can navigate spaces more easily and intuitively, 
creating a more natural and intuitive wayfinding experience 
(Jonsson, 2002). These considerations demonstrate 
that soundscapes are an important element in biophilic 
design as they can help create a calming and restorative 
environment that promotes well-being and productivity.

5.6. Digital and bioart

Digital and bio art can be used to bring biophilic design 
into the digital realm, further enhancing the experience of 
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nature within indoor spaces. One example of digital art is 
a digital waterfall wall that can be programmed to mimic 
local weather patterns, providing insight to those working 
in basement areas without windows and for individuals 
who dislike unexpected weather changes (Fox, 2016). 
Simulated aquariums can also be used to teach about 
endangered marine life and ecosystems (Lachenmyer & 
Akasha, 2022). Natural analogs, which are materials and 
patterns that evoke nature, can also be used as a biophilic 
design element. Examples of natural analogs include 
building elements that resemble shells and leaves, furniture 
with organic shapes, and visible wood grain. While they 
may not have the same impact as dynamic types of nature, 
artworks and murals depicting scenes from nature have 
been proven to reduce anxiety and discomfort. The act of 
viewing natural scenes stimulates a larger portion of the 
visual cortex compared to non-nature scenes, triggering an 
increased activation of pleasure receptors in our brain and 
facilitating faster recovery from stress (Tharim et al., 2022).

Bioart, which uses nature as an artistic medium, can 
also be incorporated into biophilic design. Artwork that 
helps filter air quality, such as moss walls, can be used to 
purify indoor air (Moslehian et al., 2023). Other examples 
include lanterns with filtered air and living façades that 
support bird and insect habitats (De Wilde & de Souza, 
2022). In addition to digital and bioart, plants can also be 
used to enhance the biophilic experience. Certain plants, 
such as the bamboo palm and pothos, have been shown 
to aid in the removal of harmful elements such as benzene 
and formaldehyde from indoor air. Plant names can also be 
displayed to educate individuals on the types of plants used 
in the space (Peng et al., 2022). Incorporating bird feeders, 
butterfly gardens, and koi ponds can also help bring 
nature into the indoor environment. Thus, incorporating 
elements of digital and bioart, natural analogs, and plants 
can help create a more immersive biophilic experience in 
indoor spaces.

5.7. Extended reality (XR), artificial intelligence (AI), 
and biophilia

XR and AI offer promising tools for assisting neurodiverse 
populations in the workplace (Hutson, 2022). These 
technologies can provide personalized and adaptive 
support for individuals with unique needs, allowing them 
to better acclimate to a new work environment and manage 
their stress levels. Virtual reality (VR), in particular, has 
been studied extensively for its mental health benefits, 
including reducing anxiety and improving self-regulation 
(Wang et al., 2022). VR simulations can help individuals 
practice and prepare for real-life workplace scenarios, 
allowing them to feel more comfortable and confident 
when faced with similar situations in the future (Birkheim 

et al., 2023). Moreover, VR has been widely used in 
architectural studies to simulate and manipulate important 
parameters that are crucial for evaluating design elements 
and their impact on occupants. In these studies, VR serves 
as a tool to modify variables such as window size, daylight, 
and spatial arrangements, enabling researchers to assess 
the effects of these factors on occupant satisfaction and 
well-being (Banaei et al., 2020). While VR has been shown 
to have potential mental health benefits, it is important to 
clarify that its primary purpose in architectural research 
is not solely focused on mental health but rather on 
providing a controlled environment for investigating 
design parameters. By utilizing VR technology, researchers 
can gain valuable insights into the effects of different design 
choices on occupant experiences, allowing for informed 
decision-making and the creation of more user-centered 
and biophilic design solutions.

AI-powered tools can also provide valuable support for 
neurodiverse individuals in the workplace. For example, AI 
chatbots can provide personalized coaching and support, 
helping individuals manage stress, regulate their emotions, 
and stay on task (Luo et al., 2022). In addition, AI-powered 
sensory systems can adjust real-time lighting, temperature, 
and sound levels to create a more comfortable and calming 
work environment (Patel et al., 2022). By combining 
biophilic design with XR and AI technologies, employers 
can create a workplace environment that is not only 
visually pleasing but also supportive and accommodating 
for neurodiverse individuals. The combination can lead 
to improved job satisfaction, productivity, and overall 
well-being for employees while also benefiting employers 
through reduced turnover rates and increased job 
performance.

To effectively implement biophilic design principles 
in workplace environments, it is crucial to consider 
the following key recommendations (Table  4). First, 
organizations should prioritize the integration of natural 
elements, such as plants, natural light, and views of 
nature, to create a visually appealing and soothing 
atmosphere. Second, attention should be given to the 
selection of materials that mimic natural textures and 
patterns, fostering a sense of connection with the natural 
world. Thirdly, incorporating elements of nature in 
communal areas and gathering spaces can promote social 
interactions, collaboration, and a sense of community 
among employees. In addition, providing opportunities 
for physical movement and access to outdoor spaces can 
further enhance the benefits of biophilic design. Finally, 
it is essential to ensure that the design accommodates the 
diverse needs of all employees, including those who are 
neurodiverse, by considering factors such as acoustics, 
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lighting, and spatial layouts. By implementing these 
recommendations, organizations can create workspaces 
that not only promote well-being and productivity but also 
foster a deeper connection with nature, resulting in a more 
sustainable and harmonious work environment.

6. Conclusion
Humans have coexisted and evolved in harmony with 
nature and its systems. As a result, human minds and bodies 
operate more effectively when surrounded by natural 
elements. Biophilic design serves as an ideal collaborative 
tool for promoting productivity, reducing healing time, 
enhancing learning capabilities, and fostering community 
cohesion. It offers a perfect partnering mechanism for 
business vendors, hospital owners, school administrators, 
contractors, and city planners alike who are seeking to reap 
maximal value through development and design.

One particularly important benefit of biophilic design 
is its potential to support the needs of neurodiverse 

populations. For those with sensory processing disorders, 
access to green spaces or sensory gardens can be a crucial 
recalibration zone, allowing individuals to readjust their 
sensory and social control over their environment. In 
addition, a clear wayfinding design that is intuitive and 
nonverbal can be especially helpful for those with autism 
spectrum disorder or attention-deficit hyperactivity 
disorder. Using natural materials and elements that reflect 
the local ecology can also create a distinct sense of place 
and help neurodiverse individuals feel more comfortable 
and secure in their surroundings.

Biophilia offers a wide range of economic advantages 
across multiple sectors. The available evidence suggests 
that incorporating biophilic elements into the workplace, 
such as nature-inspired designs, has a positive impact on 
staff productivity. This, in turn, leads to economic benefits 
that can range from US$1,000 per employee to as much 
as US$3.6 million company-wide (Kropman et al., 2022). 
Within the healthcare sector, which represents a US$2.5 
trillion industry, even the simple act of providing hospital 
patients with natural views from hospital beds could result 
in over US$93 million in annual savings nationwide, 
as recovery time required for patients following major 
surgeries is shortened significantly (Koppel, 2022). 
Recent research from neuroscience and endocrinology 
shows the crucial role that experiencing nature has for 
our physiological well-being (Coria-Avila et al., 2022). 
Implementing biophilic design into workplaces, healthcare 
systems, educational environments, and communities 
is not just a nice amenity. The strategy has profound 
economic benefits and can provide a supportive and 
beneficial environment for individuals with neurodiverse 
needs and supports sustainability through smart cities 
with urban design. Therefore, bringing nature into our 
built environments and design spaces is imperative as it 
promotes well-being and productivity for all.
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Table 4. Recommendations for incorporating biophilic 
design

Recommendation Description

Integrate natural 
elements

Incorporate natural elements such as plants, 
water features, and natural materials like wood 
and stone to create a connection with nature and 
evoke positive emotional responses.

Maximize natural 
light

Use abundant windows, skylights, and light wells 
to enhance visual comfort, support circadian 
rhythms, and create a connection with the 
outdoor environment.

Provide access to 
views

Incorporate views of vegetation, landscapes, 
or water bodies to promote relaxation, stress 
reduction, and cognitive restoration.

Incorporate 
biomorphic 
elements

Utilize organic shapes and fractal patterns to 
mimic elements found in nature, increasing visual 
interest and evoking positive emotional responses.

Use natural 
materials

Incorporate natural materials like wood, stone, 
and natural fibers in building construction 
and interior finishes to create a welcoming and 
harmonious environment.

Integrate living 
systems

Include indoor plants to improve air quality, 
enhance well-being, and foster a sense of 
connection with nature.

Incorporate water 
features

Incorporate water elements such as fountains or 
water walls to provide sensory stimuli, promote 
relaxation, and create a tranquil atmosphere.

Optimize thermal 
factors

Create conditions mirroring natural environments 
with varying temperatures and airflow to support 
occupant comfort and well-being.

Incorporate 
soundscapes

Utilize natural sounds like flowing water or 
birdsong to create a soothing and calming 
environment while masking unwanted noise.

https://doi.org/10.36922/ghes.0549


Neuroinclusive workplaces and biophilic design

Volume 1 Issue 1 (2023)	 14� https://doi.org/10.36922/ghes.0549

Global Health Econ Sustain

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Availability of data
Not applicable.

References
Adams, J., & Kirkby, R. (2001). Exercise dependence and 

overtraining: The physiological and psychological 
consequences of excessive exercise. Sports Medicine Training 
and Rehabilitation, 10(3): 199-222. 

	 https://doi.org/10.1080/10578310210395

Alapieti, T., Mikkola, R., Pasanen, P., & Salonen, H. (2020). 
The influence of wooden interior materials on indoor 
environment: A  review. European Journal of Wood and 
Wood Products, 78: 617-634. 

	 https://doi.org/10.1007/s00107-020-01532-x

Antonelli, M., Donelli, D., Carlone, L., Maggini, V., Firenzuoli, F., 
& Bedeschi, E. (2022). Effects of forest bathing (shinrin-
yoku) on individual well-being: An umbrella review. 
International Journal of Environmental Health Research, 
32(8): 1842-1867. 

	 https://doi.org/10.1080/09603123.2021.1919293

Aristizabal, S., Byun, K., Porter, P., Clements, N., Campanella, C., 
Li, L., & Bauer, B. (2021). Biophilic office design: Exploring 
the impact of a multisensory approach on human well-
being. Journal of Environmental Psychology, 77: 101682. 

	 https://doi.org/10.1016/j.jenvp.2021.101682

Ashwell, A.N. (2010). Identitiy and Belonging: Urban Nature 
and Adolescent Development in the City of Cape Town. 
Germany: Springer.

Asim, F., Rai, S., & Shree, V. (2020). Biophilic Architecture for 
restoration and therapy within the built environment. 
Visions for Sustainability, 15: 53-79. 

	 https://doi.org/10.13135/2384-8677/5104

Badgett, A. (2020). Playing on the Spectrum: Exploring how 
to Create Playgrounds more Accessible for Children with 
Autism Spectrum Disorder. Washington, DC: University of 
Washington.

Banaei, M., Ahmadi, A., Gramann, K., & Hatami, J. (2020). 
Emotional evaluation of architectural interior forms based 
on personality differences using virtual reality. Frontiers of 
Architectural Research, 9(1): 138-147. 

	 https://doi.org/10.1016/j.foar.2019.07.005

Barbiero, G., & Berto, R. (2021). Biophilia as evolutionary 

adaptation: An onto-and phylogenetic framework for 
biophilic design. Frontiers in Psychology, 12: 700709. 

	 https://doi.org/10.3389/fpsyg.2021.700709

Beatley, T. (2011). Biophilic Cities: Integrating Nature into Urban 
Design and Planning. Washington, DC: Island Press.

Beute, F., & de Kort, Y.A. (2014). Salutogenic effects of the 
environment: Review of health protective effects of nature 
and daylight. Applied Psychology: Health and Well Being, 
6(1): 67-95. 

	 https://doi.org/10.1111/aphw.12019

Bhardwaj, G. (2021). Light, Molecular Mechanism and Sleep 
(Basics): Light is the Governor of the Universe. California, 
USA: Notion Press.

Birkheim, S.L., Calogiuri, G., & Martinsen, R. (2023). Advancing 
immersive virtual reality-based simulation practices: 
Developing an evidence-based and theory-driven 
pedagogical framework for VR-based simulations of non-
technical skills among healthcare professionals. Interactive 
Learning Environments. 

	 https://doi.org/10.1080/10494820.2023.2186896

Bishop, T. (2016). Amazon’s Giant Seattle Biospheres Come into 
Focus with Installation of First Glass Panels. Washington, 
DC: GeekWire. Available from: https://www.geekwire.
com/2016/amazons-giant-seattle-spheres [Last accessed on 
2016 Apr 24].

Blackhurst, B. (2022). Exploring the Relationship between 
Biophilic Design and Meditation Facilities (Doctoral 
Dissertation, Brenau University).

Boubekri, M., Cheung, I.N., Reid, K.J., Wang, C.H., & Zee, P.C. 
(2014). Impact of windows and daylight exposure on overall 
health and sleep quality of office workers: A  case-control 
pilot study. Journal of Clinical Sleep Medicine, 10(6): 603-611. 

	 https://doi.org/10.5664/jcsm.3780

Bratman, G.N., Daily, G.C., Levy, B.J., & Gross, J.J. (2015). The 
benefits of nature experience: Improved affect and cognition. 
Landscape and Urban Planning, 138: 41-50. 

	 https://doi.org/10.1016/j.landurbplan.2015.02.005

Browning, W.D., & Ryan, C.O. (2020). Nature Inside: A Biophilic 
Design Guide. England: Routledge.

Chae, J.H., Zoh, K.J., Kim, S.J., Hoh, Y.K., & Hwang, J.Y. (2014). 
A  study on operational systems and planning contents of 
parks and green space plan-focused on London, New York, 
Berlin, Sydney, Seoul. Journal of the Korean Institute of 
Landscape Architecture, 42(2): 91-102. 

	 https://doi.org/10.9715/KILA.2014.42.2.091

Chanda, M.L., & Levitin, D.J. (2013). The neurochemistry of 
music. Trends in Cognitive Sciences, 17(4): 179-193. 

	 https://doi.org/10.1016/j.tics.2013.02.007

https://doi.org/10.36922/ghes.0549
https://doi.org/10.1080/09603123.2021.1919293


Neuroinclusive workplaces and biophilic design

Volume 1 Issue 1 (2023)	 15� https://doi.org/10.36922/ghes.0549

Global Health Econ Sustain

Chen, L.Y., Lin, M.W., & Chuah, Y.K. (2017). Investigation of a 
potted plant (Hedera helix) with photo-regulation to remove 
volatile formaldehyde for improving indoor air quality. 
Aerosol and Air Quality Research, 17(10): 2543-2554. 

	 https://doi.org/10.4209/aaqr.2017.04.0145

Chu, S., Narayanan, S., & Kuo, C.C.J. (2009). Environmental 
sound recognition with time-frequency audio features. IEEE 
Transactions on Audio, Speech, and Language Processing, 
17(6): 1142-1158. 

	 https://doi.org/10.1109/tasl.2009.2017438

Coria-Avila, G.A., Pfaus, J.G., Orihuela, A., Domínguez-Oliva, A., 
José-Pérez, N., Hernández, L.A., & Mota-Rojas, D. (2022). 
The neurobiology of behavior and its applicability for animal 
welfare: A review. Animals (Basel), 12(7): 928. 

	 https://doi.org/10.3390/ani12070928

Crawford, E., & Wu, Y. (2011). Wayfinding in the Rail 
Environment: Technology and Behaviour Review. Project 
Leader: Dr. Dhamodharan Raman. Australia: CRC for Rail 
Innovation. Available from: https://humanrights.gov.au/
sites/default/files/attachment%203%20carriage%20way%20
finding%20report%20updated.pdf [Last accessed on 2023 
Jul 05].

Day, M. (2023). Amazon Pauses Construction on Second 
Headquarters in Virginia as it Cuts Jobs. United States: 
Bloomberg. Available from: https://www.bloomberg.
com/news/articles/2023-03-03/amazon-hq2-pauses-
construction-amid-layoffs-remote-work#xj4y7vzkg [Last 
accessed on 2023 Mar 03].

De Wilde, P., & de Souza, C.B. (2022). Interactions between 
buildings, building stakeholders and animals: A  scoping 
review. Journal of Cleaner Production, 367: 133055. 

	 https://doi.org/10.1016/j.jclepro.2022.133055

Depledge, M.H., Stone, R.J., & Bird, W.J. (2011). Can natural 
and virtual environments be used to promote improved 
human health and wellbeing? Environmental Science and 
Technology, 45(11): 4660-4665. 

	 https://doi.org/10.1021/es103907m

Dinishak, J. (2019). Autism, aspect-perception, and 
neurodiversity. Philosophical Psychology, 32(6): 874-897. 

	 https://doi.org/10.1080/09515089.2019.1632426

Dusek, J.A., & Benson, H. (2009). Mind-body medicine: A model 
of the comparative clinical impact of the acute stress and 
relaxation responses. Minnesota Medicine, 92(5): 47-50.

Erfanian, M., Mitchell, A.J., Kang, J., & Aletta, F. (2019). 
The psychophysiological implications of soundscape: 
A  systematic review of empirical literature and a research 
agenda. International Journal of Environmental Research and 
Public Health, 16(19): 3533. 

	 https://doi.org/10.3390/ijerph16193533

Fell, D.R. (2010). Wood in the Human Environment: Restorative 
Properties of Wood in the Built Indoor Environment 
(Doctoral Dissertation, University of British Columbia).

Fidan, D., Hamidi, S.B., & Hasirci, D. (2021). The Effects of 
Biophilic Design on Wayfinding in Elementary Schools. In: 
Edulearn21 Proceedings. Valencia: IATED, p.74-82.

Fisk, W.J., Black, D., & Brunner, G. (2011). Benefits and costs of 
improved IEQ in U.S. offices. Indoor Air, 21(5): 357-367. 

	 https://doi.org/10.1111/j.1600-0668.2011.00719.x

Fleck, R., Pettit, T.J., Douglas, A.N.J., Irga, P.J., & Torpy, F.R. (2020). 
Botanical biofiltration for reducing indoor air pollution. 
In: Pacheco-Torgal, F., Ivanov, V., & Tsang, D.C.W., (eds). 
Bio-Based Materials and Biotechnologies for Eco-Efficient 
Construction. Australia: Woodhead Publishing, p.305-327.

	 https://doi.org/10.1016/B978-0-12-819481-2.00015-5.

Fox, M. (eds.). (2016). Interactive Architecture: Adaptive World. 
United States: Chronicle Books.

Frumkin, H., & Fox, J. (2011). Contact with nature. In: Making 
Healthy Places: Designing and Building for Health, Well-
being, and Sustainability. Washington, DC: Island Press, 
p.229-243.

Gerger, E. (2012). Planning for the future of Paris: Comparing 
19th century haussmanization to 21st century le grand Paris. 
Focus, 9(1): 24. 

	 https://doi.org/10.15368/focus.2012v9n1.16

Gierbienis, M. (2019). Application of biophilic design 
in contemporary library architecture. International 
Multidisciplinary Scientific GeoConference: SGEM, 19(6.2): 
365-377. 

	 https://doi.org/10.5593/sgem2019/6.2/s27.047

Gillis, K., & Gatersleben, B. (2015). A  review of psychological 
literature on the health and wellbeing benefits of biophilic 
design. Buildings, 5(3): 948-963. 

	 https://doi.org/10.3390/buildings5030948

Grady, J. (1955). Nature and the art Nouveau. The Art Bulletin, 
37(3): 187-192. 

	 https://doi.org/10.1080/00043079.1955.11408304

Hähn, N., Essah, E., & Blanusa, T. (2021). Biophilic design and 
office planting: A case study of effects on perceived health, 
well-being and performance metrics in the workplace. 
Intelligent Buildings International, 13(4): 241-260. 

	 https://doi.org/10.1080/17508975.2020.1732859

Harder, M.K. (2022). Self-made design notes for an autistic’s 
office. In: Neurodivergence and Architecture. Amsterdam: 
Elsevier Science, p.129.

Hartig, T., van den Berg, A.E., Hagerhall, C.M., Tomalak, M., 
Bauer, N., Hansmann, R., & Waaseth, G. (2011). Health 
benefits of nature experience: Psychological, social and 

https://doi.org/10.36922/ghes.0549
https://doi.org/10.3390/ani12070928
https://doi.org/10.1111/j.1600-0668.2011.00719.x


Neuroinclusive workplaces and biophilic design

Volume 1 Issue 1 (2023)	 16� https://doi.org/10.36922/ghes.0549

Global Health Econ Sustain

cultural processes. In: Forests, Trees and Human Health. 
Germany: Springer, p.127-168.

Hu, J., He, Y., Hao, X., Li, N., Su, Y., & Qu, H. (2022). Optimal 
temperature ranges considering gender differences in 
thermal comfort, work performance, and sick building 
syndrome: A  winter field study in university classrooms. 
Energy and Buildings, 254: 111554. 

	 https://doi.org/10.1016/j.enbuild.2021.111554

Hutson, J. (2022). Social virtual reality: Neurodivergence and 
inclusivity in the metaverse. Societies, 12(4): 102. 

	 https://doi.org/10.3390/soc12040102

Jackson, Q., & Mansfield, J. (2019). Timber-the Human Material 
and a Case for Wellness World Engineers Convention 
(WEC) 2019. In: WEC2019: World Engineers Convention 
2019. Melbourne: Engineers Australia, p.832-845.

Jha, H., & Behera, S. (2022). Exploring biophilic design and 
its implications for mental health. In: Understanding 
Psychology in the Context of Relationship, Community, 
Workplace and Culture. Singapore: Springer Nature 
Singapore, p.297-314.

Jiang, B., He, J., Chen, J., Larsen, L., & Wang, H. (2021). 
Perceived green at speed: A  simulated driving experiment 
raises new questions for attention restoration theory and 
stress reduction theory. Environment and Behavior, 53(3):  
296-335.

	  https://doi.org/10.1177/0013916520947111

Jiang, S., & Verderber, S. (2017). On the planning and design of 
hospital circulation zones: A review of the evidence-based 
literature. HERD, 10(2): 124-146. 

	 https://doi.org/10.1177/1937586716672041

Jones, D.R. (2012). Looking through the “greenwashing glass 
cage” of the green league table towards the sustainability 
challenge for UK universities. Journal of Organizational 
Change Management, 25(4): 630-647. 

	 https://doi.org/10.1108/09534811211239263

Jonsson, E. (2002). Inner Navigation: Why we Get Lost and How 
we Find Our Way. United States: Simon and Schuster.

Joye, Y. (2011). Biophilic design aesthetics in art and design 
education. Journal of Aesthetic Education, 45(2): 17-35. 

	 https://doi.org/10.5406/jaesteduc.45.2.0017

Kellert, S., & Calabrese, E. (2015). The Practice of Biophilic 
Design. Vol. 3. London: Terrapin Bright LLC, p.21-46.

Kellert, S.R. (2008). Dimensions, elements, and attributes of 
biophilic design. In: Biophilic Design: The Theory, Science, 
and Practice of Bringing Buildings to Life. United States: 
John Wiley and Sons, p.3-19.

Kellert, S.R., & Wilson, E.O. (eds.). (1995). The Biophilia 
Hypothesis. Washington, DC: Island Press.

Kellert, S.R., Heerwagen, J., & Mador, M. (2011). Biophilic Design: 
The Theory, Science and Practice of Bringing Buildings to 
Life. United States: John Wiley and Sons.

Kent, M.G., & Schiavon, S. (2022). Predicting window view 
preferences using the environmental information criteria. 
LEUKOS the Journal of the Illuminating Engineering Society 
of North America, 19: 1-20. 

	 https://doi.org/10.1080/15502724.2022.2077753

Knight, W.E., & Rickard, N.S. (2001). Relaxing music prevents 
stress-induced increases in subjective anxiety, systolic 
blood pressure, and heart rate in healthy males and females. 
Journal of Music Therapy, 38(4): 254-272. 

	 https://doi.org/10.1093/jmt/38.4.254

Koppel, R. (2022). Estimating the United States’ cost of healthcare 
information technology. In: Healthcare Information 
Management Systems: Cases, Strategies, and Solutions. 
Cham: Springer International Publishing, p.3-38.

Kropman, D., Appel-Meulenbroek, R., Bergefurt, L., & LeBlanc, P. 
(2022). The business case for a healthy office; a holistic 
overview of relations between office workspace design and 
mental health. Ergonomics, 66: 658-675. 

	 https://doi.org/10.1080/00140139.2022.2108905

Lachenmyer, N.S., & Akasha, S. (2022). An aquarium of machines: 
A physically realized artificial life simulation. Proceedings of 
the ACM on Computer Graphics and Interactive Techniques, 
5(4): 1-11. 

	 https://doi.org/10.1145/3533388

Langer, J. (2021). The Impact of the Physical Office Environment 
on Occupant Wellbeing (Doctoral Dissertation, Cardiff 
University).

Lee, J., Park, B.J., Tsunetsugu, Y., Ohira, T., Kagawa, T., & 
Miyazaki, Y. (2011). Effect of forest bathing on physiological 
and psychological responses in young Japanese male 
subjects. Public Health, 125(2): 93-100. 

	 https://doi.org/10.1016/j.puhe.2010.09.005

Lerner, A., & Stopka, M. (2016). The financial benefits of 
biophilic design in the workplace: A review and summary of 
current research. MIST International Journal of Science and 
Technology.

Luo, B., Lau, R.Y., Li, C., & Si, Y.W. (2022). A critical review of 
state‐of‐the‐art chatbot designs and applications. Wiley 
Interdisciplinary Reviews: Data Mining and Knowledge 
Discovery, 12(1): e1434. 

	 https://doi.org/10.1002/widm.1434

MacNaughton, P., Satish, U., Laurent, J.G.C., Flanigan, S., 
Vallarino, J., Coull, B., & Allen, J.G. (2017). The impact of 
working in a green certified building on cognitive function 
and health. Building and Environment, 114: 78-186. 

	 https://doi.org/10.1016/j.buildenv.2016.11.041

https://doi.org/10.36922/ghes.0549


Neuroinclusive workplaces and biophilic design

Volume 1 Issue 1 (2023)	 17� https://doi.org/10.36922/ghes.0549

Global Health Econ Sustain

Marchi, L. (2013). Designing for Adults with Autism Spectrum 
Disorders: Optimized LiveWorkPlayLearn Environments. 
United States: Clemson University.

Mazuch, R. (2017). Salutogenic and biophilic design as therapeutic 
approaches to sustainable architecture. Architectural Design, 
87(2): 42-47. 

	 https://doi.org/10.1002/ad.2151

Menezes, K., de Oliveira-Smith, P., & Woodworth, A.V. (eds.). 
(2021). Programming for Health and Wellbeing in 
Architecture. England: Routledge.

Moslehian, A.S., Roös, P.B., Gaekwad, J.S., & Van Galen, L. (2023). 
Potential risks and beneficial impacts of using indoor plants 
in the biophilic design of healthcare facilities: A  scoping 
review. Building and Environment, 233: 110057. 

	 https://doi.org/10.1016/j.buildenv.2023.110057

Motti, V.G. (2019). Designing Emerging Technologies for and 
with Neurodiverse Users. In: Proceedings of the 37th ACM 
International Conference on the Design of Communication, 
p.1-10.

Nicolini, E. (2022). Built environment and wellbeing-standards, 
multi-criteria evaluation methods, certifications. 
Sustainability, 14(8): 4754. 

	 https://doi.org/10.3390/su14084754

Nieuwenhuis, M., Knight, C., Postmes, T., & Haslam, S.A. (2014). 
The relative benefits of green versus lean office space: Three 
field experiments. Journal of Experimental Psychology: 
Applied, 20(3): 199-214. 

	 https://doi.org/10.1037/xap0000024

Park, G., Nanda, U., Adams, L., Essary, J., & Hoelting, M. (2020). 
Creating and testing a sensory well‐being hub for adolescents 
with developmental disabilities. Journal of Interior Design, 
45(1): 13-32. 

	 https://doi.org/10.1111/joid.12164

Parry, S., & Straker, L. (2013). The contribution of office work to 
sedentary behaviour associated risk. BMC Public Health, 
13(1): 296. 

	 https://doi.org/10.1186/1471-2458-13-296

Parsaee, M., Demers, C.M.H., Hébert, M., Lalonde, J.F., & Potvin, A. 
(2019). A  photobiological approach to biophilic design in 
extreme climates. Building and Environment, 154: 211-226. 

	 https://doi.org/10.1016/j.buildenv.2019.03.027

Patel, V., Chesmore, A., Legner, C.M., & Pandey, S. (2022). 
Trends in workplace wearable technologies and connected‐
worker solutions for next‐generation occupational safety, 
health, and productivity. Advanced Intelligent Systems, 4(1): 
2100099. 

	 https://doi.org/10.1002/aisy.202100099

Patterson, M.R. (2017). Skin Fit and Retrofit: Challenging the 

Sustainability of Curtainwall Practice in Tall Buildings 
(Doctoral Dissertation, University of Southern California).

Pawar, B.S. (2013). A proposed model of organizational behavior 
aspects for employee performance and well-being. Applied 
Research in Quality of Life, 8: 339-359. 

	 https://doi.org/10.1007/s11482-012-9193-7

Peng, W.X., Yue, X., Chen, H., Ma, N.L., Quan, Z., Yu, Q., 
& Sonne,  C. (2022). A  review of plants formaldehyde 
metabolism: Implications for hazardous emissions and 
phytoremediation. Journal of Hazardous Materials, 
436: 129304. 

	 https://doi.org/10.1016/j.jhazmat.2022.129304

Perry, B.D., & Pollard, R. (1998). Homeostasis, stress, trauma, 
and adaptation. A  neurodevelopmental view of childhood 
trauma. Child and Adolescent Psychiatric Clinics North 
America, 7(1): 33-51, viii. 

	 https://doi.org/10.1016/s1056-4993(18)30258-x

Peterson, H.R., Rothschild, M., Weinberg, C.R., Fell, R.D., 
McLeish, K.R., & Pfeifer, M.A. (1988). Body fat and the 
activity of the autonomic nervous system. New England 
Journal of Medicine, 318(17): 1077-1083. 

	 https://doi.org/10.1056/nejm198804283181701

Requena, E.G. (2021). Neurodiversity and Biophilia: The Future 
of the Workspace in the Post-pandemic Era. Mexico: 
ArchDaily, p.6.

Robinson, S., & Pallasmaa, J. (eds.). (2015). Mind in Architecture: 
Neuroscience, Embodiment, and the Future of Design. 
United States: Mit Press.

Ryan, C.O., & Browning, W.D. (2020). Biophilic design. In: 
Sustainable Built Environments. New York: Springer, p.43-85.

Ryan, C.O., Browning, W.D., Clancy, J.O., Andrews, S.L., & 
Kallianpurkar, N.B. (2014). Biophilic design patterns: 
Emerging nature-based parameters for health and well-
being in the built environment. ArchNet-IJAR, International 
Journal of Architectural Research, 8(2): 62-76. 

	 https://doi.org/10.26687/archnet-ijar.v8i2.436

Sander, E.J., Caza, A., & Jordan, P.J. (2019). The physical work 
environment and its relationship to stress. In: Organizational 
Behaviour and the Physical Environment. England: 
Routledge, p.268-284.

Schumacher, S., Kirschbaum, C., Fydrich, T., & Ströhle, A. (2013). 
Is salivary alpha-amylase an indicator of autonomic nervous 
system dysregulations in mental disorders?-a review of 
preliminary findings and the interactions with cortisol. 
Psychoneuroendocrinology, 38(6): 729-743. 

	 https://doi.org/10.1016/j.psyneuen.2013.02.003

Seidi, F., Deng, C., Zhong, Y., Liu, Y., Huang, Y., Li, C., & Xiao, H. 
(2021). Functionalized masks: Powerful materials against 
COVID‐19 and future pandemics. Small, 17(42): e2102453. 

https://doi.org/10.36922/ghes.0549
https://doi.org/10.1016/s1056-4993(18)30258-x
https://doi.org/10.1056/nejm198804283181701


Neuroinclusive workplaces and biophilic design

Volume 1 Issue 1 (2023)	 18� https://doi.org/10.36922/ghes.0549

Global Health Econ Sustain

	 https://doi.org/10.1002/smll.202102453

Sieghardt, M., Mursch-Radlgruber, E., Paoletti, E., Couenberg, E., 
Dimitrakopoulus, A., Rego, F., & Randrup, T.B. (2005). 
The abiotic urban environment: Impact of urban growing 
conditions on urban vegetation. In: Urban Forests and Trees: 
A Reference Book. Germany: Springer, p.281-323.

Söderlund, J., & Newman, P. (2017). Improving mental health in 
prisons through biophilic design. The Prison Journal, 97(6): 
750-772. 

	 https://doi.org/10.1177/0032885517734516

Tang, Y.Y., Tang, R., Posner, M.I., & Gross, J.J. (2022). Effortless 
training of attention and self-control: Mechanisms and 
applications. Trends in Cognitive Sciences, 26: 567-577. 

	 https://doi.org/10.1016/j.tics.2022.04.006

Tekin, B.H., Corcoran, R., & Gutiérrez, R.U. (2023). The impact 
of biophilic design in Maggie’s Centres: A  meta-synthesis 
analysis. Frontiers of Architectural Research, 12(1): 188-207. 

	 https://doi.org/10.1016/j.foar.2022.06.013

Tharim, A.H.A., Ahmad, A.C., Saarani, P.S.N., Haossain, N.Q.R., 
Purwanto, E., Tafridj, I.S.I., & Prasetio, T. (2022). The 
determinant factors of biophilic design strategies and 
occupants’psychological performance in office building. 
Malaysian Journal of Sustainable Environment, 9(3): 87-106. 

	 https://doi.org/10.24191/myse.v9i3.18292

Ulrich, R.S., Simons, R.F., Losito, B.D., Fiorito, E., Miles, M.A., 
& Zelson, M. (1991). Stress recovery during exposure to 
natural and urban environments. Journal of Environmental 
Psychology, 11(3): 201-230. 

	 https://doi.org/10.1016/S0272-4944(05)80184-7

Van den Bosch, M., & Bird, W. (eds.). (2018). Oxford Textbook of 
Nature and Public Health: The Role of Nature in Improving 
the Health of a Population. United  Kingdom: Oxford 
University Press.

Van der Geest, T. (2020). Twice Exceptional: Shaping Supportive 
Environments for Neurodiversity (Master’s Thesis).

Wang, X., Mo, X., Fan, M., Lee, L.H., Shi, B.E., & Hui, P. (2022). 
Reducing Stress and Anxiety in the Metaverse: A Systematic 

Review of Meditation, Mindfulness and Virtual Reality. 
ArXiv. 

	 https://doi.org/10.48550/arXiv.2209.14645

Wilkinson, S., & Orr, F. (2017). The Impact of Horticulture 
Therapy on Mental Health Care Consumers on a Retrofitted 
Roof. In: Annual Pacific Rim Real Estate Society Conference. 
Pacific Rim Real Estate Society Conference.

Williams, K.J.H., Lee, K.E., Hartig, T., Sargent, L.D., 
Williams, N.S.G., & Johnson, K.A. (2018). Conceptualising 
creativity benefits of nature experience: Attention restoration 
and mind wandering as complementary processes. Journal 
of Environmental Psychology, 59: 36-45. 

	 https://doi.org/10.1016/j.jenvp.2018.08.005

Wilson, E.O. (1986). Biophilia. United States: Harvard University 
Press.

Wood, R.A., Orwell, R.L., Tarran, J., Torpy, F., & Burchett,  M. 
(2002). Potted-plant/growth media interactions and 
capacities for removal of volatiles from indoor air. The 
Journal of Horticultural Science and Biotechnology, 77(1): 
120-129. 

	 https://doi.org/10.1080/14620316.2002.11511467

Zare, G., Faizi, M., Baharvand, M., & Masnavi, M.R. (2021). 
Determination of biophilic design strategies that affecting 
the patients’ health in hospitals. Journal of Iranian 
Architecture and Urbanism (JIAU), 12(1): 59-78. 

	 https://doi.org/10.30475/isau.2020.210114.1318

Zari, M.P. (2017). What Makes a City ‘Biophilic’? Observations 
and Experiences from the Wellington Nature Map 
project. In: Back to the Future: The Next 50 Years, 
51st International Conference of the Architectural Science 
Association. New Zealand: The Architectural Science 
Association and Victoria University of Wellington, p. 
105-114.

Zhong, W., Schröder, T., & Bekkering, J. (2022). Biophilic design 
in architecture and its contributions to health, well-being, 
and sustainability: A critical review. Frontiers of Architectural 
Research, 11(1): 114-141. 

	 https://doi.org/10.1016/j.foar.2021.07.006

https://doi.org/10.36922/ghes.0549
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1016/j.foar.2021.07.006

	Neuroinclusive workplaces and biophilic design: Strategies for promoting occupational health and sustainability in smart cities
	Recommended Citation

	TX_1~ABS:AT/TX_2~ABS:AT

