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ABSTRACT 

 

The quality of living is an essential aspect of human health and well-being. One of those 

qualities is establishing a connection to nature and exposing humans to natural systems. In 

addition, biophilic design has been proven to improve the well-being of people. This research 

will be a leading guide to integrating biophilic design for residential buildings in the Gulf 

region. Furthermore, it will pave the way for future research and application of a greener Dubai 

that can be followed in other Emirates and Gulf countries. 

The study explored the difference in peopleôs satisfaction with biophilic features in residential 

building types to identify new strategies that can promote more human-nature connections. 

Surveys and interviews were the methodologies used. 

The results showed that the overall satisfaction with biophilic features was high. However, there 

was a significant difference in satisfaction of ability to control the artificial light between villas 

and townhouses and villas and high-rises, respectively. Also, the metrics showed low 

satisfaction with the access to the greenery in high-rise buildings compared to townhouses and 

villas. 

In high-rise buildings, the strategies proposed showed that more than 75% accepted the ability 

to open and close their balconies according to season. In addition, over 82% agreed to utilize 

an outdoor shaded roof garden, and almost 78% agreed to participate in indoor vertical farming. 

Moreover, 63% accepted joining clubs that promote environmental events, and over 75% 

agreed to participate in outdoor recreational activities that educate people about native flora and 

fauna. 

Finally, the interviews with different stakeholders showed an inclination toward incentive 

programs rather than obligations that could be managed by Dubai Municipality. Most 

importantly, consider that biophilic design is not typical; it is a case-by-case scenario. These 

results show the high potential integrating of the proposed solutions in Dubaiôs architecture. 

 

Keywords: Biophilic design, Biophilic solutions, residential buildings, Dubai, UAE. 



ϣЂϜϼϸЮϜ Ј϶Яв 

ЬϝЊϦϜ ̭ϝІжϖ сТ ϤϝУЊЮϜ иϺк оϸϲϖ ЬϪвϦϦ .йкϝТϼм дϝЂжшϜ ϣϲЊ ϞжϜмϮ дв ϝ̯тЂϝЂϒ ϝ̯ϠжϝϮ ϣІтЛвЮϜ ϢϸмϮ ϸЛϦ ϣЛтϠАЮϝϠ ̪

 сЯтТмтϠЮϜ атвЊϦЮϜ дϒ ϤϠϪ ϸЧТ ̪ ШЮϺ пЮϖ ϣТϝЎшϝϠ .ϣтЛтϠАЮϜ ϣвДжчЮ ϼІϠЮϜ ЌтϼЛϦмЀϝжЮϜ ϣткϝТϼ дЂϲт .Ђ ϜϺк дмЪт

ϦЮϜм ϨϲϠЯЮ ХтϼАЮϜ ϸлвтЂм .ϭтЯ϶ЮϜ ϣЧАжв сТ ϣтжЪЂЮϜ сжϝϠвЯЮ рмтϲЮϜ атвЊϦЮϜ ϭвϸЮ Ϝ̯ϸϚϜϼ ̯ытЮϸ ϨϲϠЮϜ сϠϸЮ сЯϠЧϦЂвЮϜ ХтϠА

оϼ϶цϜ ϭтЯ϶ЮϜ Ьмϸм ϤϜϼϝвшϜ сТ ϝлКϝϠϦϜ дЪвт Ϝ̯ϼϜϼЎ϶Ϝ ϼϪЪϒ. 

 

ϝвЂЮϜ дК ЀϝжЮϜ ϝЎϼ сТ РыϦ϶ъϜ ϣЂϜϼϸЮϜ иϺк ϤУІЪϦЂϜϦЂъϜ ϸтϸϲϦЮ ϣтжЪЂЮϜ сжϝϠвЮϜ ИϜмжϒ сТ ϣтмтϲЮϜ Ϥ ϤϝтϮтϦϜϼ

жвЮϜ ϤжϝЪ ϤыϠϝЧвЮϜм ϤϝжϝтϠϦЂъϜ .ϣтϼІϠЮϜ ϣЛтϠАЮϜ дтϠ АϠϜмϼЮϜ дв ϸтϾвЮϜ ϾϾЛϦ дϒ дЪвт сϦЮϜ ϢϸтϸϮЮϜϣвϸ϶ϦЂвЮϜ ϤϝтϮл. 

тϠЪ ФϼТ Шϝжк дϝЪ ̪ ШЮϺ Йвм .ϝ̯ЛУϦϼв дϝЪ ϣтмтϲЮϜ ϤϝвЂЮϜ дК аϝЛЮϜ ϝЎϼЮϜ дϒ ϭϚϝϦжЮϜ ϤϼлДϒЧЮϜ ϝЎϼ сТ ϼ пЯК Ϣϼϸ

ϤϼлДϒ ϝвЪ .сЮϜмϦЮϜ пЯК ϣтжЪЂЮϜ ϬϜϼϠъϜм ЬЯтУЮϜм Ѐмϝк дмϝϦЮϜм ЬЯУЮϜ дтϠ ϣтКϝжЊЮϜ Ϣ̭ϝЎшϜ сТ аЪϲϦЮϜ  ϝЎϼ ЀттϝЧвЮϜ

К ЌУ϶жв ЬмЊмЮϜ дЬЯУЮϜм Ѐмϝк дмϝϦЮϝϠ ϣжϼϝЧв ϣтжЪЂЮϜ ϬϜϼϠцϜ сТ ̭ϜϼЎ϶ЮϜ ϤϝϲϝЂвЮϜ пЮϖ.  

ϤϝтϮтϦϜϼϦЂъϜ ϤϼлДϒ ̪ ϣЧкϝІЮϜ сжϝϠвЮϜ сТ  дв ϼϪЪϒ дϒ ϣϲϼϦЧвЮϜ75ϱϦТ пЯК ϢϼϸЧЮϜ ϼтТмϦ ϢϼЪТ ϜмЯϠЧϦ ́  алϦϝТϼІ ФыОϖм

 дв ϼϪЪϒ ХТϜм ̪ ШЮϺ пЮϖ ϣТϝЎшϝϠ .аЂмвЮϜ ϞЂϲ82Ϝмм ̪ ХЯАЮϜ ̭ϜмлЮϜ сТ ϣЯЯДв РЧЂ ϣЧтϸϲ аϜϸ϶ϦЂϜ пЯК ́ ХТ78 ́

ϣтЯ϶ϜϸЮϜ ϣтЂϒϼЮϜ ϣКϜϼϾЮϜ сТ ϣЪϼϝІвЮϜ пЯК ϝ̯ϠтϼЧϦ. 

 ХТϜм ̪ ШЮϺ пЯК ϢмыК63 пЯК ́ дв ϼϪЪϒ ХТϜмм ̪ ϣтϚтϠЮϜ ϨϜϸϲчЮ Ϭ̵мϼϦ сϦЮϜ ϣтϸжцϜ пЮϖ аϝвЎжъϜ75 ́К ϣЪϼϝІвЮϜ пЯ

ϣтЯϲвЮϜ ϤϝжϜмтϲЮϜм ϤϝϦϝϠжЮϜ Ьмϲ ЀϝжЮϜ РтЧϪϦЮ ϣтϮϼϝ϶ЮϜ ϣтлтТϼϦЮϜ ϣАІжцϜ сТ. 

 

 ϼϝϠϮъϜ дв ̯ъϸϠ ϾТϜмϲЮϜ ϭвϜϼϠ сжϠϦ мϲж Ьтв ϸмϮм ϣϲЯЊвЮϜ ϞϝϲЊϒ РЯϦ϶в Йв ϤыϠϝЧвЮϜ ϤϼлДϒ ̪ Ϝ̯ϼт϶ϒϜ дЪвт сϦЮ

ϮϺмвж ЀтЮ сЯтТмтϠЮϜ атвЊϦЮϜ дϒ ϼϝϠϦКцϜ дтЛϠ Ϻ϶цϜ ̪ ШЮϺ дв акцϜ .ШϼϦІв ЬЪІϠ сϠϸ ϣтϸЯϠ ϝкϼтϸϦ дϒ ХϠАт ϝвжϒм ̫ ϝ̯т

 ϣϲϼЧвЮϜ ЬмЯϲЮϜ Ьϝ϶ϸъ ϢϼтϠЪЮϜ ϤϝтжϝЪвъϜ ϭϚϝϦжЮϜ иϺк ϼлДϦ .йϠ ϣАтϲвЮϜ РмϼДЮϜ м пжϠвЮϜ ϤϝтАЛв ϞЂϲЮ сжϝϠвЯ

.сϠϸ сТ ϣтϼϝвЛвЮϜ 
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CHAPTER 1 

Introduction  

Sustainability is the sought-after approach of countries around the globe as a response to the 

rise of the earth's temperature and climate change that built up pressure to take action. 

According to the world urbanization report (United Nations 2019) the urban population is 

quickly rising, from 30% in 1950 to 55% in 2018. The same report estimated the population 

increase to 68% percent in urban areas, with a projected population of 6.7 billion per capita by 

2050. These numbers are valid proof of the expected expansion of the built environment. 

Urban growth will have an influence on the environment and ecological systems, not to mention 

the damage that is already done. According to World Green Building Council (WGBC 2017), 

39% of Greenhouse Gas (GHG) emissions are caused by the building and construction sector. 

Therefore, governments and organizations have implemented policies to tackle the imbalance. 

The energy was the main target in the schemes proposed to achieve sustainability. Despite 

successfully reducing energy consumption, one significant aspect was overlooked, the human 

aspect. Neglection of the human dimension meant people were disconnected from their 

environment, causing adverse mental health and well-being outcomes. The emergence of the 

COVID-19 pandemic widened the gap between people and the environment. People had to use 

their living spaces for multiple functions, such as work, physical activity, and remotely 

connecting with the world. Hence, the need to revive the connection with nature became critical 

for healthy living. 

In the UAE, speculations about the rate of GHG are expected to be higher than the global rate. 

Due to the significant cooling demand and inefficient energy consumption of existing buildings. 

Therefore, energy efficiency, green building codes, and clean energy sourcing are the essential 

mitigation tools to face climate change (Emirates Green Building Council 2020). 

In 2017 the UAE signed the Paris climate agreement to control and reduce carbon emissions 

and enhance the resilience of buildings (Emirates Green Building Council 2020). This step is 

aligned with many local and federal UAE goals. The UAE vision in 2021, UAE agenda for 

sustainable building 2015-2030, UAE strategy for energy consumption by 2050  (Emirates 
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Green Building Council 2020), and Dubai's 2040 urban master plan that aims to improve the 

quality of living (The United Arab Emiratesô Governmental Portal 2022). 

The disconnection people experience in Dubai is highlighted in the Dubai study (Murtagh et al. 

2022). During the hot weather, occupants spend all their time indoors, unable to go outside, 

feeling disconnected from nature and imprisoned indoors with no shading devices and high-

energy consumption to cool the interior spaces. Furthermore, human behavior was also 

highlighted in the study. While people enjoyed outdoor activities during warm winters, the 

extreme weather during summer changed their social activities and limited them. Moreover, 

windows opened were minimal during winter, and some people never opened their windows. 

(Murtagh et al. 2022).  

Therefore, we must find ways to recover the connection with nature despite the weather 

conditions. Andreucci et al. (2021) described the disconnection in daily lives, the gap in human-

nature connection, and the lack of sustainable behavior as a loss of an unexploited opportunity. 

Sustainable behavior is interpreted as the actions taken to enhance the quality of living 

considering present and forthcoming generations without risking the depletion of the 

environment's resources (Tapia-Fonllem, Corral-Verdugo & Fraijo-Sing 2017).  

Promoting connection to nature can be achieved through biophilic design, an approach to 

designing buildings considering the connection to nature through biophilic features. Many 

biophilic studies explored this method. For example, Andreucci et al. (2021) highlighted 

Biophilic Design as the method to improve our sustainable behavior and mental health by using 

policies and design guidelines on diverse levels, from unit to city. Then, our daily lives will be 

connected to nature, and sustainable behavior will help us face climate change and disease 

outbreaks. 

Plenty of studies also proved the positive impact of human connection to nature. However, 

research results are not conveyed in design guidelines and policies on different levels because 

of the lack of understanding of how to do this transformation. Further research is needed to 

carry out the application (Frumkin et al. 2017). A significant part of sustainability is applied 

through improving indoor environmental qualities that influence occupants' physical and 

psychological health and relate to biophilic design. 



3 

 

Since the UAE has long and short-term visions to enhance the quality of living in the country, 

this research will explore the current status of the residential sector and the level of satisfaction 

of occupants with biophilic features in their dwellings. The purpose is to highlight gaps and 

propose strategies to promote a better human-nature experience. This approach will be adopted 

by exploring the view of the main stakeholders in the construction industry to ensure the 

proposal of practical solutions. The author assumed that the assessment would differ from one 

city to another. Hence, the focus will be on Dubai emirate. 

1.1. Overview 

It is essential to understand the global and the local context to define the standpoint of this 

research and prospects possible in later steps of the study. A global issue that cannot be 

overlooked is climate change. Figure 1.1 illustrates the average deviation of the earthôs 

temperature from the average computed temperature between 1880 and 2015 since the 

nineteenth century (Buchholz 2021). There is a pattern of temperature rise with a noticeable 

acceleration between 2000 and 2020. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.1. A graph illustrates the monthly temperature deviation from the avarage temperature estimated 

between (1880-2015) (Buchholz 2021). 
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The National Aeronautics and Space Administration (NASA) calculations deduced that 2016 

is the warmest year for the earth, followed by 2020 (Buchholz 2021). On the local scale, the 

UAE is considered on top of the countries at risk of climate change (The United Arab Emirates 

governmental portal 2020). 

From a closer look at the greenhouse gas emissions per capita and the standpoint of the UAE 

globally, the UAE has one of the highest GHG per capita, as shown in Fig. 1.2. In 2018, 20.8 

tons is the amount of CO2e per capita in the UAE (Ritchie & Roser 2020). 

 

 

Looking at the sectors in the UAE responsible for GHG emissions, manufacturing and 

construction have the highest impact, with 80.77 million tons of CO2e, as shown in Fig.1.3 

(Ritchie & Roser 2020). 

Figure 1.2. Illustration of greenhouse gas emissions globally per capita (Ritchie & Roser 2020). 
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1.1.1. Dubai Context 

The local climate is a significant factor that should be considered in the study. It will help in 

assessing applications found in different geographical locations. The solutions found in one 

location may or may not be applicable due to the weather; hence the local climate of Dubai will 

be studied beforehand. 

Dubai's climate is hot arid, and humid in summer and mild in Winter. The average maximum 

temperature exceeds 30 degrees from March till November, with July as the hottest month. The 

chance of rain is minimal from December to March, as shown in Fig.1.4. (Weather Spark n.d.) 

 

 

 

Figure 1.3. Illustration for greenhouse gas emissions emitted from different sectors in the 

UAE and measured in a million tons (million t) (Ritchie & Roser 2020). 
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Humidity reaches very high levels from May to October, as shown in Fig.1.5. The humidity 

reaches a comfortable level during the winter months. July has the highest number of muggy 

days, a minimum of 27 days. Mild wind speed variation is found, the average minimum wind 

speed is 3.1m/s in October, and the average maximum is 4.2m/s in March (Weather Spark n.d.). 

 

Figure 1.5. The percentage of time in different humidity levels is categorized by different due points (Weather 

Spark n.d.) 

Figure 1.4. Average daily temperature and precipitation (Weather Spark n.d.) 
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1.1.2. Dubai Future 

The urban master plan for Dubai by 2040 is expected to increase the amount of green and 

recreational areas, build healthy, inclusive communities, and improve environmental 

sustainability (The United Arab Emiratesô Governmental Portal 2022). Dubai Clean Energy 

strategy by 2050 aims to shift the emirateôs demand for clean energy by 75%. The strategy also 

aims to set Dubai as a central city for a green economy and clean energy  (The United Arab 

Emiratesô Governmental Portal 2020).  

1.1.3. Residential buildings 

In 2002, freehold ownership was issued in Dubai, making it the first Emirate in the UAE to 

permit expatriates to own properties in specified zones. Freehold ownership differs from 

leasehold ownership in that it grants the owner all the rights to lease, sell and own the property. 

On the other hand, in the leasehold, the property rights are granted for a specific time, up to 99 

years, without owning the land (Rashid n.d.). This rule was a significant milestone in Dubai's 

residential fabric, with an increase in population from 862,387 in 2000 to 1,321,453 in 2005. 

By 2021, the estimated population is 3,478,300 (Dubai Statistics Center 2021). The supply of 

housing demand extended from the Creek area to the Emirates Living area (Jung et al. 2021). 

According to Aldogom et al. (2019), over 400km2 of the desert is converted into urban areas. 

 

 

 

1.2. Study Motivation 

Since the UAE is setting many sustainable visions, the plans and strategies will carry massive 

reflections on the construction sector. Shifting the perception of energy-efficient buildings into 

more human-centric constructions will reinforce achieving sustainability on multiple levels. 

The practices of biophilic design are found in historical buildings without necessarily 

addressing Biophilic design. Hence, the designers, architects, and authorities are responsible 

for employing new strategies to bring the attention of stakeholders. This research will be a 

leading guide to integrating biophilic design for Gulf region residential buildings. It will pave 
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the way for future research and application of a greener Dubai that can be followed in other 

Emirates and Gulf countries. 

1.3. Aims and Objectives 

This research aims to assess the current residential sector in Dubai, specifically high-rise 

buildings and villas. Occupants' satisfaction will be investigated based on specified parameters 

of biophilic design that will be highlighted in Section 2.7. The study also aims to propose 

strategies found in the literature that are eligible for application in Dubai's context based on the 

view of the stakeholders of the field. 

The objectives that will be achieved in this research: 

1-    Understand Biophilic design features and applications found in literature and case studies 

worldwide, and define the parameters that will be studied. 

2-    Build a survey tool from literature to investigate occupants' satisfaction in residential 

buildings. 

3-    Test a pilot survey for its effectiveness as a tool to collect data. 

4-    Distribute the survey tool to obtain high-rise buildings and villas results. 

5-    Test the acceptance of occupants to new strategies extracted from literature, local building 

regulation, and international codes. 

6-    Evaluate the relationship between the parameters defined and the overall satisfaction with 

the indoor environment. 

7-    Evaluate the relation between satisfaction level and the building type. 

8-  Assess the potential strategies by interviewing experts and decision-makers to check the 

eligibility of those strategies in Dubai. 

9-    Propose strategies that can be applied in the local code based on the interviews and the 

acceptance response extracted from the survey results. 
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1.4. Dissertation Structure 

The research structure is divided into five main sections, followed by references. The following 

is a brief description of the contents of each section: 

Section 1: The introduction to the topic with an overview, study motivation, aims and 

objectives, research structure, and context. 

 

Section 2: Literature review divided into sub-sections to explain biophilia and the emergence 

of biophilic design, the benefits and impacts of biophilic features, integration found in different 

building regulations around the globe, biophilic studies and applications. Followed by defining 

the knowledge gap and research framework. 

 

Section 3: Outlines the diverse methodologies found in the literature that is most relevant to 

the topic of the study and the tools used to carry out other research. Then the most preferred 

method will be identified with the justification of the selected tools. 

 

Section 4: Will present the results of the survey and interviews and critically discuss the 

outcomes with what is found in the literature review. 

 

Section 5: will present the conclusions and recommendations for future research work and 

study limitations. 

1.5. Research Context 

The research will cover Dubai emirate due to time limitations. Moreover, the study will focus 

on two building types; villas and high-rise buildings. According to statistics, villas cover the 

largest building type in Dubai, and multistorey buildings follow (Statista 2019). A further look 

at people's demands showed an increased shift towards villas and townhouses (Halligan 2021). 

This trend emerged after the pandemic, which created new settings for working and schooling 

from home. People preferred living on the city's outskirts in villas or townhouses where more 

space is provided at affordable pricing. According to the same source (Halligan 2021),  the 

director of research and data in a real estate company 'Property Finder' expressed a notable 

increase in searches on the company's website for key terms like a garden, pool, and balcony. 
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The director also highlighted that more rental contracts for villas and townhouses are noticed 

than in apartments compared to earlier years. Initially, the author considered villas as one of the 

building types for the study. High-rise buildings are selected based on two criteria; First, to 

build a strong contrast when comparing the building types. Second, the author saw potential 

strategies for integrating biophilic design found in literature while researching. During the pilot 

testing, the author noticed that villas and townhouses are interchanged and referred to as a single 

type by occupants. This finding was related to developers labeling townhouses inside 

communities as villas. To eliminate any confusion, the author added townhouses as a third 

building type.  
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CHAPTER 2 

Literature Review 

2.1. Biophilia and Biophilic design overview 

In the 1960s, Biophilia was first introduced by Eric Fromm, a social psychologist who described 

loving life and all living creatures with this term. The word Biophilia was derived from the 

Greek language óBioô means life, and óphiliaô means feeling affectionate toward nature 

(Merriam-Webster n.d.)(Biophilia Foundation 2019). Edward Wilson found this term 

meaningful in his book óBiophilia .ôHe Described Biophilia as the inborn quality in humans to 

love nature and natural systems (Wilson 1984) (Kellert & Wilson 1993), and Biophilic design 

(BD) as the intentional attempt to explain this quality and understand it (Kellert 2008). 

The emergence of biophilic design resulted from developing biophilia in the architectural sector 

that highlighted the emotional connection to nature (Zhong, Schröder & Bekkering 2022). In 

(Joye 2007) study, the author proposed the imitation of organic objects and the use of fractal 

geometries found in the environment to enhance peopleôs well-being. He also noted that 

architects and psychologists should work in parallel to evolve the guidelines of biophilic 

architecture. 

(Kellert 2008) provided an early foundation of biophilic design. By defining two main 

dimensions for BD; the nature-related (naturalistic) dimension and the location-based 

dimension. The naturalistic dimension is related to forms or objects that indicate the inborn 

attraction to nature in a direct, indirect, or symbolic manner. On the other hand, the location-

based dimension is related to the buildings and landscape in a particular environment or 

topography. Also related to the spiritual impact of the place on people and its meaning to their 

identity. (Kellert 2008) further described the naturalistic dimensions into three types. The first 

is direct experience through self-dependent natural elements such as sunlight, vegetation, 

animals, and the natural environment. Moreover, the indirect experience requires a human 

contribution to last, such as potted planters, fish tanks, and water features. Finally, the symbolic 

experience is achieved by interaction with illustrations that relate to nature with no exposure to 

real nature. It can be experienced through pictures, videos, or analogies (Kellert 2008).  
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The two main dimensions (naturalistic and location-based) are linked to six BD elements; 

Environmental features, natural shapes, natural patterns and activities, space and light, location-

based relation, and developed human-nature bond. These six categories manifest over 70 BD 

qualities illustrated in Table 2.1. (Kellert 2008).  

 

 

(Browning, Ryan & Clancy 2014) also touched on the patterns of BD and classified them into 

14 patterns clustered in three main categories; patterns of nature in the space, of the space, and 

natural analogues to critically emphasize the significance of connections to nature and apply 

those patterns as tools for improving the human-nature connection. 

BD concept scope was explored in (Beatley 2011) book that discussed the importance of 

integrating biophilic features on multiple scales; room, building, and region. He also 

highlighted the significance of daily exposure to nature. Another considerable thought is the 

Table 2-1. Biophilic design elements and features (Kellert 2008, P.15) 
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need for new local guidelines and codes, with incentive programs encouraging movement and 

obligatory programs pushing the biophilic movement forward. 

Furthermore, (Beatley & Newman 2013) highlighted the growing interest of architects and 

urban designers in BD with the increase of literature studies highlighting its benefits. The 

authors also emphasized the significance of biophilic design on an urban scale through 

'Biophilic Cities'. Describing them as cities that provide daily contact with nature and raise the 

citizens' awareness to take care of the environment. 

On the time spent in connection with nature, a recent study concluded that a minimum of 120 

minutes per week of exposure to nature effectively influences people's mental health and well-

being (White et al. 2019). 

(Soderlund & Newman 2015) studied the significance of BD by examining the literature related 

to social, environmental, and economic benefits. The results showed solid evidence of 

physiological, psychological, and environmental values that can positively influence the 

economic aspect. 

In a recent book, Kellert (2018) described biophilic design strategies according to the type of 

experience with nature into three categories that combined and summarized biophilic features 

into 25 strategies that guide designers and architects in integrating human affinity in the built 

environment. 

First, the direct experience in nature includes feeling the atmospheric condition (air), natural 

light, view, water, plants, landscape, fire, weather, and animals. Second is the indirect 

experience through images of nature, natural materials, texture 1 color, natural shapes and 

forms, the richness of detail and information, signs of aging, and the forming of patina with 

time, geometries found in nature, mimicking sunlight and air, and biomimicry. Finally, the 

experience of space and location includes prospect and refuge (perceiving long distances from 

a protected space), order and complexity (finding the balance between arrangement and 

diversity), and mobility (moving from one space to another with clarity and usefulness by the 

vertical and horizontal transportation elements that employ images of nature or natural 

materials). The transition of spaces from exterior to interior or between interior spaces helps 

people experience orientation, security, and mobility. By using porches, balconies, courtyards, 

                                                 
1 Texture extends beyond materials to include other sensory experiences such as light and color. 
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and gardens for exterior-interior connection, and foyers, passageways, and vestibules for inside 

the buildings. The sense of space by the place's physical identity, such as topographic forms. 

The social connection to a place indicates expressing affinity to the culture and history of others. 

When a group experiences this culture, they become attached to the space with shared values 

and identity. Moreover, integrating parts creates a whole, so the biophilic features are connected 

to a homogenous overall setting (Kellert 2018). The attributes and ways of applications 

mentioned above are summarized in Table 2-2.  
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Table 2-2. Strategies of biophilic design with methods of applications. Data are from (Kellert 2018). 
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Table 2-2. Strategies of biophilic design with methods of applications. Data are from (Kellert 2018) 

(continued). 
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The success of applying BD is subject to applying a list of principles. This means that random 

application of BD without considering specific rules may not result in the anticipated results. 

Kellert & Calabrese (2015) five principles were highlighted. Later, Kellert (2018) developed 

the principles into nine points: 

1- The focus of BD is to help people cope with their surrounding environment, resulting 

in benefits for health and well-being: BD is considered ineffective if it has little or no 

continuous effect on the health and well-being of people. Also, the connection with 

isolated plants, an image of nature, or a green roof that cannot be accessed are elements 

that will not lead to tangible benefits. Therefore, these elements will be disregarded and 

considered decorative elements. 

2- BD design focuses on the whole theme instead of individual elements by the integration 

and overlapping conditions: If a connection with nature lacks the connection with the 

natural world, the benefits are limited, and the elements become decorative. 

3- The application of BD creates an emotional link to places and conditions: the places 

impact people's health, comfort, and satisfaction. These spaces become a part of how 

people motivate themselves to be responsible. If no connection is established, people 

will not take care of the places, leaving them poorly maintained. 

4- BD promotes a positive relationship between humans and nature, resulting in feeling 

engaged, immersed, and responsible for the natural ecosystems. The lack of consistency 

of connection to nature will have few long-term advantages. At the same time, 

noticeable benefits are found to be inconsistent and engaging, and immersive contact is 

an essential part of people's lives. 

5- BD is reinforced by promoting values of interest, affection, and attraction to natural 

environments that tend to control, utilize, and symbolize it to represent concepts and 

enhance communication. A combination of these values will create successful biophilic 

experiences. A focus on a single value will yield little long-term benefit. 

6- BD supports the feeling of belonging to a community of people and the natural 

environment: successful BD supports the cooperation between people and the 

interaction with the environment that encourages sharing knowledge and skills. 

7- Application of BD happens in different conditions; internal, external, transitional 

spaces, and landscape areas. BD should be implemented in the different settings 

mentioned. The benefits increase when the external and internal spaces connect and 
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unite with a theme. However, the variety of BD applications in internal space can be 

confusing. 

8- Efficient BD focuses on the original natural setting in the environment rather than 

artificial or imposed. Using artificial plants arranged in unrealistic ways can yield 

minimal benefit. 

9- BD enhances human and environmental relationships without adverse environmental 

effects. By creating sustainable, productive natural systems with long-term benefits for 

people and non-human environments, avoiding the short-term adverse effects. 
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2.2. Biophilic design benefits  

The difference between sustainable design and BD was discussed in (Louv 2008 cited in 

Wijesooriya & Brambilla 2021). The author had a distinct view of describing it. Sustainable 

design focuses on saving energy and reducing the ecological footprint, while BD saves energy 

and óproduces human energy.ô In other words, the sustainable design focuses on reduction and 

is considered a passive approach, while BD focuses on production, which is a positive approach. 

Kellert & Calabrese (2015), interpreted BD as a means to keep the ecological systems 

productive, work properly, and withstand environmental changes. It is a fact that construction 

works will change buildingsô surrounding environment. However, Kellert & Calabrese (2015) 

noted that the changes should only be temporary, and the long-term effects should be with 

minimal adverse effects on the natural systems. The authors also described the attributes of 

effective application of BD that it provides physical, social, and cognitive enhancements. The 

physical aspect is associated with health improvements and increased human satisfaction levels, 

in addition to reducing blood pressure and sickness symptoms. The social aspect is deepening 

focus, control, and advancing tolerance and adaptability. The benefits also influence 

improvements in communication skills and reduce aggressive behavior. Finally, the cognitive 

benefits include enhanced creativity, problem-solving skills, and reduced stress levels.  

The benefits of BD were proven in many papers. In Yin et al. (2018) study, people were exposed 

to spaces with biophilic features (indoor plants, view of greenery, natural flooring) versus 

contrary settings (no biophilic features). The results showed a noticeable difference in peopleôs 

blood pressure and a 14% improvement in short memory performance of people exposed to 

spaces with biophilic features compared to contrary exposure. This result is aligned with the 

Stress Recovery Theory (SRT) introduced by Ulrich et al. (1991). The theory implies that 

exposure to nature can assist in recovery from stress physically and psychologically by 

experimenting recovery of subjects exposed to stress videos followed by movies of sounds or 

colors of different natural and urban scenes. The results showed a significant difference in 

physiological indicators and self-rating surveys for the subjects exposed to a natural 

environment compared to contrary settings. The study also noted the increase in concentration 

and the positive behavior of the subjects when exposed to natural features. 
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Zadeh et al. (2014) studied the effect of daylight through windows in a nursing unit, with 

registered nurses as the subjects of the experiment in the nursesô stations. Some nursing stations 

had outdoor windows, and other rooms had no windows. The experiment involved cognitive 

tests and wearable devices to track physiological indicators after exposure to each test room. 

The results showed improved oxygen levels for the working nurses in the window case. The 

authors explained this enhancement as feeling happy and refreshed by the windows and 

sunlight. In addition, the social behavior was improved for the subjects in the window case with 

positive communication compared to subjects in the windowless rooms. 

Another study by Ko et al. (2020) explored the effect of a view of the outside on mental 

performance and emotional interaction. The study concluded that a window with a view is a 

better solution for the workers' psychological health due to increased positive emotions. In 

addition, productivity is also boosted by the increase in concentration level. On a side note, the 

authors suggested that the tolerance for perceiving thermal comfort by the presence of a window 

view will assist in the energy efficiency of buildings via changing the setpoint of cooling/ 

heating temperatures.  

The effects of daylight combined with greenery in a workplace were tested by Ayuso Sanchez, 

Ikaga & Vega Sanchez (2018). The study measured physiological, psychological, and 

environmental indicators. The results showed a reduction in the perception of tiredness of the 

subjects in the greenery setting. A positive impact is found in perceived thermal comfort in the 

daylight and vegetation setting. Participants' alertness was improved in the greenery setting 

alone, but the effect was significantly improved in the case of daylight and vegetation 

combined. The results also showed a decrease in stress levels in vegetation conditions and 

improvement in creativity in daylight conditions. The outcomes showed that daylight and 

greenery influence well-being and creativity. 

The effect of natural materials on intellectual performance was assessed by Shen, Zhang & Lian 

(2019). The results showed an increase in the subjectsô focus and efficiency of work when 

sitting in a wooden room finish room versus a concrete room finish. In addition, the participants 

were more attentive in the wooden room and showed improvement in the cognitive test in the 

wooden setting versus the concrete setting. Moreover, this study (Shen, Zhang & Lian 2019) 

aligns with the Attention Restoration Theory (ART), which implies that recovery of focus 

distractions and mental exhaustion from urban surroundings can be enhanced by natural settings 
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(Kaplan 1995). Therefore, the authors suggested using natural elements such as wood in interior 

spaces to regain focus effectively.  

(Yin et al. 2020)  study assessed the effect of multiple biophilic features on stress (physiological 

indicator) and anxiety (psychological indicator). Four settings were tested; non-biophilic 

setting, indoor biophilic setting, outdoor setting, and a combination of indoor and outdoor 

conditions. The indoor biophilic condition included water, plants, natural materials, and 

biomorphic pattern. In comparison, the outdoor biophilic condition included a window with 

daylight and a view of the natural landscape. The study found a positive impact of exposure to 

biophilic features on the recovery of physiological stress indicators, such as blood pressure and 

heart rate, in addition to enhancement of restoration of psychological anxiety. In addition, the 

authors learned that the most significant influence on physiological stress reduction was found 

in the indoor biophilic setting. In contrast, the outdoor view setting had the highest impact on 

reducing anxiety. Moreover, the combined setting provided a moderate improvement in stress 

and anxiety. 

Furthermore, a recent thorough review by Hung & Chang (2021) summarized the types of BD 

studies found in the literature and listed them. The study aimed to showcase what has been 

experimentally proven to trigger a positive influence on psychological and physiological effects 

and the potential future study directions. Some of the proven BD benefits through experiments 

included restoring attention positive attitude and reducing negative emotions such as 

aggression, anxiety, and feelings of despair.  

Besides the benefits of BD on human health and wellbeing, recent studies highlight the 

significance of integrating BD with the built environment to the ecological systems. 

Ziari et al. (2018) explored the potential utilization of BD on an urban scale to solve 

environmental problems. The authors discussed the integration of BD in city planning and its 

potential to provide plenty of opportunities to mitigate climate change and energy consumption 

and provide solutions for the population increase in urban cities. (Ziari et al. 2018) also cited 

many previous studies that linked biophilic cities with environmental sustainability and found 

a strong bond between the two. Additionally, (Ziari et al. 2018) concluded that policies through 

governments, institutions, and biophilic infrastructure and settings could positively encourage 

people's attitude towards the environment and raise awareness. The impact of people's beliefs 



22 

 

and knowledge will influence their environmental behavior and lifestyle and consequently lead 

to environmental sustainability. 

The concept of citiesô resilience was discussed in Beatley & Newman (2013) and Beatley 

(2016) studies. In (Beatley & Newman 2013), the authors linked a city that integrates biophilic 

features with sustainability and resilience. The provision of biophilic elements such as trees and 

green zones helps reduce air pollution and floods and mitigate heat through shading and 

evapotranspiration. Food security is also a significant aspect that can be obtained by promoting 

urban agriculture, making the cities more resilient. Moreover, the resilience in biophilic cities 

takes a social dimension by increasing the adaptability of people, helping them connect and 

engage in social activities related to nature. It also fosters a sense of belonging to a place and 

community. 

Wijesooriya & Brambilla (2021) suggested that integrating BD with ecologically sustainable 

design could produce more sustainable results. Besides the health benefits of BD in reducing 

stress and improving cognitive performance, it has been proven to encourage sustainable 

behavior (Nisbet et al. 2009 cited in Wijesooriya & Brambilla 2021) and positive environmental 

attitude (Tam et al. 2013 cited in Wijesooriya & Brambilla 2021). 

In a notable study by Hung & Chang (2021), the authors concluded that BD elements could be 

linked with three aims of the Sustainable Development Goals (SDGs). Goal 3 promotes health 

and well-being, and Goal 11 creates resilient and safe sustainable cities. Goal 15 ensures 

biodiversity and protects the environment for the living creatures on land. 

In summary, the benefits of BD exceed the individual scale of health and well-being to include 

promoting environmental sustainability as a whole. In addition, reinforcing resilience to tackle 

climate change and enhancing social communication are vital advantages in light of the 

sustainable development goals. 

2.3. Biophilic design and building codes 

Although BD is considered a relatively new design approach (Zhong, Schröder & Bekkering 

2022) , many building rating systems have already integrated BD elements as main design 

features in indoor spaces  (Yin et al. 2020). In Zhong, Schröder & Bekkering (2022) study, the 
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authors showed the connection of BD to different building rating systems and categorized the 

assessment of BD features into quantitative and qualitative. 

The combination of a qualitative and quantitative assessment of biophilic features is found in 

WELL, Building Research Establishmentsô Environmental Assessment Method (BREEAM), 

and Green Mark (GM) building systems. In contrast, Living Building Challenge (LBC) and 

Leadership in Energy and Environmental Design (LEED) focus on qualitative features (Zhong, 

Schröder & Bekkering 2022).  

In the WELL rating system, the qualitative assessment describes the relationship between the 

building, the occupants, and the outdoor perimeter surrounding the building, in addition to 

integrating natural elements, sunlight, and space arrangement  (International WELL Building 

Institute 2020a). The quantitative assessment comprises three sub-categories; outdoor biophilia, 

indoor biophilia, and a water component. The outdoor biophilia defines 25% of a project should 

be covered with the landscape, whether on ground level or on rooftops that can be accessed and 

used by the inhabitants. Furthermore, the percentage of tree canopies should be at least 70% of 

the 25%. The indoor biophilia focuses on indoor potted plants to be at least 1% of each floor 

plan. Also, a greenery wall for each level should be provided, either 2% of the floor area or to 

cover the main wall in the floor plan, whichever is larger. Furthermore, the water element is 

defined by the provision of a water feature for each 9,290sqm of a project with certain 

specifications (International WELL Building Institute 2020b). 

In the BREEAM system, one score point is obtained for adhering to BD guidelines. The 

qualitative evaluation is demonstrated regarding the 14 patterns of BD and the three main 

categories derived from Terrapin Bright Green LLC (2014). The quantitative measure is based 

on including one of the three categories in building design. A minimum of seven of the 14 

features of BD must be applied. For 80% of living spaces, two BD features should be 

experienced directly, while the remaining five features can be experienced on the same floor. 

Further requirements include eliminating any negative impact on health and applying a 

minimum of three features in a non-typical way for the building and inhabitants  (BREEAM 

NL 2020). 

The GM building code defines many biophilic features for residential buildings. The qualitative 

assessment included experiences of natural elements such as the provision of sunlight, natural 

ventilation, a considerable amount of green cover, species of animals, and natural ecosystems. 
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The indirect experience was also addressed, including using natural colors, natural materials, 

and forms inspired by nature. Besides, pictures of nature, biomimicry installations, and natural 

mathematical proportions such as the golden ratio are also considered indirect experiences. 

Experiences of space and place are through wayfinding and map allocation, the complex 

patterns in facades, and the inclusion of parts to a whole. 

Moreover, the addition of common spaces for well-being is also highlighted through the 

provision of playgrounds, gyms, spaces for wellness activities, and running tracks. Among 

qualitative assessment features are access to terraces, sky gardens, indoor courtyards, and roof 

gardens. The quantitative assessment included experiences of space and location. This feature 

can be done by providing a minimum of two prospect and refuge elements in the building that 

can be manifested in balconies or overlooking spaces in corridors, also by providing three 

different intermediate spaces as a minimum that change the inhabitant's experience from indoor 

to outdoor or from covered walkway to the car park area. In addition, defining a minimum of 

two cultural locations (BCA 2017) to evoke a cultural connection with the place. For non-

residential buildings, a minimum of 5% of common areas or operational spaces are covered 

with a fixed indoor plantation, and 5% of the common spaces are covered with images of nature 

(BCA 2020). It is notable to mention that the main prerequisite in GM accreditation is to follow 

the regulations of governmental institutions to achieve a holistic approach to sustainability. That 

includes complying with Landscaping for Urban Spaces and High-Rise (LUSH). LUSH is a 

green program for high-rise buildings and urban areas. It provides incentives for greening, 

communal spaces, and landscape areas at the first or upper levels of a building termed 

'Landscape Replacement Area' (LRA). According to the site location, a certain percentage of 

the total plot area should be covered with green cover (BCA 2021) (URA n.d. c). LRA does not 

require greenery to cover a particular floor. It can be distributed at any floor level horizontally 

or vertically (URA n.d. c). Another prerequisite is to comply with tree conservation and 

provision of abundant landscape stipulated by the National parks Board (NParks), which GM-

certified buildings should achieve (BCA 2021). 

The Living Building Challenge (LBC) established the Biophilic Design Transition Lab 

(BDTLab) to redirect the built environment conditions into a biophilic and nature-connected 

structure in the United States (International Living Future Institute 2022). LBC also managed 

to create a guidebook for highlighting steps and tips to encourage the move towards B.D. The 

guide identifies the main points that need to be studied from the initial design stages. Under the 
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health and happiness category, an adequate and consistent connection with nature is required, 

whether in the indoor environment or the outdoor connection with nature. In addition to the 

Post Occupancy Evaluation (POE) tool to assess the health benefits of daylight, air quality, and 

contact with nature within six to twelve months of occupancy. Moreover, under the beauty and 

biophilia category, integrating natural features through space design, light, and natural 

geometry is part of the requirement. In addition to the significance of natural processes, 

developing a connection with nature, reinforcing the connection with place, culture, and 

climate, and human enjoyment through art and culture (International Living Future Institute 

2019) (Zhong, Schröder & Bekkering 2022). 

In the LEED system, the building outline should include a minimum of five design strategies. 

In each design approach, one of the following principles must be included: using natural 

elements such as daylight, natural processes, and patterns. Moreover, using natural forms, 

developing the human nature experience in space, connection with culture and climate, and 

providing access to interaction with nature. In the LEED system, no quantifiable benchmarks 

are defined. However, a measurable description should be provided where possible to describe 

the achieved criteria in the accreditation process (U.S. Green Building Council n.d.). 

In the UAE, the adoption of international green building regulations started in 2006. This move 

encouraged many Emirates, such as Abu Dhabi, Dubai, and Ras Al Khaimah, to customize a 

local green code. The first local green code was the Estidama Pearl rating system in Abu Dhabi, 

followed by Dubai Green Building Regulations (DGBR) in 2011. Later in 2016, the government 

updated building regulations to Saôfat green building system (Emirates Green Building Council 

2020). According to (Dubai Municipality 2020), from 2020, the Saôfat code will replace DGBC. 

In all grades of Saôfat (silver, gold, and platinum), all new buildings must have openable 

windows unless a safety issue is raised. The provision of a sufficient amount of light is a 

requirement for all new buildings. Furthermore, all types of new buildings (residential, 

commercial, and public buildings) should provide views of the outdoor environment. Façade 

glazing should be oriented between east and northwest for 50% of the entire building façade, 

which does not include the insulated glazing. The glazing facades of the same condition facing 

south and east orientation should be environmentally friendly designed. In Platinum Safat, 30% 

of the total roof area should have vegetation. (Dubai Municipality 2020). It is notable to mention 

that the terms (Biophilia or Biophilic Design) are not mentioned in any section of the 
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guidebook, unlike BREEAM, WELL, GM, and LBC, where categories are listed under 

biophilic design or mentioned within the context. 

In summary, although the green rating systems identify biophilic elements, there is no unified 

rule to do so. This note is aligned with what Zhong, Schröder & Bekkering (2022) highlighted 

an absence of clear design strategies to translate the BD into architecture. The authors (Zhong, 

Schröder & Bekkering 2022) explained the potential for some BD features to be quantified. 

However, the difficulty of translating features related to environmental psychology made it a 

complex process for implementation. 

2.4. Previous Studies  

Former studies assessing BD in buildings covered multiple sectors and various topics. Despite 

that, POE studies in light of BD were very limited in literature or not highlighted under BD. 

The literature mainly focused on healthcare, primary schools, and offices. Residential studies 

were limited to elderly homes or mixed-use. According to  Wijesooriya & Brambilla (2021), 

there is a lack of POE BD and its impact on occupants in the literature. In this regard, papers 

discussing Indoor environmental qualities (IEQs) satisfaction will be reviewed. This approach 

aims to highlight the different IEQ parameters that intersect with biophilic features, and the 

variety of evaluation methods will help construct the approach adopted in this research. 

For residential buildings, Lee & Park (2020) explored designing a framework for elderly smart 

homes using Information Technology (IT). The technology provides a biophilic experience to 

the occupants and improves the living experience. The authors took a step further (Lee & Park 

2021a) ; they tested the acceptance of the proposed framework by a survey asking the elderly 

to evaluate their preference for the intelligent home systems proposed. Notably, the technology 

utilized is already available in the market. However, the integration of multiple functions made 

the creation of the framework economically viable (Lee & Park 2020). This concept is essential 

to consider in the early stages of designing intelligent building systems. 

The elderly smart home is a concept merely popular in foreign countries. Despite that, exploring 

BD possibilities in residential buildings is helpful if the strategies can be adopted in general. 

For example, Lee & Park (2021a) study found differences in the preference of the services 

provided according to the age group. People in the age range 20-49 preferred six services; the 

control of green walls automatically using purifying plants, automatic cultivation management 
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of plants, and utilization of augmented and virtual reality (AR) and (VR) technologies to 

experience seasonal environments, VR technology to experience nature, provision of AR 3-

dimensional animals, and simulation of natural forms through projectors. While the elderly 

preferred visual immersive experiences with intuitive interaction. They also preferred 

improving the tailored functions based on nature and providing natural elements for healing 

purposes. 

Another study by (Arof et al. 2020) investigated the potential integration of biophilic features 

into mixed-use developments in Malaysia based on perceived importance by developers, local 

authorities, and consultants. A systematic literature review was used to build a survey tool. The 

results showed four main categories of significance; the building, the city block, the road, and 

the community. Each category included items that were prioritized. For example, on a building 

scale, opening windows, the provision of courtyards, and sunlight penetration in interior spaces 

are among the elements evaluated with a high score. On a block scale, buildings' orientation is 

designed in clusters with green spaces and with low impact on the environment. For the street 

level, forests and nature parks took precedence and the community gardens at the neighborhood 

level. 

Healthcare facilities attracted the interest of researchers due to the restorative benefits of 

connecting to nature. In Cheng (2019) study, the author explored the potential application of 

BD in medical centers considering building's energy consumption. Through climate and case 

studies analysis. In another study by Totaforti (2018), the author highlighted the significance 

of changing the way medical centers are perceived and the approach to perceiving the patients. 

By treating patients entirely, their inborn nature, and not limited to the treatment of the illnesses 

by reviewing the literature. According to Totaforti (2018), designing hospital spaces with a 

biophilic approach is a therapeutic method. It influences patients' psychological and 

physiological well-being and advances their ability to recover. Hospital efficiency is also 

affected; the staff's well-being will reduce health expenses and improve their productivity, 

leading to economic benefits to the hospital facility. 

The available research also found learning centers for young ages in kindergartens and primary 

schools. In Ghaziani, Lemon & Atmodiwirjo (2021) study, the authors explored BD features 

that can be applied in schools and created an evaluation tool for children by reviewing literature 

and analyzing case studies. This tool enabled children to be involved in the design process and 
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share feedback with the designers and architects. In Watchman, Demers & Potvin (2021) study, 

the authors focused on analyzing school buildings to find potential BD approaches to consider 

early renovation works of existing school buildings. This was done through case study analysis 

based on geometric assessment. Furthermore, In Walimbe & Chitgopkar (2018) literature 

review, the authors highlighted the need to include biophilia in school buildings and ensure 

children's engagement with nature and outdoor activities, not to mention the benefits reflected 

on health and wellbeing.  

Moving to POE studies, the following studies assisted in honing the research. Jung et al. (2021) 

conducted a local POE research to evaluate the IEQ in a townhouse complex project. The paper 

was the first to evaluate old housing projects in Dubai. The study found differences in male and 

female preferences. Summer and winter IEQ priority was different. In summer, thermal comfort 

was the top priority, followed by air quality, lighting, and acoustic quality. While in winter, air 

quality had the highest weight, followed by daylight, acoustic quality, and thermal comfort. The 

authors explained air quality significance in winter because the air conditioning is mainly turned 

off, and the extreme heat in Summer is why thermal comfort is a priority in hot weather. The 

weight of IEQs according to space was different; both living room and kitchen had thermal 

comfort as the top priority. In winter, both spaces considered air quality the highest priority. In 

the 30s age group, the subjects of the survey were more sensitive to air quality, while the 40s 

and 50s were more sensitive to lighting and acoustic comfort. 

In (Afacan & Demirkan 2016) research, the authors used a survey to assess the satisfaction level 

of inhabitants in three residential building types with sustainable housing features. The results 

found that the tested parameters significantly influence the occupantsô satisfaction. People 

living in apartments were less satisfied than people living in row houses or detached villas, 

corresponding to the fact that the apartments were built before the year 2000, while the other 

types were built after the year 2000. The authors referred to the complex relationship between 

the inhabitant and the residence. They highlighted its significant influence on the overall 

satisfaction of occupants. The overall satisfaction is related to the performance of domestic 

activities, categorized by the authors into sleeping and activity in daily living. 

Other studies investigated urban biophilic planning (Bin Sulaiman 2021). In his study, the 

author analyzed the level of BD fulfilled in a complex containing residential and non-residential 
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buildings in Saudi Arabia using the Delphi technique in a questionnaire, field observation, and 

literature review.  

A significant aspect to consider while studying the BD application is the climate in the UAE 

and what applies to the country's context. On a macro level, a study by Xue, Gou & Lau (2017) 

explored people's interaction with green spaces in Singapore and Hong Kong with different 

urban design approaches. The two cities represent a contrast in green space configuration. Hong 

Kong is a dense city of buildings; hence the open spaces are separated from the built 

environment in adjacent spaces. On the other hand, in Singapore, the green spaces are integrated 

within the built environment. In office buildings, the results showed more frequent visits to 

green spaces in Singapore, with more tendency for people to visit in the morning. However, the 

visits lasted a few minutes. In contrast, Hong Kong had fewer visits but a more extended stay 

in green spaces and a tendency to visit during the afternoon. Two critical factors affected this 

behavior; the accessibility to green space and the climate condition.  

Severe climate conditions were discussed in (Parsaee et al. 2019) . The authors suggested using 

an adaptive building shell to utilize the biophilic features in extreme weather conditions 

efficiently. In addition, the authors referred to extreme cold climates. In the context of this 

research, the use of adaptive technology can be considered as a method to solve the extreme 

heat and humidity during summer. 

Moreover, Lee & Park (2021b) proposed strategies based on the scale of application; unit scale, 

building scale, and complex building scale. The latter focuses on community engagement in 

managing the residential area's environment. The complex building scale can be implemented 

via public parks, green pedestrian walkways, and roads to improve the microclimate and the 

interaction with the built environment experience. On a unit scale, using balconies and green 

walls with automated irrigation systems promotes biodiversity and improves access to nature. 

Moreover, a building management system can help modulate the interior space efficiently such 

as controlling louvers, windows, and blinds. Also, intelligent practices include intelligent 

devices such as smart plant growers and smart aquariums and reducing waste disposal by the 

microbial cultures. 

Moreover, the colors and materials of the interior spaces also create a visual and tactile 

connection to nature. Some immersive technologies can be utilized to simulate natural scenes. 

Hence, the unit scale effectively helps reinforce the bond between humans and nature and 
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positively impacts human health. On a building scale, BD focuses on the internal and external 

landscape in a functional building and encourages communication between the inhabitants. 

Using rooftop farms with native plants creates a sustainable building system of food resources 

while engaging the residents' interaction and creating nature-friendly public spaces or atria in 

the buildings. Moreover, the use of water treatment and energy management systems by 

microorganisms. The green alleys between buildings, the green facades irrigated by rainwater, 

and the use of heliostats to track sunlight can also be adopted. A notable finding by the authors 

is the need for technical services that support biophilic innovation in units and buildings' 

designs. This technical support through systems, products, and processes ensures optimized 

response to external and internal environmental needs. 

 

2.5. Biophilic Applications 

This section will briefly overview real applications from around the world, followed by an 

analysis of each case for potential success in Dubai. The applications will include a high-level 

application (city scale) and micro level (building scale). The examples will include high-rise 

buildings and residential communities. Furthermore, the applications will cover design aspect 

and social aspect. 

2.5.1. Design Aspect 

2.5.1.1. Singapore (Urban Scale) 

On a city scale, Beatley (2016) uncovered many applications of BD in Singapore. The small 

island city-state hosts a population of 50.4 million per capita, with the majority living in high-

rise buildings. The interest of the late-prime minister in gardens and gardening formed the cityôs 

direction to become biophilic. In the 1960s, the city motto was óSingapore- Garden City.ô The 

motto was upgraded recently to become óa city in the gardenô. Many applications are reflected 

in the city planning, connecting the city parks through long 300km connectors that house 

pedestrian paths and bike routes. Also, by elevated parks with routes and vistas to nature (e.g., 

Southern Ridge park). In addition to growing and expanding trees with multiple layers to create 

shading for pedestrians. 
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Moreover, any leftover land is covered with trees below highways, strips separating roads, or 

unused land surrounding buildings. Vertical gardening is a concept encouraged by the NParks 

organization in Singapore. In addition to utilizing stormwater in innovative ways to conserve 

nature. Engaging communities is also essential and applied in schools supported by the cityôs 

programs and agenda. The students are involved in gardening activities for food production, 

flowers, and green walls in diverse garden types within the school campuses. 

Analysis: Singaporeôs model as a biophilic city is very much advanced. Looking at the context 

of Dubai, the climate does not necessarily allow for such application, primarily how the city is 

situated in vegetation. However, shading pedestrian routes with native plants and covering 

unused spaces and around highway streets with greenery can be applied in Dubai. Moreover, 

community engagement is an essential lesson that cannot be overlooked to make people care 

about nature. 

 

 

 

 

 

 

 

 

 

2.5.1.2. Wellington (Urban Scale) 

Wellington, the capital of New Zealand, is taking steps to become a biophilic city. Some of the 

strategies adopted include initiatives to plant trees, grow native species on sideroads and median 

strips, and build green walls. In 2015, a biodiversity strategy was developed with actions for 

managing short, medium, and long-term goals. This strategy highlighted the significance of 

nature on human health. As a result, people felt a connection to nature and were passionate 

Figure 2.1. Singapore sky view  (iStock 2018) 
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about the strategy. One way of doing so is installing cameras to monitor the development of 

certain species (such as penguins, birds, and underwater creatures) and then sharing those 

images with the community. Other strategies included encouraging green roofs, public gardens, 

and access to nature within 10 minutes of walking or cycling. (Beatley 2016).  

Analysis:  Forming a biodiversity plan is an effective approach to making people care about 

the different species of flora and fauna. Such a strategy can help educate people about the native 

species to support the connection and access to nature with people. 

2.5.1.3. The Sustainable city (Urban Scale) 

On a community scale, The Sustainable City (TSC) in Dubai is a successful example of BD. 

TSC consists of residential and commercial units. The total villas are 500, divided into five 

clusters. Each cluster has two signature villas, eight garden villas, 90 villas with courtyards, and 

89 apartments (Rogmans cited in Davidson-Huxley 2021).  The design and orientation of villas 

are built to protect the interior area from extreme heat, with anti-reflective paint covering the 

external walls and anti-reflective glazing. Solar panels on the roof of the villas harness the solar 

energy to generate electricity utilized in the residences. The community is filled with vegetated 

areas, a garden, a running track, and two ponds located in a central green axis that extends along 

the length of the community. In this central axis, the urban farm, gardens, a bee hive, animal 

Figure 2.2 Wellington city view (Marshal 2015). 
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sanctuary, and play courts also are allocated. A buffer zone of 10-meter-high trees of multiple 

layers is placed at the community's border and acts as a purifier from the surrounding area. 

Among the many sustainable practices in the community is the urban farming facilities in 11 

biodomes that provide residents with locally grown fresh herbs and vegetables (illustrated in 

Figs. 2.3, 2.4). TSC provides residents with monthly vouchers that they exchange for food 

supplies from the urban farm. The community also harvests the dates' yield from the palm trees 

planted in TSC. Some of the harvests are gifted to the residents (Davidson-Huxley 2021). 

Moreover, TSC provides services and maintenance for residents free of charge. To ensure 

economic viability and sustainability, 15,000 sqm of mixed-use are open to the public for rent. 

Part of the rentalsô revenue covers maintenance charges and the communityôs facilities (Fully 

Charged Show 2017). 

Analysis: TSC shows great potential and outlook for managing a sustainable community, where 

providing food is part of the sustainable process. Another step that may receive acceptance is 

engaging the residents with urban farming activities. Furthermore, the economic sustainability 

model adopted in TSC provides excellent possibilities for viable projects. 

 

 

Figure 2.3. The top view of sustainable city shows the central axis with green spaces and biodomes (Diamond Developers 

2019). 
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Figure 2.4. The sustainable cityôs central axis with the biodomes and the residential clusters surrounding it (Diamond 

Developers 2022). 

2.5.1.4. Camelview village (Urban Scale) 

The Camleview village in Arizona is an example of a successful biophilic application in a 

mixed-use development that Kellert (2018) highlighted in his book. The project is distinguished 

by the connectivity of the eleven terraces with a roofed community park and pedestrian paths 

(Architizer n.d.). In addition, the building is centered around a large courtyard fully equipped 

with different amenities (Optima 2022). Figure 2.5. illustrates the project. 
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Analysis: The complexity of the design provides multiple levels of views and shading spaces, 

something that can be beneficial in hot climates, taking into consideration the use of native 

plants and the countryôs context. This approach can be helpful in Dubaiôs context, especially 

with the extreme heat. However, the prospect of success is still uncertain and is upon peopleôs 

acceptance, especially since such a residential arrangement may affect the privacy of the units. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5. The Camelview village in Arizona with extensive greenery that integrates the built 

environment with nature (Kellert 2018). 
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2.5.1.5. Bagualing industrial park renewal (Building Scale) 

 The new proposal for urban renovation of Bagualing industrial park in China is a unique 

example of connecting buildings with nature, shown in Figs. 2.6-2.8. The mixed-use tower 

provides multiple common spaces, including ground-level landscape and water elements, 

terraces and vegetated roofs at podium level, gardens above ground level (sky gardens), and 

courtyards (Aedas 2021). This proposal's distinct strategy is providing indoor biophilic 

facilities, which hold great potential in extreme weather.  

 

 

  

Figure 2.6. Bugualing industrial park- renewal sky gardens proposal (Aedas 2022). 

Figure 2.7. View of the greenery cover at podium and ground floor level (Aedas 2022). 
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Analysis: The concept of this proposal is compatible with Dubaiôs climate, especially since 

the vegetated areas are enclosed and protected from weather conditions. People can enjoy a 

biophilic experience throughout the year. 

  

Figure 2.8. Interior view inside one of the sky gardens in Bagualing renewal industrial park proposal 

(Aedas 2022). 
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2.5.1.6. Parkroyal Hotel (Building Scale) 

In the hospitality sector, the Parkroyal Hotel in Singapore (Figs. 2.9- 2.10) is distinguished for 

a total green ratio of 206%, which is double the plot area. The result is 15,000m2 of outdoor 

gardens on the upper levels, planted terraces, reflecting pools, and waterfalls (Schröpfer 2015). 

The building's podium is constructed with contour shapes and a lush landscape complementing 

the upper floors' green vegetation. Many facilities are provided at the podium level, such as 

infinity pools and vegetated terraces overlooking the city. The four sky gardens bring a biophilic 

experience to the rooms. The lobbies, common areas, and corridors are designed in a resort 

theme, with gardens, plantation, and water elements providing natural light and air breeze. The 

overhangs and vegetation help in protecting the interior from solar gain. Above ground level, 

greenery covers the car parking, allowing daylight penetration and ventilation by air movement. 

Moreover, rainwater systems irrigate the vegetation on lower floors (Frearson 2013). 

 

 

Analysis: This project has a visual appeal. The lush vegetation, however, requires significant 

irrigation demand. In Singapore, abundant rainfall is effective in fulfilling the water demand. 

In Dubai, the extreme heat during summer and low rainfall will be challenging. The lush 

greenery that covers car parking above ground level is a potential strategy that can be 

considered in Dubai, especially since high-rise buildings require a massive parking platform or 

Figure 2.10. Parkroyal hotel planted terraces in Singapore 

(Schröpfer 2015). 

Figure 2.9. Parkroyal building, vegetation covers the 

podium and upper floors (Pakroyal collection pickering 

n.d.). 
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a separate building. Such a strategy can help integrate greener buildings into the urban 

environment, reduce the heat island effect, and soften the rigid concrete view of the buildings. 

2.5.1.7. Genzyme Building (Building Scale) 

Genzyme corporate office building in Massachusetts has many biophilic features. An atrium is 

lit by natural light with heliostats that track the sun's direction, reflect the light into the louvered 

skylight, and then channel and diffuse to indoor hanging glass panels  (Kellert 2018). In 

addition, the facade design results in at least 75% of the interior space being lit by natural light 

and maximizing the views outside (The American Institute of Architects n.d.). Furthermore, 

natural ventilation is achieved by operable windows. Finally, access to 18 indoor gardens and 

outdoor terraces increases the occupants' connection with nature and other sustainable features 

(The American Institute of Architects n.d.). Figures 2.11-2.14 illustrate the mentioned 

strategies. 

Analysis: although this example is for an office building, such a concept can benefit residential 

buildings in the common spaces to promote human-nature connection. 

 

 

 

 

 

 

 

 

Figure 2.11. Section through Genzyme building showing light penetration 

through the skylight, 12-story atrium. The greenery cover in the building and 

roof heliostats are also shown (The American Institute of Architects n.d.). 
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Figure 2.12. One of the 18 indoor gardens that are constructed in 

Genzyme buildings. Also shown is the louvered skylight that captures 

the sunlight collected by the heliostat mirrors on the roof (The 

American Institute of Architects n.d.).  

Figure 2.13. Transparency and natural light penetration in 

the central atrium of Genzyme building (The American 

Institute of Architects n.d.).  

Figure 2.14. Natural light captured by the tracking 

heliostats channel the light to hanging glass panels 

that diffuse light at different angles. The pocket park, 

water element, and a feeling of complexity of design 

(Kellert 2018). 
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2.5.1.8. Newton Suites (Building Scale) 

For high-rise residential buildings, the Newton suites in Singapore reflect a continuity of 

greenery on the rooftop, sky gardens, green walls, and screens of creeping plants. Vegetation is 

integrated into every possible space, including car parking, at the podium level, public lift 

lobbies, walls, and inside the apartment units. The sky gardens are repeated every four levels 

with lush plants and a large shading tree to connect the occupants with the outdoor and the 

views outside. The green vertical wall is a statement, starting from the entrance lobby and 

extending 36 floors above (Schröpfer 2015). The total vegetated area is more than 130% of the 

plot area (WOHA n.d.), as shown in Figs.2.15-2.16.  

 

 

 

 

 

 

 

 

 

 

 

Analysis: Integrating vegetation in interior spaces in common areas is an effective way of 

keeping a consistent connection with nature that flows through the building, from the entrance 

level, through transitional spaces, then inside the apartments and the private terraces. This 

strategy helps create a successful biophilic experience. The sky gardens in Dubai may not be 

fully utilized, especially in hot weather, while in winter, such a strategy can help occupants 

bond with nature. 

Figure 2.15. Newton suites in Singapore 

showing the tall green wall and green 

terraces (Schröpfer 2015). 

Figure 2.16. Lower levels of Newton suites show the lush greenery 

and swimming pool (WOHA n.d.). 
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2.5.1.9. Wardian Building (Building Scale) 

In the UK, the Wardian building integrates nature with the architecture shown in Figs.2.17-

2.19. Each apartment is surrounded by greenery and is provided with a private garden. The 

extensive glazing allows daylight penetration with the provision of city views and uses natural 

materials such as marble and wood. In addition, many facilities are provided in this 

development, including a swimming pool covered with vegetated canopies, creating a sanctuary 

in nature.  (Wardian London 2022). 

Analysis: The utilization of indoor green areas is very effective in Dubai. Integration in 

common areas such as lobbies, sky lounges, and building facilities are lessons that could be 

followed to promote BD. 

 

 

 

 

 

 

 

 
Figure 2.17. Wardian's lobby with vegetation integrated into indoor court (Ballymore 2022). 

Figure 2.18. The vegetated indoor lounge at level 55 with city views connects occupants with nature 

(Ballymore 2022). 
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2.5.1.10. Cavalli tower (Building Scale) 

The unique proposal of the Cavalli tower in Dubai provides a luxurious biophilic experience. 

The lobby extends to four floors with a skylight and indoor waterfall. The apartments on levels 

4-37 feature balconies, while the óflying villasô at levels 38-47 include spacious terraces, a 

swimming pool, and other facilities. The tower overlooks the sea, Dubai eye, Palm Jumeirah, 

and the new Emaar beachfront. Privacy is very much considered in this tower by providing only 

five units per floor. Gardening in apartments is encouraged by the provision of green walls, as 

shown in Figs. 2.20,2.21. Common facilities include a sky pool, landscaped area, and wellness 

zone (Damac n.d.).  

Figure 2.19. The swimming pool at the Wardian building provides a natural experience (Ballymore 2022). 



44 

 

Analysis: Integrating nature in luxury facilities promotes a biophilic and unique living 

experience. The cost of such property is a concern. However, it will reflect positively on 

occupantsô health and well-being. The question remains whether the outdoor facilities (the 

common and private for each residence) will be utilized  during summer.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.20.  A view of the flying villas at the Cavalli tower (Footprint Real Estate 2021). 

 

Figure 2.21. The shared facilities floor at the Cavalli tower showing the swimming pool and landscaped area 

(Footprint Real Estate 2021). 
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2.5.1.11. CPO De Hallen Amsterdam (Building Scale) 

This case study may seem like a regular old apartment building of 10 units. However, an 

adaptive architectural element that changes the occupants' experience is found in this building; 

the 'bloomframe' windows. These windows transform into balconies by the touch of a buttonð

providing a biophilic experience looking over a near-water canal. (Hofman Dujardin n.d.). 

Figures 2.22-2.26 show the building and the balcony feature. 

Analysis: The idea of transforming internal space into external is beneficial in Dubai, especially 

with the weather condition and the change in space utilization according to the season. 

Moreover, the application does not have to be very expensive with an automation system. Such 

a strategy can be as simple as the manual opening and closing of glass panels, which is very 

common in the middle east. Hence, the author considered this solution for further investigation 

in the research.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.22. Front facade of CPO De Hallen Amsterdam 

with convertible balconies (Hofman Dujardin n.d.). 
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Figure 2. 23. CPO De Hallen's apartment on the right edge of the picture overlooks a water 

canal (Hofman Dujardin n.d.). 

 

Figure 2.24. Showing the balcony in a closed position (Bloomframe n.d.). 
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Figure 2.25. Shows the balcony in a transitional position from closed to open (HofmanDujardin 2020). 

 

Figure 2.26. Showing the balcony in an open position (Bloomframe n.d.). 
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2.5.2. Social Aspect 

Community engagement is a crucial factor in biophilic applications. Some of the applications 

are briefly discussed. 

2.5.2.1. Richmond Audubon Society (RAS) 

RAS in Virginia focuses on environmental activities such as field trips, social meetings, 

educational activities, and ecological activities to protect birds, flora, and fauna. Volunteer work 

and membership are accepted to provide flexibility and encourage the community to participate  

(Richmond Audubon Society n.d.).  

2.5.2.2. Community in Bloom (CIB)  

CIB is a program managed by the Nparks to promote a gardening culture of citizens in 

Singapore (Longman 2007). This initiative has offered many awards since 2020 that encourage 

and enhance the community's horticulture skills while enjoying the gardening activity. These 

awards include residential and educational institutions  (National Parks Board 2022b). 

2.5.2.3. Pennsylvania Horticulture Society (PHS)  

PHS is another successful example of engaging the community in activities. In 2019, PHS 

committed to a new vision by 2027 to enhance the health and well-being of citizens in the 

Greater Philadelphia region through horticulture activities. They are giving priority to four main 

concepts: creating healthy ecosystems, enhancing access to food, extending economic 

opportunities, and building social engagement in the community. This initiative has over 

300,000 advocates, volunteers, and gardeners. In addition, PHS provides educational materials 

and workshops around the year with leaders in gardening to share knowledge and skills needed 

to involve in projects and protect nature (Pennsylvania Horticulture Society n.d.).  

2.5.3. Summary 

In summary, biophilic applications are plenty and are reflected in different aspects of the built 

environment and society. However, it is essential to note that a particular application in a 

country or region does not necessarily guarantee its success in a different country/ region. 
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Hence, further study is needed to assess different aspects that may affect the application, and 

the following strategies were noteworthy for research: 

1- Occupants' behavior in residential communities will help them understand and 

enhance the living experience. 

2- Indoor gardens, outdoor shaded roof gardens, and vertical farming in high-rise 

buildings. 

3- The social interaction with nature through events is also among the highlighted points 

to explore. 

4- The potential of adaptation of spacesô conditions by allowing the occupants to control 

them. 

 

2.6. Knowledge gap 

Many notable observations were found during the literature review. First, some studies 

evaluated occupantsô satisfaction in residential buildings in Dubai, but the assessment of 

biophilic features was not found in the literature. Second, BD is not mentioned as a clear 

concept in the building code, although some regulations were indirectly related to connecting 

humans with nature. Accordingly, this study is a first of its kind in the Middle East. The research 

outcome will be divided into two main sections; the current status of the buildings sector and 

potential strategies that can be integrated into the local regulations validated by experts and 

decision-makers. 

The following research questions were established based on the literature review: 

What is the level of satisfaction of occupants of biophilic features in the residential sector? Is 

there a difference in satisfaction according to building type? What is the level of the occupantsô 

overall satisfaction? What strategies are applicable and eligible to be integrated into the local 

code? 
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2.7. Research Framework 

For this research, we will focus on residential units at the building scale, following (Lee & Park 

2021b) finding that a high-level goal will not necessarily guarantee connection with nature in 

all different areas. Therefore, this research will focus on the buildingsô scale to find the 

residential sector's potential and establish a strong foundation that can be used for future studies 

on the urban scale.  

Biophilic features are plenty; in this study, these features will be narrowed down to focus the 

research work and ensure the validity of the results. Accordingly, a selection criterion has been 

formed to define the study's parameters. 

The parameters are selected based on the following criteria: 

1- The biophilic features can easily be identified by the subjects of the study.  

2- The elements are compatible with the context of the UAE. 

3- The selected parameters are related to the building construction sector instead of 

decorative or aesthetic. 

4- The features can be evaluated. 

Table 2-3 illustrates the biophilic features mentioned in (Kellert 2018) cross-checked with the 

criteria proposed. The table concludes with four parameters that will be studied. These 

parameters are light, view, plants, and landscape. Plants and landscapes will be combined and 

referred to as 'access to greenery.' 
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  Selection criteria 

Biophilic feature   

Elements can 

be easily 

identified  

Suitable for 

UAE context 

Related to the 

buildings' 

construction 

Can be easily 

evaluated or 

assessed  

1. Light   P P P P 

2. Air  P  P P 

3. Water  P  P P 

4. Plants   P P P P 

5. Animals  P P  P 

6. Landscape   P P P P 

7. Weather  P P P  

8. Views   P P P P 

9. Fire  P    

10. Images  P   P 

11. Materials  P P  P 

12. Texture  P P   

13. Color  P P   

14. Shapes and forms  P P P  

15. Rich of information  P P   

16. Change, Age, Patina of 

time  P  P  

17. Natural geometries    P  

18. Simulation of natural light 

and air    P  

19. Biomimicry    P  

20. Prospect and Refuge     P  

21. Order and Complexity    P  

22. Mobility  P  P  

23. Transitional spaces (spaces 

that link interior with exterior 

conditions)  

P 

 

P 

 

P 

  

24. Place  P P   

25. Combining parts to a whole     P   

 

Table 2-3. Analyzing biophilic features according to the selection criteria. Biophilic features are from (Kellert 2018). 
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The sequence and line of thought described in previous sections were synthesized to create the 

research framework illustrated in Fig.2.27. from studying biophilic design definitions and 

application to specifying parameters and setting the aims and objectives. 

 

 

 

  

Figure 2.27. Conceptual framework for the research. 
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CHAPTER 3 

Methodology 

Selecting a suitable method to carry out the study is an essential part of any research. It should 

be based on the consideration of many factors, such as time frame, budget, access to 

information, and first and foremost is the aim of the study. The purpose of this research, as 

mentioned in section1.3, is to assess occupantsô satisfaction with the biophilic features in 

residential buildings in Dubai and propose strategies to enhance BD adoption in the local code. 

The limitations of each approach are also essential to consider prior to method selection. In this 

research context, literature on the same topic in the UAE is very limited. However, international 

studies intersect with the research topic, such as indoor environmental quality, post-occupancy 

evaluation, and BD in office buildings and schools. Therefore, references from the available 

literature will be used to build upon strategies and evaluation methods. In addition, grey 

literature extracted from governments and non-commercial organizations supports the study. 

3.1. Potential Methodologies  

The common methods found in the literature are survey, field study, experiment, geometric 

analysis, literature review, and modeling. A brief description will follow for each approach. 

3.1.1. Survey 

The survey method is used when the opinion and satisfaction of people are targeted. The 

information obtained can be general or specified to a specific sample of people depending on 

the type of research and information needed. This tool is either used solely to collect data or 

sometimes supported with other methods, such as interviews, simulation, and field 

measurements.  

 

This tool assessed residents' satisfaction with a housing project (Etminani-Ghasrodashti, Majedi 

& Paydar 2017).The survey sometimes is constructed based on different methods, such as the 

case in  Chohan (2022) study, where literature review, interviews, and field visits were used to 

build a questionnaire and a framework for identifying satisfaction parameters in affordable 

housing in Dubai, Sharjah, and Ajman. 
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Multiple studies found in the literature used the survey tool in the UAE. In Abu Dhabi, a recent 

study was conducted to assess occupantsô satisfaction in two public housing complexes 

provided by the UAE government (Ibrahim 2020). Based on the literature, the author developed 

a framework for occupants' satisfaction to construct the survey and distribute it via social media 

and email. Another study in Dubai examined new buildings' impact on occupants suffering from 

Sick Building Syndrome (Jung & Al Qassimi 2021). The authors were able to identify the 

perception of people regarding the indoor environment by the survey tool. The questionnaire 

was distributed online and on-site.  

Furthermore, evaluation of the indoor environment was also used in the townhouses of the 

Springs complex in Dubai (Jung et al. 2021). The study used POE to assess the perception of 

occupants for the priority and sequential importance of the IEQ and spaces using the Paired 

Comparison Method. The study took into consideration the demographic differences in gender, 

age, in addition to seasons. 

In some papers, the authors referred to standard local survey tools. For example, Candido et al. 

(2021) conducted a POE study for office buildings using the Building Occupancy Survey 

System Australia (BOSSA). The researchers tested participantsô overall satisfaction, perceived 

productivity, and health on 29 items that included biophilic features. Using the BOSSA tool is 

a common method in Australia to identify areas of shortcoming in the indoor environment for 

office buildings. 

In a well-structured survey, the researcher conducts a pilot survey to test the efficiency and 

clarity of the survey by distributing it to a small group. Afacan & Demirkan (2016) adopted this 

approach to assess occupantsô satisfaction with sustainable design features in residential 

buildings. Kang, Ou & Mak (2017) followed the same approach of a pilot survey on a small 

group before structuring the final questionnaire. The study explored the effect of IEQ in 

research-open-plan offices and highlighted the most influential IEQ factors on work 

productivity. The study also proposed a framework for evaluating work environments. 

In general, the survey is an easy tool to use and collect data from a large sample size, especially 

when access to information through other methods is not possible. However, there are 

drawbacks; participants may misunderstand the questions if the survey is unclear, leading to 

misguided results. Moreover, the answers may be biased or inaccurate for participants to 

evaluate, especially when they have to decide the status, for instance, between óagreeô and 
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óstrongly agree .ôTo overcome this limitation, pilot testing of the survey prior to distribution 

can help construct a non-biased and straightforward data collection tool (Salkind 2010).  

3.1.2. Field Study 

This method is conducted in real life. It differs from a field experiment where variables are 

manipulated for testing and comparison. The researchers do not manipulate the environmental 

conditions in the field study, and the case studies are explored in-depth (Salkind 2010).  

Candido et al. (2019) undertook a field study to assess satisfaction, work performance, and 

physical activity in offices. The selected case studies were firms that relocated their offices 

from open-plan to activity-based layouts. POE surveys before and after the movement were 

used, in addition to field measurements and step-count devices, to detect the changes in physical 

movement after relocation to new conditions. 

In (Wallmann-Sperlich et al. 2019) study, the authors explored the effects of moving from a 

regular office to a biophilic office on sitting time and strengthening positive routines, such as 

sitting for long periods and physical activity throughout work. They also investigated the 

influence of biophilic features on the occupantsô satisfaction, engagement, and productivity. 

The study included an online survey of pre and post-moving to the biophilic office of 12 

participants. 

In (Al -Dmour, Garaj & Clements-Croome 2021), the authors conducted a field study for an 

office with biophilic features to assess indoor environmental qualities and their effects on 

occupants. The research included field observation for the selected case study and semi-

structured interviews with ten random workers. The analysis process was based on the Flourish 

wheel that focuses on subjective, objective, economic, and perception factors to enhance the 

well-being in a workplace. The subjective and objective factors were translated into how the 

biophilic office was designed and their impact on human perception. The on-site observation 

included pictures of zones with descriptions of the biophilic applications. It also included an 

analysis of the office layout and zoning. The semi-structured interviews covered the financial 

impact and perceived well-being, comfort, and other perceived factors. 

This approach is valid in real life and can be generalized because no manipulation is performed 

on field conditions. Data collection can be obtained through observation, note-taking, spot 
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measurements, and interviews. Limitations of this method are that it can be time-consuming, 

expensive, and challenging to determine which factor has the highest impact on a particular 

condition. (Salkind 2010). 

3.1.3. Experiments 

This method is used to test specific parameters in a controlled environment providing the 

researchers with the highest flexibility to test the cause-and-effect relation. Hence, it is adequate 

to ascertain the causality. The experiments found in the literature covered office buildings.  

Ko et al. (2020) tested the effect of view in a working environment on productivity and 

intellectual performance. The experiment undertook two sessions that included the change of 

the space condition and subjective evaluation using two surveys and two cognitive exams. One 

session had windows, and the other one was windowless. There was no order in which set to 

start, but once participants finished one session, they took a break and switched to the other 

setting. 

Ayuso Sanchez, Ikaga & Vega Sanchez (2018) also conducted a pilot experiment on a small 

scale and did some tests on the subjects using physiological measurements, questionnaires, and 

environmental measurements using special equipment in a controlled setting. Each setting had 

greenery and daylight as variables. However, the base case included no daylight or greenery in 

the setting. 

In (Aristizabal et al. 2021) the authors experimented with multi-sensory biophilic effects on 

occupantsô focus, intellectual performance, stress level, work productivity, mood, and feeling 

the connection to nature. The experiment occurred in a lab with 37 people divided into three 

groups. Each group was exposed to four settings; a baseline setting with no biophilic effects, a 

visual setting, a hearing setting, and a combination of visual and hearing settings. The testing 

took ten weeks, and each group went through the experiment at different times of the year. In 

addition, participants wore wrists that measured physiological indicators, filled up multiple 

surveys at different milestones of the experiment, and completed cognitive tests twice a week. 

The weakness of this approach is that the proxy environment can be elementary and far from 

reality. It can also be misapplied when generalized to different population groups (Wang & 

Groat 2013). Other limitations include subjects feeling self-conscious that they are in a test 
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environment and may behave in a biased and unnatural way versus how they behave in reality. 

Also, the budget needed for the experiment is relatively high compared to other tools, such as 

a survey. Finally, it will require setting up a space with equipment in controlled conditions that 

can be adjusted to test the effect of variation. 

3.1.4. Geometric analysis 

This method objectively evaluates the biophilic features of buildings by referring to particular 

proportions and measurements in architectural drawings. Watchman, Demers & Potvin (2021) 

adopted this technique to provide a quick assessment method for school buildings. The study 

used plans and sections to analyze areas, window locations, heights and sizes, and daylight 

penetration to predict the quality of the interior space and propose strategies to enhance the BD 

qualities of the spaces.  

In (Qureshi, Akhtar & Shah 2021) study, the authors analyzed the geometry of a historic 

residence to extract and learn the beauty of some proportions, numbers, and geometries that 

extends beyond aesthetics to include the essence of the spaces. Some analyzed elements 

included biophilic features such as 'prospect and refuge' and 'complexity and order'.  

Some studies analyze the spaces through observations, walks in spaces, and surveys to assess 

the effect of certain conditions. For example, in (Jaheen & El-Darwish 2022) study, the authors 

analyzed the three spaces inside a university campus according to the biophilic features listed 

in (Kellert & Calabrese 2015), This was followed by an online survey that was analyzed using 

the Relative Indices technique to explore which answer options provided weighed more for the 

questions given.  

The main limitation of this methodology is the need to access drawings for the building to 

conduct this analysis and learn the software tool used to conduct the analysis. In the case of 

observations by walkthroughs, permission to access buildings is needed. 

3.1.5. Literature review  

Every research is initiated by an in-depth review of the available literature to understand the 

targeted field and identify gaps and potential research questions. Then, researchers add a section 

of the literature review that explains the topic background overview, the line of thoughts for the 

scope of the study, and the knowledge gap. 
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It also can be adopted as the method of study when an extensive research database is already 

available. Then, the synthesis of the former work is applied to identify unresolved issues, make 

conclusions, or explain the literature's discrepancies (Salkind 2010).  

In (Gillis & Gatersleben 2015) study, the authors reviewed papers that support the restorative 

benefits of biophilic design through (Kellert & Calabrese 2015) on biophilic design attributes. 

The authors searched for key terms related to BD and restorative environments using two 

databases. Papers that did not relate to environmental psychology and/or psychology were 

eliminated. 

In (Mollazadeh & Zhu 2021) study, the authors explored the potentials, applications, and 

challenges of Virtual Environment (VE) to be utilized in biophilic design through a literature 

review. First, the approach included a review of research papers related to biophilia and BD, 

then a literature review for VE features, settings, and applications. After that, papers on 

simulated natural environments were studied, applications and aspects were defined, and 

biophilic parameters were identified. Finally, based on the previous steps, the factors 

influencing the design of simulated natural environments are concluded, along with potential 

applications and limitations. 

Moreover, (Wijesooriya & Brambilla 2021) conducted a systematic literature review of 

biophilia and BD to explore its strength, weaknesses, opportunities, and threats (SWOT). The 

purpose was to investigate the potential of integrating BD into the sustainable design to create 

a holistic approach using the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) method. This tool involves four steps; Identifying relevant references in 

various platforms, Screening to filter relevant resources, Checking for eligibility through 

specific criteria, and final selection of eligible resources.   

Limitations of the literature review method can be the time and resources needed to run the 

study phases from searching articles using different terms, filtering the eligible papers from 

other resources, reading the selected papers, and finally analyzing and synthesizing new 

information. 
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3.1.6. Simulation 

This tool helps test different parameters and conditions of buildings, such as energy 

consumption, thermal comfort, and ventilation. The advantage of using it is that it gives an 

approximate case to the actual condition if the input data were correct. Providing assessment 

prior to the design and construction phase makes this method cost-effective. Receiving accurate 

and valid results is conditioned to learning the software and accessing information about the 

building studied, such as measurements, materials, and layouts.  

The limitation of this approach is the inability to assess the human aspect and user behavior. 

However, it can predict human comfort through data processing and adherence to international 

standards. 

Multiple types of software provide simulation services to predict buildings' performance. For 

example, ENVI-met was used in (Drapella-Hermansdorfer & Gierko 2020) to explore the 

environmental quality of a hospital's atrium with the addition of biophilic features (waterfall, 

green wall, and green roof) when exposed to heat waves. In the study, the authors could detect 

temperature and humidity differences.  

In a local study in the UAE, simulation was used to evaluate the efficiency of residential 

buildings considering the weather in Abu Dhabi by testing different building systems (LEED, 

Estidama, ASHRAE) using The Transient Systems simulation (TRNSYS) software. The 

software simulates Abu Dhabi's climate around the year (AlQubaisi & Al-Alili 2018).  

Another software can be used, IESVE. The program can estimate energy consumption, lighting, 

ventilation rate, and other indicators. In addition, the weather data available in this software 

allow various testing in different geographical locations. The software also provides a 

comprehensive library with construction materials linked to actual materials, their lifecycle 

calculations, and the ability to create new materials. 

The simulation approach can validate a hypothesis or test an actual case study. However, 

simulation results are affected by the simplicity of the small scale, especially if using landscape 

and adding more complex design is time-consuming and discourages designers (Drapella-

Hermansdorfer & Gierko 2020).  
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3.1.7. Mixed-mode 

The mixed-mode method is used when qualitative and quantitative data are combined to handle 

the problem statement in a holistic view. It can be used to support generalizing the research. 

The small sample of the qualitative part of the research is compensated with a large sample size 

in the quantitative part. Furthermore, the mixed method assists in reaching rich inferences and 

adding credibility to the research outcomes. The mixed method's limitations are that it requires 

significant effort, time, and multiple researchers to gather, synthesize, and analyze data (George 

2022).  

Many studies in the literature carried out this method; (Tokbolat et al. 2018) investigated the 

level of sustainability achieved in Kazakhstan residential buildings. Four steps identified the 

methodology used; First, with official records and field investigations to categorize the 

residential fabric. Second, using literature review to establish a green building checklist. Then, 

surveys, interviews, and field investigations were conducted on a selection of the categorized 

buildings. Finally, the study built an assessment tool for green buildings used by decision 

makers.  

An all-inclusive POE survey was created by adopting this method in the (Sanni-Anibire, 

Hassanain & Al-Hammad 2016) study. The case study selected was a residential complex in 

Saudi Arabia managed by a university. First, the authors reviewed the literature to create a list 

of indicators later transformed into questionnaires. Next, a sample group initiated a pilot survey 

to test the questions' clarity. Professional specialists then evaluated the survey to check its 

validity and provide credible feedback. 

Furthermore, reviewing architectural drawings, maintenance programs, and specifications were 

sources for constructing the survey, analyzing it, and proposing recommendations. Spotting 

problems and issues in the buildings were highlighted through observations in the field visits. 

Measurements for IEQ factors were also recorded using different equipment during the study 

period. Furthermore, focus group meetings with representatives from the residential buildings 

collected in-depth information explaining the results. Finally, strategies were proposed after 

consultation with experts. 

Ogunbayo et al. (2018) combined a survey, literature review, and interviews to explore 

occupantsô satisfaction with the facilities of residential projects provided by public-private 
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partnerships in Nigeria. Systematic sampling was used to select the buildings in three housing 

developments. 

Moreover, in (Arof et al. 2020) paper, the authors conducted a systematic literature review to 

explore BD in projects worldwide. The literature review assisted in categorizing features of BD 

that can be applicable in mixed-use development and used it to construct a survey. The 

questionnaire was first tested on a small group of experts before distribution.  
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3.2. Selected Methodology and Justification 

The method was selected based on an assessment of the above-mentioned methods with their 

advantages, disadvantages, the purpose of the research, time frame, resources, and the author's 

efforts. Hence, the mixed mode method was the selected approach. The method included 

structuring a survey based on a literature review followed by interviews with subject-matter 

experts to validate the proposed strategies. The survey was constructed based on (Afacan & 

Demirkan 2016), and the BOSSA survey (Candido et al. 2021). In the next section, each tool 

in the mixed method will be explained and detailed. 

3.2.1. The Survey 

After defining the study's parameters and in-depth research of the current literature, the survey 

part was constructed. The sample size of the study followed (Afacan & Demirkan 2016) study 

of 240 responses. The survey questions were tailored to fit the case of residential buildings and 

the context of Dubai. Appendix A shows the complete survey. The questions have been 

evaluated with a seven-point Likert scale following (Afacan & Demirkan 2016) and (Candido 

et al. 2021) studies. Two eligibility questions launched the questionnaire to ensure the right 

respondents are answering the survey; 'Where do you live?' and what is your residence type?'. 

Respondents who do not live in Dubai or are not living in villas, townhouses, or high-rise 

buildings were not able to take the survey, and it is terminated with a note that the survey does 

not apply to that case. The survey questions were formed based on (Afacan & Demirkan 2016) 

and (Candido et al. 2021) with a focus on the three parameters (light, view, and access to 

greenery). 

The survey provided a combination of quantitative and qualitative information. The quantitative 

part included questions to rate satisfaction levels and the level of acceptance of occupants to 

specific strategies. The qualitative part included open-ended questions where respondents could 

add additional information for questions regarding the reason for certain behaviors or describe 

a setting. 

The survey tool was constructed of four main themes. Theme 1 included demographic 

questions. Theme 2 satisfaction rate of light, view, and access to greenery. Theme 3 asked 

respondents about their acceptance rate of potential strategies. Finally, theme 4 evaluated their 

overall satisfaction with light, view, and access to greenery. 
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Questions about satisfaction with the lighting and view were inquired about in the living room, 

assuming that this is the main space where people spend most of their time lounging. Moreover, 

satisfaction with light was inquired during summer and winter since the sun path is different 

according to the season. The ability to control artificial light was also questioned, as it reflects 

on the ability to customize the amount of light and provide a variant amount of light that imitates 

the gradience in sunlight, as highlighted in Section 2.1. Satisfaction with view included two 

questions to rate the satisfaction and assess if it provides a connection to nature, as per (Candido 

et al. 2021). Other questions related to the status of their living condition, such as the floor level, 

percentage of glazing, what they see outside the living room window, the building age, and the 

area where they are living, were listed to indicate the living conditions. 

In access to greenery and potential strategiesô themes, high-rise buildings had different 

questions than townhouses or villas. For example, óDo you have a yard?ô and óHow frequent 

do you or your family members visit the park in your compound/ neighborhood park in 

moderate weather?ô. These questions assume that, most likely, the villas and townhouses are 

within compounds, and a small yard, whether front or back, is part of the house. On the other 

hand, in high-rise buildings, two assumptions were formed. First an assumption that a balcony 

may or may not be part of the dwelling. Second, access to a nearby park is a potential strategy 

rather than already available. Accordingly, the questions are óDo you have a balcony?ô and 

óWould you agree to access a park nearby your house in moderate weather?ô. In high-rise 

buildings, additional questions about potential strategies were extracted from literature, such as 

indoor gardens and outdoor shaded roof gardens. 

Moreover, adaptive use of balconies was explored by asking participants whether they agreed 

to have the ability to open and close the balconies according to the season. The author also 

explored the acceptance of vertical farming in high-rise buildings. The question is as follows: 

óIf the tower is provided with an outdoor shaded roof as part of the buildingôs facilities, would 

you agree to utilize it?ô, the same question for an indoor garden. The vertical farming strategy 

was also explored in the following text óWhat do you think of growing food inside buildings on 

vertical stacked layers (vertical farming)? Would you participate if it was available at your 

tower and managed properly for each tenant?ô. Other questions for potential strategies that were 

common for all building types explored the social aspect of BD. One question is exploring 

peopleôs acceptance of joining clubs that promotes environmental events, such as bird watching 

and growing food. Another question for participating in recreational events in nature that 
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educate the people about experiencing nature. Finally, a question that explored the overall 

satisfaction of participants was added. A summary of the survey questions with justification for 

the questions defined is listed in Table 3-1. 
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Table 3-1. Survey questions with justifications. 
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Table 3-1. Survey questions with justifications (continued). 








































































































































































































