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Abstract  

Keywords; Daylight, View quality, Optimisation, Shading systems.  

Viewing the natural environment from inside homes and workplaces has been recognised 

by a range of scholars as having an impact on improving health and well-being. Research 

has shown that a combination of outdoor elements – such as blue sky, sea view and greenery 

– is highly preferred as these elements are therapeutic for human wellbeing. However, 

installing shading systems is an important strategy for passive building cooling but it could 

affect our sense of connection to the outside environment. Most researchers evaluate view 

quality using qualitative questionnaires or quantitative methods by analyzing the geometry 

outside using 2D and 3D software which needs the outdoor environment to be fully built in 

the simulation accurately takes more time and may cause a system crash to run.  This 

research presents a new multifactor system called (DVS) to quantify the visible outside view 

(VOV) by analyzing the outside view image by converting the view content into red, blue, 

and green (RGB) pixels using image processing technique. VOV measures the occupant's 

ray tracking percentage to the visible outside view content taking into consideration the 

blind factor of shading and daylight quality. An indicator starting from 0 % to 100 % is 

given to quantify the outside view content including shading systems which then the overall 

VOV is related to the visible outside view quality as a factor of well-being potential (WP).  

The DVS multifactor system was validated by conducting a virtual reality experiment to 

investigate the system results. The simulation outcomes were visualised on a comfort and 

well-being map showing the quantitative measurements for the new visible outside view 

(VOV) daylight metrics and daylight quality simulation. The study found that the shading 

strategy should not be the same at all levels and shading devices in primary design stages 

considering the view to the natural elements positively affects occupants' wellbeing 

potential. These findings suggest that the proposed algorithm needs to be implemented with 

building energy and daylight simulation to produce more holistic systems. This will be the 

only way to get efficient and sustainable buildings highly connected with the human 

dimension. 
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CHAPTER 1: Introduction 

1-1 Introduction 

Views and daylight quality can positively impact eye health (Amundadottir et al., 2017), occupant 

well-being (Matusiak & Klöckner, 2016 ) and visual comfort (Ko et al., 2021; Rizi et al., 2024; 

Yildirim et al., 2024). Workers in offices with poor daylight quality and poor views take more sick 

leave hours. In the workplace, the ability to see natural landscapes significantly impacts stress 

reduction and attention (Matusiak, 2020). The WELL building standard set a new regulation to 

enhance occupants’ access to the outside view by evaluating workplace view quality to the space itself 

and not to the biophilia within the interior space ( WELL addenda, 2024). The benefits of having a 

good view can reduce anxiety and stress and increase creativity. Viewing the natural environment 

from inside homes and workplaces has been recognised by several scholars as improving health and 

well-being (Elzeyadi, 2012; Amundadottir et al., 2017; Boubekri et al., 2020; Jamrozik et al., 2019; 

Sherif et al., 2015; Fathy et al., 2020; Yao et al., 2024) and has shown that a combination of outdoor 

elements – such as blue sky, sea view and greenery – is highly preferred in a coherent scene as these 

elements are therapeutic for human well-being. well-being is ‘a special case of attitude’ (Steemers, 

2021) consisting of two key elements: feeling good and functioning well (Fletcher, 2016).  

Although installing shading systems is an important strategy for passive building cooling, it can affect 

our sense of connection to the outside environment. This study focuses on daylight, view and well-

being and seeks to improve our knowledge of the relationships between subjective aspects (e.g., visual 

comfort and well-being) and the physical stimuli of indoor daylight levels and the views to the outside 

environment through windows. To design healthier spaces, the quantitative simulations of daylight 

and view quality should align with users’ perceptual experiences to improve their feelings and 

satisfaction with their seat location inside a space. It is critical to readdress how spaces evaluated by 

simulation tools currently are not designed for greater comfort and well-being potential (WP). New 

methods are needed to incorporate daylight and view quality with the shading design in the simulation 

process to predict subjective targets such as visual comfort and well-being. 

The level of daylight inside office buildings and around work spaces influences physiological and 

psychological health and well-being. Daylight quality in the indoor environment directly impacts the 

health and well-being of building occupants (Fissore et al., 2023). Although light is predominantly 

perceived as a visual phenomenon, it also affects human physiology, behaviour and mood. These 

effects are described as non-visual ones (CIE, 2016). The visual effects of daylight refer to the 
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photometric measurements used to analyse how much light is present in a given space for given tasks. 

In contrast, daylight non-visual effects are assessed subjectively whereby building occupants evaluate 

how the light is perceived (colour, intensity, distribution, uniformity, etc.) (Xiao et al., 2021). 

Some building rating systems such as LEED (Leadership in Energy and Environmental Design), 

European standard EN 17037 and CIBSE (Chartered Institution of Building Services Engineers) put 

forward metrics to measure the view quality without referring to the impact of installing a shading 

device (LEED v4, 2019; CEN, 2021; CIBSE, 2005). However, CEN standard provides a metric to 

measure the view clarity of different shading systems based on the visible transmittance (VT) factor, 

but it does not show the acceptable levels of the visible outside view (VOV) content that will be 

affected by installing this shading system. Also, CIBSE recommends that good view content is 

important for improving occupant well-being, but the literature review undertaken in this study failed 

to find a metric to measure the visible view content percentage through any kind of shading.  

Most researchers evaluate view quality using qualitative questionnaires or quantitative methods by 

analysing the geometry outside using two-dimensional (2D) (Matusiak et al., 2020; Ko et al., 2021; 

Lin et al., 2022; Li & Samuelson., 2020) and three-dimensional (3D) software (Domjan et al., 2023; 

Yao et al., 2024; Rizi et al., 2024). The software needs the outdoor environment to be fully built in the 

simulation, which takes more time and may cause a system crash. In related studies such as (Pilechiha, 

2020; Hellinga & Hordijk, 2014; Turan et al., 2021; Lee & Matusiak, 2022; Jaeha et al., 2022) little 

attention has been given to elements obstructing outside views, such as shading devices. This may be 

explained by the difficulty of measuring the visible outside view (VOV) ratio using shading devices. 

Applications of the software that can evaluate daylight, view quality while installing shading devices 

outside academia are limited; some software can be used to measure the view quality but it is not 

connected to the actual VOV content (green, art, context, sky). This means that the blind factor of 

shading devices is only used to measure the view access ratio, not the visible view content ratio. To 

my knowledge, there is no tool, application or software yet to integrate daylight quality, outside view 

quality and shading devices in an optimisation process. 

To address the challenge mentioned above, this study introduces a novel multifactor system to 

optimise shading parameters using virtual simulation and multi-objective evolutionary algorithm 

(MOEA) techniques to enhance occupant comfort and WP. This multifactor system (DVS system) is 

considered to be the first to integrate daylight quality, visible outside view quality and shading 

parameters in one optimisation process and predict occupant comfort and WP inside a building (via 

CWmap, a comfort and well-being potential map). 

https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
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1-2 Importance of Shading Devices in Egypt and England 

1-2-1 Climate in Egypt: Shading Devices as Mandatory Elements 

According to the Köppen-Geiger ‘world climate classification map’, Egypt is considered to be in the 

‘hot–arid desert’ climate with small parts (along the north coast of Egypt) in the ‘hot–arid steppe’ 

(Peel et al., 2007). The Housing and Building Research Centre in Egypt developed a climatic 

classification according to geographic regions, dividing Egypt into eight regions. 

In 2021, 95% of business owners in 50 countries, including Egypt, were concerned about employee 

well-being (Daily News Egypt, 2021). In another study, employees in six large companies in Egypt 

were surveyed about their satisfaction with various aspects of the physical working environment (El-

Zeiny, 2018). The highest satisfaction score was derived from lighting, with a mean value of 3.95, 

indicating that the six companies have adequate lighting for tasks. However, the satisfaction score for 

outside view had a mean value of 3.19, indicating workspace outside view is not enjoyable for most 

employees. Perhaps that is why most administration buildings are located in the downtown area, where 

the dominant outside view is a view of the street or square (Fig. 1-1). 

 

 

 

 

 

 

Figure 1-1: Employee satisfaction with daylight and outside view in Egypt. (Source: El-Zeiny, 2018). 

The Egyptian government announced the New Capital Cairo Project in 2018. The plans proposed the 

new city to be 40 kilometres south of Cairo, with 7 million inhabitants on 700 square kilometres 

making the new capital more significant than Washington D.C. The plans conceived a greenery scene 

based on creation of the Green River. An essential component of the new capital, the Green River is 

the most extensive green garden in the Middle East and was designed to serve as a green lung and 

natural outlet for all neighbourhoods and compounds of the new administrative capital. It is one of the 

essential features of the new administrative capital (Fig. 1-2). 
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Figure 1-2: Greenery view to replace the streets and square view in the downtown area. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-3: Visible outside view through shading device to the outside environment. 

Biophilic design can improve occupant comfort and well-being because interacting with good direct 

sunlight and having a view of the outside environment reduce stress and improve worker performance 

(Schweizer et al., 2007, Aamer, 2021). View quality could be measured based on some metrics related 

to view access, view content, and view clarity. Ko et al., (2021) indicate that view quality has three 

main factors: (i) view access, which is defined as the angle of sight seen to the outside (Wilson, 1984); 

(ii) view clarity, which refers to how an occupant can see the outside view content clearly (Wilson, 

1984); and (iii) view content, which is related to layers found in the outside view such as sky, greenery 

and context (Farley & Veitch 2001). 

View Quality 

Shading Devices 



Chapter 01_Introduction 

5  

 

Therefore, it is important when design an office building at this city to consider daylight quality and 

the connection to the outside view (Fig. 1-3). To avoid direct harm from sunlight, such as glare, and 

to improve the quality of daylight inside the working environment, a shading system based on multi-

objectives is needed. These objectives will contribute to increasing the contact with outside view and 

preventing daylight issues such as glare. 

 

1-2-2 View Quality and Overheating Issues in England 

In the United Kingdom, building regulations for shading devices are primarily concerned with energy 

efficiency, thermal comfort, and overall building performance (Dudzińska, 2021). A shading device, 

such as an external blind, louvre, or overhang, reduces solar heat gain during summer months and 

maximises natural daylighting in buildings (Overheating Approved Document O, 2022). Glazed 

facades are widely used in modern buildings, which can increase solar heat gain. Therefore, shading 

devices are considered part of the overall strategy to improve a building’s energy performance.  

 For view quality over the natural landscape, over half 

of the land area in the United Kingdom is farmland 

(fields, orchards, etc.). The built-up area including 

roads and buildings is around 6% and green urban 

space is around 2.5%. According to the National 

Landscape Association Survey (2023), over 66% of 

England’s population lives within 30 min of a national 

landscape. In addition, approximately 15% of 

England’s land area is covered by 34 national 

landscapes. According to Mayor of Salford Paul 

Dennett, Salford is currently 60% green space (Salford 

City Council, n.d.).  

This research selects Cairo and Salford as case study locations based on their distinct climatic and 

environmental conditions, which provide valuable insights for studying daylight’s role in occupant 

well-being. 

This research selects Cairo and Salford as case study locations based on their distinct climatic and 

environmental conditions, which provide valuable insights for studying daylight’s role in occupant 

well-being. Cairo’s high solar exposure and abundance of natural daylight make it a critical context 

Figure 1-4: Land use in the UK (source: BBC) 
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for understanding how daylight can be managed effectively through shading systems. The city 

experiences intense, year-round sunlight, making it essential to study how shading devices can 

optimise daylight while preserving well-being potential. Cairo’s conditions are ideal for testing the 

DVS system's ability to maintain a connection with natural elements (sky, greenery, etc.) under high-

light conditions that are challenging for thermal comfort. 

The selection of Salford, located in the UK with its relatively lower levels of sunlight and overcast 

conditions, provides a contrasting environment to test the DVS system under lower daylight 

conditions. Salford’s weather variability makes it a unique setting to evaluate how well the DVS 

system adapts to moderate or low daylight while ensuring occupant well-being. By using Salford as a 

case, this study tests the flexibility and robustness of the DVS system in environments where managing 

limited daylight and maximizing outdoor views require a different shading strategy. 

These two cities, with their contrasting climates and daylight availability, enable a comprehensive 

validation of the DVS system across diverse environmental contexts. This dual-site approach provides 

a balanced analysis of daylight’s role in well-being, establishing the system’s applicability across 

regions with varying solar and daylight characteristics. (Fig. 1-5). 

 

 

 

 

 

 

Figure 1-5: Greenery view to replace the streets and square view in the downtown area. 

 

1-3 Transition from Office to Working Environment 

1-3-1 Definition of an Office 

The concept of the office has evolved through history, transforming into the concept of the working 

environment. The word ‘office’ comes from the Latin officium; this term has also been used as a 

synonym for a mobile bureau or an abstract idea of a formal position in judicial, administrative, and 

managerial tasks (Ng et al., 2022). Generally, an office is a place that undertakes and manages a range 

of processes and functions. According to Dale and Burrel (2007), three factors affect an office design: 

Testing the proposed shading system 

(Chapter03) 

 

VR experiment to validate the results  

(Chapter 07) 

Cairo (Egypt) 

 
Salford (England) 

The multifactor shading system (DVS) 
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(1) spatial environment (i.e. where humans perform work), (2) physical environment (i.e. physical 

objects and bodies) and (3) built environment (e.g. architecture, urban locale). 

Since the Renaissance, the office became a common English expression for a place as a standalone 

building where government functions such as military services were conducted. The design of office 

buildings and the evolution of workspaces were the inevitable result of changes in the nature of office 

work (Danielsson & Bodin, 2008). The conventional office building is no longer the only suitable 

place for work, and work types and styles are moving towards more creative integration of spatial 

configuration in workspace design to make a working environment for effective human use. This 

transformation from office to working environment aims to achieve a healthy environment in which 

the surroundings contribute to occupant productivity, comfort and a sense of health and well-being 

(Ng et al., 2022). In recent years, there has been an increase in the use of casual or temporary 

workplaces as well as shared task-based settings (co-working spaces). A new term was added to the 

working environment to become a collaborative work environment that needs a specific change in 

office spatial design solutions. Due to the growing trend of remote work, flexibility in office settings 

and choice of places have become critical factors that contribute to occupant productivity, comfort and 

a sense of health and well-being (Ng et al., 2022). 

 

1-3-2 Innovation of Curtain Walls 

With the industrial revolution, office structures grew in many European countries. The indoor 

environmental quality for comfort and lighting was able to meet occupant needs due to developments 

in heating, ventilation and air conditioning systems and artificial lighting (Heiselberg, 2007). In 

addition, the industrial revolution in construction and material helped to create new architectural forms 

with fully glazed façades. This trend is called the ‘international style’ and office buildings in many 

countries, such as the United Kingdom, the United States and Egypt, have been affected by this trend 

(McMullin, & Price, 2016) (Figs. 1-6, 1-7, 1-8). The fully glazed façade (glass curtain wall) in Figures 

1-3 to 1-5 allows entry of abundant natural light and makes it possible for more people to use a full 

office area with minimal need for artificial light. In addition, view quality needs to maximise the 

curtain-to-wall ratio to increase view clarity and access to the outside. Consequently, daylight levels 

and exposure will exceed the recommended levels internally. 

https://www.amazon.co.uk/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Paul+McMullin&text=Paul+McMullin&sort=relevancerank&search-alias=books-uk
https://www.amazon.co.uk/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Jonathan+Price&text=Jonathan+Price&sort=relevancerank&search-alias=books-uk
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Figure 1-6: Office buildings in the United Kingdom, Building: 30 St Mary Axe Tower, London. Figure 1-7: Office 

buildings in the United States, Building: 150 North Riverside, Chicago, Illinois. Figure 1-8: Office buildings in Egypt, 

Building: El ahly Bank of Egypt, Cairo. 

1-3-3 Innovation of Deep-Plan Working Spaces 

In the early twentieth century, office buildings in Europe were dominated by cellular offices, that is, 

multiple rows of closed offices around a central corridor, around an atrium or a central room (Hascher 

et al.,2002). These building structures were adopted because of the general building regulations on the 

depth of buildings to ensure daylight and natural ventilation. Marfella (2010) reviewed a sample of 16 

tall office buildings in Melbourne CBD from the late 1960s to the 1990s. Marfella’s research illustrates 

five parameters that could affect an office building design (Fig. 1-9): (1) floor plate efficiency, (2) 

leasing depth, (3) service core configuration, (4) modular coordination and (5) stacking strategy 

(Marfella, 2010). 

 

Figure 1-9: Five speculative parameters for office building design. 

In architecture, a deep-plan building is considered a building with a leasing depth of more than 17 

metres (Property Services Agency and Department of the Environment, 1976) (Fig. 1-10). In addition, 

regarding energy efficiency in buildings, a passive zone is considered as the area in a building that can 

be daylit and naturally ventilated (Baker et al, 1993). Deep-plan buildings are popular in commercial 
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building designs for two main reasons: (1) their ability to maximise site coverage to maximise profit, 

and (2) the need to consider daylight quality in the zone that exceeds the 17-metre depth. Daylight 

devices installed in windows can only redirect daylight up to about 8–10 metres. Among contemporary 

open-plan office buildings, Osram GmbH Administration Building in Munich is very distinctive in its 

layout (Baker et al, 1993). The Osram building was the first spatial expression towards achieving 

organizational efficiency by enhancing information flow, interaction and transaction among 

colleagues (Laing, 2005) (Fig. 1-11). 

  

Figure 1-10: Deep-plan open office.(source: Author) Figure 1-11: The buerolandschaft—a first open-

plan office building, Quickborner team at 

Bertelsmann, Gütersloh (1950).(Source: Laing, 

2005) 

1-4 Defining the Area of Focus 

1-4-1 Approach 

It is now widely recognised that daylight quality throughout an internal space directly impacts building 

occupant health and well-being. Data from several field studies have linked daylight to productivity, 

mood, well-being, seasonal affective disorder and eye strain (Elzeyadi, 2012; Amundadottir et al., 

2017; Boubekri et al., 2020; Jamrozik et al., 2019; Sherif et al., 2015; Yao et al., 2024). Another 

important psychological aspect of daylight is meeting the need for contact with the outside 

environment through a window.  The façade is a central element to compromise between comfort 

requirements of an indoor space and the dynamic external environment parameters. Some working 

spaces stimulate occupant well-being and feelings of happiness, visual interest and excitement. In 

addition, installing a shading system to the façade could lead to better daylight quality.  The advantages 

of shading are limited not only to protecting a building façade from being directly exposed to sunlight 
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(Ticleanu, 2021; Couvelas et al., 2018) but also to controlling the amount of daylight in a space. 

Shading systems are one of the most preferred methods to enhance the performance of building façades 

(Kirimtat et al., 2016). In contrast, other façades stimulate disturbance, gloom and discomfort 

depending on the daylighting conditions, which could be optimised using shading systems. Klein 

(2013) presents a classification of façade systems based on recent and future functions, but there is no 

reference to a façade system to improving occupant comfort and well-being (Fig. 1-13). This research 

adopts the approach of Klein (2013) which reveals that façade functions can be defined as a separator 

and filtration between nature and interior spaces that aim to improve visual contact with the outside 

view and visual comfort to daylight quality (Fig. 1-12). 

 

 

 

 

 

Figure 1-12: Shading device functions to improve occupant comfort and well-being potential (Source: Author). 

Figure 1-13: Façade functions (Source: Klein, 2013). 
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1-5 Aims and Objectives 

1-5-1 Aim 

This research aims to define a new multifactor system of optimising different shading parameters using 

virtual simulation and genetic algorithms as a means to enhance occupant comfort and WP related to 

daylight quality and view quality recommendation values and standards. 

1-5-2 Objectives 

1. To determine the current understanding of daylight standards and rating system 

recommendations to improve occupant well-being. 

2. To determine the significant terms used by occupants that affect their feelings and satisfaction 

with daylight and outside view in relation to their seat location inside the working environment. 

3. To provide a method to quantify VOV content as an indicator for quantifying occupant well-

being. 

4. To define a new multifactor system to test different shading alternatives using simulation and 

genetic algorithms to optimise both daylight quality and view quality. 

5. To validate the new multifactor system (DVS system). 

1-6 Methodology 

Choosing the appropriate research method is crucial to achieving the research goal. Research 

methodologies determine how data will be collected, whether quantitatively or qualitatively (Saunders 

et al., 2015). This study is subjective because I, as the sole researcher, have selected and interpreted 

the results regarding occupant experiences of daylight impact on comfort and well-being. I have made 

key decisions throughout the study, from choosing specific parameters to defining the criteria for 

assessing the effects of daylight. These choices are inherently influenced by my individual perspective, 

knowledge, and understanding of the subject matter. For example, I did not include gender or 

education level in the questionnaire also, I decide to work according to LEED standard as they are 

most widely used in middle east.  

The study needs to be objective to be more scientific; therefore, there is a need for both qualitative and 

quantitative data (Collis et al., 2014). Qualitative techniques cannot be used for objective data 

collection, which is an advantage of quantitative techniques. Accordingly, this study uses a mixed 
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method approach of qualitative research supported by quantitative methods of data collection, such as 

questionnaires. 

This mixed method will help to explain the relationship between qualitative and quantitative results. 

The mixed method’s characteristics will help develop the rationale for integrating objective 

quantitative and subjective qualitative data (Creswell, 2009). Combining these data types and analysis 

is mandatory to answer the research question: ‘Is it possible to improve and predict occupants’ comfort 

and well-being by using a multifactor shading system?’ 

In this study, a sequential mixed exploratory research method is used as follows: (1) qualitative, (2) 

quantitative, (3) qualitative, and (4) interpreting the connected results. The research starts with a 

thematic analysis of the literature review to define the research gaps followed by the administration of 

an online questionnaire to define the variables and determine their relationship with each other and 

also to determine the terms used by occupants that affect their feelings and satisfaction with daylight 

and outside view quality inside their working environment. 

In the second step, based on the literature review and the questionnaire findings, a quantitative analysis 

driven by the simulation and optimisation process was undertaken using Rhino and Grasshopper as 

parametric platforms. In the third step, a quantitative experiment was conducted to examine occupant 

experiences with daylight and view quality and shading devices in a virtual environment using a VR 

technique. This VR experiment was conducted by using Unreal software to validate and test occupant 

feelings and satisfaction in a workspace built virtually to achieve the assessment criteria used in the 

multi-objective optimisation process. These assessment criteria focus on achieving daylight quality 

and view quality extracted from the literature review stage. Finally, the research interprets in what 

ways and to what extent the multifactor system (DVS system) affects occupant comfort and well-being 

in workspaces. The four stages, adapted from Creswell & Plano Clark (2011), are summarised below: 

• First stage: Qualitative analysis for comfort and well-being in terms of daylight (online 

questionnaire) 

• Second stage: Quantitative assessment of VOV quality as a new metric to measure WP 

• Third stage: Quantitative assessment of daylight, VOV and shading (multifactor DVS system) 

• Fourth stage: Qualitative assessment of the multifactor system (DVS system) to validate the 

simulation results by using a VR experiment (semi-structured interview) 

To achieve the first research objective, a systematic literature review was conducted to define 

recommendations and guidelines for daylight comfort and well-being in the working environment. 
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The review starts with a chronological overview and presents daylight metrics as well as their 

underlying methodologies to define the gap in using these metrics to assess daylight non-visual effects 

and the need to use building rating system guidelines and recommendations to enhance this 

assessment. Then, a thematic analysis was conducted to extract the relative recommendations and 

metrics on how these building rating systems can contribute to comfort and well-being in terms of 

daylight. These recommendations and metrics are used later as standard parameters in the quantitative 

stage during the simulation process. 

To achieve the second research objective, a qualitative study was initially conducted through an online 

questionnaire to determine variables that occupants use in the daylit zone to describe their feelings and 

satisfaction with daylight (visual and non-visual effects) and outside view quality in their working 

environment. 

To achieve the third research objective, a quantitative approach was taken by defining a new 

facilitation tool using parametric analysis of the outside view to quantify VOV content based on the 

recommendation metrics and variables for comfort and well-being while using automated shading 

systems. 

To achieve the fourth research objective, a quantitative approach was taken by defining a new 

multifactor system (DVS system) using multi-objective evolutionary algorithms (MOEAs) technique 

to integrate daylight quality, VOV content and shading systems in one optimisation process to improve 

occupant comfort and WP. A comfort and well-being map (CWmap) was produced to interpret the 

comfort and well-being percentage based on the daylight and view quality received. 

Finally, to achieve the fifth research objective, a qualitative approach was implemented using semi-

structured interviews with participants by conducting a VR experiment to validate the DVS system 

occupant experiences in assessing their best seat location, feelings and satisfaction while using a 

shading system produced from the simulation. The results of this experiment were compared with 

CWmap to investigate the relationship between participant response in the VR experiment and the 

simulation output and to validate the DVS system.  
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1-7 Work Scope and Limitations 

This research represents a study of three significant areas: daylight quality, view quality and shading 

systems. This research contains a large number of factors that could affect the research results at each 

stage. To keep the research within a manageable state, this study concentrated on a specific factor from 

the three primary areas mentioned earlier. 

• View quality was limited to the composition of the outside environment (greenery, sky, 

context). View access had fixed parameters as the window-to-wall ratio will be 90% and, for 

view clarity, the glazing had a visual transmittance 0.7 VT as recommended by LEED and 

WELL Building Standard in their view quality credit. 

• Daylight quality was limited to glare, spatial daylight autonomy (sDA) and annual sunlight 

exposure (ASE) as objective visual comfort. (Justification provided in Chapter 2.) 

• The shading systems in this research aimed to explore different shading configurations, such 

as horizontal shading, vertical shading and panelling prototype. 

• The proposed multifactor system was only used for Venetian blinds, mullions, overhangs or 

fins shading, but did not work for roller shades since the openness (holes) is very small and 

hard to model in Rhino. However, it provided views of the outdoors but it minimised the view 

clarity. This study applied LEED assessment criteria, which state that view glazing should 

provide a clear image of the outside environment. Therefore, the study was limited to using 

only clear glass and not working with the transparent blinds and small meshes that take more 

time and may cause a system crash to run the iteration. 

• Regarding the material provided in this study during the simulation process, internal walls were 

finished in white plaster, the floor was covered with grey tiles, and the ceilings were white. It 

is assumed that the reflectance of the interior wall is 50%, the ceiling 80% and the floor 50%, 

and glazing has visual transmittance of 0.7 VT as recommended by LEED and WELL Building 

Standard in their view quality credit.  

• Regarding the daylight performance simulation, it was assumed that the sky is clear, with the 

sun at a minimum of 500 lux on the work plane at a height of 0.75 m from the floor. A grid of 

sensors 0.6×0.6 m2, as recommended by LEED, and artificial light were used during the 

simulation process. 
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The multi-objective optimisation process was performed and managed using a digital platform 

consisting of many digital applications, such as Revit®, Rhinoceros®, Grasshopper®, Honeybee®, 

Energyplus®, Ladybug® and Wallacei®. 

1-8 Structure of Thesis 

This thesis is structured into eight chapters, systematically exploring the interrelationship between 

daylight, outside views, and shading systems in enhancing occupant well-being. Chapter 1 introduces 

the research by outlining its purpose, significance, and scope. Chapter 2 provides a comprehensive 

literature review, examining previous studies on daylighting, the quality of outside views, and shading 

systems, to identify gaps in current knowledge. Chapter 3 explains the research methodology, detailing 

the approaches and tools used. 

Chapter 4 presents the first stage of the research, where a qualitative analysis is conducted through an 

online questionnaire to evaluate comfort and well-being in relation to daylight. This is followed by 

Chapter 5, which introduces a quantitative assessment of outside view quality as a novel indicator for 

measuring well-being potential, forming the second stage. Chapter 6 extends this analysis by 

developing a multifactor system (DVS) to quantitatively assess daylight, visible outside views, and 

shading systems in the third stage.  

In Chapter 7, the DVS system is validated through simulations and empirical testing, ensuring its 

accuracy and applicability. Finally, Chapter 8 summarises the research findings, offering conclusions 

and practical recommendations for improving occupant well-being through better daylighting and 

shading strategies in architectural design. This chapter also reflects on the limitations and potential 

directions for future research 

 

Chapter 1: Introduction 

Chapter 2: Literature review of daylight, outside view and shading systems 

Chapter 3: Methodology. 

Chapter 4: Qualitative analysis for comfort and well-being in terms of daylight (online 

questionnaire) (Stage 01) 

Chapter 5: Quantitative assessment of visible outside view quality as a new indicator to measure 

well-being potential. (Stage 02) 
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Chapter 6: Quantitative assessment of daylight, visible outside view and shading (DVS multifactor 

system) (Stage 03) 

Chapter 7: DVS system validation 

Chapter 8: Conclusions and recommendation 
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CHAPTER 2: Literature Review 

2.1 Introduction 1 

Daylighting quality throughout an internal space directly affects the health and well-being of building 

occupants. Various physiological and psychological benefits have been attributed to the presence of 

daylight in buildings. To enhance the performance of building façades, shading systems are one of the 

most preferred methods. The advantages of shading are limited to protecting a building façade from 

direct sunlight and controlling the amount of natural light in a space. Recommended practices in 

daylight design primarily focus on improving the energy efficiency of buildings and the comfort of 

building occupants rather than on optimising its role in enhancing occupants’ health and well-being 

(Elkadi & Al-Maiyah, 2021). Although some of the biological influences associated with the amount 

of daylight received by building occupants and its impact on their stress, level of productivity, and 

sleep quality are well documented, there is a general ambiguity in the literature about measuring 

occupant well-being related to daylighting design. Many studies assess daylight exposure as an 

indicator to directly measure health and well-being of individuals. Other studies measure visual 

comfort from having enough contrast in daylighting illuminance to quantify well-being. The main aim 

of this chapter is to define themes of well-being related to daylight design founded in studies referring 

to the role of shading systems to improve daylight inside the working environment. 

In the building design field, improving occupant comfort and well-being has long been recognised as 

a potential problem in spatial design and many researchers try to achieve this goal by improving 

daylight quality and view quality but it is important to not neglect the important role of the shading 

systems that can optimise and control both daylight and view quality. Therefore, there is a need to 

know in more depth what daylight quality and view quality mean and how they could affect occupant 

comfort and well-being potential in the working environment. In addition, it is important to look at 

methods used to optimise shading systems designs and the other conflicting targets related to daylight 

quality and view quality. To provide an overview of the current state of research in this topic, a 

literature review of specialist academic journal articles published during the last decade was conducted 

 

1 The work presented in this chapter was originally published as: 

Abdelrahman, M., & Coates, P. (2022a). Themes of wellbeing associated with daylighting practice and shading systems in working 

environment. Conference: Resilience in Research and Practice. University of Salford, Uk. 

Abdelrahman, M., & Coates, P. (2022b). Wellbeing in Daylighting Studies. PLEA 2022—36th Conference on Will cities survive?, 

Santiago, Chile.  
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https://www.researchgate.net/publication/367519776_WILL_CITIES_SURVIVE_The_future_of_sustainable_buildings_and_urbanism_in_the_age_of_emergency_At_36_th_PLEA_CONFERENCE_CERTIFICATE_OF_PRESENTATION?_sg%5B0%5D=rYKwMsDHXhiEKljcIWDZ0L_d16q1e6uYTVQk7lXPcY7lMg1yLiVF1RpLttUW3t92icB-5DZ8XCGcDdE.sy73k0jKc9-wpfZ4sXTo6D2XtaI_568DUDzU3txY8hcITtDGbY9NpNskvJnY4l5_34pbOUaTmyNBQyHPDm9WYQ&_sg%5B1%5D=Hop9DgtbM3famIKeAY7ZSVoslq8i9egesrdtJtj94sUseZw134buQxq0jgqsClmu4pt_eiDFOur686_NEGWx_wEadgk.sy73k0jKc9-wpfZ4sXTo6D2XtaI_568DUDzU3txY8hcITtDGbY9NpNskvJnY4l5_34pbOUaTmyNBQyHPDm9WYQ&_sg%5B2%5D=kDBsvfeuYcvjN0DoNES4Xvg6Rcl4MvnCn9Bb4cFdHPiFC56XVhSsxmMy-9tTgVIVqQybmORA8UtAKtPhBA.sy73k0jKc9-wpfZ4sXTo6D2XtaI_568DUDzU3txY8hcITtDGbY9NpNskvJnY4l5_34pbOUaTmyNBQyHPDm9WYQ&_sgd%5Bsr%5D=1&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHJvZmlsZSIsInBvc2l0aW9uIjoicGFnZUNvbnRlbnQifX0
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and limitations of the methods used to assess daylighting, non-visual effects, and well-being as well 

as the practical implications of this knowledge were examined. 

The literature review will be divided into three sections. The first section reviews definitions and 

theories related to comfort and well-being and illustrates the relationship between comfort and 

satisfaction with daylight quality on the one hand, and well-being and satisfaction with view quality 

on the other hand. The second section reviews daylight and view recommendations in building rating 

systems, such as LEED, BREEAM (Building Research Establishment Environmental Assessment 

Method), WELL Building Standard and CIBSE, European standard, and IESNA (Illuminating 

Engineering Society of North America) standard, to understand the different assessment criteria for 

evaluating daylight and view quality. This better understanding of how to measure daylight and view 

quality will help in defining the assessment criteria of the new multifactor system to integrate daylight 

and view quality and shading design in one system. The third section extensively reviews the related 

studies focusing on daylight view quality, comfort, well-being and shading systems. The 

methodological process for conducting the review consisted of three steps: (1) identifying themes 

associated with the concept of comfort and well-being, (2) determining methods used for measuring 

daylight and view quality and (3) optimising systems used. An analytical summary of the literature is 

provided, followed by the findings from the analysis. Finally, the gaps in current knowledge and 

understanding have been identified and organized into three categories reflecting the identified 

research gaps (Fig. 2-1). 

 

Figure 2-1: Literature review data sources. 

To understand the effect of daylight on occupant comfort and well-being in literature and to define the 

research gap, three approaches were taken: 

Well-being 

3. Related studies 

1. Definition and theories about 

comfort and well-being 
2. Building rating systems and 

daylight standards 



Chapter 02_Literature review 

20  

 

1. Review of theories: a theoretical review about theories, definitions and concepts of comfort 

and well-being. 

2. Review of daylight and view quality in building rating systems and standards: a review of 

building rating systems and metrics used to assess well-being and comfort to justify the 

selected assessment criteria for evaluating daylight and view quality. 

3. Review of journals, books, and recent publications: a review of the most recently international 

publications discussing daylight and view quality, comfort, well-being and shading systems. 

2-2 Review of Theories: A Theoretical Review about Theories, Definitions and Concepts of 

Comfort and Well-Being 

Philosophers have a massive debate about the meaning of well-being. Well-being’s substantive 

theories tell us what makes something good or bad for a person and, more broadly, what makes a life 

well or not for the person. There are three main theories: hedonism, desire fulfilment theories and 

objective list theories. Hedonists define well-being as a feeling of pleasure and pain. Desire fulfilment 

theorists define well-being as a desire to be happy or sad. Objective list theorists claim well-being has 

various goals depending on what is appropriate to a person. Further, according to perfectionists, well-

being depends on the development and exercise of an individual’s natural capabilities. 

The concept of well-being refers to what is intrinsically valuable to an individual. It consists of two 

dimensions on a personal and a social level that explain how individuals feel and function (Crisp, 

2020). The well-being of a person is ultimately good for that person and is in that person’s self-interest 

(Andrews & McKennell, 1982). In another definition, well-being is ‘a special case of attitude’ 

(Steemers, 2021) consisting of two key elements: feeling good and functioning well (Fletcher, 2016). 

Theories of well-being aim to clarify the features responsible for a person’s well-being. Hedonistic 

theories equate well-being with the balance of pleasure and pain. Desire fulfilment theories state that 

well-being consists of desire satisfaction: the higher the number of satisfied desires, the higher the 

well-being. Objective list theories state that a person’s well-being depends on a list of factors that may 

include both subjective and objective elements (Rea et al., 2005). 
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2-2-1 Daylight and Well-Being 

To explain the relationship between daylight and well-being, a philosophical shift occurred to define 

the new knowledge related to architectural practice (Veitch, 2004). One of the prior clarifications 

concluded by Veitch, who illustrated a model based on the objective list theory of well-being, states 

that a person’s well-being depends on a list of factors such as mood and comfort. Furthermore, 

according to architecture practice, Veitch identifies four factors to integrate with lighting quality: (i) 

form, (ii) composition, (iii) style and codes, and (iv) standards regulation (Fig. 2-2). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2: Veitch model (Veitch, 2004). 

A study conducted in Canada and US cities during 2000–02 aimed to quantify worker satisfaction. 

Data was collected from 779 participants to show the relationship between the factors that affect their 

level of satisfaction such as lighting quality, ventilation, and thermal and acoustic settings (Canada 

Standards Association, 2013). A set of predicted variables were identified and analysed. Veitch (2004) 

found that four variables affect occupants’ level of satisfaction: (1) illuminance, (2) glare, (3) 

uniformity, (4) lighting direction (Fig. 2-3). Interestingly, there is no mention of the impact of the 
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outside view on overall environmental satisfaction. Therefore, this thesis works with a modified 

conceptual model, assuming that there is association between the predictor variables including the 

outside environment and satisfaction with view quality . 

 

Figure 2-3: Conceptual model showing the relationships between the predictor variables for satisfaction with lighting 

(Adapted from Veitch, 2004). 

Another study conducted by Rohde et al. (2020) shows that indoor environment quality affects 

occupant well-being in three ways: (1) emotional response, (2) dynamic environment of daylight, (3) 

reduced stress environment represented by outside views and contact with nature. In Rohde’s model, 

daylight and view quality have a direct impact on occupant visual comfort and well-being. 
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Figure 2-4: Well-being model by Rohde et al. (2020). 

2-2-2 Comfort and Well-Being Related to Daylight and View 

Comfort can be defined in terms of daylight quality as the absence of visual discomfort (Pettersson, 

1998), and it has an impact on occupant perception of well-being and aesthetics. In general, comfort 

refers to a feeling of well-being and aesthetics (World Health Organization, 2022a). The term ‘visual’ 

relates to ‘seeing’ or the sense of sight. In the present study, comfort is defined as the absence of 

daylight issues such as glare, so the term used is visual comfort, which can also be defined as a positive 

feeling of well-being based on the Rohde’s model (Rohde et al., 2020). 

An experimental study conducted by Boyce & Cuttle, C., (1990) aimed to investigate the relationship 

between daylight illuminance and visual comfort. The participants were asked to choose the term (‘too 

dark’, ‘good’ and ‘too bright’) that most accurately represents their experience with light in general. 

As indicated in Figure (2-5), the largest percentage of ‘good’ was given when luminance was around 

130 cd/m2. Therefore, this experiment proves that light quality is not only represented by the higher 

light illuminance or luminance but is also related to other factors that affect participant satisfaction 

with lighting. Illuminance is the measure of light hitting a surface, quantified in lux, indicating how 

well-lit that surface is. Luminance, on the other hand, measures the brightness of light emitted or 

reflected from a surface in a specific direction, quantified in candelas per square meter, showing how 
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bright the surface appears to an observer. In simple terms, illuminance refers to light falling onto a 

surface, while luminance refers to light leaving a surface. 

 

Figure 2-5: Relationship between  different Luminance levels perception (Boyce & Cuttle, C.,1990). 

Many prior studies focus on the relationship between daylight and view through windows showing a 

significant association in occupant surveys. The findings refer to a relationship between occupant 

location and level of satisfaction with the view: the further the occupant is from the view, the lower 

their level of satisfaction (Roche et al., 2000; Myriam et al., 2010). In addition, view to the outside 

can lead to visual discomfort and glare issues (Tuaycharoen & Tregenza, 2007). A study conducted 

by Roche et al. (2000) shows that daylight has a negative impact on the presence of windows as it 

affects the level of satisfaction with daylight. The authors found that the high daylight levels achieve 

less satisfaction due to glare issues (Roche et al., 2000). Myriam et al., (2010) shows that occupant 

satisfaction of sitting next to windows and being exposed to sunlight increases although having glare 

issues. These findings lead us to ask whether optimising daylight quality and view quality using 

shading systems can improve occupant satisfaction. 
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2-3 Review of Daylight and View Quality in Building Rating Systems and Standards 

To design a healthy building, many systems and rating schemes use standards and metrics to achieve 

this goal. Although they all share the interest of improving occupant comfort and well-being, they are 

not similar in their overall scope metrics (McArthur & Powell, 2020). The following section illustrates 

the most crucial rating systems related to the building life cycle, focusing on extracting the relative 

recommendations on how these rating systems or standards match with the terms comfort and well-

being for daylight and view quality factors.  The following chronological overview presents a selection 

of the most important and forward-looking tools and their underlying methodologies. This overview 

shows their respective structures at a glance, focusing on how these rating systems or standards match 

with the terms comfort and well-being (Table 2-1). 

2-3-1-1  Daylight Quality 

The World Health Organization (2022a) has indicated that employee well-being must be a priority for 

solving mental health problems. Many studies show that one in four people have significant mental 

health issues from workplace disability (World Health Organization, 2022a; Valente, 2010; National 

Alliance on Mental Health, 2022). Every year the European Union spends over 135 billion euros on 

alleviating mental health problems of building occupants (Dewa & McDavid, 2011), the United States 

spends between 150 billion and 300 billion US dollars per year (American Psychological Association, 

2013), and Canada spends around $50 billion each year (Mental Health Commission of Canada, 2022). 

In the United Kingdom, work stresses, depression and anxiety account for more than 600 people in 

working environments and the average sick days per person is 21 days; well-being illnesses such as 

depression and stress affect more than 40% of employees in the United Kingdom after Covid (Gill & 

Butler, 2020). Daylight inside a building is associated with many physiological and psychological 

benefits that affect occupant well-being. Daylight conditions throughout an indoor environment 

directly affect the health and well-being of building occupants (Dobrica, 2020; Owl Labs, 2021; 

Kelloway & Cooper, 2021; Canada Standards Association, 2013; Zhou et al., 2020). Although light is 

predominantly perceived as a visual phenomenon, it also affects human physiology, behaviour and 

mood, summarised as non-visual effects (International Commission on Illumination, 2008). The visual 

effects of daylight refer to the photometric measurements used to analyse how much light is present 

in a given space for tasks. In contrast, non-visual effects are subjective assessments that evaluate how 

the light is perceived (colour, intensity, distribution, uniformity, etc.). 
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Many systems and rating schemes recommend standards and metrics to design a healthy environment. 

Different methods were used to test and evaluate these metrics. Simulation methods are generally used 

to analyse indoor daylight performance, calculating a range of metrics such as daylight illuminance 

(DI), daylight autonomy (DA), daylight factor (DF), annual sunlight exposure (ASE) and spatial 

daylight autonomy (sDA) (Pilechiha et al., 2020; Nabil & Mardaljevic, 2006) (Fig. 2-6). 

 

Figure 2-6: Daylighting non-visual effects in relation to measuring daylight metrics. ( source: Author) 

2-3-1-2  Photometric Measurements 

Two common daylight indicators describe its performance in space, illuminance and luminance. The 

illuminance of a given surface is defined by the amount of light reflected by it; however, high 

luminance levels have a negative effect on our visual comfort due to glare issues. The luminous flux 

per unit area defines a surface’s luminance and is measured by foot candles or lux in the International 

System of Units (SI). 

2-3-1-3  Moving from Static Metrics to Climate-Based Metrics 

1. Daylight Factor (DF) 

Daylight measurements have played a significant role in assessing daylight quality and artificial 

lighting illumination of tall buildings (Hopkinson & Kay, 1972). Daylight factor (DF) was considered 
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the first method to measure indoor illumination. It was defined as the ratio of light related to outdoor 

illumination under overcast sky quality (Hopkinson & Kay, 1972): 

DF = (
𝐸𝑖

𝐸𝑜
) × 100% 

where Ei is the daylight illuminance on working plane and Eo is outdoor illuminance. 

A DF formula is defined by how much outdoor illuminance falls on a horizontal work plane inside a 

space; it was recommended to be between 2% and 6% for office spaces (Waldram, P., & Waldram, J. 

(1923). Metrics and analysis tools have changed dramatically over the past few decades thanks to 

computer simulation methods that allow designers to measure daylight at a definite time of the day 

with a single condition over a year. Therefore, daylight variability is evaluated in complex façades at 

definite point-in-time illuminance per year. Consequently, there was a shift in using daylight static 

metrics such as DF to using point-in-time measurements. Then, metrics were developed to include 

climatic change and were called climate-based metrics, such as daylight autonomy (DA), continuous 

daylight autonomy (cDA), useful daylight illuminance (UDI), spatial daylight autonomy (sDA) and 

annual sunlight exposure (ASE) (Although DF is still used in many research studies for its simplicity 

and stability, it does not present realistic climate quality because it does not consider changing the 

date, time, latitude, orientation of the building or glare (Mardaljevic et al., 2009; Reinhart & 

Walkenhorst, 2001; Lee et al., 2019). 

2. Daylight Autonomy (DA) 

Daylight autonomy (DA) is defined as ‘the percentage of the operating period (or a number of hours) 

that a particular daylight level is exceeded throughout the year’ (Rea, 2005). This metric is considered 

a dynamic climate-based metric that considers the dynamic weather at different locations over the year 

(Reinhart et al., 2013). An option that users have when running DA simulations is to specify a specific 

threshold at which DA calculations occur; that is, if DA is calculated with a limit of 300 lux, simulation 

results only present the area that exceeds this limit. 

There are a few limitations to using DA. First, it works only to measure the area that exceeds the 

recommended limit. Second, this method does not measure the area below the recommended limit. 

Another limitation of DA is that it does not work alongside the recommended value by IESNA 

standards (Rea, 2005); therefore, achieving a high illuminance level could produce some thermal and 

glare issues for occupants (Nabil & Mardaljevic, 2006). Because of these limitations, DA did not give 

an accurate vision of daylight quality in space; another metric was developed to tackle this problem. 

https://www.amazon.co.uk/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=J.D.+Kay&text=J.D.+Kay&sort=relevancerank&search-alias=books-uk
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3. Useful Daylight Illuminance (UDI) 

Useful daylight illuminance (UDI) is defined by the percentage between the periods that received 

adequate daylight levels per year to occupied hours in the same year (Nabil & Mardaljevic, 2005). The 

useful range of UDI is recommended to fall between 100 and 2000 lux. The benefit of using this metric 

is to define the spaces that have moderate illuminance. The moderate illuminance level can be achieved 

in three ways: first, if illuminance is 100 lux; second, if it falls between 100 and 2000 lux; third, if it 

exceeds 2000 lux (Reinhart, 2006). 

4. Continuous Daylight Autonomy (cDA) 

In 2006, Zach Rogers proposed a new metric called continuous daylight autonomy (cDA) using 

daylight autonomy as an essential guide. This metric can define the time when illumination is below 

the required minimum level. Thus, if 150 lux is the minimum illuminance for a certain time step and 

the required illuminance for that space is 300 lux, the cDA will score 0.5 credits (WELL v2, Q1-Q2, 

2024). 

5. Spatial Daylight Autonomy (sDA) 

Spatial daylight autonomy (sDA) is defined by the ratio of floor area, which achieves the minimum 

daylight illuminance for a specified percentage of hours in a year and is mainly concerned with 

reducing visual disturbance (Pilechiha et al., 2020). It could be measured using daylight simulation 

engines that calculate the luminance levels for a space every hour per year. sDA can be achieved if at 

least 75% of regularly occupied floor area received 300 lux for 55% of the annual occupation hour 

(sDA 300 lux/50%). In addition, both the (WELL v2, Q1-Q2, 2024; LEED v.4.01, 2019) recommend 

using this metric. For example, to achieve the LEED v4 daylight credit, sDA should score at least 10% 

of the whole project space. 

6. Annual Sunlight Exposure (ASE) 

Annual sunlight exposure (ASE) is defined as the ratio between the floor area and the duration of the 

area’s exposure to direct sunlight for more than the recommended illuminance per year (Pilechiha et 

al., 2020). LEED v.4.01and WELL v.2 recommend ASE to be 1000 lux per 250 hours per year for no 

more than 10% of regularly occupied space. LEED v.4.01 recommends using both sDA and ASE 

together to evaluate daylight quality because this combination can present an area that receives too 

much direct daylight; consequently, designers can identify the areas exposed to daylight performance 

and glare issues (LEED v.4.01, 2019; Heschong et al., 2012). 
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To comply with daylight quality credit in LEED v4.01, it is mandatory to carry out a dynamic 

computer simulation or accurate field measurements. In addition, two main things need to be achieved 

by any method: (1) to achieve sufficient daylight provision and (2) to avoid glare issues resulting from 

daylight levels. In the simulation method, there are two options used to achieve the daylight credit of 

four points. The first option will give four points if sDA achieved 300 lux for 50% of the typical floor 

area per year and ASE of 1000 lux per 250 hours per year for each regularly occupied space. The 

second option will give three points if the ASE is at least 1000 lux for at least 250 working hours per 

year) (WELL, v2, Q1-Q2, 2024). Both sDA and ASE metrics can be seen as complementary to each 

other with a note that spaces with view-preserving automatic (with manual override) glare-control 

devices may demonstrate compliance for only the minimum 300 lux illuminance level. BREEAM 

defines two alternatives to quantitatively assess daylight provision. The first approach is to achieve an 

average daylight factor of 2% for 80% of spaces on one typical floor (BRE Global. BREEAM, 2014). 

The second approach is to achieve uniformity in the daylight distribution by getting average daylight 

in the space of at least 300 lux for 2000 hours per year or at least 90 lux for 2000 hours per year. 

7. Circadian stimulus (CS) 

Circadian rhythm, or the circadian cycle, is considered a natural and internal process that affects our 

sleep–wake cycle every day (Gumport et al., 2019). Circadian stimulus (CS) is the average value of 

illuminance for each hour and time of a day per year. This value is represented by a credit score starting 

from 0 to 2 related to the ratio of CS per year that achieved a credit score of 24 %. Therefore, when 

the circadian stimulus is more than 35%, equivalent to 120 lux, the credit score is 2 and when CS is 

less than 10% a score of zero is achieved (Leslie et al., 2012). 

One of the most critical aspects in current building standards is introducing the WELL Building 

Standard, which states new metrics related to occupant comfort and well-being. The WELL Building 

Standard is much more comprehensive than sustainability rating systems, as it addresses nearly all 

indoor health-related environmental concerns cited in academic research (WELL, v2, Q1-Q2, 2024). 

However, both LEED v.4 and WELL Building Standard recommend using sDA and ASE, but WELL 

put forward a new metric to measure—healthy sunlight exposure, which states that to stimulate 

occupant CS at least 75% or more workstations should achieve 200 Mlux between 9 a.m. and 1 p.m. 

daily per year. 

Based on the model of human circadian phototransduction, circadian stimulus could be measured in 

the laboratory by counting the illuminance level falling on the occupant’s cornea and the duration of 

this exposure (Rea & Figueiro, 2016). This value of circadian stimulation presents the predicted 
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percentage of melatonin suppression. Rea et al. (2016) developed a new model of human circadian 

response based on the measured value of neuroanatomy and neurophysiology and published 

psychophysical study results. 

The graph in Figure 2-7 illustrates the relationship between circadian stimulus and melatonin 

suppression, with CS between 0.1 and 0.7 ((Rea & Figueiro, 2016). In addition, Figueiro et al., (2011) 

claims that ‘an exposure to CS of 0.3 or higher for 1 hour or more in the early part of the morning has 

been shown to effectively maintain office workers’ circadian system’. The WELL Building Standard 

recommends a metric to stimulate the occupant’s circadian system (WELL, v2, Q1-Q2, 2024). This 

metric is called the equivalent melanopic lux (EML) and is calculated by quantifying the amount of 

lux related to the spectral sensitivity of melanopsin (Erberich & Graeber, 2020). According to these 

findings, a healthy shading system should be designed to achieve at least 300 lux of daylight for at 

least 4 hours according to WELL v02 at a time between 9 a.m. and 1 p.m. for 75% of the floor area. 

This amount of daylight will be enough to stimulate the CS recommended level of 0.3. Therefore, 

useful daylight illuminance (UDI) simulation is needed to evaluate shading device solutions and select 

the shading device that gives this 300 lux between 9 a.m. and 1 p.m. for 75% of the floor area. 

 

Figure 2-7: Relationship between circadian light and melatonin suppression (Figueiro et al., 2011). 

2-3-1-4  View quality 

“A picture is a multidimensional representation of an inner or external reality depicting the 

physical structure of the objects or events they represent”. ( Pettersson, 1988) 
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A picture can be described as a sense of vision and awareness of the stimulation to the eye’s vision 

perception cells by specific content (Pettersson, 1988). The term ‘picture window’ was established by 

the architectural ornamentor Kent Bloomer, who stated that a picture window and window frame 

panels could affect our sense of connection towards the outside environment (Ko et al., 2021). For 

example, in traditional window design, occupant view quality is affected by the small grid of many 

mullions and shading that divides the outside view into frames (Fig. 2-8). Views can be described as 

‘what you can see from a particular place’ (Kellert et al., 2011).  

View quality has been investigated through different building rating systems, such as LEED v4, 

WELL (LEED v4, 2019; WELL, v2,Q1-Q2, 2024), and the Building Research Establishment 

Environmental Assessment Method ((BRE Global. BREEAM, 2014), and with different standards, 

such as the Chartered Institution of Building Services Engineers (CIBSE, 2005) and the European 

norm (CEN, 2021), with given some guidelines and metrics used to measure view quality in a space. 

CIBSE illustrates three metrics for measuring occupant view quality according to the occupant’s 

position in a space. These three metrics are (i) window-to-wall ratio (WWR), (ii) the distance from the 

view and (iii) the number of layers received by the occupant, such as sky, landscape and foreground. 

A score was given to rank the view quality: unacceptable, acceptable, good and excellent. 

 

 

Figure 2-8: The impact of view clarity and picture window frame on our sense of connection towards the outside 

environment. (Hall SEE17 at the new SEE building at Salford University, UK. Source: author) 

According to BREEAM, a good view quality credit can be achieved when 95% of the floor space areas 

fall within 7 metres from a window that enables the occupant to view the outside environment. The 

WWR must be more than 20% in the open external environment and more than 10% if there is an 

external solid block such as surrounding buildings or fences. 



Chapter 02_Literature review 

32  

 

ASHRAE (2006) along with the International Green Construction Code (2021) state that view quality 

could be achieved if at least 50% of the occupied floor area has a direct line of sight (DLS) to the 

outside environment with 1.07 metres above the floor level and 6 metres away from the window. Also, 

for view clarity, the window-to-wall ratio WWR should be more than 7% of the floor area. In addition, 

European standard EN 17037 (CEN, 2018) presents a new method to measure the view clarity index 

for any shading device based on the visible visual contact to the outside in case this shading is installed 

for the worst scenario. The view clarity index was defined by two metrics: (i) direct visible 

transmittance (VT, n-n) and (ii) diffuse visible transmittance (VT, n-dif). The EN standard provides a 

metric to measure the view clarity of different shading systems based on the VT factor, but it does not 

show the acceptable levels of the VOV content that will be affected by installing the shading system. 

In the European standard EN 17037 (CEN, 2018), three general principles have recently been 

introduced regarding horizontal viewing angle distances and visibility. For view access, the sight-seen 

angle should be at least 14 degrees and not more than 54 degrees related to the minimum and maximum 

field of view (FOV). In addition, a clear view to the outside within at least 6 metres away from the 

opening window for the view credit score is achieved if at least one of the outdoor layers sky, 

landscape or ground is visible (LEED v4, 2019; CEN, 2018). 

The definition of a view quality differs between LEED versions 4.0 and 4.1. In version 4.0, a view 

quality credit could be achieved by two of the three view types as follow:  

- View type 01: Multiple lines of sight: A view location with multiple lines of sight to vision 

glazing at least 90 degrees apart. This type is considered only in LEED v4.0.  

- View type02, Context and sky: The definition of a Type 2 view differs between LEED versions 

4.0 and 4.1. In version 4.0, a Type 2 view includes at least two of the following: (1) vegetation 

/ sky, (2) movement, and (3) objects at least 25 feet from glazing (7.62 meters). In version 4.1, 

a Type 2 view includes at least one of these elements: nature/art/urban landmarks, or objects 

at least 25 feet (7.62 meters) from the glazing. 

- View type 03: Unobstructed: credit could be achieved if the unobstructed views are located 

within a distance of three times the head height of the vision glazing (Table 2-1). 

For LEED v4.1, a view quality score could be achieved if at least 75% of the regularly occupied 

building floor area complied with only Type 2 and Type 3 view recommendations.  View quality could 

be measured based on some metrics related to view access, view content, and view clarity. Ko et al., 

(2021) indicate that view quality has three main factors: (i) view access, which is defined as the angle 

of sight seen to the outside (Wilson, 1984); (ii) view clarity, which refers to how an occupant can see 



Chapter 02_Literature review 

33  

 

the outside view content clearly (Wilson, 1984); and (iii) view content, which is related to layers found 

in the outside view such as sky, greenery and context (Farley & Veitch 2001). 

Among all these measurements, no tool connects the view clarity and view content to quantify the 

visible outside view (VOV) content received in case the view clarity is affected by any shading system 

because the greater the view clarity index, the more view content will be received. 

Table 2-1: Daylight and view quality recommendation in building rating systems (Source: author)  

Certificates Daylight quality View quality 

1-BREEAM 

(BRE Global. 

BREEAM, 2014) 

1-Average daylight illuminance : not less 

than 300 lux achieved for 2000 h/year. 

2- Daylight factor for 80% of floor space 

achieves an average of 2%. 

3- At worst lit point, the daylight illuminance 

is: At least 90 lux for 2000 h/year. 

1-View out available for 95% of 

a space away from the wall by 7 

m at least. 

2-A building, screen, wall, fence, 

or other solid object is 10m 

away. 

3-The WWR must be more than 

20%. 

2-LEED  

(LEED v4, 2019) 

1-Daylight levels between 300 and 3000 lux. 

2-The spatial daylight autonomy 300/50%. 

3-Annual sunlight exposure1000, 250. 

1-View out available for 75% of 

a space. 

2-View Quality for at least 75% 

of space with including two of 

these elements; 

 (Flora, fauna, or sky; movement; 

objects away 7 m from the 

façade). 

3-The Living Building 

Challenge 

(International Living 

Future Institute, 2019) 

1-Daylight available 75%  1- Views outside and daylight 

achieved by not less than 75% of 

space. 

4-WELL BUILDING 

STANDARD 

(WELL, v2, Q1-Q2, 

2024) 

-Visual task lighting achieved by min. 300 

lux at the work plane with light intensity of 

215 lux. 

-Not less than 75% of 

workstation that from the opining 

by 7.5m at least has view to 

outside environment. 
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- CIRCADIAN LIGHTING DESIGN: 75% 

or more of workstations achieve 200 Mlux 

between 9AM and 1PM day/ year. 

- The spatial daylight autonomy 300/50%. 

- Annual sunlight exposure1000, 250 

achieved for no more than 10% of users. 

 

2-3-1-5  Shading Devices in terms of Daylight and Well-Being: Shading System Classifications 

Shading systems are one of the most popular strategies used by designers to improve façade 

performance (Kirimtat et al., 2016), not only to protect a building from direct sunlight but also to 

control the penetration of natural light (Baker et al, 1993). Hence, the application of a shading system 

presents a crucial aspect in improving energy efficiency in buildings, particularly for cooling loads in 

hot climate regions (Kirimtat et al., 2016). However, an excessive amount of natural light can cause 

visual discomfort and glare problems (Kirimtat et al., 2016; Al-Obaidi et al., 2016). Furthermore, it 

can result in a considerable amount of solar heat gain that stimulates an increase in indoor air 

temperature and leads to thermal discomfort (Baker et al, 1993; Munaaim et al., 2014). 

Baker et al. (1993) illustrate a classification to shading device systems that can protect the occupants 

close to the windows from the direct rays of the sun and at the same time make some of that sunlight 

available at the back of the room for daylight purposes. Their study states that there are seven kinds 

of shading devices. The first one is the Mediterranean blind system where a shading device is described 

as a ‘jalousie’, an element composed of small slats, movable or not. Traditionally, the slats are made 

of wood, plastic or steel.  

The second is the shutter system where the shading device is an opaque surface that covers the whole 

dimension of the opening, obstructing completely any solar radiation and views. It is possible to find 

them inside and outside, attached to an opening; they are also operable. Generally, they are made of 

wood, aluminium or polyvinyl chloride (commonly known as PVC). When they are closed, the interior 

is wholly insulated visually and thermally. 

The third is the louvres system where the shading device consists of a series of slats on the external 

elevation. Depending on the model, they cover just the opening or a larger area (Baker et al., 1993). 

Traditionally, there are two types of louvres in the Mediterranean countries, rolled louvres and 

unrolled louvres. 
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Brise-soleil is the fourth system in the Baker classification where the shading device is an open 

structure that can belong to the buildings or just be attached to them. It can be made of any construction 

material, such as steel, concrete or wood (Baker et al., 1993). It will allow ventilation, but since it is 

fixed, it will obstruct only certain angles of the direct solar radiation. 

The fifth system is the awning system, where the shading device is the adaptable and flexible version 

of the overhang. It is a rolled flexible device usually made of textile materials, opaque or diffusing, 

depending on the performance and aspect that would be required. These are placed outdoors, covering 

the minimum width of the opening. Generally, the awning system is slightly more significant than the 

aperture it is protecting. It can only obstruct or diffuse direct solar radiation, depending on the material. 

The overhang decreases the light levels close to the protected opening while providing full or partial 

shadow to the window (Baker et al., 1993). 

The sixth type is called the overhang system where the shading device can sometimes be an opaque 

device consisting of a fixed horizontal surface placed above the openings or other protected elements. 

It obstructs only the direct solar radiation, and if the dimension is not enough, it will not obstruct all 

of it (Baker et al., 1993). If it is protecting an opening, its dimension will be bigger than one of the 

openings in general, but the local seasonal solar angles will determine this. Commonly, it blocks the 

summer sun but not the winter sun. It can be a part of the building structure or an attached element. 

Therefore, it can be made of any construction material, from concrete to glass. 

The last kind of device in the Baker classification is the light shelf system where the shading device 

is a horizontal and opaque surface placed above eye level across the opening. Its dimension depends 

on the latitude, orientation and sun angle of the location where it is placed, but it usually covers the 

whole width of the opening. With this device, the design intentions are to provide shadows on the parts 

of the room that are closer to the openings while not decreasing the illumination levels too much in 

other parts. It also provides a much more uniform light distribution (Baker et al., 1993) (Fig. 2-9). 
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Figure 2-9: Baker Classification of shading devices (Baker et al, 1993) 

No. Shading device system View to outside 

1 Mediterranean blind  

2 Shutter  

 

 

 

3 Rolled louvres  

 

 

4 Unrolled louvres  

5 Brise-soleil  

 

6 Awning  

7 Overhang  

8 Light shelf  

 

Al-Masrani et al., (2018) classify shading devices based on the design concepts of energy involvement 

and technological improvement. For energy involvement, the authors classify shading systems into 

three categories: (1) passive, (2) active and (3) hybrid (Fig. 2-10). These were also divided into three 

groups based on technology type: (1) design approach and design methodology (optimisation process), 

(2) control or mechanism, and (3) deformation. The passive shading system includes fixed and manual 
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devices, the active system consists of mechanical devices that need energy to work and the third hybrid 

system is inspired by biomimetic approaches such as self-organized intelligent materials. 

 

Figure 2-10: Classification logic of different shading systems through four levels of categorization by (Al-Masrani et al., 

2018) 

2-4 Review of Journals, Books and Related Studies 

2-4-1 Methodology 

This study presents a deep analysis to identify the most relevant publications on daylight, comfort, 

well-being and shading systems over the last 10 years. Numerous databases are widely available 

online, and the most prominent sources such as Scopus, Web of Science and Google Scholar were 

used for keyword searches. The literature was chosen after systematically searching Google Scholar 

and SCOPUS for recent daylight-related articles. The research was limited to journal theses, and 

combinations of the following keywords were used: daylight, comfort and well-being. Only articles 

exploring daylight effects on ‘occupant well-being’ were selected to form the thesis sample. Studies 

analysing daylight comfort in terms of thermal consumption, energy and artificial light, unless they 

refer to the interaction of occupant comfort and well-being, were excluded. The criteria matched with 

31 published theses in essential daylight, shading and well-being (see Table 2-4). 
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Table 2-2: Search terms in Scopus and Google Scholar 

Search items 

Scopus & 

Google Scholar  

(Daylight and Well-being and View and Shading and Comfort [Title/Abstract] AND 

daylight, natural light [Title/Abstract]) NOT Thermal (All Fields) 

 (Daylight and Well-being and View and Shading and Comfort [Title/Abstract] AND 

daylight, natural light [Title/Abstract]) NOT Thermal (Engineering filed) 

Daylight and View outside [Title/Abstract] AND daylight, natural light [Title/Abstract]) 

NOT Thermal (All Fields) 

 

The first stage involved data extraction, including the first author, publisher name, publication year 

and geographical area of the study. The second stage involved separating the surveyed literature based 

on the study’s focus into four categories (Table 2-4): 

1. Focus of the study and scope 

• Daylight and comfort 

• Daylight and well-being 

• Daylight and shading devices 

• Daylight and energy efficiency 

2. Methods used to measure 

• Simulation 

• Virtual reality 

• Survey 

• Questionnaire 

• Experimental 

3. Daylight metrics 

• Daylight levels/intensity (illuminance levels) 

• Daylight distribution patterns (uniformity) 

• Daylight exposure 

• Diffuse daylight 

• Annual sunlight exposure (ASE) 

• Daylight autonomy (DA)/spatial daylight autonomy (sDA) 

• Daylight glare 

4. Data extraction 
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The following data was extracted from the literature, if available: (1) research information including 

author name and year of publishing, (2) sky quality, (3) focus of study (i.e. well-being, comfort and 

people’s satisfaction with daylight and view), (4) methods, (5) daylight standard and (6) daylight 

metrics. The data are enumerated in Table 2-3. 

Table 2-3: Data extraction 

1 2 3 4 5 6 

Research 

information 

Sky quality Focus of study Methods Daylight 

standards 

Daylight 

metrics 

31 paper 3 conditions 5 themes 5 types 4 parameters 7 parameters 
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Table 2-4: Daylight and well-being literature 
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1 Altomont

e, 2009 

   Visual comfort 

(glare) 

                    

2 (Cantin & 

Dubois, 

2011) 

     Satisfaction with 

daylight quality 

                  

3 Fathy et 

al., 2020 

     Satisfaction with 

ambience 

                  

4 Flores-

Villa et 

al., 2020 

    Sleep 

quality 

                   

5 Leslie et 

al., 2012 

   Thermal comfort Improve 

circadian 

stimuli 

  Solar heat 

gain 

                

7 Hellinga 

& 

Hordijk, 

2014 

     Satisfaction with 

access to the 

outside view 

quality 

                  

8 Elzeyadi, 

2012 

     Satisfaction with 

access to the 

outside view 

quality 

                  

9 Sherif et 

al.,2015 

   Visual comfort 

(daylit ratio) 

  Louvres                  

10 Pesenti et 

al., 2015 

   Visual comfort 

(glare) 

  Pattern Total 

energy 

consumptio

n 

                

11 Mahmoud  

& 

Elghazi, 

2016 

   Visual comfort 

(glare) 

  Pattern                  

12 Bian & 

Luo, 2017 

   Visual comfort 

(glare) 

 

 

 

 

 

 

                   

13 Amundad

ottir et al., 

2017 

   Visual comfort 

(glare) 

 Visual interest 

impressions in 

space (pleasant, 
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Chapter 02_Literature review 

41  

 

interesting and 

exciting) 

14 Heydarian 

et al., 

2016 

     Productivity                    

15 Jayathissa 

et al., 

2018 

      Pattern Reduces 

solar heat 

gain 

                

16 Tabadkani 

et al., 

2018 

   Visual comfort 

(glare) 

  Pattern                  

17 Amundad

ottir et al., 

2017 

    Improve 

sleep 

comfort 

Visual interest 

impressions in 

space 

                  

18 Acosta et 

al., 2019 

    Improve 

circadian 

stimuli 

                   

19 Jamrozik 

et al., 

2019 

   Visual comfort 

outside view 

ratio 

Assess eye 

strain 

Satisfaction with 

amount of view 

                  

20 Sheikh et 

al., 2019 

 

 

 

 

 

   Visual comfort 

outside view 

ratio 

  Pattern Reduces 

solar heat 

gain 

                

21 Kreutzber

z &  

Naboni., 

2019 

     Satisfaction with 

ambience  

Pattern                  

22 Boubekri 

et al., 

2020 

   Outside view 

ratio 

Sleep 

duration 

productivity                   

23 Flor ., et 

al 2020 

     Visual interest 

impressions in 

space 

                  

24 Hegazy et 

al., 2021 

     Visual interest 

impressions in 

space and 

satisfaction with 

ambience 

                  

25 Chamiloth

ori et al., 

2022 

     Visual interest 

and excitement 

Satisfaction with 

the amount of 

view  

                  

26 Jaeha et 

al., 2022  

 

   Visual comfort 

by assessing 

outside view 

quality 

                    

27 Cho et al., 

2023 

 

   Visual comfort 

by assessing 

dynamic 

movements 
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28 Rafati et 

al., 2024 

 

       Reduces 

solar heat 

gain and 

improve 

daylight 

quality 

                

29 Kim et al., 

2024 

 

   Visual comfort 

(glare), and 

improve 

daylight quality 

                    

30 Yao et al., 

2024 

 

   View quality                     

31 Rizi, et 

al., 2024 

 

   View content   Dynamic 

Shading 
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The second part of the literature is a thematic analysis to extract the relative recommendation on how 

daylighting standards and building rating systems define Comfort and wellbeing in terms of daylight. 

Regarding daylight standards, the theme used was to identify the word “Wellbeing” and select the 

Approach and Recommended Value and Metric used to assess wellbeing in terms of daylighting.   The 

same method was used in Building Rating systems to extract the theme of ‘Wellbeing’ in terms of 

daylighting. 

Keyword in context method was used by MAXQDA tool, as a quantitative text analysis, to find the 

Keyword-in-context feature to display all word locations and their context in an interactive result table. 

The choice to work with qualitative data is particularly appropriate when there is little information 

about the topic to be addressed in the fitness objective (Kuckartz, U., & Rädiker, 2016). Critical 

evaluation was conducted to extract the most relevant context related to wellbeing in terms of daylight 

practice.  

 

Table 2-5 Wellbeing in context results using quantitative analysis by MAXQDA software. 

 

 

 

 

 

 

 

 

 

 

 

 

Theme of “Wellbeing” 

Daylight standards Theme of 

“Wellbeing” 

Rating systems Theme of 

“Wellbeing” 

1-BS/US 1 1-BREEM 65 

2-IESNA 14 2-LEED 6 

 

 

3-CIBSE 

 

 

1 

3-The Living 

Building Challenge 

 

1 

4-WELL building 

Standard 

 

27 
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2-4-2 Critical Review 

2-4-2-1  Themes Associated With Comfort and Well-Being 

Several experiments have been performed to assess the impact of daylight’s non-visual effects such as 

measuring circadian rhythm, visual interest and mood (Thapan et al., 2001; Brainard et al., 2001; 

Berson et al., 2002; Khademagha et al., 2016). These experimental studies help to understand the non-

visual effects of daylight and provide guidelines for designs systems that positively affect human 

comfort and well-being. The International Commission on Illumination released a technical report on 

healthy interior daylight recommendations that provided researchers with a research roadmap (Veitch 

et al., 2016) (Fig. 2-11). Therefore, the non-visual effects of daylight that affect occupant’s comfort 

and well-being consist of three main components: (i) the impact of circadian rhythm, (ii) visual interest 

and (iii) feeling and satisfaction (Veitch et al., 2016; Hui et al., 2021). 

 

 

Figure 2-11: Daylight non-visual effects parameters (Veitch et al., 2016). 

Based on these parameters, the selected samples classified to three themes of well-being associated 

with the non-visual effects of daylight as follows: (i) circadian rhythm (Acosta et al., 2019; Boubekri 

et al., 2020); (ii) visual interests and impressions (Amundadottir et al., 2017); and (iii) feeling and 

satisfaction with access to the outside view content (Elzeyadi, 2012), view access (Jamrozik et al., 

2019; Boubekri et al., 2020) and daylight quality (Sherif et al., 2015). 

 

 

Circadian rhythm Visual interest Feeling and satisfaction 

• Melatonin 

suppression 

• Phase shift 

• Sleep quality 

• Subjective 

alertness 

• Objective alertness 

• Positive 

or 

negative  

Non-Visual Effects of Daylight 
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Theme 1: Circadian rhythm 

Some studies have focused on how better daylight conditions can improve human health and well-

being by improving the occupants’ biological clock, which affects their circadian stimulus (Acosta et 

al., 2019; Boubekri et al., 2020). Acosta et al. (2019) discussed the minimum window-to-wall ratio 

(WWR) effects on the colour temperature in a classroom. In this study, circadian stimulus autonomy 

was measured as the percentage of days per year that circadian stimulus exceeds a threshold in a 

classroom. However, natural and electrical light can improve circadian stimulus. The experiment 

occurred in a classroom with large windows of variable WWR of 30%, 45%, and 60% with different 

positions and orientations and under three typical sky conditions. Comparing the circadian stimulus 

values for the three window sizes reveals that, in comparison with the medium-sized window, when 

the window-to-façade ratio is 60%, it shows an average increase in circadian stimulus of about 15%, 

whereas when the window-to-wall ratio is 45%, there is an increase in circadian stimulus of 14% over 

the small window. This approach could be helpful in showing how window design parameters and 

daylight conditions can improve occupant well-being. In another study, Boubekri et al. (2020) 

illustrate the advantages of daylight exposure and the clear view of the outside environment. Their 

study linked the impact of daylight exposure to circadian rhythm, which can affect occupant well-

being by improving sleep quality and productivity in working spaces. 

Theme 2: Visual interests and impressions 

Quantitative studies on the visual effects of daylight measure daylight metrics, such as daylight factor, 

glare, luminance distribution, and daylight autonomy in a given space for task performance, whereas 

qualitative studies on the non-visual effects of daylight aim to explain health and well-being themes, 

such as circadian rhythm, visual interest, and mood on occupant satisfaction, impressions, and 

cognition. Amundadottir et al. (2017) introduced a new approach for improving occupant well-being 

in the working space by recording their visual interest behaviour. This new approach considers that 

field of view received at occupant eye level plays an essential factor in occupant perception of daylight 

conditions. Amundadottir et al. (2017) used Virtual Reality to assess three factors: (i) non-visual health 

aspects, (ii) visual interest and (iii) gaze motion. Comparing the results of each factor illustrates how 

humans respond to daylight in a space. This experiment was implemented in a controlled laboratory 

where gaze movements were scored using an immersive spatial approach. The results show that 

daylight distribution has a variable effect on non-visual health aspects and visual interest. 
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Theme 3: Feeling and satisfaction with view and daylight quality 

Another type of research aimed to investigate the ability of shading systems with non-visual effects 

(Altomonte, 2009; Elzeyadi, 2012; Sherif et al., 2015). The shading parameters became dependent 

parameters, aiming to improve occupant comfort and well-being by improving daylight visual comfort 

aspects such as glare and distribution and occupant perception of the outside view quality that will 

enhance occupant comfort and well-being. The complexity of this type of research that connects 

quantitative and qualitative measurements is needed for further investigation. Altomonte (2009) 

studied the impact of using a blind as a shading device to improve occupant perception towards 

daylight conditions in a workspace. This impact aimed to assess human perception and well-being by 

defining a framework showing some recommendations on which type of blind configuration will suit 

the type of work. Altomonte’s (2009) experimental study was conducted in two seasons, winter and 

summer, at 10 a.m. with a fixed orientation to the east. In the winter, glare was an issue because of the 

low sun angle. It was observed that occupants preferred to do thesis work tasks rather than screen tasks 

during the morning. Their perception of daylight provision and the view outside made them feel better 

and increased their activity. Altomonte (2009) also tested two configurations (vertical and horizontal) 

of this blind to assess the luminance ratio and colour temperature as the most critical indicators that 

affect occupant perception in a workspace. 

Subsequently, context impact and outside view composition became dependent parameters in 

investigating the non-visual effects of daylight. Elzeyadi (2012) conducted a study to quantify how 

daylight conditions and outside view quality could affect employee health and well-being. To illustrate 

this effect, the author relied on the biophilic approach to show the relationship between natural outside 

view and daylight and their impacts on sick leave for employees. Elzeyadi (2012) used different 

pictures from different locations and 98 full-time employees to assess outside view quality. The 

employees were asked to rank 12 selected photographic images of different outside views surrounding 

the working area. After that, a questionnaire was administered to know what employees preferred to 

see while sitting in offices on campus, including forest, urban, and street view scenes. In addition, 

Elzeyadi (2012) made a daylight analysis using high dynamic range (commonly, HDR) images taken 

from the set point for each employee to define the glare issues associated with outside view. Elzeyadi 

(2012) used multiple qualitative sorting techniques. Further, qualitative multiple sorting techniques 

were conducted following an interview with the participants to connect the sick leave ratio with the 

outside view content. Participants were asked to rank the outside view scenes. Elzeyadi (2012) argued 

that the highest ratio of employee sick leave was scored in workspaces with no access to a natural 
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outside view such as a forest or urban greenery scenes. Hellinga & Hordijk (2014) developed a new 

method to describe the relationship between daylight and the view to the outside through a window in 

the workspace. This method uses the 180° equidistant projection technique to show the view through 

a window to the outside environment. Furthermore, Hellinga & Hordijk (2014) used the luminance 

ratio to quantify the daylight level inside the workspace. The mean value of the luminance ratio to the 

working area should not be more than 1:10 and to avoid visual discomfort, that of the background of 

the working area (called the ‘inner field of vision’) should be 1:30. Their study assessed view quality 

via a questionnaire that asked participants to rank 23 pictures taken in different outside view 

environments. These pictures have different view content such as greenery view, street view, context 

and sky view. 

By investigating the ability to perceive the outside view while using a shading system, shading system 

parameters become dependent values to control what daylight is brought indoors and what the 

occupant well-being is to the outside environment. Jamrozik et al. (2019) conducted an experiment 

using two shading devices – dynamic tint and motorized mesh shades – for the window in the working 

space. These devices show the impact of different daylight and views of the outside environment on 

occupant satisfaction. Although having a window in the working space has many advantages, 

occupants may suffer from glare. Therefore, the authors implemented an actual experiment in a 

working space using two types of shading devices. The first type of shade was manual-automated 

control shading. The second one used material advantages for the tinting glass as a shading device. 

This experiment aimed to reach the optimal values to achieve the appropriate amount of daylight in a 

workspace and view the outside with minimal glare issues. Jamrozik et al. (2019) concluded no 

significant differences from using dynamic tint or motorized mesh shades based on occupant 

perception. Their study demonstrates how different shading systems can improve occupant well-being 

by improving performance and reducing eye strain in office environments by providing access to 

daylight and outside views. Boubekri et al. (2020) implemented an experiment using two different 

shading systems in two separate office environments. The first room had an electrochromic glass that 

acted as a shading device. The other room used a traditional blind. To measure sleep quality 

improvement, Boubekri et al. (2020) used a wrist-worn actigraph device, which contained a light 

sensor that measures light exposure (lux) at the wrists of each participant and the duration of time 

asleep. Their experiment concluded that achieving optimal daylight and outside views can improve 

occupant well-being by increasing sleep time by 37 min. The review also found a different approach 

to improving occupant health and well-being by simultaneously focusing on achieving better daylight 
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conditions and outside view quality. This was based on a verbal questionnaire administered to 

occupants to rank different outside view scenes based on their feelings. Table (2-6) summarises the 

selected papers highlighting themes of well-being by assessing non-visual effects, detailing the 

methods, shading devices, and daylight metrics used. 

Table 2-6: Themes of well-being identified across the sample – assessing non-visual effects (Source: author) 

No. Studies Methods Shading potential (found/not 

found) 

Daylight metric Themes of well-

being 

1 Altomonte, 

2009 

Experimental 

(HDR analysis) 

Found 

Daylight 

levels/intensity 

(illuminance levels) 

lux/glare (visual 

comfort) 

Not found 

2 Elzeyadi, 2012 Questionnaire 

and survey 

methods 

Not found 

Daylight Glare 

Probability (DGP) 

Satisfaction with 

access to the 

outside view 

content 

3 Sherif et al., 

2015 

Computational 

methods using 

simulation 

 

 

 

 

 

 

Found 

Daylight 

levels/intensity 

(illuminance levels) 

lux 

Satisfaction with 

daylight quality 

(daylight 

distribution 

ratio) 

4 Amundadottir 

et al., 2017 

Computational 

simulation and 

experimental 

validation  

 

 

 

 

 

 

 

Not found 

Daylight exposure, 

daylight distribution 

patterns (uniformity) 

Improve sleep 

comfort/visual 

interests and 

impressions in 

space 

5 Acosta et al., 

2019 

Questionnaire 

and survey 

methods 

 

Found 

Daylight 

levels/intensity 

(illuminance levels) 

lux, daylight 

distribution patterns 

(uniformity) 

Circadian 

rhythm 

6 Jamrozik et al., 

2019 

Questionnaire 

and experimental 

validation 

Found 

Daylight 

levels/intensity 

(illuminance levels) 

lux 

Satisfaction with 

view access 
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7 Boubekri et al., 

2020 

Questionnaire 

and survey 

methods 

Found 

Daylight 

levels/intensity 

(illuminance levels) 

lux 

View clarity 

effect, sleep 

quality and 

productivity 

8 Pesenti et al., 

2015 

Computational 

methods using 

simulation 

Found 

Daylight 

levels/intensity 

(illuminance levels) 

lux (visual comfort) 

Not found 

9 Sheikh & 

Asghar, 2019 

Computational 

methods using 

simulation 

 

Found 

Daylight 

levels/intensity 

(illuminance levels) 

lux (visual comfort) 

Not found 

10 Jayathissa et 

al., 2018 

Computational 

methods using 

simulation 

 

Found 

Daylight 

levels/intensity 

(illuminance levels) 

lux (reduce solar heat 

gain) 

Not found 

11 Mahmoud & 

Elghazi, 2016 

Computational 

methods using 

simulation 

 

 

 

 

 

 

 

 

Found 

Glare index (visual 

comfort) 

Not found 

12 Tabadkani et 

al., 2018 

Computational 

methods using 

simulation 

Found  

Daylight distribution 

patterns (uniformity) 

(visual comfort) 

Not found 
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13 Rafati et al., 

2024 

 

 

Computational 

methods using 

simulation 

Found  

Useful daylight 

autonomy (UDI) 

Minimising 

energy use 

intensity and 

maximizing 

daylight use. 

 

14 Kim et al., 2024 

 

 

Computational 

methods using 

simulation 

 

 

 

 

 

 

Found  

, 

Spatial Daylight 

Autonomy (sDA) and 

Annual Sunlight 

Exposure (ASE) 

 

Enhancing 

daylight 

performance 

15 Abdelrahman et 

al., 2024 

(Proposed by 

author) 

Computational 

methods using 

simulation 

 

 

 

 

 

 

 

 

 

Found 

Spatial Daylight 

Autonomy (sDA), 

Annual Sunlight 

Exposure (ASE), 

Useful daylight 

autonomy (UDI) and  

Daylight Glare 

Probability (DGP) 

 

Minimise Glare 

issues and 

Annual sunlight 

exposure (ASE), 

Maximise View 

access. 

 

2-4-2-2 Metrics for Measuring Daylight and View Quality in Related Studies 

1. Daylight quality and shading systems 

The purpose of daylight visual effects studies is to quantify the amount of light in a given space for 

task performance studies, while daylight studies assess the quality of light (colour, intensity, 

distribution and uniformity) and its impact on the satisfaction, impressions, cognition and behaviour 

of occupants.  

This type of research aimed to investigate the ability of shading systems with non-visual effects 

(Altomonte, 2009; Sherif et al., 2015; Elzeyadi, 2012). The shading parameters became dependent 

parameters, aiming to improve occupant comfort and well-being by improving daylight visual comfort 

aspects such as glare and distribution and occupant perception of the outside view quality that will 
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enhance mood, perception and well-being. The complexity of this type of research that connects 

quantitative and qualitative measurements needs further investigation. 

Altomonte (2009) studied the impact of using blinds as a shading device to improve occupant 

perception towards daylight quality in a workspace. This study assesses human perception and well-

being by defining a framework of recommendations on types of blind configuration for different types 

of work. The experimental study used a sample blind as a shading device in a workspace. The 

experiment was conducted in two seasons, winter and summer, at 10 a.m. with a fixed orientation to 

the east. In the winter, glare issues arise from the low sun angle, but study participants preferred to do 

paper work tasks rather than screen tasks during the morning. Their perception of daylight provision 

and outside view makes them feel better and increase their activity. The study also tested two different 

blind configurations to assess the luminance ratio and colour temperature as the most critical indicators 

that affect occupant perception in a workspace. The most important factor in this experiment is that 

occupants preferred to close the blinds in summer because they already benefited from sufficient 

exposure to daylight; therefore, the psychological stimulation started to be inactive from the morning 

and it was not necessary to get so much luminance inside their workspace to feel better.  

Sherif et al., (2015) illustrated how to improve daylight quality and occupant well-being in hospital 

patient rooms using vertical and horizontal shading devices. To achieve occupant well-being, the 

author introduced a parametric workflow and optimisation to achieve optimal outside view ratio and 

decrease the conflict aspects related to daylight. This optimisation aims to generate and evaluate 

different façade configurations. Based on the approach proposed in this study, a range of 

unconventional façade designs were generated to achieve 100% daylight both on the patient’s bed and 

in the room, with 0% of partially daylit and overlit areas. This approach may not be suitable for 

assessing occupant perception in the room. However, the methodology in the study can be used to 

develop other strategies related to occupant perception. 

Lottrup et al.,(2015) argued that there is a relationship between worker job satisfaction and the outside 

view content. The research findings resulted from doing an exploratory case study on six companies 

in Denmark to investigate the effect of visual interest and outdoor scenes on employees. A 

questionnaire was administered by sending emails to 402 employees asking them some questions 

about their satisfaction with the outdoor scenes. Although this study confirms a relationship between 

job satisfaction – as a subjective well-being element – and outside view content, it was limited to 

showing the office space proportion, level, window-to-wall ratio and façade configuration. Therefore, 
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future studies are needed to cover this gap by relying on an actual experiment’s results. This 

experiment could answer other questions such as ‘what is the impact of the office level on the outside 

view content?’. Employees may have some daylight issues such as glare as a result of maximizing the 

window-to-wall ratio. As a consequence, a shading device is needed. That raises another question: 

‘How does this shading device affect occupants’ feeling and satisfaction with the outside view and 

daylight quality inside the space?’. 

2. View quality metrics 

Most related studies shown in table (2-7), standards and recommendations emphasise view quality 

research on measuring three factors: view access, view clarity and view content; however, qualitative 

research studies (Elzeyadi, 2012; Konstantzos et al. 2015; Matusiak & Klöckner, 2016; Ko et al., 2021; 

Lin et al., 2022; Boubekri et al.,2020) confirm that following the recommendations and guidelines do 

not guarantee the subjective evaluation of view quality and suggest further research on the impact of 

installing any kind of shading on view quality that will affect the well-being of occupants. Researchers 

generally divide view quality research into quantitative measurements and subjective assessments. 

Quantitative measurements analyse how much view (access, content and clarity) is present. In contrast, 

subjective assessments evaluate how the view quality is perceived and how it affects occupant 

satisfaction, perception, cognition and behaviour. A new metric was developed by Konstantzos et al. 

(2015) to measure the view clarity through any fabric shading system. The results indicated that darker 

fabrics usually scored higher for view clarity when they had greater openness or porosity. There are 

two limitations in this study. The first one is that the study only used fabric shading devices to measure 

the view clarity; however, vertical and horizontal shading systems are the most preferred systems in 

hot regions (Mehmood et al., 2019). The second limitation is that the study developed a metric to only 

measure the view clarity through the shading device without referring to the impact of the visible view 

content to the outside environment (greenery, sky, context). 

Some researchers used subjective methods to quantify view quality (Matusiak & Klöckner, 2016; Ko 

et al., 2021; Lin et al., 2022; Li & H. 2020). Matusiak and Klöckner investigated the outside view 

quality by asking occupants to rank some images of the outside view scenes according to their 

preferences. A qualitative metric was given to each view: not satisfactory, satisfactory, good and very 

good. In addition, a new study conducted by Ko et al. states that ‘the views that windows provide from 

inside a building affect human health and well-being’. Their study provides a new framework for a 
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conceptual index that can evaluate the quality of a window view by combining the three primary 

variables: view content, view access and view clarity: 

𝑉𝑖𝑒𝑤 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 (𝑉𝑄𝐼) = 𝑉𝑐𝑜𝑛𝑡𝑒𝑛𝑡 ∙ 𝑉𝑎𝑐𝑐𝑒𝑠𝑠 ∙ 𝑉𝑐𝑙𝑎𝑟𝑖𝑡𝑦 

Some other researchers used a quantitative approach based on simulation and optimisation results to 

quantify view quality (Bluyssen, 2009; Hellinga & Hordijk, 2014; Turan et al., 2021; Lee & Matusiak 

2022). A new method was developed by Hellinga and Hordijk to describe the relationship between 

daylight and view access through a window by showing the view through a window to the outside 

environment and referring to the sun’s position using the 180-degree equidistant projection technique. 

A view quality score was calculated by answering a series of questions related to different outside 

view scenes. Li and Samuelson examined the urban and environmental fields, but they used a new 

digital method to quantify the outside view content using Cesium platform (version 1.78), Tensorflow 

(version 2.4) and Python (version 3.6). Their study opened the gate to the wide benefits of analysing 

view content using digital tools that are considered a missing part in previous research. New research 

conducted by Pilechiha et al., (2020) provided a method of optimising outside view access with 

daylight quality received using a multi-optimisation simulation technique. The results revealed that 

several factors should be considered simultaneously when measuring view quality, including view 

access, view angles, FOV and view depth. 

Lin et al. (2022) provided a new mixed method for measuring outside view content based on 

quantifying three different factors: (i) view composition, (ii) horizon layers and (iii) for elements of 

the landscape to be at a distance of no more than 50 metres. Their study used a qualitative approach 

and asked participants to rank some outside view images according to their preference. Their method 

was based on desktop analysis using computer-aided design (CAD) software to calculate the view 

content area in each picture without taking into consideration the shading configuration. 

Turan et al. (2021) proposed a spatially distributed view access metric for open unobstructed floor 

plans based on calculations from viewpoints throughout an indoor space. An extensive computer 

simulation process is required to trace rays to all outside elements; therefore, the outdoor environment 

needs to be fully built, which will take more time, cost more to be finished and more work is needed 

to get accurate results. In another study to tackle this issue, Lee & Matusiak (2022) proposed a new 

approach to quantify view quality based on rendering photorealistic views of the outdoors for windows 

with shades. However, this method seems to be not simple; the results rely on participant opinions to 

rank the rendered images and rendering virtual images needs the outside environment to be fully built 

https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
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using 3D models (trees, context, ground), the same as the method by Turan et al. (2021). Lee and 

Matusiak (2022) also recommend that future research is needed to better understand how shading can 

affect view quality and discomfort glare, which are related to occupant comfort and WP. 

Assessing the quality of a view in an image involves several steps in image processing.  Jaeha et al., 

(2022) developed a new tool to evaluate occupant view satisfaction through windows. The author used 

a machine-learning (ML) method to train a tree-regression model to predict view satisfaction. The data 

needed to train the proposed system was results from a 181 participant view satisfaction survey with 

590 window views. Furthermore, the authors developed a new tool that extracts only view content 

from 3D CAD models. Rizi et al., (2024) developed a new design methodology for adaptive façade 

design that includes occupant and view content to the outside. The methodology involves modelling 

environments, capturing images from hypothetical occupants’ locations, and using a machine-learning 

(ML) processing to analyse view content. However Rizi et al., and Jaeha et al., used image processing 

language but they still need to build a full 3d model for the outside environment to evaluate the view 

content (Table 2-7).  
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Table 2-7: View quality assessment in related studies (Source: author) 

Researcher Methodology Method View quality assessment  

 Hellinga & 

Hordijk, 2014 

 

 

 

Quantitative: 

Simulation 

 

 

  

 

View quality scores range 

low to high 

≥ 8: high 

5 to 7: medium 

≤ 4: low 

Elzeyadi, I. 2012 Mixed method: 

Experimental 

(HDR), 

Questionnaire 

and survey 

methods 
 

Subjective assessment to 

measure 

Satisfaction with content. 

Matusiak, B. S., & 

Klöckner 2016 

Qualitative: 

Questionnaire 

and survey 

methods 
 

 

Subjective assessment: 

1: not satisfactory 

2: satisfactory 

3: good 

4: very good 

 

Boubekri, M. et al., 

2020 

Qualitative: 

Questionnaire 

and survey 

methods 
 

- Subjective assessment to 

the view clarity. 

 

Li & Samuelson, 

2020 

Quantitative, 

Computer-aided 

design tools 

(CAAD). 
 

Subjective assessment to 

view content: 

-100: undesirable views 

-100: undesirable views 

- 50: remained views 

 Peiman Pilechiha, 

2020 

Quantitative: 

Simulation 

 

View access and view 

content to the sky  

Turan et al., 2021 Quantitative: 

Simulation 

 

Ray tacking method to all 

outdoor environment 

elements, a full 3d model 

is needed. 

Ko et al., 2021 Qualitative: 

Questionnaire 

and Computer-

aided design tools 

(CAAD) 
 

Subjective assessment 

View Quality Index 

(VQI), ranges 0 to 1 

https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
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Lin et al., 2022 Qualitative: 

Questionnaire 

and Computer-

aided design tools 

(CAAD) 
 

Quantitative Element 

analysis, 

Layer ration % 

Green, Sky, Building, far 

objects. 

Lee & Matusiak, 

2022 

Quantitative: 

Simulation 

 

Rendering images and 

subjective evaluations to 

render output. 

View clarity 

Jaeha et al., 2022  

 

Quantitative: 

Simulation and 

machine learning 

 

View access and view 

content. 

Cho et al., 2023 

 

Qualitative: 

Questionnaire 

and survey 

methods  

 
 

Assessing dynamism in 

view content.  

 

Yao et al., 2024 Qualitative: 

Questionnaire 

and survey 

methods  

 

 View content. 

Rizi, et al., 2024 

 

 

 

Quantitative: 

Simulation  

 

 

 

 

 

 

 View access and view 

content. 

Proposed method 

by the author 

(Abdelrahman et 

al., 2023b) 

Quantitative: 

Image sampler 

using series of 

visual scripting 

analysis 
 

Visible outside view 

content [VOV] 

VOV greenery ratio, 

VOV context ratio, 

VOV sky ratio, 

VOV blind ratio (for 

shading) 



Chapter 02_Literature review 

57  

 

2-4-2-3 Multi-objective Optimisation Systems Related to Daylight Simulation 

 

1. Daylight Simulation 

Daylight simulation is a process that aims to evaluate the quantity and distribution of daylight in a 

space. Wong (2017) reviewed various methods to evaluate the daylight performance of buildings, 

including scale models with a simulator, mathematical models, full-scale models for field 

measurement and computer simulation software. This extensive literature review evaluated the 

strengths and weaknesses of each method and found that the computer simulation method is the most 

commonly used in the building design stage because of its capability of involving several design 

variants in the simulation and obtaining accurate results at the same time. Wong (2017) also found 

that Radiance, Adeline, DOE, Daysim and Energy Plus were the most used programs. Yu & Su (2015) 

also indicate that the ray-tracing and radiance daylight algorithm was the most used in daylight-related 

research topics. 

2. Optimization 

The experimental approach is considered one of the most common approaches used in research to get 

the optimal solution for a design problem by defining variables, dependent and independent, and then 

making a comparison between different groups. One of the disadvantages of the experimental 

approach is that the researcher seeks to find the best solution for their design problem but may not 

explore all solutions due to time limitations and cost (Mahmoud &  Elghazi, 2016; Pilechiha et al., 

2020). Optimisation can provide more flexibility and control to all design parameters in the virtual 

model. Optimisation is the process of making a trading system more effective by adjusting the 

variables used for technical analysis (Corne & Bentley, 2001). 

The optimisation system has the ability to run a complex mathematical process to select the optimal 

solution that achieves the design objectives. The advantage of using optimisation is that the designer 

can explore a wide range of solutions efficiently in a limited time; however, it is a challenge for the 

designer to formulate the variables in a mathematical sequence. One of the common methods used to 

formulate design problems is implemented by using parametric design (Corne & Bentley, 2001). 

Parametric design can be used to code a mathematical equation using the visual programming 

language. In computing, a visual programming language (VPL) is considered a visual programming 

system that gives the users the ability to manipulate their design variables graphically rather than by 

specifying them textually. In any optimisation system, two kinds of data are required: variables and 

objective functions that drive the system. Variables are the parameters that can control the design 

https://www.amazon.co.uk/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=David+W.+Corne&text=David+W.+Corne&sort=relevancerank&search-alias=digital-text
https://www.amazon.co.uk/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=David+W.+Corne&text=David+W.+Corne&sort=relevancerank&search-alias=digital-text
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elements such as controlling the geometry shape, daylight levels, shading parameters, window-to-wall 

ratio or location. Objective functions are the values that drive the system through proposed assessment 

criteria to find the best solution for the designers (Machairas et al., 2014). 

There are two types of optimisation systems: (1) two-objective optimisation systems and (2) multi-

objective optimisation systems. In the two-objective optimisation system, designers try to find the 

optimal solution by implementing two objective fitness functions such as minimum heat gains and 

maximum window-to-wall ratio. The two-objective systems are based on the weighted sum approach 

by defining a scale for each goal and then multiplying the weight for each objective to find the best 

solution (Deb, 2008). This approach is not complicated and is easy to formulate because the designer 

only deals with two fitness objectives. In the second type of optimisation system, the multi-objective 

optimisation system, genetic algorithms show strong advantages in solving multi-objective problems 

(Nguyen et al., 2014). 

In an extensive literature review, Nguyen et al., (2014) found that many types of algorithms can be 

developed and they classified them as follows: (1) local or global methods, (2) deterministic or 

stochastic methods, (3) heuristic or meta-heuristic methods, (4) derivative-based or derivative-free 

methods, (5) bio-inspired or non-bio-inspired methods, (6) trajectory or population-based methods, 

and (7) single-objective or multi-objective methods. Nguyen et al., (2014) found that a genetic 

algorithm was the most commonly used to evaluate building performance. 

3. Genetic Algorithm 

In the designing process, ‘problems’ are often defined as related to ideas used to determine ‘solutions’ 

by setting out a thinking model of the ideal design process that will lead the designer to achieve the 

optimum solutions (Cross, 2023). The traditional design process follows a linear process of exploration 

of a problem and solutions to this problem that will lead to an adequate outcome (Schönborn & Junge, 

2021). The experimental approach, on the other hand, is considered one of the most common design 

processes used in research to get the optimal solution for a design problem by defining variables and 

then making a comparison between different groups (Fig. 2-12). 
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Figure 2-12: Genetic algorithm role. ( Adapted from Schönborn & Junge, 2021) 

Genetic algorithms (GAs) were developed by John Holland in an attempt to explain the adaptive 

processes of natural systems and to design artificial systems based upon these natural systems 

(Holland, 1984). The genetic algorithm, today, is probably, the most widely used of evolutionary 

algorithms (EAs). Having become widely used for a broad range of optimisation problems in the last 

15 years (Holland, 1984), the GA has been described as being a ‘search algorithm with some of the 

innovative flair of human search’ (Goldberg & Holland et al.,1988). A GA makes use of two separate 

spaces: the search space and the solution space. The search space is a space of coded solutions to the 

problem, and the solution space is the space of actual solutions. Coded solutions, or genotypes, must 

be mapped onto actual solutions, or phenotypes before the quality or fitness of each solution can be 

evaluated (Fig. 2.13). GAs maintain a population of individuals, where each individual consists of a 

genotype and its corresponding phenotype. Phenotypes usually consist of collections of parameters 

Problem Design Solution 

Design Problem Solution 

Design Problem Solution 

Genetic 
algorithm  
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and genotypes consist of coded versions of these parameters. A coded parameter is normally referred 

to as a gene, with the values a gene can take being known as alleles. 

 

 

 

 

 

 

Figure 2-13: Mapping from search space to solution space (source: Corne & Bentley, 2001). 

4. Advanced Genetic Algorithms 

It is in the nature of complex problem-solving that we can never guarantee that an evolutionary 

algorithm or any other algorithm will find an optimal solution in a reasonable time. The importance 

of using Multi-objective GAs is that it allows multiple objectives to be optimised with GAs (Corne & 

Bentley, 2001). Evolution strategy (ES) means that there is no use for a crossover operator and the 

selection process is somewhat simplified. The entire algorithm begins with the generation and 

evaluation of an initial random solution. Mutation plays an important role in ES and is regarded as the 

primary search operator. There are some significant differences between evolution strategies and 

genetic algorithms. For example, although ES maintains populations of solutions, it separates the 

parent individuals from the child individuals. In addition, as mentioned above, ES does not manipulate 

coded solutions like GAs. 

Due to the conflicts among objectives, a multi-objective optimisation problem (MOP) usually does 

not have a single optimal solution for all objectives but trade-off optimal solutions known as Pareto-

optimal (P-O) solutions (Deb, 2008; Corne & Bentley, 2001). Classical methods transform the MOP 

to a single-objective optimisation problem by constructing aggregation functions and obtaining one P-

O solution at a time. Multi-objective evolutionary algorithm (MOEA) is the main method to solve 

MOP. EA is a heuristic search algorithm, which has been successfully applied in the field of multi-

objective optimisation (Corne & Bentley, 2001), and these EAs are called MOEAs. Population-based 

search and information exchange among individuals are the two characteristics of EA. It can obtain 

https://www.amazon.co.uk/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=David+W.+Corne&text=David+W.+Corne&sort=relevancerank&search-alias=digital-text
https://www.amazon.co.uk/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=David+W.+Corne&text=David+W.+Corne&sort=relevancerank&search-alias=digital-text
https://www.amazon.co.uk/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=David+W.+Corne&text=David+W.+Corne&sort=relevancerank&search-alias=digital-text
https://www.amazon.co.uk/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=David+W.+Corne&text=David+W.+Corne&sort=relevancerank&search-alias=digital-text
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multiple P-O solutions in a single simulation run and does not have to know the derivative information 

or aggregate different properties, which effectively overcomes the limitations of the classical method. 

In architecture, there are two methods to create a new genetic algorithm: (1) custom programmed and 

(2) optimisation packages (Machairas et al., 2014). The custom programmed method is the most 

flexible one but it needs more advanced programming skills to be produced (Chantrelle, et al., 2011). 

The optimisation packages are the most used to produce a genetic algorithm because the user can 

formulate their problem using VPL using the Grasshopper plugin Rhino as a cutting-edge parametric 

modeling tool that works with Rhino to allow a powerful and efficient new way of designing. 

Grasshopper is used by many researchers as a parametric engine that can be used to formulate the 

genetic algorithm (variables and objectives) to solve their design problems, such as achieving the 

recommended level of daylight illuminance and address the glare issue at the same time (Fig. 2-14). 

 

Figure 2-14: Human role and computer role. (Source: Author) 

A genetic algorithm or evolutionary algorithm is a system inspired by a natural biological evolutionary 

process (Corne & Bentley, 2001). This algorithm reflects the process of natural selection where the 

fittest individuals are selected for reproduction in order to produce offspring. Nature uses principles 

that can be observed to modify a population of solutions over time, such as selection, crossover and 

mutation.  

https://www.amazon.co.uk/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&field-author=David+W.+Corne&text=David+W.+Corne&sort=relevancerank&search-alias=digital-text
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The present research uses multi-objective evolutionary algorithms (MOEAs) to solve and optimise 

multi-conflicted objectives together in one system. These conflicted targets in this research are related 

to daylight quality, outside view quality and shading parameters. Wallacei plugin for Grasshopper, 

provided by Makki et al., (2022), is used in the optimisation process as it has the ability to optimise 

up to four objective fitness values. 

5. Review of Optimisation System Objectives in Related Studies 

Among the recent studies about daylight optimization, Evins (2013) found that the genetic algorithm 

is the most common strategy used in the optimisation process as it was used in nearly 60% of all related 

studies. The use of optimisation in design started in 1980, but most research and studies about using 

mathematical optimisation and energy performance simulation for building design were only 

published since 2000. Designers of the optimisation process seek to find optimal solutions by using 

parametric design variables and quality to work together as a system. 

Many studies used the multi-objective system to optimise daylight with the internal environment using 

building morphology (Showkatbakhsh & Makki, 2022), window properties (Elzeyadi, 2012; Hellinga 

& Hordijk, 2014) and shading systems (Sherif et al., 2015; Eltaweel et al., 2020; Lee & Matusiak 

2022) as independent variables to achieve the daylight level. Regarding building morphology, Zhang 

et al. (2016) developed a new approach for optimising the shape of free-form buildings according to 

the efficiency of the indoor environment and outdoor solar radiation. Also, Caruso & Kämpf (2015) 

developed an optimisation process for the building form to achieve the minimum rates of energy 

consumption that arise from solar irradiation. The optimisation process depends on calculating the 

total solar irradiance that falls in the building envelope and tends to change the shape and form of the 

building to have the minimum values. An evolutionary algorithm was used as an optimisation tool to 

identify the best solution. 

Regarding window properties, Azari et al. (2016) adopted an optimisation process depending on the 

genetic algorithms for optimising window properties for building performance. In their study, the 

optimisation process depended on many design variables such as window type, window material, 

window-to-wall ratio, insulation material properties and thermal resistance of the building envelope. 

Carlucci et al., (2015) proposed an optimisation process of window properties for a residential house 

in Italy. The study aimed to minimise the visual discomfort that arises from either unsuitable daylight 

levels or glare and to minimise thermal discomfort during summer and winter. The optimisation 

variables for this study included window type, window-to-wall ratio, wall type, shading devices 

https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
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strategies, glazing material properties, roof material properties and floor material properties. Lartigue 

et al. (2014) proposed a new methodology for optimising building envelope to maximise daylight and 

maximise cool or heat loads in the space. The optimisation variables were assigned to both the window 

type and window-to-wall ratio of the space. 

Many studies investigate the ability to optimise shading with daylight by considering shading 

parameters as dependent values to control daylight quality. Ercan & Elias-Ozkan, (2015) used multi-

objective optimisation to identify the optimal dimension and properties of shading devices in offices. 

The main objective of the optimisation process was to achieve the maximum level of daylight in the 

office building and decrease the heat gains inside the space. Mahmoud & Elghazi, (2016) conducted 

an experiment using virtual reality to assess daylight performance by achieving the optimal design 

proposal for a kinetic envelope design.  

As shown in Figure (2-15), related studies are divided into three types: the first type focuses only on 

assessing daylight and view quality; the second focuses on daylight and shading design; and the third 

type focuses on daylight, view and shading devices in some cases. Most studies focus on only two 

factors such as daylight and outside view or daylight and shading systems, neglecting the important 

role of the shading systems that can optimise and control both daylight and view quality. Therefore, 

there is a need to design a system that can combine these three factors: daylight quality, view quality 

and shading design. The present study aims to assess and improve daylight and outside view quality 

by using shading systems as a means to establish potential comfort and well-being inside the working 

space. 
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Figure 2-15: Multi-objective systems in related studies and the systems proposed in the present study (Source: author). 

6. Application and Software Limitations to Quantify VOV 

There are a few applications and software in the market that are designed to be used by engineers and 

architects to assess view quality. Each application is designed to assess some elements using a different 

platform. For instance, the DIAL+ software, developed by Estia SA (BEST Directory, 2022), is a 

dedicated tool for evaluating view quality. It uses a method that calculates the ratio of visible sky area 

accessible through window openings, similar to the approach used by the Integrated Environmental 

Solutions Virtual Environment (IES, 2022). The difference between DIAL+ and IES VE is that DIAL+ 

can optimise between shading parameters and view to sky ratio, and thermal and daylighting levels, 

but this optimisation is limited to application capabilities (Table 2-8). 

 

 

 



Chapter 02_Literature review 

65  

 

Table 2.8: Multi-objective systems in related studies and the systems proposed in the present study (Source: author) 

Researcher System Fitness Objectives System objectives 

Daylight Building M.  Shading View 

Sherif et al., 

2015 

Two objectives 

using Simulation 

methods  

Developing solar screens 

for use in front of 

windows under the clear 

desert skies. 

✓   ✓   

Lartigue et 

al., 2014 

Three-objectives 

using Multi-

objective 

optimisation  

Maximizing the daylight 

and minimising cool and 

heat loads in the space. 

✓  ✓    

Pesenti et al., 

2015  

Two objectives 

using Simulation 

methods  

Daylight levels/ intensity 

(illuminance levels) lux 

(Visual Comfort) 

✓     

Ercan & 

Elias-Ozkan, 

2015 

Two objectives 

using Multi-

objective 

optimisation  

Optimal dimension and 

properties of an office 

building shading device. 

✓   ✓   

Carlucci et 

al., 2015 

Two objectives 

using Multi-

objective 

optimisation  

(Two objectives)- 

Improve thermal and 

visual discomfort 

✓     

Zhang ., 2016 Two objectives 

using Multi-

objective 

optimisation  

(Two objectives)-- New 

approach for optimising 

the shape of free form. 

✓  ✓    

Mahmoud & 

Elghazi, 2016 

Two objectives 

using Simulation 

methods  

(Two objectives)- 

Investigated the best 

performance of daylight 

and shading systems 

✓   ✓   

Azari et al., 

2016 

Two objectives 

using Multi-

objective 

optimisation  

(Two objectives)—

Daylight quality and 

improve the performance 

of building envelope 

design 

✓   ✓   

Bian & Luo, 

2017 

Two objectives 

using Multi-

objective 

optimisation  

(Two objectives)- 

Improve daylight levels 

for office space in hot arid 

by optimising the best 

skin configuration. 

✓   ✓  ✓  
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Amundadottir 

et al., 2017 

Two objectives 

using Multi-

objective 

optimisation  

(Two objectives)- 

Daylight exposure and 

distribution (uniformity) 

to improve Sleep comfort/ 

visual interest and 

impressions in space. 

✓   ✓   

Jayathissa et 

al., 2018 

Two objectives 

using Simulation 

methods  

-Daylight levels/ intensity 

(illuminance levels) lux 

(Reduce solar heat gain) 

✓     

Sheikh et al., 

2019 

Two objectives 

using Simulation 

methods  

Daylight levels/ intensity 

(illuminance levels) lux 

(Visual Comfort) 

✓     

Tabadkani et 

al., 2018 

Two objectives 

using Simulation 

methods  

Daylight distribution 

patterns (uniformity) 

(Visual Comfort) 

✓     

Eltaweel et 

al., 2020 

Two objectives 

using Multi-

objective 

optimisation  

Improve daylight 

distribution using 

automated prismatic 

louvres 

✓   ✓   

Pilechiha ., 

2020 

Two objectives 

using Simulation 

methods  

View access and view 

content to the sky  

  ✓  ✓  

Ko et al., 

2021 

Two objectives 

using Computer-

aided design tools 

(CAAD) 

View content and context   ✓  ✓  

Lee & 

Matusiak, 

2022 

Two objectives 

using Simulation 

methods  

Rendering images, 

subjective evaluations to 

View clarity and daylight 

✓    ✓  

Domjan et al., 

2023 

Three-objective 

optimisation using 

genetic algorithms. 

 ✓   ✓  ✓  

Rizi et al., 

2024 

Two-objective 

optimisation using 

machine learning. 

Evaluate view content and 

location using machine 

learning  

   ✓  

Yao et al., 

2024 

Two objectives, 

window design and 

the outside view. 

Subjective evaluation for 

one objective using VR 

 ✓   ✓  

Qi et al.,2024 Two- objective 

optimisation using 

Machine learning  

Subjective evaluation 

factors regarding visual 

effects of daylight 

 

   ✓  
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Proposed 

system 

By Author 

October 2022 

Three-objective 

optimisation using 

genetic algorithms.  

 

(Three objectives)- 

Improve daylight quality 

aSE, SDA and UDI and 5-

visible outside view 

(VOV) using automation 

shading systems.  

✓   ✓  ✓  

 

The lack of consideration of obstruction elements such as shading devices to outside view may be 

explained by the difficulty of measuring this factor. Currently, a few software in the market, such as 

ClimateStudio (ClimateStudio Solemma, 2022) and CoveTools (Cove.Tools, 2022), measure view 

quality according to LEED version 4.01 (LEED v4, 2019) and EN 17037 (CEN, 2018), with the 

function to measure blind factor via the visible view access to the outside, but shading device is not 

connected to the VOV content (greenery, art, context, sky) ( Table 2-9). 

Table 2-9: Applications used to assess daylight and view quality 

Application Developer Type Platform Elements Outside 

view input 

DIAL+ 

software 

Estia SA Software Application Only sky Sky ratio 

ClimateStudio Solimane Plugin Rhino and 

Grasshopper 

plugin & Revit 

Green, sky, 

movement, art, 

landmark 

3D 

modelling 

IES VE IES Ltd Software Application Only sky 3D 

modelling 

Cove.tool Covetool 

company 

Software Application Sky, Context , 

Unobstructed 

View 

3D 

modelling 

Multifactor 

system 

Author Visual 

programming 

scripting workflow 

Rhino and 

Grasshopper 

plugin 

Green, sky, , art, 

landmark 

Image 

sampler 

 

  

http://www.estia.ch/
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2-5 Literature review findings 

The literature review studies were investigated under three categories: (1) well-being themes, (2) 

shading system functions, (3) daylight rating systems and metrics. In addition, the following analysis 

will identify the gaps in literature found in focus of each study, methods and metrics, according to 

occupant well-being. 

The literature showed that evaluating the outside view quality is often based on questionnaire results 

(Fig. 2-16, 2-17). In some cases, these questionnaires ask participants to rank pictures to different 

outside views (Hellinga & Hordijk, 2014; Elzeyadi, 2012, Rohde et al. 2020). In other cases, an 

indicator is given to each natural element. Then each outside view composition takes an overall 

indicator that shows the amount of sky, green, water, etc., as observed by the surveyors or researcher 

(Turan et al., 2021; Hellinga & Hordijk  

      

 

 

 

 

 

 

 

 

Figure 2-16: Relationship between methods and focus of study.   Figure 2-17: Focus of study ratio 

In addition, the literature shows little interest in studying shading devices to improve occupant well-

being. Few studies focus on shading devices and daylight improvement simultaneously and few 

studies discuss how shading devices could affect the occupant’s well-being (Jamrozik et al. 2019; 

Boubekri et al. 2020). This effect is assessed by improving visual interest or satisfaction with ambience 

or the amount of outside view.  

The impact of daylight, comfort and well-being on occupant feeling and satisfaction has been the 

subject of several studies (Elzeyadi, 2012; Amundadottir et al., 2017; Boubekri et al., 2020; Jamrozik 

et al., 2019; Fathy et al., 2020). This literature review shows that more than 50% of these studies use 

satisfaction with ambience and amount of view as an indicator to quantify occupant perception and 

https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
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most researchers who want to evaluate the impact of daylight on occupant feeling and satisfaction aim 

to quantify visual interests and impressions (Fig. 2-19). In addition, the majority of the literature 

focuses on glare issues to quantify occupant comfort (Fig. 2-18).  

 

 

  

 

 

 

 

Figure 2-18: Research gap in comfort parameters.  Figure 2-19: Research gap in well-being parameters. 

2-5-1 Gaps in Metrics to Quantify View Quality Related to Shading Systems 

It is evident in the reviewed literature that outside view content has been measured using quantitative 

and qualitative methods (Table 2-7). The review showed that evaluating the outside view content is 

often based on questionnaire results by asking participants to rank some pictures to different outside 

views (Matusiak et al., 2020; Ko et al., 2021; Lin et al., 2022; Li & Samuelson., 2020; Domjan et al., 

2023; Yao et al., 2024). In other cases, an indicator was given to each natural element to assess the 

quality of outside view content using computational methods (Pilechiha, 2020; Hellinga & Hordijk, 

2014; Turan et al., 2021). Limited studies provide a qualitative method to measure outside view quality 

based on ray-tracking simulation methods or render photorealistic views (Lee& Matusiak, 2022; Jaeha 

et al., 2022; Rizi et al., 2024). Most researchers evaluate view quality by analysing the geometry 

outside using 2D CAD-aided design tools. There are drawbacks to each method; using ray-tracking 

methods requires the outdoor environment to be fully built into the simulation software which will 

take more time and may cause a system crash to run the simulation depending on the machine's 

capability. Also, the measurement accuracy is still based on the outside build accuracy to match the 

context of the real environment such as tree scale and position and also the surrounding buildings. The 

recently proposed method provided by Lee& Matusiak, (2022) aims to evaluate the outside content 

based on rendering the internal scene and then evaluate this scene by asking participants to rank their 

https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
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photos. In Lee’s study, the render photorealistic views method will replace the ray-tracking method 

provided by Turan et al., (2021) but both methods have the same drawback which is related to the time 

consumed and level of accuracy needed to build the outside view environment (trees, context, arts and 

the faraway objects). 

There is no research found yet to combine outside view content and clarity in one metric. However, 

view clarity and view content are related to each other as conflicted targets, but most researchers only 

focus on assessing view quality factors (content, clarity and access) separately. In this study, a new 

facilitation tool was defined to quantify the outside view quality based on combining view content and 

view clarity together in one indicator called visible outside view (VOV). 

The assessment criteria will follow LEED v.01. Also, a new method will be applied to quantify the 

outside view quality based on the Image Sampler method with an index representing the visible outside 

view (VOV) content. This metric can quantify the view quality by combining visible view content and 

visible view clarity in one metric (VOV SKY, Green, Mass + Blind ratio). 

2-5-2 Gaps in Systems to Integrate Daylight Quality, Outside View Quality and Shading 

Systems  

In related studies, little attention was given to obstruction elements to outside view such as shading 

devices. This may be explained by the difficulty of measuring the visible outside view content (green, 

art, context, sky) through the shading device. However, applications outside academia are limited; 

some software can be used to measure the view quality with different approaches. ClimateStudio 

(ClimateStudio by Solimane, 2022) and Cove.tools (Covetool Company, 2022) are considered one of 

the most beneficial tools that measure view analysis and daylight quality according to LEED v4.01 

and EN 17037. ClimateStudio software can measure the blind factor to the outside view but it is not 

connected to the actual visible outside view content. That means the blind factor is only used to 

measure the view access ratio, not the visible view content ratio. The present research assumes that 

this factor should be added to view quality assessment criteria in building rating systems. 

The literature review shows that there is no tool, application or software found yet to integrate daylight 

quality, outside view quality and shading devices in an optimisation process. Therefore, to fill this 

gap, a new multifactor system is needed. This study produces a novel shading system by using multi-

objective evolutionary algorithms (MOEAs) connecting daylight quality and outside view quality to 

improve and predict the level of comfort and well-being potential (Fig. 2-20). 
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Figure 2-20: Multifactor system (DVS)   

This study proposes a new multifactor system using a multi-evolutionary optimisation (MEO) method 

embedded with a dashboard to be used and improved in the future and to be made available in the 

market. This dashboard aims to combine daylight quality and view quality in one track with reefing to 

the optimum shading device parameters to achieve this goal. The measurements and metrics used in 

this system comply with the most updated assessment criteria provided by LEED v04.01. 

This multifactor system consists of two levels of the multi-optimisation process. The first level occurs 

by using MOEAs techniques to establish the optimal daylight quality inside a working space. This 

optimisation defines the best shading device solutions related to five selected objectives: (1) to 

minimise annual sun exposure (ASE), (2) maximise spatial daylight autonomy (sDA), (3) maximise 

useful daylight illuminance (UDI), (4) maximise view access, and (5) minimise daylight glare 

probability (DGP). 

After that, a new parametric algorithm is defined to create the facilitation tool to quantify the visible 

outside view (VOV) ratio while using the optimised shading system. This facilitation tool aims to 

measure the visible outside view quality by using the Image Sampler and Isovist ray-tracking 

technique found in the Grasshopper plugin Rhino to quantify occupants’ sightlines through the shading 

device to the outside view content. A new indicator is produced to measure the view clarity and content 

together called VOVSky, Green, Mass. This new indicator is a percentage starting from 0% to 100% 

showing the well-being potential for different zones inside the workspace. The second level of 

optimisation aims to create a comfort and well-being potential 2D map (CWmap) by integrating the 

optimum fitness solution of the shading device (resulting from optimisation level 1) with the VOV 

values (resulting from the facilitation tool). 
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2-6 Conclusion 

In conclusion, studies on occupant well-being and daylight in the workspace show a strong relationship 

between daylight illuminance received and outside view quality. Daylight quality for visual efficiency 

is determined by how it is delivered and how it is integrated with other conflicting issues such as view 

to the outside. Therefore, shading systems should work to not obscure the view clarity value. Most 

researchers have evaluated the impact of daylight on view quality and on well-being separately; 

moreover, the method of evaluation of the outside view quality has been often based on questionnaire 

results. In some cases, these questionnaires are administered by asking participants to rank some 

pictures with different outside views to choose the most preferred outside view content. In other cases, 

an indicator is assigned to each natural element and each outside view composition takes an overall 

indicator that shows the amount of sky, green, water, etc., as observed by the surveyors or researchers. 

Several studies have focused on discussing the impact of daylight, comfort and well-being on occupant 

perceptions. The literature indicates that shading devices are being studied to enhance well-being of 

occupants. The majority of studies analysed focused on both shading devices and daylight 

improvement at the same time, but little attention was given to discussing the effect of shading devices 

or outside view quality on occupant well-being. Shading devices can improve visual interest or 

satisfaction with ambience. Therefore, there is a need to define a new multifactor system to investigate 

the possibilities of using shading systems to improve daylight quality and outside view quality inside 

the working environment. 

Most researchers evaluate view quality using qualitative questionnaires or quantitative methods by 

analysing the geometry outside using 2D and 3D software. The present study shows there are 

drawbacks to each method; well-being is a subjective matter and the study needs to be objective to be 

more scientific; therefore, there is a need for both qualitative and quantitative data. In addition, using 

ray-tracking methods needs the outdoor environment to be fully built into the simulation software, 

which takes more time to complete the simulation and iteration process. Although prior research has 

identified a few methods that could be used in assessing view quality, both methods have the same 

drawbacks related to the time consumed and the level of accuracy needed to build the outside view 

environment (trees, buildings and other objects). 

 



Chapter 02_Literature review 

73  

 

Based on the literature review findings, four types of daylight simulation have been found to measure 

daylight quality: (1) annual sunlight exposure (ASE), (2) spatial daylight autonomy (sDA), (3) useful 

daylight illuminance (UDI) and (4) daylight glare probability (DGP). 

• Regarding Daylight Quality: 

1. ASE: 50% of the floor plan exceeds the threshold of 1000 lux with more than 250 occupied 

hours per year. Complies with (WELL, v2,Q1-Q2, 2024 & LEED v4.01 2019) criteria. 

2. UDI: the percentage between the periods that received adequate daylight levels per year to 

occupied hours in the same year between 100 lux to 2000 lux. (Complies with LEED v4.01 

criteria.) 

3. DGP: it ranges from 0 to 1 and indicates whether a glare situation will be imperceptible 

(DGP≤0.35), perceptible (0.35<DGP≤0.40), disturbing (0.40<DGP≤0.45) or intolerable 

(DGP>0.45) to a majority of occupants. (Complies with LEED v4.01 criteria.) 

• Regarding View Quality: 

1. View Type 2: at least 75% of the regularly occupied building floor area design should achieve 

at least one of the following: nature, art, urban landmarks, or objects at least 25 feet (7.62 

meters) from the glazing. (complies with LEED v4.01 criteria.) 

2. View Type 3: unobstructed lines of sight view location with a line of sight to vision glazing 

from within three times its head height and view. (Complies with LEED v4.01 criteria.) 

3. View content: the literature review failed to find a tool to measure the visible outside view 

content through shading devices. Therefore, there is a need to define a new facilitation tool for 

an analysis of visible view content VOV (green, context and sky) (discussed in Chapter 6). 

Also, there is a need to define a new system to integrate the new facilitation tool with daylight 

simulation to define the best shading parameters (discussed in Chapter 7). 
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CHAPTER 3: Methodology 

3.1 Introduction 

This chapter aims to provide a description of and a justification for the chosen research methodology 

to achieve the aims and objectives stated in Chapter 1. Also, it provides a review of each factor of the 

research methodology, such as research design, data collection and data analysis. After discussing 

each factor, a statement is provided to justify the research choices. A series of data analysis methods 

were employed to address the research question, including descriptive analysis, correlation coefficient 

analysis, likelihood ratio test (LRT) and network analysis. This chapter is structured as follows. The 

first section aims to define the research model adopted based on the onion research model (Saunders 

et al., 2009). Subsequent sections in this chapter provide more understanding of research choices, 

methods for data collection, validation and reliability techniques used in this research. 

3.2 Research Model 

Research methodology refers to methods of conducting research and interpreting the results (Grix, 

2002). The methodology provides a general view of what the research is focused on and how to answer 

the research questions. It is important in this research to bind all elements of research methodology 

coherently (Saunders et al., 2009), allowing justification of the general pattern of research and aiming 

to achieve the objectives of the research. The methodology for this research must also be clearly 

interpreted. In this study, the onion model is being used as suggested by Saunders et al. (2009). The 

benefits of the research onion are that it creates a series of stages through which the different methods 

of data collection can be understood and illustrates the steps by which a methodological study can be 

described. 

As indicated in Figure 3-1, Saunders et al.’s (2009) process consists of six stages: 

1. Research philosophy 

2. Research approach 

3. Research strategies 

4. Research choice 

5. Technique and procedures 

The following sections describe each area of research methodology. 
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Figure 3-1: The holistic approach (Source: Saunders et al., 2009) 

3-2-1 Justification for the Research Philosophy 

This section provides a clear justification for the research aim, which is to define a new multifactor 

system of optimising different shading parameters using virtual simulation and genetic algorithms as 

a means to enhance occupant comfort and well-being potential related to daylight quality and view 

quality (see Section 1.6.1 in Chapter 1). Saunders et al. (2009) indicate that research philosophy is a 

comprehensive term that relates to increasing knowledge and the nature of knowledge. Many authors 

argue that researchers should adequately understand the philosophy of research to apply it 

appropriately. 

In general, defining a research philosophy has three advantages. First, it simplifies and explains the 

research design. Thereafter, it determines whether a design is suitable for implementation and makes 

a selection of tools needed. Consequently, it helps researchers to classify and generate new ideas. 

Saunders et al. (2009) indicate that research philosophies can be divided into three types: (1) ontology, 

(2) epistemology and (3) axiology (Fig. 3-2). 

In the following section, these three types of philosophies will be discussed in more depth to give a 

clear understanding of the present research philosophy, process and tools. 
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Figure 3-2: Research methodology. (Source: Author) 

3-2-2 Ontology 

Ontology is based on the nature of existence and reality (Lee & Cassell, 2013). At this stage, I have 

chosen two positions: objectivism and subjectivism. Regarding the objectivist position, the research 

hypotheses are based on an external reality that occurs separately from the social actors. However, the 

subjectivist position does not accept the idea of an independent reality. A subjectivist perspective of 

the humanistic and existential perspectives also emphasises the importance of subjective experiences 

(Saunders et al., 2012). That means subjectivism-based research is based on people’s opinions and 

actions (Saunders et al., 2012). Regarding objectivism, there is a reality that daylight quality factors 

such as illuminance, glare and view outside affect our visual comfort and daylight exposure affects 

our well-being by stimulating our circadian system (WELL v2, Q1-Q2, 2024; LEED v.4.01, 2019). 

Regarding subjectivism positions, the view to the natural outside environment has a significant direct 

impact on occupant well-being and satisfaction (WELL v2, Q1-Q2, 2024). Therefore, a mix of both 

objectivism and subjectivism is appropriate for this research. 
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3-2-3 Axiology 

Axiology is defined as the study of values, which plays an important role in the research results. This 

research considers three types of axiology: value-free, value-laden, and value-driven. As Lewis (1994) 

indicated, if the research is based on a hypothesis, then it is mandatory to conduct an empirical method 

of research that is also called values-free research. Conversely, interpretivism or social 

constructionism helps to plan the research, which is driven by a value in such a way that the researched 

items are interlinked. The determination of the real existence facts within the human and social world 

is based on human interpretation (Healy & Perry, 2000). Hence, value-free research is always 

determined by the criteria of objectivity. On the other hand, value-driven research is always 

determined by the criteria of subjectivity, human views and experiences. The present research aims to 

define a new multifactor system to enhance occupant comfort and well-being inside the working 

environment by optimising shading systems and daylight quality and outside view quality. Therefore, 

occupant comfort and well-being are considered a subjective approach (questionnaire) and daylight 

quality and shading systems need a quantitative approach (simulation). This research can be both 

values-free, with the use of quantitative methods measuring daylight quality, view quality and defining 

shading parameters, and value-laden, with the use of qualitative methods to quantify occupant comfort 

and well-being related to daylight and view quality. 

3-2-4 Epistemology 

Epistemology enables researchers to understand the nature of knowledge and how to achieve it by 

explaining the process of understanding the knowledge and using it to compare reality with fiction 

(Saunders et al., 2009). Saunders et al. (2009) indicate that there are two types of epistemological 

philosophies: positive and interpretative. The positivist assumption does not offer a rich and complex 

explanation for occupant well-being as a subjective factor because it is different in individual contexts 

and experiences. Critical realism is considered value-laden research, more in-depth and historically 

situated. Interpretivism always focuses on narratives and stories. Pragmatism is the best choice 

because it is based on the researcher’s doubts and beliefs, starting from the research problem and 

research question to the range of research methods: mixed, multiple, qualitative and quantitative. 
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3-3 Research Approach 

There are two types of research reasoning: deductive and inductive (Saunders et al., 2012). Saunders 

et al. (2009) illustrate that the deductive approach is based on natural sciences, where the researcher 

can define a phenomenon through a set of rules and laws to organise it. Conversely, the inductive 

approach aims to collect data to understand the phenomenon. The inductive approach provides the 

best understanding of the research problem. Philosophically, the inductive approach lies at the end of 

objectivity and fits with the interpretation of the cognitive position. Saunders et al. (2012) advocated 

the application of combined inductive and deductive methodologies. The present research, based on 

the hypothesis that the multifactor system integrating daylight quality, view quality and shading 

system can improve people’s comfort and well-being potential internally, assumes that there is an 

association between daylight quality, view quality and shading parameters that could affect occupant 

satisfaction and feelings inside their working environment. An inductive approach fulfills the research 

aim, whereas a deductive approach detects the impact of daylight and view quality on occupant 

satisfaction and feelings inside their working environment. Therefore to understand each factor, the 

study used a mix of methods (inductive and deductive): on the one hand, to be able to explain the 

subjective impact of daylight quality and view quality; on the other hand, to define a new multifactor 

system to design the health shading systems that is considered an inductive approach. 

3-4 Research Choices and Strategy 

The aim of this research is to define a new multifactor system of optimising different shading 

parameters using virtual simulation and genetic algorithms as a means to enhance occupant comfort 

and well-being potential related to daylight quality and view quality. This study has a subjective factor 

because the researcher selected and interpreted the results for occupant experiences of daylight impact 

on occupant comfort and well-being. The study needs to be objective to be more scientific; therefore, 

both qualitative and quantitative data are appropriate (Collis & Hussey, 2014). 

Quantitative research is defined as the investigation of a social issue by choosing some variables, 

testing the relative hypothesis, measuring it with numbers and examining it by using statistical tools 

and methods to determine the authenticity of the formulated hypothesis (Creswell, 1994). 

Comparatively, qualitative techniques cannot be used for data collection, which is an advantage of 

quantitative techniques. Accordingly, qualitative research supported by quantitative methods is 

suggested in this study (mixed method approach), such as questionnaires. 
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In this study, the mixed method approach is conducted to explain the relationship between qualitative 

and quantitative results. The mixed method characteristics will help develop the rationale for mixing 

methods and integrating objective quantitative and subjective qualitative data (Creswell, 2009). 

Combining both quantitative and qualitative data and analysis is mandatory to answer the research 

question: ‘Is it possible to improve occupant comfort and well-being by defining new healthy shading 

systems?’ 

An online questionnaire, administered to collect variables that people use in the daylit zone to describe 

their perception of daylight and outside view quality in their working environment, helps to identify 

participants’ spatial cognitive map (SCmap) towards well-being and comfort. After that, a daylight 

parametric simulation will be driven based on these variables to achieve the optimal solution using 

shading systems. Then, semi-structured interviews will be conducted through the virtual reality 

experimentation process to investigate participant experiences in assessing their feelings and 

satisfaction towards visual comfort and daylight quality with different shading systems. 

An exploratory sequential mixed research method was used in this research in four stages: (1) 

qualitative, (2) quantitative, (3) qualitative and (4) interpreting the connected results. The research 

starts with a questionnaire to collect and analyse the qualitative data to determine the terms used by 

occupants to describe their experience in daylit zones. In the second step, which illustrates the point 

of integration between dependent and independent variables, the results identified on which the 

quantitative simulation and optimisation process will be built by using Rhino and Grasshopper as 

parametric platforms. In the third step, a quantitative strand of the study is conducted to examine 

occupant experiences using the virtual reality method with a new sample of participants. This virtual 

reality experiment is conducted using Unreal software to validate and test occupant experience in a 

workspace built virtually to achieve the daylight standard metrics recommended by daylight standards 

and building rating systems. These daylight standards are extracted from the literature review stage. 

Finally, research results are analysed to show to what extent the multifactor system of DVS (daylight, 

outside view quality, shading systems) affects occupant comfort and well-being in workspaces. 
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Figure 3-3: Research structure. 

The four stages, adapted from Creswell and Plano Clark (2011), are as follows (Fig. 3-3): 

• First stage: qualitative analysis for comfort and well-being in terms of daylight (online 

questionnaire) 

• Second stage: quantitative analysis of daylight, outside view and shading systems (multifactor 

system) 

• Third stage: Quantitative approach used to: 
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Mental network map resulted from the VR experiment. 
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- define a new facilitation tool to measure visible view quality (VOV) 

- define new multifactor system including daylight, view and shading (DVS system) 

- create a comfort and well-being map (CWmap) 

• Fourth stage: qualitative assessment to validate the DVS system by conducting a virtual reality 

experiment and interpreting participant’s feelings and satisfaction with daylight and view 

quality to mental network map (MNmap) and then to be compared with the CWmap resulting 

from the DVS system. 

3-5 Research Techniques 

In the process of generating data, research techniques often combine qualitative and quantitative inputs 

(Collis, 2013). This stage aims to obtain data that is used to justify or investigate research variables 

and could be applied to the different research areas. There are many ways of collecting data, such as 

questionnaires and structured or unstructured interviews (De Vaus, 2001). In the context of this 

research, a new multifactor system is defined by using virtual simulation and virtual reality techniques 

to enhance occupant comfort and well-being potential related to daylight quality and view quality. For 

data collection, quantitative and qualitative documentation techniques can be used to collect and 

analyse data (Collis, 2013). The next section discusses how the data for this study were collected and 

analysed. 

3-5-1 Data Collection 

According to Yin (2003), there are six ways of collecting data in research: archival records, documents, 

interviews, direct observation, participant observation and physical artifacts. In the present study, 

questionnaires were used to collect the relevant preliminary data to determine the terms used by 

occupants to describe their feelings and well-being factors related to daylight and view quality inside 

their working environment. The target participants were identified from among those working in any 

space with access to daylight. The data were extracted qualitatively and analysed qualitatively and 

quantitatively using different data analysis techniques discussed in the following sections. 

In the architecture field, daylight and well-being have long been recognised as potential problems in 

space, and many researchers try to define themes of well-being. The first stage of this research starts 

with a literature review to define themes of well-being in the literature related to daylight. The 

literature was divided into four sections. 
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1. The first section reviews theories and definitions about well-being and comfort related to 

daylight and view quality. 

2. The second section reviews daylight and view in building rating systems and standards, such 

as CIBSE, British standard, Europe standard, IESNA standard, LEED, BREEAM and WELL 

Building Standards, to understand different assessment criteria used to evaluate daylight 

quality and view quality. 

3. The third section examines related studies through a review of journals, books and related 

studies. 

4. The fourth section shows the research gaps found in the literature. 

The second stage aims to define terms and variables that affect occupants’ feelings and satisfaction 

with daylight quality and view quality inside their working environment using online questionnaires.  

After that, a quantitative analysis of daylight and outside view was conducted using Rhino and 

Grasshopper as a parametric platform to define a new metric to qualify view quality called visible 

outside view (VOV) quality. Next, a simulation and optimisation process was conducted using the 

DVS system which is defined as a new system to integrate daylight, outside view and shading system 

parameters in one optimisation process to increase the daylight quality and view quality at the same 

time using shading systems. 

The combination of these three variables (DVS) gives a clear overview for evaluating the workspace 

to identify the most zones that have a good outside view and that, at the same time, achieve the 

standards of daylight luminance, exposure and glare. This optimisation process aims to define the 

optimal parameters that can be used in shading systems to improve occupant comfort and well-being 

on the one hand and to maximise the daylit zone on the other hand. The visualisation  of these 

simulation and optimisation results will be used to define the comfort and well-being map (CWmap) to 

show which area has more comfort and well-being potential. 

To test and validate the DVS system, an experiment was conducted to compare the simulation results 

and the human responses by evaluating participants’ feelings and satisfaction levels related to daylight 

quality and view quality. This experiment took place at Maxwell Building, University of Salford, UK, 

to collect qualitative data using virtual reality. This virtual reality experiment was conducted by using 

Unreal software to validate and test occupant experience in a workspace built virtually and tested using 

the DVS system (Fig. 3-4). 
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Figure 3-4: Data collection techniques (Source: Author) 

3-5-2 Questionnaire Survey 

The study at this stage intended to evaluate participants’ perception of daylight quality and outside 

view in their work environments. This evaluation illustrates the qualitative aspects of daylight quality 

and outside view that will help to identify the parameters related to comfort and well-being in certain 

zones inside the sample working space. To achieve the aims of this research to bring natural light into 

deep-plan buildings to improve workplace daylight quality for occupant comfort and well-being, it is 

necessary to get accurate data from study participants about which zones they work in, known as a 

‘spatial map’, and their perception towards daylight and outside view quality, known as a ‘cognitive 

map’. 

An online questionnaire was administered to collect terms that people use in the daylit zone to describe 

their perception of daylight and outside view quality in their working environment. These terms 

identify participants’ spatial cognitive map (SCmap) toward well-being and comfort. A spatial cognitive 

mapping (SCmap) methodology was used to obtain participants’ hierarchical knowledge structure and 

mental model of daylight and outside view quality in a daylit zone. A cognitive map of 35 participants 

was created using SCmap. The results present qualitative data about parameters most related to comfort 

and well-being in the daylight zone. These parameters drive the simulation process to improve 

occupant comfort and well-being and to maximise the daylit zone. 

In built environment research, questionnaires are widely used to collect data (Bryman, 2012). In the 

present study, a questionnaire was used as the main research method to create a mental map 

representing occupants’ feelings and satisfaction regarding daylight quality and view quality inside 

their working environment by referring to their daylight zone which will help to define their mental 
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map. The questionnaire was designed from three sections after the pilot study, these sections were 

designed to answer the research questions and achieve the research objectives. This research study 

was divided into three phases: the first deals with respondents’ description, the second applies the 

open-ended SCmap method to collect terms that people use to describe daylight and outside view quality 

in work environments related to their daylit zone, and the third uses quantitative analysis to define the 

most significant factors affecting occupant daylight and view satisfaction and then inputs these factors 

to present the relationship between terms using Gephi to create network analysis presenting 

participants’ mental map. The results of this analysis will help to define the most significant factors 

that affect occupant satisfaction with daylight quality and view quality. 

3-5-3 Participants 

The research study was divided into two phases: the first phase aims to visualise occupants’ mental 

map to collect terms that participants use to describe daylight and outside view quality in work 

environments; the second phase aims to apply quantitative analysis methods to define the correlation 

and level of association between terms using SPSS software. 

All participants in both phases were unpaid volunteers over 18 years of age, recruited by email or in 

person. In selecting a sample to study, it should represent the full set of cases in a way that is 

meaningful and that we can justify (Yin, 2003). According to the research question and objectives, the 

sample selected corresponds to the target population. 

3-5-3-1  Sampling techniques 

• Probability sampling: Probability sampling (or representative sampling) is widely used with 

survey research strategies. It is important to select the appropriate sample size to get an accurate 

answer to justify research questions and objectives. Data are sampled when it is impractical or 

unnecessary to collect them from the entire population. Also, probability sampling defines the 

target population for generalisation by defining the sampling frame. The process of probability 

sampling can be divided into four stages: 

1. Defining the sampling frame 

2. Determining the sample size 

3. Choosing the sampling technique 

4. Ensuring the sample reflects the target population 
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Generalisations about target populations from data collected using any probability samples are 

based on statistical probability. In statistical probability, generalisations about target populations 

are based on data collected using any probability samples. It has been shown by Tennent (2013)  

that a sample size of 30 or more will usually result in a sampling distribution for the mean that is 

very close to a normal distribution. Therefore, Tennent (2013) recommends at least 30 participants 

for good statistical analyses and provides a useful rule of thumb for the smallest number. In the 

present research, 44 participants answered the questionnaire survey. 

• Volunteer sampling: The self-selection sampling method can be used for conducting questionnaire 

surveys. Usually, allowing individuals the choice to take part in the questionnaire will give 

accurate results as they express their opinions and feelings freely and voluntarily. In this study, an 

advertisement was done, by publishing a call to participate through the most used social media 

platforms in Egypt, such as Facebook and Twitter (now called X). 

The experiment study was conducted at an office space in the Maxwell Building at Salford 

University, UK. To test participants' feelings and satisfaction with daylight and view quality that 

improved by using a healthy shading device from applying the DVS system, 60 participants were 

asked to do this experiment using virtual reality. As Creswell (2009) suggests, 15–25 interviews 

are enough for an interpretive study. 

 

3-6 Data Analysis 

The data collection instruments used in this research are as follows ( Fig 3-5): 

Stage 1: Building rating systems, standards 

• In this stage, a keyword-in-context analysis using MAXQDA software was implemented to 

extract all themes related to ‘well-being’ and ‘comfort’ in building rating systems. 

Stage 2: Journal, articles and related studies 

• A flowchart is a picture of the separate steps of a process in sequential order. It is a generic 

tool that can be adapted for a wide variety of purposes and can be used to describe various 

processes. In this research, a flow chart was used for thematic analysis to define well-being 

themes associated with daylight in related studies. 
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Stage 3: Questionnaire 

• 3a Descriptive statistics: aims to provide a summary of the sample details using tables and 

graphs to simplify understanding. 

• 3b Statistical analysis using SPSS software: aims to define the level of association for test 

research hypotheses variables, likelihood ratio tests will be discussed in the next section. 

• Mental map network analysis using Gephi software: enables us to consider the structure of 

interactions and interconnections between participants in the analysis. 

Stage 4: Multifactor system DVS 

• -Standard deviations and parallel coordinate plots of the Pareto front: used together to 

select the optimal shading device solution using multi-objective evolutionary algorithms. 

• Visualising comfort and well-being map (CWmap) using Origin software. 

Stage 5: VR experiment 

• HTC VIVE VR glass, Unreal software. 

• Mental map network analysis using Gephi software. 
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Figure 3-5: Data collection technique (Source: Author). 
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3-7 Conclusion 

This chapter presented the model adopted for this research (based on Saunders’s research onion). The 

chosen research methodology that provided the integral components of this research was discussed. 

Based on the approved model layers, including the philosophical stance of this research, research 

approaches and research strategies, the study area and choice of study samples (case study), research 

choices and research techniques were presented as the research strategy of this study, a case study 

strategy. 

The next chapter (Chapter 4) presents a qualitative analysis of comfort and well-being in terms of 

daylight using online questionnaires. 

 



Chapter 05_Quantitative assessment of visible outside view quality as a new indicator to measure well-being potential 

 

89  

 

CHAPTER 4: Qualitative Analysis for Comfort and Well-Being in Terms of 

Daylight (Online Questionnaire) (Stage 1) 

4.1 Introduction 

This chapter presents the first phase of data collection before developing the facilitation tool and the 

multifactor system. This stage aims to define occupants’ feelings and level of satisfaction with daylight 

quality and outside view quality related to the daylight zone inside their working space (overlit, daylit 

and underlit zones).  An online questionnaire was administered to evaluate participants’ perception of 

daylight quality and outside view in their work environment. The evaluation of questionnaire 

responses illustrates the qualitative aspects of daylight quality and outside view that will help to 

identify the most associated and significant parameters of comfort and well-being. The findings of this 

chapter aim to answer the research questions Q02 posed in Chapter 1. This is based on completing the 

data collection using the research methodology described in Chapter 3. 

The questionnaire used with respondents for the first source of data collection is shown in Appendix 

1. To achieve the aim of the questionnaire, a series of statistical techniques is used to define the most 

significant factors that affect occupant satisfaction with daylight and view quality inside their 

workspace. This chapter is structured as shown in Figure 4-1: 

• 4.1: Questionnaire design 

• 4.2: Frequencies statistics of participants’ responses 

• 4.3: Questionnaire reliability 

• 4.4: Test research hypotheses and level of association (likelihood ratio tests) 

• 4.5: Visualise the mental map of the participants (mental network map analysis) 
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Figure 4-1: Data analysis techniques (Source: Author). 
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4-2 Questionnaire Design 

4-2-1 Spatial Cognitive Map as a Concept 

A cognitive map is a mental representation of the layout of one’s previous or current environment 

(Tolman, 1948). It is also considered a type of mental representation that helps an individual to acquire, 

code, store and recall information about the relative locations and attributes of phenomena in their 

everyday or metaphorical spatial environment (Tolman, 1948). Cognitive maps serve the construction 

and accumulation of spatial knowledge, allowing the ‘mind’s eye’ to Visualise images (Kitchin, 1994). 

A cognitive map has information about the spatial relationships of individuals to understand their 

behaviour towards something. It could be defined as the ability to be aware of your relationships with 

the environment. Spatial awareness is made up of two processes: (1) the exteroceptive process, which 

creates representations about space through feelings, and (2) the interoceptive process, which creates 

representations about our body, such as its position or orientation; in this research, the latter refers to 

the daylight zone (overlit, daylit and underlit zones). 

The study at this stage intended to evaluate participants’ perception of daylight quality and outside 

view in their work environments. This evaluation illustrates the qualitative aspects of daylight quality 

and outside view that will help to identify the parameters related to comfort and well-being in certain 

zones inside the sample working space. To achieve the research aims to define a new multifactor 

shading system to improve and predict occupant comfort and well-being inside the working 

environment, it is necessary to get accurate data from participants about which zone they worked in 

recently (i.e. a spatial map) and their perception of daylight and outside view quality (i.e. a cognitive 

map). 

An online questionnaire was used to collect terms that people use in the daylit zone to describe their 

perception of daylight and outside view quality in their working environment. These terms identify 

participants’ spatial cognitive map (SCmap) for comfort and well-being. 

4-2-2 Participants 

This study was broken down into two phases: the first applied the open-ended SCmap method to collect 

terms that people use to describe daylight and outside view quality in work environments related to 

their daylit zone; the second used the quantitative analysis method to define the relationship between 
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terms using SPSS software. All 44 participants (36 male and 8 female) were unpaid volunteers over 

18 years of age, recruited by social media advertising, via email or in person. 

4-2-3 Data Collection 

A spatial cognitive mapping methodology was used to obtain participants’ hierarchical knowledge 

structure and mental model of daylight and outside view quality in a day-lit zone. The results present 

qualitative data about most parameters related to comfort and well-being in the daylight zone. These 

parameters will drive the simulation process later to improve occupant comfort and well-being on one 

hand, and on the other hand to maximise the daylight zone. 

A cognitive map helps participants feel their physical surroundings. Introduced by psychologist 

Edward Tolman (1948), a cognitive map refers to the way humans make sense of their surroundings. 

Though Tolman originally intended the concept to describe something that we do automatically, you 

can follow discrete steps to generate a cognitive map that helps you navigate the world. Four steps of 

question categories were used to identify a spatial cognitive map (SCmap) (Tolman, 1948): 

1. Move through your surroundings (spatial map) 

2. Analyse with your senses (cognitive map for comfort and well-being) 

3. Decide on directional cues (define the daylight zone) 

4. Note positional landmarks (shading system configuration and outside view content) 

The first set of questions aimed to help participants to define their daylit zone, creating a ‘spatial map’ 

(Fig. 4-2). The second set of questions aimed to create participants’ cognitive map towards their 

feelings about daylight quality and outside view quality. The third set of questions related to the 

defined façade configuration in the participants’ working environment. In the fourth set of questions, 

participants were expected to define the façade configuration for their work environment in detail, 

including information such as the type of shading device, the type of glass used (i.e. if it is tinted glass 

or something else), etc. In the last stage, participants selected or added the terms most related to their 

current feelings about daylight quality and outside view quality. In this questionnaire, 44 people 

participated, and each created a list of terms relating to daylight in their working environment that they 

commonly use and perceived as important. 
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Figure 4-2: Daylight zones (Source: Author). 

4-3 Frequency and Descriptive Analysis 

The purpose of this section is to provide information about respondents and target age groups to make 

sure that those targeted in this research are actually the ones who will participate in the study. A 

frequency and descriptive analysis is provided to describe participants’ gender, level of education and 

profession. 

4-3-1 Gender 

According to the data in Figure 4-3, 81.8% of respondents (the majority) are male and 18.2% are 

female. 

 

Figure 4-3: Gender. 

Exposure 

Sunny 
Comfortable 

Outside view 

Cosy 

Relaxing 

Away around 3 m Away around 7 m from window More than 7 m  



Chapter 05_Quantitative assessment of visible outside view quality as a new indicator to measure well-being potential 

 

94  

 

Regarding participants’ age, the responses are predominantly from the 25–40 years age group, 

comprising 95.5%. This research aims to define the most significant factors that affect occupant 

satisfaction with daylight and view quality; therefore, relying on one group of the same generation is 

an important factor in decreasing the tolerance of view acuity as the lens inside the eye begins to lose 

its ability to change shape after the age of 40 years – a process called presbyopia (Neil S et al., 1986). 

4-3-2 Level of Education 

Figure 4-4 shows data on the maximum level of education achieved by each respondent, which is 

considered to be an important factor that affects their level of satisfaction with daylight and view 

quality inside their working environment. 

 

Figure 4-4: Level of education. 

According to the data in Figure 4-4, all participants are university educated, 47.7% of respondents 

have a postgraduate level and 52.3% have graduated with a university degree. 

4-3-3 Profession 

Figure 4-5 shows that 84.1% of participants are employees, 11.4% are technical professionals, only 

one is a student and one is unemployed. As the aim of this questionnaire is to define the factors that 

affect occupants’ satisfaction with daylight and view quality inside their working environment, it is 

important to have a study cohort with the majority of participants employed, and not retired or 

unemployed, to get realistic responses. 
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Figure 4-5: Profession. 

4-3-4 Move Through Your Surroundings (Spatial Map) 

Creating a cognitive map requires you to explore the space you are attempting to map. This means 

moving through that space with no clear destination in mind. To achieve this purpose, participants 

were asked the following six questions. 

Q1: What type is your working environment? 

The study found that the most commonly used working space was the office space (72.7%) followed 

by the working station (20.5%).  

In this context, a workstation refers to a specific, dedicated area within a larger space (like an office, 

home, or studio) set up with the necessary tools and equipment for focused work. Unlike an entire 

office or studio, which can encompass multiple areas and functions, a workstation is typically a single 

desk or area equipped with items like a computer, specialized tools, or ergonomic seating to support 

specific tasks. It emphasises functionality and task-specific setup rather than a general-purpose space 

 

Figure 4-6: Working environment. 
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Q2: Can you describe the façade of your working space? 

 

Figure 4-7: Façade description. 

Figure 4-7 shows that 47.7% of participants have only one window in the middle of their working 

space, 31.8% of them have two side windows, and 18.2% have a fully glazed façade. This study is 

limited to the window-to-wall ratio and only focuses on shading device parameters. 

In a hot country such as Egypt, the worst-case scenario is to have a fully glazed façade because it 

increases heat gains inside the working space, and controlling the daylight quality indoors and the 

outside view quality becomes a challenge. 

Q3: Do you have access to the outside view environment from your working desk location? 

As the aim of this questionnaire is to define the factors that affect occupants’ satisfaction with daylight 

and view quality in their working environment, it is important to ensure that the majority of 

participants (70.5%) have access to the outside view to get realistic responses. 

 

Figure 4-8: Access to outside view. 

Q4: Can you describe your desk location in your current working space? 

Participants’ responses to this question show that most of them are seated in the overlit zone, 29.5% 

are seated next to a window, and 20.5% are seated next to a side wall nearer to the window. The study 
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found that 11.4% and 20.5% of participants are located in the middle of the space represented by the 

daylight zone and 18.2% of participants are located in the underlit zone. 

 

Figure 4-9: Zone location. 

Q5: How far are you from the window of your working environment (in metres)? 

Figure 4-10 shows that most participants (63.6%) are located less than 2 metres from a window and 

34.1% of participants are located 3–7 metres from a window. This means that most participants are 

located in the overlit zone that has the most daylight issues but has good view access and clarity 

because participants are close to the outside view. It is important to decrease daylight issues by using 

a shading system without blocking the outside view. A new multifactor system – the DVS system – is 

defined in this study to optimise three factors together: daylight, outside view and shading system. 

  

Figure 4-10: Daylit zone location. 

Q6: Please select the best plan (from the options provided) that fits with your current working space. 

Participants’ responses to this question show that rectangle is the working space type most related to 

their current working space. This justifies why the standard model for testing the multifactor system 

in this study uses a rectangle shape with a standard dimension related to travel distance regulation to 

get the maximum office space unit (discussed later in Chapter 5). 

63.6%

 
2.3%

 
34.1%
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Figure 4-11: Working space plan. 

4-3-5 Analyse with Your Senses (Cognitive Map for Comfort and Well-Being) 

At this stage, the questions aimed to stimulate participants to imagine features found in their working 

space. Participants needed to analyse these features using one, some or all of their senses. They 

cognitively mapped the interior of their working environment, observing the location of the windows, 

feeling the warmth or coolness and remembering whether they experienced visual comfort or 

discomfort while sitting and doing ordinary tasks. This analysis aimed to orient participants to different 

spots on their map and help them to understand their relationship to their surroundings. To achieve 

this purpose, participants were asked the following four questions. 

Q1: What is your working space opening orientation? You can select more than one choice if you have 

an opening on more than one side. 

A study conducted by Elhadad et al. (2018) in Egypt shows that the optimal orientation related to 

energy consumption is a north façade. In contrast, the south façade represents the worst orientation as 

it consumes the largest amount of energy. Participant responses reflect these findings as north is the 

most frequent orientation at 29.5%. 
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Figure 4-12: Opening orientation. 

Q2: Can you carry on with your work relying on daylight illuminance available inside your working 

environment? If your answer is ‘Yes’, then please state the work duration in hours using daylight 

illuminance. 

Participants’ responses show that the majority of them (75%) use daylight and 25% of them do not 

rely on daylight. This makes sense because the earlier question Q5, asking about the distance from the 

window, shows that 34% of participants are located in the daylit zone at a distance of 3–7 metres from 

a window. This means that 25% of participants do not have good daylight. 

  

 

 

 

 

Figure 4-13: Daylight relying on daylight. 

Q3: While you are working on a sunny day, what are the major effects of daylight you have inside 

your working environment? 

Figure 4-14 shows that glare, daylight exposure and heat gains are the most common daylight issues 

for participants. Of the participants, 13.6% said they do not have issues with daylight, which may be 
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because they have a shading system or they are located in the underlit zone where the daylight levels 

score is minimal. 

 

Figure 4-14: Daylight issues. 

Q4: How can you overcome daylight issues such as glare inside your working environment? 

The majority of participants (47.7%) chose to use a shading device to overcome daylight issues inside 

their working space. This means that most participants have a shading system that will help to validate 

the questionnaire results and get accurate answers. 

 

Figure 4-15: Overcoming daylight issues. 
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4-3-6 Decide on Directional Cues (Define the Daylight Zone) 

As participants’ cognitive map of a location expands, they need to define which daylight zone they 

anticipate. A closed-ended question was asked to help choose their daylight zone from a set of 

drawings such as a schematic section or plan and allow the participant the right to give another answer. 

The participants’ directional cues supplement their sensory analysis and provide a clearer way of 

navigating through their cognitive map. To achieve this purpose, participants were asked the following 

four questions. 

Q1: What is your type of work? 

Figure 4-16 shows that 52.3% of participant work was a computer task and 45.5% was both a paper 

and computer task. The smaller percentage was given to paper tasks only. Therefore, daylight design 

needs to comply with the recommended illuminance levels for both paper and computer tasks based 

on daylight standards IESNA (see Chapter 2 findings). A daylight illuminance of 500 lux for a variety 

of tasks is selected as a recommended illuminance level (IES, 2006). 

 

Figure 4-16: IESNA illuminance guidelines. 
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Figure 4-17: Work type. 

Q2: Can you select or add the most appropriate terms that reflect your answer regarding daylight 

illuminance? 

As the aim of this questionnaire is to define the factors that affect occupant satisfaction with daylight 

and view quality inside their working environment, it is important to have a scale to measure the 

daylight levels inside their working environment. 

 

Figure 4-18: Daylight illuminance satisfaction. 

Although all participants are located in Egypt where there is daylight almost throughout the year, the 

majority of participants (50%) selected ‘enough light to see’. For daylight issues such as ‘bright’ and 

‘exposure’, 34.1% of participants selected ‘bright’, 22.7% selected ‘exposure to sunlight’ and 4.5% 

selected ‘dark’. This means there is a need to improve daylight illuminance and decrease issues such 

as exposure and glare. 
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Q3: Can you select or add the most appropriate terms that reflect your answer regarding daylight 

distribution inside your working space? 

This question aims to measure participant satisfaction with daylight distribution. The results show that 

31.8% of participants feel that the daylight distribution is fair and only 9.1% feel it is excellent. It is 

important to link these results and their location inside the working space to understand the relationship 

between daylight zones (overlit, daylit and underlit zones) and participants’ feelings. (A network map 

analysis is discussed at the end of this chapter.) 

 

 

 

 

 

 

Figure 4-19: Daylight distribution satisfaction.  

Q4: Can you describe your feelings inside your working environment during daylight time? 

As indicated in Figure 4-18, most participants (34.1%) feel comfortable and fewer of them feel anxious 

(4.5%). To illustrate the importance of each term, a visual representation of each term is created using 

a network analysis technique. This will give us a better understanding of the factors that affect 

participants’ feelings. 

 

 

 

 

 

 

Figure 4-20: Feelings related to daylight quality. 
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4-3-7 Positional Landmarks (Shading System Configuration and Outside View Content) 

The ability to recognise and remember positional landmarks helps to effectively use one’s cognitive 

map no matter where you find yourself in the space you have mapped (Tolman, 1948). Using positional 

landmarks in this way allows for expanding one’s cognitive map. To achieve this purpose, participants 

were asked the following four questions. 

Q1: Can you describe the outside view content from your working position? 

The results show at (Table 4-1) that the most frequent outside view content was street view and 

greenery view (29.5% and 22.7%, respectively). Mixed view means that participants have a sky, street 

and greenery view from their location. Outside view content is an important factor to quantify view 

quality and also affects occupant well-being (Yildirim et al., 2024). Therefore, there is a need to link 

view content and daylight zone to explore whether the relationship between them is significant or not. 

A correlation coefficient analysis using SPSS software is presented in Section 4-4-2. 

Table 4-1: Frequency of outside view type 

View type Frequency Percentage 

Greenery 10 22.7 

Mixed 8 18.2 

None 5 11.4 

River 1 2.3 

Sky 7 15.9 

Street 13 29.5 

Total 44 100.0 

 

Q2: Do you have a shading device installed on the window of your working space? 

Figure 4-21 shows that 43.2% of shading devices used are vertical shading devices and 11.4% are 

horizontal shading devices. A related study conducted by Ahmed et al. (2013) in Egypt illustrates that 

the most common shading devices used are horizontal ones because of the high position of the sun in 

south-facing façades. The next question is designed to give us a better understanding of whether or 

not this shading type affects view access to the outside environment. 
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Figure 4-21: Shading devices. 

Q3 On an extremely sunny day to overcome glare issues you have to use a shading device that will 

block the outside view. Do you feel comfortable not using the shading device and consequently having 

glare issues or not? 

Participants were asked to choose between having daylight issues such as glare and using a shading 

device in their office that will obscure views of the outside environment. The majority of participants 

said they prefer to have glare rather than block the outside view. 

 

Figure 4-22: Outside view versus glare. 
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4-3-8 Participant Opinion 

In the open-ended spatial cognitive map (SCmap) phase, participants were asked their opinion to 

understand whether there is a new term that affects their satisfaction with daylight and view quality. 

Participants expressed their opinions by answering the following two questions. 

Q1: Do you think a shading system is important for working environments? 

Responses to the first question show that the majority of participants consider shading devices 

important for their working space. 

 

Figure 4-23: Importance of shading systems. 

The second question asked participants to share suggestions for increasing comfort in their working 

environment with regard to daylight. 

Q2: What are your suggestions to be more comfortable inside your working environment with regard 

to daylight? (See Appendix 1 for all participant responses.) 

The keyword-in-context method was to find the keyword-in-context feature to display all word 

locations and their context in an interactive results table. As indicated in Table 4-2, most of the 

suggestions were related to defining a new shading system that can increase view and decrease 

daylight issues. New terms were found related to thermal comfort, skylight design and working period. 

These new terms will be used in future studies. 
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Table 4-2: Participant suggestions 

Suggestions 

no. 

Keyword in context New terms (limited to the study) 

1 Window size, good curtains, active View quality 

2 Outside shading technique, more indirect 

illumination, did not block outside view 

Shading system, view quality 

3 Vertical blind and insect screens Shading system 

4 Shading devices to avoid glare, enhance the 

distribution of daylight inside, without blocking 

outside view 

Daylight quality and view quality 

5 Receive light without glare or heat Daylight quality 

6 Horizontal shading, to reduce glare, rearranging 

furniture 

Rearranging furniture, shading 

system 

7 Increasing window size Daylight quality and view quality 

8 Skylights designed Skylights designed 

9 Use shading system Shading system 

10 Outside environment temperature, outside view, 

movable shading devices 

Environment temperature, shading 

system and outside view quality 

11 Avoid high heat gain Thermal comfort 

12 Avoid glare Daylight quality 

13 Big window Daylight quality and view quality 

14 Dimmable glass to adjust the light into the building Daylight quality 

15 Windows orientation and size Daylight issues and view access 

16 Shading device for clear days to still have the view 

of outside area 

Shading system and outside view 

quality 

17 Sun screens Shading system 

18 Have a clear view View quality 

19 Change the working period Working period 

20 Good distribution and view availability Daylight quality and view quality 

21 Desk orientation, dynamic shading device Daylight quality 

22 Greenery view Greenery view 

23 More accessibility to the outside view View quality 

24 Put plants on desk Greenery view 

25 Screen orientation Daylight issues 

26 Fully glazed façade View quality 

4-4 Questionnaire Statistics Analysis 

4-4-1 Questionnaire Reliability 

It is important to use a reliable questionnaire to obtain accurate results. Therefore, achieving a good 

reliability score for collected data means decreasing the error in interpreting data (Sarantakos, 2013). 

Cronbach’s alpha coefficient is the most commonly used coefficient to determine the reliability of 

questionnaires (Pallant, 2006). As Taber, K.S. (2018) point out, a Cronbach’s alpha from 0.5 to 0.7 

shows moderate reliability. As shown in Table 4-3, Cronbach’s alpha is 0.651, which means the 

questionnaire is reliable. 
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Taber, K.S. (2018) state that in justifying a Cronbach’s alpha of 0.65 for this type of questionnaire, 

it’s important to consider the structure and diversity of the questions used, as well as the nature of 

categorical and subjective data collected: 

1. Heterogeneity of Question Types and Constructs: The questionnaire covers a range of topics 

that relate to occupants' interactions with their environment. These include demographic and 

background information (like gender, age, profession), specific environmental parameters 

(distance to window, façade type, orientation), and subjective assessments of comfort, visual 

satisfaction, and shading needs. Since these questions are not all designed to measure a single 

underlying construct (e.g., “satisfaction with daylight”), it’s natural for the internal 

consistency, as measured by Cronbach’s alpha, to be slightly lower. 

2. Categorical and Nominal Data: Many items in the questionnaire are categorical, including 

nominal variables (like gender, profession, and façade type) and binary responses (such as 

“Yes/No” to having a shading device or feeling comfortable with certain daylight conditions). 

Cronbach’s alpha is traditionally most effective for interval or ratio scales, so including 

categorical items can reduce the internal consistency value. In your case, because the 

questionnaire explores various categories rather than a continuous scale, achieving a very high 

alpha may not be realistic or necessary. 

3. Diverse Aspects of Daylight Satisfaction and Environmental Perceptions: The questionnaire 

explores multiple distinct yet related aspects of the occupant’s environment, from the physical 

layout and lighting conditions to subjective comfort. This variation means that not all questions 

will strongly correlate with one another. Instead, each question contributes uniquely to an 

overall picture of occupant satisfaction and interaction with daylight. Since some items are 

expected to provide distinct insights (e.g., describing the outdoor view versus evaluating glare), 

a moderate alpha can be justified. 

4. Exploratory and Context-Specific Nature: Given that the study explores occupant satisfaction 

in the context of Cairo commercial buildings—a specific environment—this alpha level is 

sufficient for an exploratory understanding of factors that influence satisfaction with daylight 

and views. In such cases, values in the range of 0.6–0.7 are commonly accepted in social and 

environmental research as they provide meaningful, though not excessively rigid, measures of 

consistency. This allows the analysis to maintain a balance between capturing diverse 

responses and deriving a generalized sense of environmental comfort. 
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In summary, the value of 0.65 is justifiable because the questionnaire’s diverse structure, categorical 

data, and exploratory purpose make it less suited to very high internal consistency values. This alpha 

level adequately reflects the heterogeneous nature of the constructs measured, allowing for a nuanced 

view of occupant satisfaction in a specific, contextually rich environment. 

Table 4-3 : Reliability statistics – Cronbach’s alpha test 

Cronbach’s alpha No. items 

0.651 12 Items  (Profession , Working space , Location , Plane , Orientation , Daylight 

luminance , Daylight distribution , Task type , Feelings , View type , Overcome 

issues , Shading used ) 

 

 

4-4-2 Validity and Significant Factors 

Validity is the amount of systematic or built-in error in a questionnaire (Saunders et al., 2009). The 

validity of a questionnaire can be established using a panel of experts who explore theoretical 

constructs. This form of validity exploits how well the idea of a theoretical construct is represented in 

an operational measure (questionnaire). This is called translational or representational validity. Two 

subtypes of validity belong to this form: face validity and content validity. In addition, some authors 

include hypothesis-testing validity as a form of construct validity (Saunders et al., 2009). hypothesis-

testing validity is a measure of how well questionnaire findings stack up against another instrument or 

predictor. It also provides evidence that a research hypothesis about the relationship between the 

measured concept (variable) or other concepts (other variables), derived from a theory, is supported. 

Likelihood Ratio Test (LRT) is applied for this questionnaire. . The values of the selected variables 

are converted into ranks and then correlated. As indicated in Table 4-4, each factor has a correlation 

coefficient and significant factor. The questions are coded into one or two words at least to work with 

the SPSS system.  

 

Table 4-4: Labelling variables 

Selected Questions Factors 

How far are you from the window of your working environment in metres? Location 

 Can you select or add the most appropriate terms that reflect your answer regarding 

daylight illuminance? 

Daylight 

illuminance 
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Can you select or add the most appropriate terms that reflect your answer regarding 

daylight distribution inside your working space? 

Daylight 

distribution 

Can you describe your feelings inside your working environment during daylight time? Feelings 

Do you have a shading device installed on the window of your working space? 

 

Shading 

 

4-4-3 Test Level of Association (Likelihood Ratio Tests) 

In statistics, the likelihood ratio test assesses the goodness-of-fit of two competing statistical models 

based on the ratio of their likelihoods, specifically one found by maximisation over the entire 

parameter space and another found after imposing some constraint. If the constraint (i.e. the null 

hypothesis) is supported by the observed data, the two likelihoods should not differ by more than the 

sampling error. Thus, the likelihood ratio test tests whether the ratio is significantly different from one 

or whether its natural logarithm is significantly different from zero. As indicated in Table 4-5, the 

likelihood test ratio is significant at 0.005. Therefore, the variables daylight illuminance, daylight 

distribution, location and feelings should have strong associations to prove the hypothesis. 

The research hypothesis in this study states: 

The multifactor system that integrates daylight quality, view quality and shading system can improve 

people’s comfort and well-being potential internally.  

Therefore, the hypothesis assumed that the variables of daylight illuminance, daylight distribution, 

location, view type and feelings should have strong associations.  

To statistically test the association level between these factors, there is a need to identify the dependent 

and independent variables. This research aims to define a new multifactor system to enhance occupant 

comfort and well-being inside the working environment by optimising shading systems and daylight 

quality and outside view quality. Therefore, daylight, shading, daylight illuminance, view type and 

location are the independent variables and occupants’ feelings is the dependent variable. As indicated 

in Table 4-5, daylight distribution is the most significant variable with a significance (P-value) of 

<0.001 and shading systems have a significance score of 0.02; location, which is defined by overlit, 

daylit and underlit zones, is the second significant variable with a P-value of 0.004; daylight 

illuminance is the third significant variable with a significance of 0.008 and the last significant variable 

is view type with a P-value of 0.02. Model factors are explained in more detail as follows: 

1. Daylight Luminance: The chi-square statistic for daylight luminance is 17.349, with 6 degrees 

of freedom (df) and a P-value of 0.008. This low P-value indicates a statistically significant 
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effect, suggesting that daylight luminance has a meaningful impact on the outcome variable in 

the model. The 6 degrees of freedom imply that several aspects or variations of daylight 

luminance (such as intensity levels, time of day, or direction) are tested to see if they contribute 

to explaining the outcome. Given the significant P-value, it appears that these factors in 

daylight luminance indeed play a role, meaning that changes in daylight luminance levels may 

affect the outcome significantly. 

2. Location: For the variable "location," the chi-square value is 28.848 with 12 degrees of 

freedom and a P-value of 0.004. This P-value is also below the typical significance threshold 

of 0.05, indicating that location significantly influences the outcome. The 12 degrees of 

freedom suggest that multiple categories or variations of location (such as different floors, 

orientations, or building areas) are being tested to the outcome. This result implies that the 

particular location within the building or space has a significant impact, likely due to 

differences in exposure to natural elements like daylight or environmental conditions. 

3. View Type: The chi-square statistic for view type is 55.510 with 36 degrees of freedom, 

resulting in a P-value of 0.020. This P-value is significant, though closer to the threshold, 

suggesting that view type has a relevant but perhaps less pronounced effect on the outcome 

compared to other variables. The 36 degrees of freedom reflect a high number of categories or 

possible view configurations (such as views of nature, urban scenes, or blank walls), each 

contributing to the assessment. The significant result implies that the type of view individuals 

have affects the outcome variable, potentially because different views provide varying levels 

of visual comfort or connection to the outside environment. 

4. Shading: Shading has a chi-square value of 30.328, with 12 degrees of freedom and a P-value 

of 0.02. This significant result suggests that shading plays a meaningful role in predicting the 

outcome variable, likely by influencing daylight quality, glare, or heat. The 12 degrees of 

freedom indicate that various shading configurations or options (such as different types of 

shading devices, materials, or angles) are examined to understand their impact on the outcome. 

Since the P-value is significant, it appears that the presence and type of shading affect the 

outcome, potentially by enhancing comfort or visual quality in spaces. 

5. Distribution: The chi-square statistic for distribution is 53.001, with 24 degrees of freedom 

and a P-value of less than 0.001. This very low P-value indicates a highly significant effect, 

suggesting that distribution is one of the most critical factors in the model. The 24 degrees of 
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freedom imply a broad range of categories or distributions (possibly of daylight, temperature, 

or airflow) that are tested for their impact. The strong significance here suggests that the way 

light or environmental conditions are distributed within the space has a substantial effect on 

the outcome, possibly because even distribution helps create a more comfortable or usable 

space. 

In summary, each of these factors—daylight luminance, location, view type, shading, and distribution 

have a statistically significant impact on the outcome variable, with distribution showing the strongest 

effect due to its low P-value. This implies that to optimise the outcome, it is essential to consider not 

just the amount of daylight or shading but also how these factors are configured and distributed across 

spaces. 

Table 4-5: Level of association test (likelihood test). 

Effect Likelihood ratio tests 

Chi-square df P-value 

Intercept 0.000 0 . 

Daylight luminance 17.349 6 0.008 

Location 28.848 12 0.004 

View type 55.510 36 0.020 

Shading 30.328 12 0.02 

Distribution 53.001 24 <0.001 

 

4-5 Visualisation  of the Mental Map of Participants (Network Map Analysis) 

Analysis of graph-based networks can help us 

understand their relationships to individual 

behaviour/attributes in the field of social network 

analysis. This Figure is based on a mathematical 

model connecting nodes to form a network 

structure. Network map analysis is a set of 

techniques used to understand these relationships 

and how they affect behaviour (Hevey, 2018).  

 

 

 

Figure 4-24: Betweenness centrality concept 

(Source: Bastian et al., 2009) 

 



Chapter 05_Quantitative assessment of visible outside view quality as a new indicator to measure well-being potential 

 

113  

 

By representing these social structures as networks, researchers can apply various mathematical and 

graph-based methods to quantify structural characteristics and their relationship to behavioural 

attributes of a population (Amith et al., 2019). The present study uses Gephi, a powerful open-source 

software tool that is now widely used in network analysis (Bastian et al., 2009). 

To illustrate the importance of each term, there is a need to measure betweenness centrality, which is 

considered a measure of centrality in a graph based on shortest paths. Betweenness centrality was 

devised as a general measure of centrality (Freeman, 1977) (Figure 4-24). A network analysis map is 

provided to show the terms that were selected more than once (Figure 4-25,26,27,28,29).  

In Figure (4-25), there are three main nodes that drive the network related to daylight zones (overlit, 

daylit and underlit). Interpretation of the participant responses in relation to the three themes, as 

represented by their betweenness centrality values: 

 

- Theme 1: Overlit Zone 

In the "Overlit zone," participants identify strong associations with daylight quality, specifically 

"Enough light to see" (373.3), which is the most central response. This indicates that, for occupants 

experiencing an overlit environment, having adequate light is both a prevalent and pivotal factor in 

their responses. Related descriptors such as "Fair" (105.5) and "Bright" (92.2) suggest that while light 

levels are perceived as sufficient, there may also be issues with excessive brightness. In terms of 

feelings, "Comfortable" (99.8) and "Satisfactory" (80.5) suggest that some participants feel content in 

this environment, possibly appreciating the abundant daylight. For view quality, "Street view" (210.5) 

and "Greenery view" (135.8) emerge as important elements, indicating that exterior views, particularly 

natural or urban scenes, are valued even in brighter spaces. Regarding shading devices, "No shading 

device" (156) and "Vertical blind" (139.1) show moderate centrality, implying that while shading is 

sometimes desired, it may not be consistently used or considered necessary by all participants in overlit 

conditions. 

 

- Theme 2: Daylit Zone 

In the "Daylit zone," which likely represents a more moderate lighting environment, participants’ 

feelings are more diverse, including "Active" (69.6), "Cozy" (32.3), "Gloomy" (25.6), "Happy" (25.6), 

and "Sleepy" (15.5). This mix of responses suggests that participants have varied emotional reactions 

to this zone, possibly influenced by individual preferences and specific lighting qualities. For daylight 
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quality, "Exposure to sunlight" (50.1) is the most central response, indicating that participants in the 

daylit zone are aware of sunlight exposure, though it is generally lower than in the overlit zone. 

Responses like "Poor light" (42) and "Very good" (30.3) highlight a mix of satisfaction levels, with 

some participants perceiving light as insufficient or perfectly adequate. In terms of view quality, the 

limited response of "Don’t have any view" (22.3) suggests that a lack of view is a defining 

characteristic for some participants in this zone. Shading device usage is low, with only "Horizontal 

blind" (17.3) mentioned, implying minimal intervention with blinds in this setting. 

 

- Theme 3: Underlit Zone 

The "Underlit zone" has the lowest centrality, indicating limited participant engagement or fewer 

concerns expressed in this environment. In terms of feelings, only "Anxious" (4.4) is noted, suggesting 

a potential link between low light levels and discomfort or unease among participants. For daylight 

quality, responses like "Excellent" (7.47) and "Dark" (6.5) reflect some contrasting views, where some 

participants may appreciate the subdued lighting while others find it insufficient. The absence of view 

quality (0) suggests that views are either non-existent or unremarkable for participants in this zone. 

As for shading devices, "Mesh or tented glass" (7.3) and "Light shelf" (1.1) show very low centrality, 

implying these devices are uncommon or rarely impactful in underlit spaces. 

Each theme reveals unique participant preferences and perceptions related to their lighting conditions. 

The "Overlit zone" shows the highest level of participant engagement, with strong associations with 

daylight and view quality. The "Daylit zone" reflects a balanced lighting condition, eliciting mixed 

feelings from participants, ranging from coziness and activity to occasional gloominess. In contrast, 

the "Underlit zone" is characterized by limited views and is linked to potential feelings of anxiety 

among participants. 

 

 

 

 

 



Chapter 05_Quantitative assessment of visible outside view quality as a new indicator to measure well-being potential 

 

115  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-25: Network map analysis – visualisation  of qualitative data using Gephi software (Source: Author) 
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Figure 4-26: Variables betweenness centrality (Source: Author). 
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Figure 4-27 Themes associated to daylight zones by Betweenness Centrality order 
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Comfort and well-being themes associated based on betweenness centrality factor 

 Feeling Daylight quality View quality Shading devices 

Overlit zone Comfortable 

Satisfactory 

Enough light to see 

Fair 

Bright 

Street view 

Greenery view 

Sky view 

No shading 

Vertical 

Figure 4-28: Themes associated with the overlit zone (Source: Author). 

 

 
 

Comfort and well-being themes associated based on betweenness centrality factor 

 Feeling Daylight quality View quality Shading devices 

Daylit zone Active 

Cosy 

Gloomy 

Happy 

Sleepy 

Enough light to see 

Poor 

Very good 

 

Don’t have any view 

 

 

Horizontal blind 

 

Figure 4-29: Themes associated with the daylit zone (Source: Author). 
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Comfort and well-being themes associated based on the Betweenness centrality factor 

 Feeling Daylight Quality View Quality Shading devices 

Underlit 

zone 

Anxious Excellent 

Dark 

Do not have any view Mesh or tent glass 

Light shelf 

Figure 4-30: Themes associated with the underlit zone (Source: Author). 

4-6 Conclusion 

The findings of this chapter evaluate participants’ perception of daylight quality and outside view in 

their work environments. A spatial cognitive mapping (SCmap) methodology was used to obtain 

participants’ hierarchical knowledge structure and mental model of daylight and outside view quality 

in a daylit zone.  Overall, each theme shows distinct participant preferences and perceptions based on 

their lighting conditions, with the "Overlit zone" showing the highest participant engagement and 

connection to daylight and view quality, while the "Underlit zone" is associated with limited views 

and potential feelings of anxiety. 

 To test the research hypothesis and define the level of association between the correlated variables, 

there is a need to use likelihood ratio tests. These test results prove the variables of daylight 

illuminance, daylight distribution, location and feelings have strong associations with a Significance 

P-value of 0.005. The mental map of participants (network map analysis) was used to define the most 

significant factors that affect occupant satisfaction with daylight and view quality inside their 

workspace. The betweenness centrality metric was used as an indicator to define most terms used by 

participants in the overlit, daylit and underlit zones. 
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CHAPTER 5: Quantitative Assessment of Visible Outside View Quality as a New 

Indicator to Measure Well-Being Potential (Stage 2) 

5-1 Introduction1 

Viewing the natural environment from inside homes and workplaces has been recognised by several 

scholars as having an impact on improving health and well-being. Research has shown that a 

combination of outdoor elements – such as blue sky, sea view and greenery – is highly preferred as 

these elements are therapeutic for human well-being. However, installing shading systems is an 

important strategy for passive building cooling but it could affect our sense of connection to the outside 

environment. Most researchers evaluate view quality using qualitative questionnaires or quantitative 

methods by analysing the geometry outside using 2D and 3D software. The software needs the outdoor 

environment to be fully built accurately in the simulation, takes more time and may cause a system 

crash. This thesis presents a new facilitation tool to quantify the visible outside view (VOV) by 

analysing the outside view image by converting the view content into red, blue and green (RGB) pixels 

using an image processing technique. VOV measures the occupant’s ray-tracking percentage to the 

visible outside view content taking into consideration the blind factor of shading. An indicator starting 

from 0% to 100% quantifies the outside view content including shading systems, which then measures 

the overall VOV related to the VOV quality as a factor of well-being potential (WP). 

In current building standards, the introduction of the WELLv2TM standard is one of the most crucial 

aspects that aim to enhance occupant health and well-being (WELLv2, 2021) compared with 

sustainability rating systems (Schweizer et al., 2007). WELLv2 indicates that many factors could 

affect occupants’ subjective well-being in a space, such as view quality, thermal comfort, noise impact 

and daylight (Farley & Veitch 2001). WELLv2 also recommends that the occupants’ ability to interact 

with the outside view through windows has a psychological impact. This connection with the outside 

environment can contribute to the comfort and well-being of occupants because the interaction with 

direct sunlight and natural landscape elements can reduce stress and improve worker performance 

(Farley & Veitch 2001). View quality as a component of well-being factors in the building rating 

system is measured based on three metrics related to window design: (i) view access, (ii) view clarity 

 

1 The work presented in this chapter was originally published as,  

Abdelrahman, M., Coates, P., & Poppelreuter, T. (2023b). Visible outside view as a facilitation tool to evaluate view quality and shading 

systems through building openings. Journal of Building Engineering, Volume 80. https://doi.org/10.1016/j.jobe.2023.108049 

 

https://doi.org/10.1016/j.jobe.2023.108049
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and (iii) view content (Ko et al., 2021). View access is defined as the sight angle to the outside 

environment; view clarity is defined as the visible transmittance for the window material (tent glaze 

or shading); and view content is related to how many layers are seen from the outside. Several studies 

evaluated the outside view quality based on subjective assessments using questionnaires that asked 

participants to rank photos to different outside views (Matusiak & Klöckner, 2016; ; Ko et al., 2021; 

Lin et al., 2022; Li & H. 2020); others evaluated view access by running a simulation process to 

measure sight line ratio to sky view through building opening (Bluyssen, 2009; Hellinga & Hordijk, 

2014) and yet others assessed view content by ray-tracking occupant sight lines to outside view 

elements (Turan et al., 2021) or by rendering photorealistic views of the visible outside environment 

through windows opening with shades (Lee & Matusiak 2022). 

This chapter examines the missing pieces by assessing the impact of view content and clarity in vertical 

and horizontal shading design. Interestingly, The literature review shows that, no method or metric 

has been found to measure the visible outside view (VOV) content ratio, which refers to the outside 

view content and clarity ratio (greenery, sky, context) that occupants can see through a window with 

a shading device installed at the same time. The proposed Multi-criteria approach takes into account 

the impact of shading systems on daylight quality and visual comfort. 

The shading systems can affect view quality and are determinant aspects of passive building cooling 

strategies. Thus, a combined approach taking into account the obscuration of outdoor elements, 

building energy efficiency and occupants’ thermal and visual comfort is needed. Although passive 

cooling shading is an important consideration, dealing with it is outside the current scope of the 

research undertaken. Several researchers focused only on assessing daylight and view access using 

computational methods (Pettersson, 1988) considering view access percentage (Turan et al., 2021), 

shading device parameters (Lee & Matusiak, 2022) and glare issues (Pettersson, 1988(. Although these 

approaches optimise daylight and view quality, only view access and view clarity have been 

considered. Moreover, existing tools are sometimes too complicated and need the outside environment 

to be fully built using three-dimensional (3D) modelling software (Lee & Matusiak, 2022), and some 

tools are not designed to simultaneously optimise between the optimal shading device and view 

quality. 

WHO stated that the natural environment has a direct impact on our health and well-being and stated 

that most green spaces have positive effects on overall mental health, quality of life and subjective 

well-being (World Health Organization, 2021b). A study conducted by Mourato & MacKerron (2013) 

https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
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revealed that over 20,000 self-reported responses from the United Kingdom and overseas participants 

thought that the view quality to nature has a significant and direct impact on occupant well-being and 

happiness. According to WHO and LEED, three factors have been proposed for analysing view 

quality: view access, view clarity and view content. In the following sections, a critical overview of 

view quality measurements found in standards and building rating systems is provided for a deeper 

understanding of view quality assessment. 

This chapter is structured into four main sections, following this introduction. Section 5-2 provides a 

general overview for those who are not deeply involved in the topic; this is through a critical review 

of the assessment criteria found in building rating systems and standards to measure view quality 

followed by a critical review of previous research to define the research gap. Section 5-3 is an 

explanation of the parametric algorithm method to assess outside view quality (i.e. VOV) by using the 

image sampler technique. Sections 5-4 provide an analysis of applying the algorithm to different 

outside view scenes and present the associated well-being potential. The algorithm is applied to a case 

study in Egypt, Cairo to test the system process. Outcomes and discussion are presented in Section 5-

5. 

5-2 Definition of Visible Outside View Quality Indicator (VOV) 

As indicated in Chapter 2, most researchers evaluate view quality using qualitative questionnaires or 

quantitative methods by analyzing the geometry outside using 2D and 3D software. In our perspective, 

there are drawbacks to each method; wellbeing is a subjective matter and the study needs to be 

objective to be more scientific; therefore, there is a need for both qualitative and quantitative data. In 

addition, using ray-tracking methods needs the outdoor environment to be fully built into the 

simulation software, which takes more time to complete the simulation and iteration process. Although 

prior research has identified a few methods that could be used in assessing view quality, such as Lee 

& Matusiak, 2022 and Turan et al., 2021, both methods have the same drawbacks related to the time 

consumed and the level of accuracy needed to build the outside view environment (trees, buildings, 

and other objects). 

For view quality assessment, a new parametric algorithm is established to measure the connection with 

the outdoor environment using two metrics: (i) direct lines of sight (DLS) that present view access to 

the outside and (ii) view content by calculating the percentage of FOV of the visible outside view ratio 

content and clarity through any obscure physical element such as shading device. 
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To address the challenges mentioned, we introduce a new facilitation tool to quantify the view quality 

that combines view content (greenery, sky, context) and view clarity (shading system) in one indicator 

called VOV. This algorithm applying the Image Sampler plugin and Isovist Ray-Tracking technique 

found in Grasshopper, a cutting-edge parametric modelling tool that works with Rhino software to 

allow a new powerful and efficient way of designing the virtual environment (Rhino software, 

https://www.rhino3d.com/). This plugin will be used to create a complex series of parametric and 

mathematical relationships to quantify occupant sight lines through the shading device as a blind 

element to the outside view content. VOV at any test point is a percentage that present the view clarity 

and view content together taking in consideration the blind factor of shading devices installed as 

follows: VOV content + clarity (VOV sky, greenery, mass − blind ratio). A parametric analysis 

between the internal field of view (FOV) and outside view content was performed by importing the 

outside view image and converting the view content into red, blue, and green (RGB) pixels using the 

image sample modifier. These pixels were connected with the occupant’s FOV and the shading device 

was defined as a blind element to the outside view clarity. This new tool quantifies the ray-tracking 

percentage, ranging from 0% to 100%, to enhance the evaluation of view content quality. It specifically 

assesses the blue ratio of the sky view and the green ratio of landscape elements as factors contributing 

to well-being potential (WP). The tool measures the overall percentage of View Out Value (VOV) 

content and clarity, including VOV sky, greenery, and mass, while accounting for the blind ratio, 

which is defined by the pixels obscured by the installed shading device. A two-dimensional (2D) map 

is provided showing the WP associated with the view quality credit recommended by LEED. 

The first objective of using this method is to quantify VOV taking into consideration all barriers 

focusing on shading devices. The proposed facilitation tool (VOV) combines view access and view 

content to better evaluate the actual view quality received. The second objective is to create a 2D map 

showing the WP score by importing an image taken with a phone or camera from a specific position 

inside the workspace, which can be used to identify the view quality related to test points internally. 

5-2-1 Import Image Sampler 

The basic logic of the image sampler technique in the Grasshopper plugin Rhino software is that the 

user can load an image into Grasshopper, which then analyses the image in terms of colour, pixel 

brightness and saturation. The results of the image analysis can be used to perform operations on 

geometry in Grasshopper. In computer graphics, a sample is an intersection of a channel and a pixel 
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(W3C, 2022). Figure (5-1) depicts a 24-bit pixel, consisting of three samples for red, green and blue 

related to the outside view content sky, greenery and context. 

This method starts with taking panoramic shots of the outside environment from different positions 7 

metres away from the window, as recommended by LEED, WELLv2 and CIBSE to assess view 

quality. This panoramic view represents the picture frame of the visible outside environment. By 

utilizing the image sampler method in the Grasshopper plugin for Rhino software, the imported image 

is analysed and its content is converted into RGB pixels. (Fig. 5-1). A series of complex mathematical 

analyses occurred to split all pixels into RGB clusters to present the sky, greenery, and context ratio. 

 

 

Figure 5-1: Image sampler to the outside view scene (commercial building in New Cairo, Egypt). 

5-2-2 Visual Fields 

This stage aims to determine the suitable test point location to establish the algorithm (Fig. 3). These 

test points were created in two levels related to the FOV limitation by EN, LEED, and WELLv2. As 

shown in Section 2.2.1, different rating systems have different requirements for testing view quality. 
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One of these requirements is the distance from the window, which affects the occupant’s FOV. 

European daylighting standard EN 17037 and EN 14501 (CNE 2018; CE, 2021) state that the sight-

seen angle should be at least 14 degrees and not more than 54 degrees, related to the minimum and 

maximum FOV. In addition, a clear view to the outside within at least 6 metres and a maximum of 50 

metres is related to the standard visual acuity of 25 feet (7.62 meters). WELLv2 and LEED state that 

view Type 3 could be achieved if the unobstructed views are located within a distance of three times 

the head height of the vision glazing. 

To comply with these recommendations, two test point edges are established, the first set of test points 

away from the window by 6 metres and the second set within three times the head height space of the 

floor space (Fig. 5-2). 

 

 

Figure 5-2: Demonstrate test-point location. 

5-2-3 Quantifying Direct Line Sight (DLS) 

DLS represents two indicators, the first one is related to VOV pixels (DLSgreenery, DLSsky or DLScontext) 

and the second one represents the blinded pixels (DLSblind) in case there is a shading device or anything 

obscure (Fig. 4). The process of computing the 2D viewing angles is established by using the Isovist 

ray component from Grasshopper (Fig 5-3). The VOV at the test point is defined by: 

Equation 01                      

𝑉𝑂𝑉 = [𝐷𝐿𝑆greenery, 𝐷𝐿𝑆sky or 𝐷𝐿𝑆context] − [𝐷𝐿𝑆blind] 

First test points at line 1 

 

 

 

Second test points at line 2 

6 metres 

3× of height 
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The equation subtracts the obstructed sight lines (due to shading devices) from the available views, 

giving a net measure of Visible Outside View. In essence, the equation calculates VOV by 

accounting for all potential external views an occupant can see minus the areas obscured by blinds or 

other shading elements, where: 

 

- Visible Outside View (VOV): This represents the amount or quality of the view that 

occupants have of the outside environment, such as greenery, the sky, or other 

contextual elements (e.g., buildings, streets). 

- Direct Sight Lines (DLS): This term refers to the lines of sight available to occupants 

from within their indoor space. It is split into two parts: 

- [DLS greenery, DLS sky or  DLS context]: This part represents the unobstructed 

views that occupants can have, such as views of greenery, the sky, or other external 

elements. These views contribute positively to the VOV. 

- [DLS blind]: This component represents any direct sight lines that are obstructed by 

shading devices (e.g., blinds) that block the view to the outside. 

 

Figure 5-3: Defining shading location. 

 

 

VOVsky 

VOVgreenery  

VOVcontext 

VOVsky+ greenery+context 

FOV  

VOVblind 
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5-2-4 VOV Framework 

A new parametric design approach was developed in Rhino/Grasshopper to quantify WP associated 

with the outside view quality. This algorithm consists of the following eight consecutive stages (Fig. 

5-6): 

Stage 1: Import the picture frame image to the algorithm. 

 

Figure 5-4: VOV assessing process. 

Stage 2: Parametric modelling of the case study using Rhino/Grasshopper plugin. 

 

Figure 5-5: Case study modelling. 

Stage 3: Carry out a parametric analysis of the outside view image by converting its colours to RGB 

pixels by using the image sampler and Isovist ray-tracking technique found in the Grasshopper plugin 

Rhino software to quantify occupant sight lines through the shading device as a blind element to the 

outside view content (Fig5-6,5-7,5-8). 
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Figure 5-6: VOV image sampler to the outside scene. 

 

 

Figure 5-7: Picture to the outside scene to be analysed into sky, green and  context pixels. 
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Figure 5-8: VOV assessing process. 

Stage 4: Propose a percentage to measure the outside view quality based on the number of sight-seen 

rays from the test points located in Line 1 (6 metres away from the opening) internally ( Fig 5-9). 

 

Figure 5-9: VOV process. 
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Figure 5-10: VOV values in line 1 away 6 metres away from the opening. 

Stage 5: A proposed percentage to measure the outside view quality based on the number of sight-

seen rays from the test points located in Line 2 (three times clear internal height away from the 

opening). 

 

Figure 5-11: VOV process. 
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Figure 5-12: VOV values in line 2, 3 × height away from the opening. 

Stages 6 and 7: Measure the wellbeing potential WP% by counting VOV to natural elements related 

to the picture content (green pixels for greenery, blue pixels for sky) for all test points indicated in the 

two lines shown in Fig (5-2) as follows: 

  Equation 02              𝑊𝑃% =
[𝑉𝑂𝑉sky+𝑉𝑂𝑉greenery ]

2
 

 

 

Figure 5-13: Visible outside view content (Green + Sky)   Figure 5-14: Total VOV. 

 

Stage 8: Test how the proposed algorithm can be integrated with two types of shading systems (vertical 

and horizontal louvres) that are the most common shading devices used in Egypt (Fig 5-15). Finally, 

conduct a comparison between the three models to show the impact of using shading devices on visible 

view content and the view content quality as a factor of well-being potential (WP). 
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Figure 5-15: Automated shading design for testing the algorithm. 
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Figure 5-16: Algorithm stages. 
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5-3 Quantifying WP Index 

5-3-1 VOV Algorithm 

Previous studies have demonstrated that viewing natural elements from a residence or workplace is 

desirable and therapeutic for human health and well-being by reducing anxiety (CEN, 2021) and stress 

(Velarde et al., 2007; Ulrich, 1991) and increasing creativity (Ulrich, 1979). Studies have also shown 

that outside view content has a direct impact on occupant well-being (Moore 1981; Ulrich, 1979; 

Valdez & Mehrabian, 1994; Guilford& Smith, 1959; Jacobs & Suess, 1975; Ulrich 1991; West, 1985; 

Heschong 2003; Markus 1967; Domjan et al., 2023; Yao et al., 2024; Rizi et al., 2024) In the present 

study, to quantify WP, a parametric algorithm was established to calculate VOV content inside the 

space by tracing the occupant sight lines to the outside view content; three sets of lines were found 

related to sky view, greenery view, and context. These sight lines present the occupant’s FOV: green 

rays for the natural view, blue rays for sky view and black rays for the outside context as discussed in 

the previous section (Fig.5-7). 

A parametric analysis was carried out by importing the outside view image and converting it into RGB 

pixels using an image sampler. After that, the algorithm connected these pixels with the test points 

that represent the occupant FOV internally, corresponding to 0.7 metres for seating position inside the 

working space as recommended by LEED (Altomonte & Allen, 2020). VOV was measured by 

deducting the pixels used to set the shading device to achieve daylight quality and reduce visual 

discomfort to be generated in the particular area determined as having a fitness value (sky zone, 

greenery zone, context zone). 

5-3-2 Well-Being Potential (WP) Index 

WP index will be identified by measuring the FOV to the outside content related to (blue ratio from 

sky view and green ratio from landscape elements) as a factor of well-being potential (WP). A set of 

test points recommended by LEED , WELLv2 and EN standards were located in two lines (Fig. 5-15): 

the first line presents the FOV away from the opening by 6 metres, and the second line is located 

within three times the space head height. A combination of elements in a coherent scene, such as blue 

from having a sky or sea view and green from the greenery elements that predominate nature scenes, 

is highly preferred as the elements are therapeutic interventions for human well-being (LEED v4 2019, 

ASHRAE, 2006, International Green Construction Code, 2021). 
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To measure the WP score, the mean value of all VOV to natural elements related to the picture content 

(green pixels for greenery, blue pixels for sky) set in two lines is calculated (Fig. 5-17). The area with 

a high VOV percentage and located in the visual comfort zone recommended by LEED, WELLv2 and 

EN standards will have the most WP. 

The WP% equation is defined as follows: 

 Equation 02                                                  𝑊𝑃% =
[𝑉𝑂𝑉sky+𝑉𝑂𝑉greenery ]

2
 

 

Figure 5-17: Defining visible outside view (VOV): blue pixels for sky, green pixels for greenery and black pixels for 

context. 

 

 This new algorithm evaluates the view quality by giving a percentage showing the WP of test points 

inside the workspace to measure the overall percentage of VOV according to equation 01 as shown in 

(Fig. 5-18).   
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Applying the Equation 01 algorithm demonstrates the effect of shading devices on the quality of an 

occupant's view to the outside. In the initial scenario, with no shading device installed, the view to the 

sky achieves a score of 100%. This perfect score results from all available sight lines connecting to 

the designated blue pixels, representing an unobstructed view of the sky. Here, Equation 01 verifies 

that, without any obstructions, occupants enjoy a complete, uninterrupted view of the sky from inside 

the space. 

In the second scenario, a shading device is added, which alters the quality of the visible outside view 

by blocking certain sight lines to the sky. The shading panels obscure a percentage of the previously 

available sky view, thereby reducing the connection to the blue pixels that represent sky visibility. 

This reduction in view is quantified as the blind factor, which measures the degree to which shading 

devices obstruct the view. Consequently, the Visible Outside View (VOV) score decreases by 20%, 

resulting in an adjusted VOV of 80%. This indicates that the shading device blocks approximately 

one-fifth of the sky view compared to the unshaded scenario. 

In the final scenario, Equation 02 is applied to provide a more comprehensive measure of the outside 

view quality, taking into account various types of visible content. This equation sums the VOV scores 

for both greenery and sky pixels, reflecting the quality of views of natural elements like trees, plants, 

or open sky. The combined score is then averaged by dividing by two, yielding the overall WP% 

(Window Performance Percentage) for the space. This final metric, WP%, serves as an indicator of 

the quality and diversity of the visible outside view content available to occupants, integrating the 

effects of both shading devices and diverse visual elements into a single percentage that represents the 

holistic outside view quality in the space. 
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Figure 5-18: Defining WP. 

5-4 Case Study 

The case study location was a multi-storey office building in New Cairo, Egypt, consisting of seven 

levels with dimensions of 12 metres × 8 metres × 3 metres (Fig. 8). A three-picture window for three 

levels was taken from inside the space at a distance of 6 metres from the façade, as recommended by 

building rating systems (Fig. 5-15). To comply with the view quality requirements in rating systems, 

Scenario 03_ WP%= (VOVsky+VOVgreenery)/2 

Scenario 02_ VOVsky=DLSsky−DLSblind= 80% 

 

Scenario 01_ VOVsky=DLSsky=100% 
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the glaze is assumed to have visual transmittance of 0.7 to provide a clear image of the exterior, not 

obstructed by frits, fibres, patterned glazing or added tints that distort colour balance, as recommended 

by LEED and WELLv2 on view quality. A 3D modelling of the case study location was built in Rhino 

and then imported into the Grasshopper plugin. The study started by quantifying the VOV score to the 

base model (clear glass without a shading device). Three views were imported into the algorithm, the 

first view taken from the first floor, the second view from the third floor and the third view from the 

fifth floor (Figs. 5–19 to 5-26). 

 

Figure 5-19: Outside view photos taken from the first floor, third floor and fifth floor. 
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Figure 5-20: Insertion of the outside view image to be analysed. 

• Vertical shading system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-21:Outside view.                                    Figure 5-22: VOV algorithm.  Figure 5-23: Test points  
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• Horizontal  shading system  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-24: Outside view.   Figure 5-25: VOV algorithm.   Figure 5-26: Test points  

                                                                                                                                                  

                                                                                                                                                

5-5 Results and Discussion 

This section presents the results of applying two kind of shading systems in a case study in Egypt to 

assess view quality and WP. The algorithm proposed using two sets of test points recommended by 

LEED and WELLv2 to assess view quality; the first test point presented by Line 1 was away from the 

window by 6 metres and the second at a distance of three times the head height space of the floor 

space. Initially, three levels were assessed for comparison – first, third and fifth floors – by taking a 

panoramic photo of the outside view from the nearest point to the window to have a clear image 

without any obstructions (Fig. 5-19). 

The VOV algorithm analysed the view content by splitting any photo content into three pixels (sky, 

green and context). By tracing FOV from all the test points to these pixels, the algorithm evaluated 

the view quality based on the VOV ratio taking into consideration the shading configuration that 

obscures some area to the outside. In our study, this is called ‘VOV blind’. WP is presented as the 

VOV ratio of sky and green pixels; the greater the ratio, the higher the WP. To investigate the impact 

of each shading device on view quality, visible view content ratio and WP ratio are introduced and 

discussed (Tables 5-1 and 5-2). 

Daylight simulation analysis Visible outside View quality 
[VOV] 
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Table 5-1: VOV ratio using the horizontal shading system 

Shading type Horizontal shading 

Metrics  DLS for test points Well-being 

potential 

Test points T1 T2 T3 T4 T5 T6 T7 VOV WP total 

Picture frame 1 

At first floor 

Test line 1 (6 m) 21.8 24.8 24.8 24.8 24.8 22.8 24.8 24.0 18.85% 

Test line 2 (3× 

height) 

11.6 14.2 14.2 14.2 14.2 12.6 15.2 13.7 

Picture frame 2 

At third floor 

Test line 1 (6 m) 51.2 51.5 51.5 51.5 51.5 51.3 51.5 51.2 47.5% 

Test line 2 (3× 

height ) 

43.9 43.9 43.9 43.9 43.9 43.0 44.5 43.8 

Picture frame 3 

At fifth floor 

Test line 1 (6 m) 68.2 68.8 68.8 68.8 68.8 68.6 68.8 68.6 64.8% 

Test line 2 (3× 

height) 

60.6 61 61 61 61 61 61.4 61 

Table 5-2: VOV ratio using the vertical shading system 

Shading type Vertical shading 

Metrics  DLS for test points Well-being 

potential 

Test points T1 T2 T3 T4 T5 T6 T7 VOV WP total 

Picture frame 1 

At first floor 

Test line 1 (6 m) 51.7 59.8 67.0 69.0 74.1 78.1 76.6 68.0 58.3% 

Test line 2 (3× 

height) 

39.5 47.7 46.1 48.7 51.2 54.8 52.7 48.6 

Picture frame 2 

At third floor 

Test line 1 (6m) 42.3 51.9 62.1 67.0 73.5 78.2 75.6 64.3 61.15% 

Test line 2 (3× 

height) 

42.6 51.3 56.2 56.7 60.4 64.0 63.3 56.3 

Picture frame 3 

At fifth floor 

Test line 1 (6 m) 48.5 54.6 61.3 68.7 74.4 84.4 77.0 67 64% 

Test line 2 (3× 

height) 

49.4 55.7 57.9 60.9 65.5 70.6 68.3 61.1 

  

 

 

 

 

 

 

 

 

Figure 5-27: Impact of horizontal and vertical shading system on well-being potential. 
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5-5-1 VOV 

According to the ASHRAE 90.1 standard, in this case study the maximum WWR is achieved with the 

detail of input parameters of the case study dimensions. The ray-tracking to the outside view and the 

VOV from Grasshopper are generated to quantify the view content ratio. The large window size allows 

sufficient view to the outside but shading devices can obscure the view clarity. Two kinds of shading 

systems (horizontal and vertical) were tested for the first, third and fifth floors to evaluate the view 

content and clarity and the WP (Figs. 5-28, 5-29, 5-30). According to LEED and WELLv2, view 

content can be assessed if at least two of the following are achieved: (i) flora, fauna or sky; (ii) 

movement; and (iii) objects at least 25 feet (7.62 meters) from the exterior of the glazing, which is 

presented in our study by test points located in Line 1. 

Regarding view clarity, LEED v4 and WELLv2 define it by the unobstructed view ratio located within 

a distance of three times the head height of the vision glazing. View performance in the case study 

satisfied the recommended value by LEED v4 and WELLv2, as all of the space has view access to the 

outside without shading devices. The view content analysis in the case study reveals that at the first 

floor (i) 90% of test points at Line 1 are located at a distance of three times the window head height; 

and (ii) 80% of multiple lines of sight to vision glazing have at least 90 degrees. Accordingly, 80% of 

the office room has satisfactory view quality without installing any type of shading system since the 

majority of test points have passed two out of three off view quality credits (Table. 5-3). 

As recommended by WELLv2, the views of the natural elements that have blue and green colours 

such as sky and greenery landscape have a good potential to increase occupant well-being. The 

horizontal shading system used on the first floor obscures the view of the sky by 38.45% compared 

with the vertical shading system; therefore, the WP reaches the minimum level of 18.85% (Fig. 5-26). 

The lower levels do not have a clear view of the sky as the higher floors, also the view to the greenery 

landscape is greater on the ground floor than on the higher floors. These results demonstrate that the 

shading design strategy should not be the same at all levels. Although shading devices are a preferred 

strategy for achieving the recommended daylight levels internally, shading needs to be incorporated 

with the view quality in mind. The VOV algorithm proposed in this study can be used to evaluate the 

view content and clarity in parallel with a daylight simulation. The best shading devices will be the 

ones that allow building occupants a well-balanced VOV – lighting condition – energy saving potential 

in the extreme summer season. Thus, daylight simulation and the current algorithm need to be 
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implemented with building energy simulation to consider this crucial aspect. This will be the only way 

to get efficient and sustainable buildings highly connected with the human dimension. 

Table 5-3: Measure the total VOV for the base model without using a shading device. 

Base model (VOV) Image frame analysis 

Total 

VOV % 

 

Test points L02 Test points L01 Image sampler First floor level 

VOV 

G 

VOV 

S 

VOV 

G 

VOV 

S 

  

L01= 

49.3% 

 

 

L02= 

39.9% 

0%  0%  

 

 

 

  

      Third floor level 

L01= 

91.9% 

 

 

L02= 

99.6% 

     

 

 

     

Fourth floor level 

L01= 

84.5% 

 

 

L02= 

99.4% 

     

 

5-5-2 Improvement in WP 

In this section, WP results from quantifying the view content and clarity to the outside view are 

compared with the objective results of the three levels (first, third and fifth floors) to demonstrate 

improvement in WP related to the vertical and horizontal shading devices used. These three views 

were compared to test the best shading device that gives good view qualities. High values of 68.6% 

VOV and 64.8% WP were obtained for the fifth-floor score by using a horizontal shading device 

(Table 5-1), whereas the high 68% VOV score for the first floor was obtained by using a vertical 

shading device (Table 5-2). An improved WP of 39.45 % was noted by using the vertical shading 
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device (58.3%) rather than a horizontal shading system (18.85%), because horizontal shading obscures 

the sky view more than vertical shading (Fig. 5-28). 

Furthermore, implementing a vertical shading device on the third floor led to a notable enhancement 

in the window performance (WP), with an increase from 47.5% to 61.15%, representing an 

improvement of 13.68% (Fig. 5-29). This increase can be attributed to the clear, unobstructed views 

of both the sky and the surrounding greenery from all assessed test points. The vertical shading device 

optimises visual comfort by providing shade while still allowing extensive external visibility, which 

enhances the connection to the outdoor environment. Consequently, the improved WP indicates an 

effective balance between daylight access and visual quality, essential in sustainable architectural 

design. For the fifth floor, WP increased by only 0.8% when applying the vertical shading system 

because the sky view pixels ratio was nearly the same as the greenery pixels ratio (Fig. 5-30). 
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5-5-3-1  First Floor VOV Assessment 

 

Figure 5-28: First floor outside view assessment. 
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5-5-3-2  Third Floor VOV Assessment 

 

Figure 5-29: Third floor outside view assessment. 
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5-5-3-3 Fifth Floor VOV Assessment 

 

Figure 5-30: Fifth floor outside view assessment. 
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5-6 Conclusion 

In this chapter, a new facilitation tool was defined using an image processing technique to evaluate 

both view content and clarity and the impact of installing two kinds of shading systems (horizontal 

and vertical) with indicated parameters for testing. The proposed facilitation tool presented in this 

thesis is considered the missing part for producing more multifactor systems that take into 

consideration different objectives such as energy, daylight and view quality. This is the first study to 

produce a quantitative tool to assess the visible outside view quality VOV using an image processing 

technique. Therefore, the well-being potential indicator WP needs to be validated and correlated with 

subjective assessment in a real experiment. 

This study provides a new facilitation tool to evaluate the impact of installing vertical and horizontal 

shading systems on visible outside view content that could improve the well-being (WP) potential 

inside the working environment. Several studies indicate that sky and greenery view to the outside 

environment significantly affect occupants’ health and well-being. Recent research on view quality 

has focused on quantifying the outside view content using questionnaires to rank some images to the 

outside view based on occupant preferences and feelings. Other techniques use the computational ray-

tracking method, which needs the outside context to be fully built in three dimensions with a sufficient 

level of accuracy to match the real environment context in scale and position. Little attention has been 

given to the impact of shading devices on the view quality and how it can contribute to WP. 

A new algorithm is proposed in the current study using an image processing technique to evaluate 

both view content and clarity and the impact of installing two kinds of shading systems (horizontal 

and vertical) with indicated parameters for testing. This study provides a new facilitation tool to 

evaluate WP by quantifying the overall ratio to VOV content (VOVsky%, VOVgreenery%) to all test points 

shown, as recommended by LEED and WELLv2. These test points are located in two lines (Fig. 5-

18). A new formula is produced to measure the mean value of WP for the space: 

Equation 02 

𝑊𝑃% =
[𝑉𝑂𝑉sky + 𝑉𝑂𝑉greenery]

2
 

The proposed algorithm was tested on a case study location in Egypt, Cairo. The results demonstrate 

that designing shading devices considering the view of natural elements (sky and greenery) positively 

affects WP. Therefore, building orientation is very important at the primary design stages as it has a 
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significant impact on the ratio of natural elements and how many layers can be seen from windows. 

The proposed algorithm can be integrated into a multifactor system to achieve more sustainable 

shading devices. This multifactor system could investigate the possibilities of using different shading 

system parameters to compromise between different objectives such as daylight quality, energy 

consumption, view quality and air quality (Abdelrahman et al., 2023a). 
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CHAPTER 6: Quantitative Assessment of Daylight, Visible Outside View and 

Shading (DVS Multifactor System) (Stage 3) 

6-1 Introduction 

This research aims to define a new multifactor system of optimising different shading parameters using 

virtual simulation and genetic algorithms as a means to enhance occupant comfort and well-being 

potential related to daylight quality and view quality. In Chapter 5, a new parametric algorithm was 

defined to quantify the visible outside view quality while installing a shading device called visible 

outside view (VOV). This new indicator is a percentage starting from 0% to 100% showing the well-

being potential to test points inside the workspace to measure the overall percentage of the view 

quality. In addition, the literature review proves that there is no computational method found that can 

optimise between shading parameters, daylight and visible outside view quality in one system. Most 

researchers assess visible outside view quality separately using questionnaires or applying 2D tracing 

methods to analyse the outside view content (Chapter 2). 

The goal of this system is to show how daylight, view quality and shading systems can be integrated 

into one system. It investigates the possibilities of using different shading system parameters to 

compromise between daylight quality and view quality. Shading configuration is categorized by a 

series of parameters to provide the appropriate visual comfort and well-being potential inside the 

workspace. This chapter introduces a novel method to design shading systems by using multi-objective 

evolutionary algorithms (MOEAs) by connecting daylight quality and outside view quality to improve 

comfort and well-being potential inside the working space. This multifactor system consists of two 

levels of optimization. The first level occurs by using MOEA techniques to achieve optimal daylight 

quality inside a working space. This optimisation defines the best shading device solutions related to 

five selected objectives: (1) to minimise annual sun exposure (ASE), (2) maximise spatial daylight 

autonomy (sDA), (3) maximise useful daylight illuminance (UDI), (4) maximise view percentage, and 

(5) minimise daylight glare probability (DGP). The second level of optimisation incorporates the 

visible outside view (VOV) algorithm (defined in Chapter 5) with the optimum solutions resulting 

from the first level of optimisation related to daylight simulation. 

The first objective of using the DVS system is to find the optimum solution for designing shading 

systems that can improve daylight quality and view quality values recommended by WELL standards 
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and the LEED rating system (resulting from Chapter 2, Literature review). The second objective is to 

provide architects and non-expert people with a dashboard to evaluate different shading solutions 

(vertical blinds, horizontal blinds and parametric panels). This dashboard visualises all optimisation 

results regarding daylight and views to a 2D map showing comfort and well-being potential zones that 

can be used to make better seat arrangements for users. 

This chapter is structured into the following four sections. Section 6-2 discusses the DVS system 

methodology, showing input and output parameters for each process using multi-objective 

evolutionary algorithms (MOEAs). In Section 6-3, the system is applied to a commercial building case 

study in Cairo to test the system process and outcome. Sections 6-4 discuss the results from the 

application of the DVS system in the case study, followed by a discussion of the selection criteria of 

the best solution to create the comfort and well-being potential map. The final section, Sections 6-5, 

provides a summary of the chapter, highlights the main knowledge contributions and provides future 

research recommendations. 

6-2 DVS System Methodology 

The DVS system is based on the ability to integrate an algorithmic approach to optimise between 

different solutions of shading configuration and the parametric-based design approach to quantify the 

outside view quality (VOV). All case studies were developed with Rhino and Grasshopper in the 

context of this study. Rhinoceros (commonly, Rhino or Rhino3D) is a commercial 3D computer 

graphics and computer-aided design application software based on the NURBS mathematical model 

developed by TLM, Inc., dba Robert McNeel & Associates (McNeel 2014). Grasshopper is a visual 

programming language and environment that runs as an extended plugin for Rhino. Through the 

definition of form-generating components in Grasshopper, users can easily modify the dimensions of 

models using sliders and mathematical expressions to optimise the process. By directly connecting the 

Grasshopper interface to Rhino, changes in the algorithm are visible directly in the Rhino window. 

Ladybug and Honeybee plugins for Grasshopper are used to run a series of daylight simulations related 

to the assessment criteria. As a result of the usage of these plugins in this study, a series of performance 

evaluations were conducted by applying validated tools, such as RADIANCE, Daysim, Evalglare and 

EnergyPlus plugins which are all included in the study. Rhino and Grasshopper were used for all 

modelling and daylight simulations. The simulation results were dependent on the sun and sky 

conditions obtained from standard meteorological data of the case study as well as building location, 

orientation and shading system configuration. 
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Wallacei (Showkatbakhsh & Makki, 2022) is a multi-objective evolutionary algorithm (MOEA) 

embedded in Grasshopper through Rhino as an interface. Wallacei is used in this study to solve and 

optimise multi-conflicted objectives together in one system. These conflicted targets in this research 

are related to daylight quality, outside view quality and shading parameters. The Grasshopper 

parametric definition is used to bridge the gap between the early design stage and the performance of 

the building with regard to daylight (Mahmoud & Elghazi, 2016). Moreover, it is used to identify the 

input parameters of the building skin and set the evaluation criteria for daylight assessment. These 

parameters and criteria are passed to the daylight simulation tools, Ladybug and Honeybee, to simulate 

the process of daylight and send the results back to Wallacei for evaluation until an optimal solution 

is reached. 

Tools were selected based on their ability to be integrated to provide real-time feedback. 

Understanding the algorithmic logic and the input and output needed for each component are the most 

important factors in making this integration. The models for the case study were defined first where 

weather file, location and material were defined as dependent variables. The 3D models for each 

shading device were also defined where shading angle width, shading count and direction work as 

independent variables. The performance for visual comfort associated with daylight based on the 

assessment criteria (discussed in Chapter 2) simulated using Ladybug and Honeybee tools. After that, 

the genetic algorithmic tool Wallacei changes the independent variables of shading devices to create 

search space for all possible solutions according to the fitness value formula sorted by the designer 

and based on the simulation assessment criteria. 
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Figure 6-1: Holistic systems algorithm. 
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6-2-1 The Multifactor System Algorithm 

There are six main steps in the multifactor system algorithm. The first step is to identify design 

parameters and build a parametric design model. The second step is the development of a daylight 

model for the optimisation of a shading system. The third step is to connect the visible outside view 

(VOV) algorithm with the shading parameters to work at the same time as the daylight simulation. 

The fourth step is multi-objective optimisation processes run by Wallacei to optimise between the 

possible solutions that achieve the fitness value. The fifth step is to analyse the solution. The sixth step 

involves analysing and evaluating simulation data and optimising the shading design parameters. The 

optimal designs are compared using different criteria such as standard deviation and parallel 

coordinate plot for all possible solutions (discussed in detail later in this chapter). All these steps run 

two times individually: the first run aims to evaluate the base model without a shading system and the 

second run aims to evaluate the model with shading; the reason to evaluate the base model without 

shading is to fully investigate the shading impact on daylight and view quality by comparing the 

performance difference. The DVS algorithm consists of ten stages as indicated in Figure 6-1. Stage 1 

aims to quantify the visible outside view (VOV), as discussed in Chapter 5. Stage 2 to Stage 10 

comprise the algorithm workflow. 

Stage 1: Define VOV (discussed in Chapter 5) 

This stage involves defining the sight line percentage for each outside view content (sky, greenery) 

while installing the shading device. A new formula is produced to measure the mean value of WP for 

the space by quantifying the overall ratio to VOV content (VOVsky%, VOVgreenery%) to all test points 

shown. These test points are located in two lines. Equation 02 is applied to measure the mean value of 

WP for the space: 

𝑊𝑃% =
[𝑉𝑂𝑉sky + 𝑉𝑂𝑉greenery]

2
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Figure 6-2: Defining the sight line percentage for each outside view content (sky, greenery and context). 

Stage 2: Define the weather file input and extract the sun vectors  

At this stage, the sun vectors are extracted for hours above the threshold recommended values to use 

as an input parameter to calculate annual sun exposure (ASE), resulting from Chapter 2. 

 

Figure 6-3: Climate parameters input panel. 

 

Figure 6-4: Defining sun vector for house above 1000 lux. 
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Stage 3: Define geometric parameters, window-to-wall ratio and materials used 

 

Figure 6-5: Case study modelling. 

Stage 4: Define a parametric shading device 

At this stage, a parametric shading device is defined consisting of rectangle panels and can rotate on 

the X, Y and Z axes. These panels are used as an example of the automated shading façade that can 

rotate on the X-axis to become vertical shadings or the Y-axis to become horizontal shadings. The 

ability to rotate in the Z-axis will give an automated shading system pattern as shown in Figures 6-6 

to 6-9. 

 

 

Figure 6-6: Automated panel rotation on Y-axis.   Figure 6-7: Automated panel rotation on X-axis. 
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Figure 6-8: Automated panel rotation on Z-axis.  Figure 6-9: Automated panel free rotation. 

Figure 6-10: Optimised prototype panels generated using Rhino and Grasshopper. 

Stage 5: Define surface material of objects 

The next step, after applying Honeybee Objects with assigned glazing, is to define the material of each 

surface of these objects as they have different material properties that will influence daylight 

simulation of the whole model. The properties for each surface of the chosen model are selected using 

the Honeybee plugin to define the reflectance and the colour for each material component. It is 

assumed that the reflectance of the interior wall is 50%, of the ceiling 80% and of the floor 80%. The 

visual transmittance used for the glazing was 0.7 VT as recommended by LEED and WELL in their 

view quality credit. 
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Stage 6: Apply daylight assessment criteria 

At this stage, the daylight assessment criteria (discussed in Chapter 2) are applied using a series of 

daylight simulations by Honeybee and Ladybug plugins, as follows: 

1. ASE: 50% of the floor plan exceeds the threshold of 1,000 lux with more than 250 occupied hours 

per year. This complies with WELL v2 and LEED v4.01 criteria. 

 

Figure 6-11: Annual sun exposure parameters. 

2. UDI: the percentage between the periods that received adequate daylight levels per year to 

occupied hours in the same year between 100 lux and 2,000 lux. This complies with LEED v4.01 

criteria. 
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Figure 6-12: Useful daylight illuminance parameters. 

3. View percentage: the maximum value that can be achieved. 

 

Figure 6-13: View percentage parameters. 

Stage 7: Quantify daylight distribution and glare issues 

This stage is related to quantifying the daylight distribution and glare issues. 

• Daylight glare probability (DGP): it ranges from 0 to 1 and indicates whether a glare situation will 

be imperceptible (DGP ≤ 0.35), perceptible (0.35 < DGP ≤ 0.40), disturbing (0.40 < DGP ≤ 0.45) 

or intolerable (DGP > 0.45) to a majority of occupants. This complies with LEED v4.01 criteria. 
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Figure 6-14: Visual comfort factors. 

 

Figure 6-15: Daylight distribution values. 

  



Chapter 06_Quantitative assessment of daylight, visible outside view and shading (DVS multifactor system)  

 

161  

 

 

Figure 6-16: Daylight glare probability values. 

Stage 8: Fitness Values 

Because there is more than one objective and many solutions, the multifactor system applies a multi-

objective evolutionary algorithm (MOEA) method to help decision-makers choose the best solution 

to the design problem. A multi-objective optimisation plugin called Wallacei is used to generate all 

possible optimisation solutions based on the input parameters. The system runs a series of simulations 

related to daylight quality and view quality assessment criteria. The design variables are re-evaluated, 

if necessary, to achieve the fitness goal in the final phase. The simulation works to achieve the 

following objectives:  

1. to minimise ASE: 10% of the space achieving 1000 lux for 250 hours in the year; 

2.  to maximise sDA; 

3.  to maximise UDI: illuminance on the work surface between 300 and 3,000 lux at 9 a.m. and 

3 p.m. on a sunny day at equinox for >75% or 90% of occupied spaces. 

4. to maximise outside view percentage to the maximum value that can be achieved; and 

5.  to minimise DGP to 0.35 < DGP ≤ 0.40. 
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Figure 6-17: Genes and fitness values. 

Stage 9: Data visualisation  for the optimisation output 

At this stage, a series of data analyses are provided by Wallacei to select the best solution, such as 

standard deviation, diamond fitness chart, parallel coordinate plot and mean values. This stage will be 

discussed in detail for a case study in Section 6-4-2. 

Stage 10: DVS multifactor system dashboard 

A dashboard is provided at the final stage to simplify the system input and output using the Human 

User Interface (UI) plugin. Human UI is a new interface paradigm for Grasshopper to create 

professional-looking Grasshopper apps with custom user interfaces. An example of this result is 

provided in the next section. 

6-2-2 Quantifying Comfort and Well-Being Potential (CWmap) as Indicators for the Best Seat 

Arrangement 

Daylight has a direct impact on visual comfort. Daylight quality for visual efficiency is determined by 

how it is delivered and how it is integrated with other conflicting issues such as illuminance and glare. 

Therefore, the visual comfort zone should avoid glare, which will help the zone achieve the 

illuminance required. This zone is a combination of the area that complies with the daylight quality 

assessment criteria recommended by LEED, WELL and EN standards that define the visual comfort 

potential. 

Based on the daylight assessment criteria in Chapter 2, this study evaluates the daylight quality based 

on four types of measurements: 



Chapter 06_Quantitative assessment of daylight, visible outside view and shading (DVS multifactor system)  

 

163  

 

1. Spatial daylight autonomy (sDA): to be achieved if at least 75% of the regularly occupied floor 

area received 300 lux for 55% of the annual occupation hour; sDA 300/50% of at least 55%, 

75% or 90% is achieved. 

2. Annual sunlight exposure (ASE): LEED and WELL recommend ASE to be 1000 lux/250 hours 

for no more than 10% of the regularly occupied space.  

3. Useful daylight illuminance (UDI): to achieve 300 lux of daylight for at least 4 hours according 

to WELL at a time between 9 a.m. and 1 p.m. for 75% of the floor area.  

4. DGP: ranges from 0 to 1 and indicates whether a glare situation will be imperceptible 

(DGP ≤ 0.35), perceptible (0.35 < DGP ≤ 0.40), disturbing (0.40 < DGP ≤ 0.45) or intolerable 

(DGP > 0.45) to a majority of occupants.  

A 2D perimeter is defined to identify the threshold area that complies with the assessment criteria (Fig. 

6-18). This area represents the comfort potential inside the working environment. Along with the well-

being potential measurement results from Section 3-4, the final comfort and well-being potential map 

shows two measurements: the first is an overall ratio to the greenery and sky visible outside view 

content (VOVGreen%, VOVSky% or VOVContext%) to all test points shown in two line positions as 

discussed in Section 5-5-2. The first line represents the field of view away from the opening by 6 

metres, and the second line is within three times the space head height of the floor space ended. 

Therefore, the area that receives the highest VOV percentage and is located in the visual comfort zone 

will have the most comfort and well-being potential (Fig. 6-19). The second measurements are related 

to the simulation threshold for sDA, ASE, UDI and the view access. 

 

Figure 6-18: Comfort and well-being potential map simulations. 
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Figure 6-19: Comfort and well-being map (CWmap). 

6-3 Application to a Case Study 

As a case study, south-facing single office space in Egypt was used as a model to explore the 

possibilities and limitations of the multifactor system within algorithms in three consecutive phases. 

1. Model parameters 

2. Multi-objective evolutionary optimization 

a. Objectives and simulation tools 

b. Criteria 

c. Procedure 

d. Deviation 

3. Parametric method to measure the new view quality metric (VOVSKY, VOVGreen, VOVMass+Blind ratio) 

WP% at line 2 

WP% at line 1 

View access 

UDI 

ASD 

sDA 
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6-3-1 Model Parameters 

An office building located in New Cairo, Egypt with dimensions of 12 × 8.5 × 3 m3 was used for the 

case study (Fig. 6-20). The study aims to test the multifactor system on the second floor. A picture 

window was taken inside the space from a point far from the façade by 6 metres, as recommended by 

the new European daylight standard EN17,037, to evaluate view quality. Egypt is considered to have 

hot-arid-desert climate with minor parts (along the north coast of Egypt) being hot-arid-steppe climate 

(Peel et al., 2007). The weather files used in the present study are available to download from Energy 

Plus. The window in the building was located on the south façade with a window-to-wall ratio of 0.85 

(Figs. 8a and 8b). The walls were finished in white plaster, the floor was covered with grey tiles and 

the ceilings were white. The reflectance of the interior wall was 50%, of the ceiling 80% and of the 

floor 80%. Glazing consisted of double clear glass with air in the middle based on ASHRAE standard 

(2006) for cities in climate zone 3B. This glazing had a visual transmittance of 0.7 VT as recommended 

by LEED and WELL in their view quality credit. For daylight performance simulation, the sky should 

be clear with a minimum of 500 lux on the work plane at a height of 0.75 from the floor. As 

recommended by LEED, a 0.6 × 0.6 m2 grid of sensors and artificial light were used during the 

simulation process. 

 

Figure 6-20: Case study office building in Egypt. 
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Figure 6-21: Different levels of outside view. 

 

 

Figure 6-22: Case study material and parameters. 
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6-3-2 Optimisation Criteria 

This section aims to optimise different kinds of shading device parameters that have the most comfort 

and well-being potential inside the workspace. The proposed shading device in this study was installed 

on sky pixels of the picture frame image imported to the algorithm to maximise the greenery and 

context of view content. In addition, the window-to-wall ratio (WWR) for the base model was 90% 

according to ASHRAE standard (2006). The visible outside view content optimised according to the 

shading device parameters to achieve optimisation objectives. Based on the input parameters of the 

optimisation shown in Figure 6-23, 5,000 solutions were tested. Two models were simulated: a base 

model without a shading system and a second model with shading. A comparison between the two 

cases shows the impact of using the shading device in daylight and view quality. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-23: DVS algorithm. 

This simulation and optimisation process was run on a desktop computer with Intel(R) Core(TM)i7 

8700 CPU @3.20 GHz processor and 64.00 GB RAM. This system ran more than 2,500 simulation 

processes to daylight and views together and generated 5000 generations of genomes. The entire 
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simulation and optimisation process took approximately two days to complete. The best result is 

discussed later in Section 6-4-2-3. 

6-3-3 Fitness Functions 

A multitude of metrics has been identified to optimise the developed phenotype. Four fitness values 

were selected to achieve daylight quality and view quality recommended by building rating systems 

such as LEED as follows:  

1. Daylight quality 

1. ASE: more than 50% of the floor plan exceeds the threshold of 1,000 lux with more than 250 

occupied hours per year. The results failed to meet LEED v4.01 criteria. 

2. UDI: the percentage between the periods that received adequate daylight levels per year to 

occupied hours in the same year between 100 lux and 2,000 lux.  

3. DGP: it ranges from 0 to 1 and indicates whether a glare situation will be imperceptible 

(DGP ≤ 0.35), perceptible (0.35 < DGP ≤ 0.40), disturbing (0.40 <DGP ≤0.45) or intolerable 

(DGP > 0.45) to a majority of occupants.  

2. View quality 

1. View Type 2: at least 75% of the regularly occupied building floor area design should achieve 

at least one of the following: nature, art, urban landmarks or objects at least 25 feet (7.62 

meters) from glazing 

2. View Type 3: unobstructed lines of sight view location with a line of sight to vision glazing 

from within three times its head height and view.  

3. Visible outside view (VOV): VOVSky=40%, VOVGreen=20%, VOVContext=40%. 

Table 6-1: Optimisation values 

Optimisation control Value 

Population  

Generation size 10 

Generation count 30 

Population size 300 

Algorithm parameters  

Crossover probability 0.9 

Mutation probability 1/n 

Crossover distribution index 20 

Mutation distribution index 20 

Random seed 1 

Algorithm parameters  

No. of genes (slider) 3 

No. of values (slider value) 211 

No. of fitness objectives  4 
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Where:  

1. Population Size: 300 individuals are present in each generation. 

2. Generation Count: 30 generations total. 

3. No. of Genes: 3 genes (sliders), each representing an independent decision variable. 

4. No. of Values per Gene: Each gene has 211 possible values, so each gene can independently 

assume any of 211 states. 

5. Fitness Objectives: 4 objectives to evaluate the fitness of each solution, though they don't 

impact the count of possible solutions. 

6-4 Simulation of Daylight Performance 

6-4-1 Base Model Simulation 

In this case, four types of daylight simulation occurred: (1) annual sunlight exposure (ASE), (2) spatial 

daylight autonomy (sDA), (3) useful daylight illuminance (UDI) and (4) daylight glare probability 

(DGP). For view quality, one simulation was done to measure the view percentage of the outside sky 

view. After that, a parametric analysis of visible view content VOV (green, context and sky) was 

compared with the optimised solution that has a shading device. The results of the base model 

simulations were as follows: 

3. Daylight quality 

1. ASE: The results failed to meet LEED v4.01 criteria. 

2. UDI: The results failed to meet LEED v4.01 criteria. 

3. DGP: The results failed to meet LEED v4.01 criteria. 

4. View quality 

1. View Type 2: The results meet LEED v4.01 criteria. 

2. View Type 3: The results meet LEED v4.01 criteria. 

3. Visible outside view (VOV): VOVSky=40%, VOVGreen=20%, VOVContext=40%. 

Table 6-2: Assessment criteria for the base model 

Objective Base model (without shading system) 

Daylight quality Status View quality Status 

Assessment criteria  ASE Fail View Type 2 Pass 

UDI Fail View Type 3 Pass 

DGP Fail VOV  Pass 
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6-4-2 Optimised Model Simulation 

6-4-2-1  Analysis Criteria 

In this study, different methods have been used to Visualise all data results by simulation from 

different fitness objectives and extract specific solutions from the population. The first method is based 

on an analysis of standard deviation charts. The second one evaluates the fitness value charts that show 

the solution from generation, with each line in a generation having a colour index of red to blue. The 

red index represents the last generation that is considered to achieve the fitness values. The third one 

is the standard deviation trendline which shows the standard deviation factor per generation. A low 

standard deviation indicates that the values tend to be close to the mean (also called the expected 

value) of the set, whereas a high standard deviation indicates that the values are spread out over a 

wider range. The fourth method is the mean value trendline which shows the average fitness value per 

generation. By selecting a solution and generation, the diamond fitness chart compares the different 

fitness objectives for this specific solution. If the selected solutions are closer to the centre, then these 

are more likely to achieve fitness. This graph gives us information about the fitness objective for the 

solution in the entire population. 

6-4-2-2  Selection Criteria 

To select the best solution, all the solutions are compared with each other through the entire population 

and ranked within the population. When using an extensive set of analytical methods, one of the 

challenges of running any evolutionary simulation is creating a population of many solutions and then 

extracting the last generation as the best solution. But even within the last generation, there may be 

100 or 200 solutions and you still need to select a single solution from that last generation. The 

Wallacei plugin provides multiple analytical methods that will help to filter all solutions and to extract 

a specific solution with the optimal fitness value. 

There are two types of selection criteria found in Wallacei to select the optimum solution. The first 

one is to choose by rank using the standard deviation charts and the second one is to select by the 

average fittest values using parallel coordinate charts. As this study aims to find the optimum solution 

to all fitness values, the fittest solution generation is the most recent generation and the parallel 

coordinate method is the most suitable technique. Parallel coordinate visualisation  is used to represent 

high-dimensional data in two-dimensional space.  
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Therefore, the first step is to draw the parallel coordinate plot of all populations. The general trend of 

the graphs in Wallacei shows red indicating the first solution and blue indicating the latest solution. 

The graph below the simulation shows progressing solutions are getting closer to the x-axis, which 

essentially represents the fitness solutions values. Using three primary analytical methods that rely on 

parallel coordinate plot settings and one parallel coordinate plot, there are four primary analytical 

methods. The first method is repeated fitness, which highlights the most repeated fitness value across 

the population. The small circle indicates that this fitness value has been repeated the least and the 

large circle indicates that this fitness value has been repeated the most number of times (Fig. 6-25). 

The second analytical solution shows the most repeated fitness value to extract the associated solutions 

with the entire fitness value. For example, Objective 1 has 50 associated solutions with the most 

repeated fitness value and then extracts these solutions and constructs the phenotype to be exported. 

In the visualisation, all the data dimensions are represented as equidistant vertical axes that are 

arranged parallel to each other. The optimum solution at the parallel coordinate is defined as a balance 

of daylight and view quality. The best fitness value is achieved for model 2264 (Table 6-3), by 96.47%. 

 

 

 

Figure 6-24: Parallel coordinate plot. 
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Figure 6-25: Selection of the most fitted solutions. 

6-4-2-3  Selection of the Best Solution 

Table 6-3: Genes and fitness values, red colour shows the base model results, green colour shows the optimised value 

after using shading device. 

Gene Shading parameters Objectives CW Total 

CW 

 Width 

(m) 

Depth 

(m) 

Angle Max 

sDA% 

Min 

ASE% 

Max 

UDI% 

Max 

view% 

Min 

DGP% 

CW1% CW2% Mean

% 

BASE model — — — 24 20 25 41 49 0.993 0.914 0.95 

Gen10. S 00 0.50 0.10 0 74.2 18 82 29 47 0.810 0.910 0.86 

Gen14. S 02 0.50 0.10 0 74.28 18 82 38 47 0.798 0.914 0.85 

Gen22. S 01 0.50 0.20 8 61.25 8 89 39 39 0.811 0.914 0.86 

Gen29. S 00 0.50 1.90 3 62.8 9 89 25 40 0.572 0.566 0.56 

Gen29. S 01 0.50 0.10 6 73.5 18 82 38 47 0.792 0.888 0.84 

Gen29. S 02 0.50 0.10 0 74.1 18 82 25 47 0.553 0.546 0.82 

Gen29. S 03 0.50 0.20 3 62.1 8 25 25 39 0.543 0.540 0.54 

Gen29. S 04 0.50 1.9 1 59.9 8 90 24 40 0.535 0.531 0.53 

Gen29. S 05 0.50 0.2 3 69.8 16 84 33 45 0.788 0.824 0.80 

Gen29. S 06 0.50 0.5 3 64.4 12 85 30 42 0.709 0.661 0.68 

Gen29. S 07 0.50 1.8 3 61.25 10 88 25 40 0.574 0.557 0.56 

Gen29. S 08 0.50 0.6 3 64.6 13 86 29 42 0.676 0.636 0.65 

Gen29. S 09 0.50 1.9 3 62.1 9 89 25 40 0.572 0.566 0.56 

 

In this study, the best solution was found in the first solution at the 22nd generation and its fitness 

function value represents the highest in this study (shown in green in Table 6-3), equal to 86 %. It 

maximised the sDA value with a percentage of 37.25% from 24 % for the base model to be 61.25 % 

and minimise ASE value with a fitness rank of 35 by the percentage of 12% (from 20 % to 8 ). Also, 
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it maximised the UDI and the DGP by 64% and 10% respectively (Fig. 6-26). The optimised model 

scored the accepted percentage of sDA and ASE by 61.25 % and 8% respectively.  

In later generations, no better genome was found, and the density of solutions increased in the range 

of origin of the coordinates. The generation numbers in which each of the top 13 solutions is produced 

are given in Table 6-3 in numbers and shown in Appendix 2. Finding genomes with better fitness 

functions continued until the 29th generation, and no better genomes were found in later generations. 

As such, although the optimisation for a further six generations continued, results of only solutions 

that achieve the fittest values, last genes are reported in this research (Table 6-3).  

To illustrate the relationship between the four optimisation objectives on the parallel coordinate chart, 

the latest generation was evaluated by inputting the last generation number and checking the fitness 

value on the chart. The big red spheres represent the most fitted solutions in the optimisation process. 

As demonstrated in Figure 6-26, while the small red spheres have the highest QV and sDA and the 

least UDI, their value of ASE is undesirably high. Although the optimisation was set to reduce the 

value of ASE, the analysis found other solutions (showed in blue in Table 6-3) that score the same 

ASE percentage of 8% (Gen29. S 03 and Gen29. S 04) but with decreased of UDI, View access values 

and WP%. 

 

Figure 6-26: Selection of the best solution using standard deviation analysis of Gen22. S 01. 
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6-4-3 Comfort and Well-Being Map (CWmap) 

A comparison between the base model (without the shading device) related to the optimised model 

(with the shading device) was conducted at this stage to evaluate the differences between the 

assessment criteria. In the first model, only simulation was implemented for daylight and view 

analysis. The optimisation process only occurred for shading device parameters (angle, depth and 

count). The parallel coordinate analysis method was used with the optimised model to show how 

different parameters affect daylight and view quality. A parametric analysis regarding visible outside 

view content was conducted for each model to evaluate the well-being potential inside the working 

environment. 

6-4-3-1 Comfort Potential for Daylight Quality 

Regarding daylight quality, the ASE of the optimised model is 79.52 kWh/m2 with a 2% increase 

compared with the base model. Therefore, the optimised model will pass the daylight quality criteria 

of LEED v4.01 requiring more than 50% of the floor plan to exceed the threshold of 1,000 lux and 

more than 250 occupied hours per year. The UDI of the first model scores 340 lux; as a result of using 

a shading device in the optimised model, this illuminance value decreased but is still within the 

recommended value from 100 lux to 2,000 lux. The optimised model also passes the glare index value 

DGP from 0.35 to 0.5. LEED recommends that the DGP values be perceptible (0.35 < DGP ≤ 0.40), 

disturbing (0.40 < DGP ≤ 0.45) or intolerable (DGP > 0.45) to a majority of occupants. 

 

Figure 6-27: Daylight distribution and glare index of Gen22. S 01. 
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Figure 6-28: sDA simulation output of Gen22. S 01 . Figure 6-29: ASE simulation  output of Gen22. S 01. 

 

Figure 6-30: UDI simulation output of Gen22. S 01.   Figure 6-31: View access of Gen22. S 01. 

6-4-3-2 Well-Being Potential for View Quality 

To quantify the well-being potential, a parametric algorithm was established to calculate the visible 

outside view content inside the space. Three sets of points were found related to sky view, context and 

greenery. A new metric – visible outside view (VOV) – was used to measure the view clarity and 

content together. The view quality was affected by using a shading device in the optimised model, 

although the multifactor system maximised the view content and clarity by choosing the sky area for 

installation of the shading device. A parametric algorithm was established and connected to the 

optimisation output to measure the visible outside view content (VOV). The base model scored a high 
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value of VOV but it failed to comply with the daylight quality requirements. Both the optimised and 

base model scores for VOVgreenery and VOVcontext were 30% and 20% but the optimised model score for 

VOVsky was less than the base mode by 5% because of a shading device. 

 

Figure 6-32: Visible outside view (VOV) context, greenery and sky (from left to right) at test point 1 of Gen22. S 01. 

 

 

 

Figure 6-33: Visible outside view (VOV) context, greenery and sky (from left to right) at test point 2 of Gen22. S 01. 
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Figure 6-34: Comfort and well-being map (CWmap). 

 

Figure 6-35: Comfort and well-being map (CWmap). 



Chapter 06_Quantitative assessment of daylight, visible outside view and shading (DVS multifactor system)  

 

178  

 

Daylight quality affects occupant visual comfort; therefore, the test points inside the working space 

that have the most comfort potential should fall within the recommended criteria of daylight quality. 

These areas are defined during the simulation process and a combination of three areas related to ASD, 

UDI and DGP is needed.  

To quantify the comfort and well-being potential, a parametric algorithm was established (in Chapter 

5) to calculate the visible outside view content inside the space. Three sets of points were found related 

to sky view, context and green view. A new metric – called visible outside view (VOV) – measured 

the view clarity and content together. As discussed in Chapter 6, the new parametric algorithm was 

integrated into a multifactor system (DVS system) to optimise between three aspects of daylight 

quality and view quality at the same time by optimising shading system parameters. The final 

simulation results were interpreted into the contouring map to show the zones that have good daylight 

and view quality. Table 6-37 shows the area that has the most comfort potential. The annual sun 

exposure (ASE) was decreased from 20 % to 8 % compared to the base model, also the Daylight Glare 

Probability (DGP) decreased from 49% to 39%. That means the base model visual comfort improved 

by 11% due to the decrease of DGP and ASE. 

 

Figure 6-36: Comfort and well-being map (CWmap). 
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As shown in Figure 6-36, the space was divided into three zones: overlit, daylit and underlit zones. 

The overlit zone was located near the window at a distance of not more than 2 metres and a maximum 

of 2.5 metres, the daylit zone was located between 2.5 and 4.5 metres and the underlit zone was located 

at 4.5 to 6 metres. The very bright zone that achieves the assessment criteria was found in the zone 

between 60% and 56%. This percentage is the average weight of all VOV percentages. However, the 

CWmap shows that the best area with high well-being and comfort  

6-4-3-3  DVS Dashboard Application 

The Human User Interface plugin for Grasshopper was applied as a user interface for a new multifactor 

system algorithm based on the multi-evolutionary optimisation (MEO) method embedded with a 

dashboard to be improved in the future and be made available in the market as a standalone application. 

This dashboard aims to combine daylight quality and view quality in one track with reefing to the 

optimum shading device parameters to achieve this goal. It can be used to assess view quality and give 

a different solution to the optimal shading device. The measurements and metrics used in this system 

comply with the most up-to-date assessment criteria provided by LEED v04.01 (resulting from 

Chapter 2, sections 2-6). Also, this application can be used as a benchmark to evaluate an apartment’s 

view quality, which will help to increase the rent percentage for offices and the residential sector. The 

outside view image can be imported using a camera phone or drone taking pictures from a specific 

point to comply with the view quality assessment criteria recommended by the building rating system. 

Also, it can be applied to the building to measure the best orientation and opening size for better view 

quality. 
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Figure 6-37: DVS dashboard application. 

6-5 Conclusion 

This chapter introduces a novel method to design multifactor shading systems by using multi-objective 

evolutionary algorithms (MOEAs) connecting daylight quality and outside view quality and aiming to 

improve comfort and well-being potential inside the working space. Previously, in Chapter 5, a new 

indicator – called visible outside view (VOV) – was found to measure the view clarity and content 

together. This new metric is a percentage starting from 0% to 100% showing the well-being potential 

to test points inside the workspace to measure the overall percentage of sight lines that have a clear 

view of landscape elements and sky view. 
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The goal of this system is to show how daylight, view quality and shading systems can be integrated 

into a multifactor system. This study investigates the possibilities of using different shading system 

parameters to compromise between daylight quality and view quality. Shading configuration is 

categorized by a series of parameters to provide the appropriate visual comfort and well-being 

potential inside the workspace. This study provides a new multifactor system for designing shading 

devices by using two approaches: multi-objective evolutionary algorithms (MOEAs) and parametric-

based design. MOEAs aim to quantify daylight quality and the associated visual comfort potential. 

This multifactor system used an algorithmic and parametric-based design approach developed in 

Rhino/Grasshopper to quantify the well-being potential associated with the outside view quality 

(resulting from Chapter 5). Ladybug and Honeybee plugins for Grasshopper were used to run a series 

of daylight simulations related to the assessment criteria by measuring (1) daylight quality UDI, (2) 

spatial daylight autonomy sDA, (3) annual sunlight exposure (ASE) and (4) daylight glare probability 

(DGP). 

Next, the validation of this system will be implemented in Chapter 7 by conducting a virtual reality 

experiment to measure daylight’s subjective characteristics and produce an immersive environment. 
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CHAPTER 7: DVS System Validation – Virtual Reality Experiment 

7-1 Introduction 

In this chapter, the simulation outcomes are examined by a range of participant choices related to 

daylight quality, visible outside view quality and shading device parameters resulting from applying 

the DVS system. This study aims to validate the shading device configuration resulting from applying 

the DVS system. To validate the system, a virtual reality experiment was conducted to measure the 

subjective characteristics of daylight and view. An immersive environment was produced where 

participants can express their feelings and indicate their level of satisfaction with daylight quality and 

view quality. As discussed in Chapter 1, this research aims to define a new multifactor system of 

optimising different shading parameters using virtual simulation and genetic algorithms to enhance 

occupant comfort and well-being potential for recommended values and standards of daylight quality 

and view quality. A comfort and well-being map (CWmap) was defined in Chapter 6 as a result of 

applying the DVS system to indicate the predictive VOV percentage in a space. 

This experiment took place over one week at an office space in the Maxwell building at Salford 

University, UK. A total of 45 participants (25 male and 20 female) took part in the study (Fig. 7-1). 

All participants were unpaid volunteers recruited by email and over 18 years of age. The main aim 

was to test participants’ feelings and satisfaction with daylight and view quality that improved by 

using the shading device resulting from applying the DVS system. In addition, to validate the DVS 

system, the comfort and well-being map (CWmap) created by applying DVS simulation was compared 

with participants’ choices in an immersive environment using VR. In Chapter 6, it is assumed that the 

CWmap can predict the level of comfort and well-being of a shading device at a certain point in space 

by measuring the view and daylight quality together. By importing the shading device into virtual 

reality, participants can walk through the same space used in the simulation and express their feelings 

and satisfaction with the daylight and view quality received; then, they are asked to choose the best 

location. These locations chosen by the participants are compared with the CWmap resulting from the 

simulation to investigate the level of accuracy of the DVS system. 
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The choice to conduct the VR experiment in a separate virtual space, rather than directly in the 

Egyptian case study, was purposeful for several reasons. First, the VR experiment included a 

preliminary questionnaire, which participants completed before entering the VR simulation. This setup 

enabled us to gather initial subjective impressions, ensuring that participants were unbiased by any 

prior contextual details specific to the Egyptian case. 

Additionally, incorporating both the Egyptian and Salford Maxwell Building cases allowed us to 

validate and test the (DVS) across two distinct regional contexts. This approach enhances the 

robustness of the DVS system by confirming its effectiveness across varying geographic and climatic 

contexts, supporting its adaptability and relevance in diverse environments. 

 

 

Figure 7-1: Maxwell building at Salford University, UK. 

7-2 Validation 

Validation of simulation results is required in the current research area that needs further in-depth 

investigation (Tahmasebi & Mahdavi, 2017). To minimise discrepancies between simulations and 

experiments, sensitivity analyses can facilitate the calibration of simulation models, while two kinds 

of shading devices – vertical and 3D panelling – are tested for simulation in this research. In addition, 

it is imperative to develop well-established measures to determine whether simulations and 

experimental results are generally in agreement. Due to time and cost limitations, many researchers 

utilise simulations and modelling to investigate and explore complex phenomena through computer 

simulations (Tahmasebi & Mahdavi, 2017). As discussed in Chapter 6, simulations can be used to 

improve the design outcome by investigating design decisions during the design process, but these 

approaches have some drawbacks (Aksamija, 2018). These drawbacks are to check the accuracy, 

uncertainty and validity of software used in the simulation process to reflect real-world situations. 
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System validation can generally be conducted using one of three comparison methods, that is, 

analytical solutions, empirical evidence or peer models (Ryan & Sanquist, 2012). 

To improve the accuracy of the validation process, it is necessary to compare the simulation model 

output with the virtual reality experiment output (Neymark et al. 2002). In this experiment, the 

accuracy of the DVS system was examined from three aspects: (1) virtual environment creation, (2) 

shading device import and export process from the simulation output to the VR platform (i.e. shading 

device integration, and (3) daylight and outside view parameters to match the real-world situation (i.e. 

daylight validation).  

7-2-1 Virtual Environment Creation 

This stage aims to develop a virtual environment that accurately represents the real-world context 

where the shading device will be installed. This includes modelling the building, its surroundings and 

the specific location where the shading device will be placed. To achieve this, a high-quality HDR 

image of the outside environment was taken and used in the view quality simulation discussed in 

Chapter 5 and imported to the VR platform as a background. Both backgrounds are found to be the 

same in simulation and VR (Figs. 7-2 and 7-3). 

 

Figure 7-2: Outside view image used in simulation and Unreal software. 



Chapter 07_DVS system validation – Virtual reality experiment 

 

185  

 

 

Figure 7-3: Creating a new HDR map using the outside view photo. 

 

7-2-2 Shading Device Integration 

This stage aims to incorporate the shading device model into the virtual environment to ensure that 

the virtual representation of the shading device accurately reflects its physical properties and 

dimensions. To achieve this target, the optimal shading device was selected according to the multi-

objective optimisation process and imported as a mesh to 3D Studio Max. After that, the space was 

textured with the same material used in the simulation and discussed in Chapter 4. The textured model 

including the shading device was exported to the VR platform Unreal software using the Datasmith 

plugin to make sure the same model and material used in the simulation are used in the VR (Fig. 7-4). 

 

 
 

Figure 7-4: Datamish plugin connections. 
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7-2-3 Daylight Validation between Unreal and Simulation 

Modern game engines have made significant advancements in rendering technology, allowing them 

to achieve impressive levels of photorealism in real-time. These game engines utilise various 

techniques and algorithms to simulate lighting, shadows, textures and other visual effects, resulting in 

highly realistic graphics (Sheng et al., 2015). Unreal Engine 5 (UE5), developed by Epic Games, was 

used in this experiment and the daylight simulation was verified through different aspects of daylight 

and view quality. The lighting algorithms in Unreal Engine work to replicate the physical interaction 

between light and surfaces as accurately as possible, taking into account properties such as reflectance, 

roughness and the inverse square law (Walker, 2014). In addition, lighting in Unreal can be measured 

using lux and candle per metre square (cd/m2) and the sky model’s accuracy can be validated in real-

time simulation. The accuracy of daylight simulation in Unreal has been validated in many studies 

against physical sensor measurements (Natephra et al., 2017) and daylight simulation done using the 

Radiance simulation package (Larson & Shakespeare, 1998). 

7-2-3-1 Validating Illuminance between Unreal and Radiance Simulation 

Validating daylight simulation between reality and simulation involves comparing the simulated 

lighting conditions with the actual measured lighting conditions in the real world. Fisher (1992) 

recommended that the absolute error between reality and simulation should not exceed 10% for 

average illuminance and 20% for each test point. In an experiment conducted by Natephra et al., 

(2017), the maximum absolute error for daylight simulation in Unreal did not exceed 11.08%.. In the 

present study, to simulate the sun in Unreal, the Sun Position plugin was used to detect the position of 

the sun according to the geographical database in Unreal. A set of parameters was adjusted manually 

to match the daylight simulation parameters set in Honeybee, such as sun intensity of 100 Klux and 

temperature of 6000 K. to reflect the daylight with a clear sky. 

A test was conducted to verify the accuracy of luminosity between Unreal and Radiance simulation 

outputs. First, in Unreal software, the geographical coordinates were set to 55.3781°N and 3.4360°W 

(Manchester, UK). The date was set to test the shading device on the summer equinox in the UK on 

21 June and the time was 2.57 p.m. A point-in-time simulation was carried out by the Radiance engine 

used in the DVS system to get the optimal shading device that has high comfort and well-being 

potential at the indicated time. After that, six test points were set on the True False colour image 

produced by Radiance and compared with the lumen produced on Unreal (Fig. 7-5). 

 

https://www.amazon.co.uk/Greg-Ward-Larson/e/B001K8QYRO/ref=dp_byline_cont_book_1
https://www.amazon.co.uk/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Robert+A.+Shakespeare&text=Robert+A.+Shakespeare&sort=relevancerank&search-alias=books-uk
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Figure 7-5: The experiment space in Unreal software. 

 
 

Figure 7-6: Daylight lux in irradiance simulation. 

 
 

Figure 7-7: Daylight lux in Unreal software. 
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Table 7-1: Radiance and Unreal illuminance relative error percentage. 

Test points Radiance simulation (lux) Unreal v5 (lux) Relative error (%) 

1 490 440 11.3 

2 498 466 6.8 

3 520 480 8.3 

4 988 924 6.9 

5 1,300 1,105 17 

6 1,420 1,100 29 

7 1,230 1,120 9.8 

8 834 788 5.8 

Overall  7,280 6,423 13.3 

 

To measure the illuminance value for both the simulation and Unreal 5, a set of eight points was put 

in Grasshopper around the window opening and away from the window by 0.6 metres as recommended 

by LEED; artificial light was used during the simulation process (LEED v4, 2019) (Figs. 7-7 and 7-

8). The two values of illuminance were compared to measure the relative error value based on the 

following formula (Agresti, 1990): 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟 %
[𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛Lux + 𝑈𝑛𝑟𝑒𝑎𝑙Lux]

𝑈𝑛𝑟𝑒𝑎𝑙Lux
 

According to the relative error calculations shown in Table 7-1, the total error is 13.3%, which is 

slightly high by 3.3% of the maximum acceptable values of 10% recommended by Fisher (1992). The 

total average error is higher than the recommended value, but seven points succeed in achieving the 

recommended value of not exceeding 10%; only Point 6 exceeds the recommended value by 9%. The 

reason for this may be because this point is located in the area that receives the most daylight exposure. 

The decision to continue an experiment when recommended values are exceeded depends on the nature 

of the experiment, the specific error and the potential impact on the results. In this case, the daylight 

luminance received at Point 06 was 1,420 lux measured by Radiance and 1,100 lux measured by 

Unreal v5. According to standard EN 12464, which specifies daylight in indoor workplaces, the light 

level recommended for office work is in the range of 500–1,000 lux depending on the activity. For 

precision and detailed work, the light level may even approach 1,500–2,000 lux; therefore, the 

difference between daylight measurements is still acceptable and valid. 
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7-3 Virtual Reality Experiment Workflow 

The VR workflow used in this experiment consists of three stages. 

• The simulation environment setup, including model creation of the office space, the shading 

device and daylight parameters used in the simulation, as discussed in Chapter 6. 

• The VR environment setup to evaluate the impact of installing a shading device for daylight 

and view quality. 

• Evaluation of participants’ responses generated from the collective feedback of the VR 

experiment. 

7-3-1 The Simulation Environment Setup 

A 3D model of two typical, connected office spaces was created using Rhino. These office spaces are 

located in the Maxwell building at Salford University, UK, which consists of nine levels. The two 

chosen typical office spaces, located on Level 4 and with dimensions of 12 × 8 × 3 m3 (Fig. 7-8 and 

7-9), have been used as a case study to make sure that the outside view content contains sky, context 

and greenery elements. The first space is the starting point for the VR walkthrough and has no shading 

device installed at the external or internal façade. The second space, which has the shading device 

from applying the DVS system, is connected to the first one by a door to allow participants to move 

between the two spaces and compare them. 

 

Figure 7-8: Outside view content of room at Level 4.  Figure 7-9: Maxwell building at Salford University. 

A panoramic picture of the outside view was taken from inside the space near the window and 

imported to both the DVS system and Unreal software used to establish the VR experiment. To comply 
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with the view quality requirements in rating systems, it is assumed that glaze has visual transmittance 

of 0.7 VT to provide a clear image of the exterior, not obstructed by frits, fibers, patterned glazing or 

added tints that distort colour balance, as recommended by LEED and WELL for view quality. 

Due to time limitations, only a panelling prototype shading system was used to allow each participant 

to spend around 10 minutes on the experiment. Shading parameters for each device were optimised 

through the DVS system as indicated previously in Chapter 6; only the optimum solution was selected 

and imported to Unreal software to run the VR experiment (Table 7-2). A comfort and well-being map 

(CWmap) was created to predict the daylight and view quality in different zones: the overlit zone near 

the window, the daylit zone in the middle of the space and the underlit zone at the back of the space.  

Table 7-2: The optimised Shading device parameters. 

Parameters Panelling prototype 

Angle X=45, Y=30 

Count 20 

Dimensions 50 × 50 cm 

7-3-2 The VR Environment Setup 

7-3-2-1  Equipment and Software Used 

First, the 2D CAD drawings were made in AutoCAD software for the two selected spaces and 

imported into 3D Studio Max. After that, all surfaces were textured to match the same material used 

in the simulation according to ASHRAE. After finishing the full textured model, all models were 

imported into Unreal software using the Datasmith plugin installed in 3D Studio Max. The HTC VIVE 

headset, which supports both motion controls and whole-room VR, was used in this experiment. Its 

screen measures 5.5 inches, 538 ppi, at 21,200 × 1,080 (per eye) resolutions. The display can run at a 

maximum refresh rate of 90 Hz, delivering enhanced brightness and colours. This experiment was run 

on a desktop computer with Intel(R) Core(TM) i7-8700 CPU @3.20 GHz processor and 64.00 GB 

RAM. 

7-3-2-2  Experiment Procedures 

As Creswell (1994) suggests, at least between 15 and 25 interviews are required for an interpretive 

study. Forty-five participants (25 male and 20 female) were asked to provide their opinions on daylight 

in the investigated space. The number of participants needed was identified as illustrated by several 

related studies (Franz et al., 2005; Cauwerts and Bodart, 2013; Heydarian et al., 2014; Chamilothori 

et al., 2019). To alleviate the presentation-order bias that can arise while viewing physical and VR 
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environments (Chamilothori et al., 2019), participants were randomly separated into two groups, each 

exposed to the virtual environment. 

The experiment was carried out under the condition of an overcast sky. The participants were 

instructed about the purpose of the study and described the necessary tasks. A brief presentation at the 

beginning provided participants with an overview of the study’s aims, objectives, and instructions on 

how to use the VR controller. To collect participants’ feelings and satisfaction with daylight and view 

quality that was improved by using the shading device, participants were asked to wear the headset 

and walk inside the virtual space to indicate the best location for working taking into consideration 

daylight and view quality as main factors in their choice. Finally, the participants were asked to fill 

out a questionnaire consisting of six questions to evaluate their feelings and satisfaction regarding 

daylight and view quality. Another verbal questionnaire was also administered and consisted of the 

following six questions: 

• Q1: Select your best location in Space 1 and Space 2. 

This first question aims to achieve the first objective of applying the VR experiment by comparing a 

participant’s choice for the base room (without the shading device) with the other room with the 

shading device to see whether they still have the same level of satisfaction with the location according 

to daylight and view quality. 

• Q2: How satisfied are you with the brightness of the space? 

• Q3: How satisfied are you with the daylight distribution pattern on the ground and walls related 

to the shading device? 

• Q4: How satisfied are you with the outside view access behind the shading device? 

• Q5: How satisfied are you with the daylight glare issues? 

• Q6: Based on your best location chosen in Space 2 (with shading device), can you select the 

term that best describes your feelings related to this location? 

The questions from Q2 to Q6 aimed to evaluate participant satisfaction with daylight and visible 

outside view for Space 2 which has a shading device installed. A Likert scale range from 1 to 5 was 

used to evaluate the participant responses, where 1=very dissatisfied, 2=dissatisfied, 3=neutral, 

4=satisfied and 5=very satisfied. The experiment questions focused on the effect of shading on 

daylight and visible outside view quality (Table 7-3). Question 2 assesses participants’ level of 

satisfaction with the brightness of the space. Question 3 evaluates the daylight distribution pattern on 
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the ground and walls related to the shading device. In Question 4, participants express their level of 

satisfaction with the visible outside view through the shading device. In Question 5, participants 

indicate their level of satisfaction with the glare. In Question 6, they select the term that describes their 

feelings related to the chosen location. This experiment was limited to other factors that may affect 

participant answers such as daylight conditions, material, furniture and interior design. Therefore, it is 

important to illustrate at the beginning that this study is only related to daylight quality and view 

quality received after installing the shading system. 
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Table 7-3: The VR experiment questionnaire form 

Participant Information for Virtual Reality Experiment 1 

Q1 Select your best location in Space 1 and Space 2. 

  

 

 

 

☐ 

 

 

☐ 

 

 

☐ 

 

 

 

 

☐ 

 

 

☐ 

 

 

☐ 

 

 

 

☐ 

 

 

☐ 

 

 

☐ 

 

 

 

☐ 

 

 

☐ 

 

 

☐ 

 

 

 

 

☐ 

 

 

☐ 

 

 

☐ 

 

 

 

☐ 

 

 

☐ 

 

 

☐ 

 

 

                                                                       Space 1                  Space 2 (with shading device) 

 

 (1) Very dissatisfied, (2) Dissatisfied, (3) Neutral, (4) Satisfied, (5). Very 

satisfied 

1 2 3 4 5 

Q2 How satisfied are you with the brightness of the space? ☐ ☐ ☐ ☐ ☐ 

Q3 How satisfied are you with the daylight distribution pattern on ground and 

walls related to the shading device? 

☐ ☐ ☐ ☐ ☐ 

Q4 How satisfied are you with the outside view access behind the shading device? ☐ ☐ ☐ ☐ ☐ 

Q5 How satisfied are you with the daylight glare issues? ☐ ☐ ☐ ☐ ☐ 

Q6 Based on your best location chosen in Space 2 (with shading device), can you select the term that best describes your 

feelings related to this location? 

 Happy ☐ 

Active ☐ 

Cosy ☐ 

Comfortable ☐ 

Gloomy ☐ 

Anxious ☐ 

Other  

7-4 Results and Validation 

Different types of graph trends have been used to illustrate the relationships between variables used in 

the verbal questionnaire. Descriptive Analysis show the level of satisfaction for the five points used 

in the questionnaire as follows: (1) daylight brightness, (2) daylight distributions, (3) view quality, (4) 

glare and (5) feelings. An analysis of graph-based networks was used to understand participants’ 

behaviour and attributes in the workspace in the VR experiment. These networks are based on a 

mathematical model connecting nodes to form the network structure to understand their relationships 

and how they affect behaviour. By representing these social structures as networks, researchers can 

apply various mathematical and graph-based methods to quantify structural characteristics and their 
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relationship to behavioural attributes of a population (discussed in detail in Chapter 3). Model analyses 

were conducted in Gephi, a powerful open-source software tool that is now widely used in network 

analysis. The network analysis map can show the terms that were most frequently selected based on 

their weight. To validate the results, the comfort and well-being map and the network social analysis 

were compared by overlapping the two maps to investigate whether the most chosen zone through the 

VR experiment is the same zone indicated in the CWmap. 

7-4-1 Descriptive Analysis 

To understand the influence of shading devices on satisfaction with comfort and well-being attributes 

(brightness, distribution, view quality and glare), a linear graph was used to compare the attributes. 

The results show that there is an association between daylight brightness and distribution and also 

between view quality and glare. This may explain why nearly the same number of participants was 

very satisfied with distribution (10 participants) and brightness (13 participants) whereas most 

participants were very satisfied with view and glare (Fig. 7-10). 

 

Figure 7-10: Linear graph illustrating the comfort and well-being attributes. 

7-4-1-1 Level of Satisfaction with Comfort and Well-Being Attributes 

Regarding satisfaction with daylight brightness, 13 participants were very satisfied, 19 were satisfied 

and only 2 were dissatisfied (Fig. 7-10).In addition, the majority of participants were satisfied with 
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daylight distribution and 27 people were very satisfied with the view quality to the outside, whereas 

16 participants were satisfied. Regarding satisfaction with glare, 25 people were very satisfied with 

the glare level at the location chosen. As indicated in Figure. 7-15, 19 participants feel comfortable 

and 16 participants feel happy. 

7-4-1-2 Influence of Shading on Participants’ Favourite Zone 

Figure 7-16 shows that 30 participants preferred to sit in the daylit zone. The attributes that affected 

their choices in this experiment were brightness, distribution, view quality and glare issues. To 

illustrate the relationship between these attributes, each attribute is visualised using a network analysis 

technique. This gives us a better understanding of the factors that affect participant feelings. This will 

be discussed in the following section as the network map is compared with the comfort and well-being 

map for validation. 

 

Figure 7-16: Linear graph showing the most zones chosen. 

7-4-2 Statistical Analysis 

Spearman’s test is a nonparametric measure of the strength and direction of association that exists 

between two variables measured on at least an ordinal scale. Spearman’s rank correlation coefficient 

(rs) test was conducted in SPSS to check the correlation in more depth between the attributes. As 

shown in Table 7-4, there are positive and negative correlations and also some attributes show a highly 
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significant correlation. A negative (inverse) correlation occurs when the correlation coefficient is less 

than 0. This is an indication that both variables move in the opposite direction. Therefore, any reading 

between 0 and −1 means that the two attributes move in opposite directions. When 𝜌 is −1, the 

relationship is said to be perfectly negatively correlated. In short, if one variable increases, the other 

variable decreases with the same magnitude (and vice versa). 

There are six negative correlations between (1) location with view (rs = −0.265), (2) feeling with 

brightness (rs = −0.326), (3) brightness with view (rs = −0.157), (4) distribution with feeling 

(rs = −0.120), (5) distribution with glare (rs = −0.002) and (6) glare with view (rs = −0.120), but only 

feelings with brightness showed a significant negative correlation of p = 0.29. This may explain why 

having good daylight is important because the increase in daylight brightness makes participants not 

feel comfortable or happy. In addition, we should not neglect the negative correlation even if it is not 

significant as this may become significant if we increase the sample size and improve the types of 

questions that focus on these aspects. There is a weak negative correlation between both (1) the levels 

of satisfaction with the view and location nearer to the window and also (2) the levels of satisfaction 

with daylight brightness and glare, but the correlation between satisfaction with glare and location 

near the window is significant (p = <0.001). This is a very important finding as it explains why most 

participants did not prefer to sit near windows because they will receive high levels of glare. 

Furthermore, there are strong positive correlations and significant associations between location and 

glare (rs = 0.64, p = <0.001) and also between brightness and glare (rs = 0.36, p = 0.13). That means, 

participants scored a high level of satisfaction with glare when they chose to sit away from the window 

in the daylit or underlit zone. Also, the level of satisfaction with daylight brightness increases when 

participants experience no glare issues. 

7-4-3 VR Experiment Reliability 

To obtain accurate results, reliable data must be used. Hence, achieving a high reliability score 

involves reducing errors in data interpretation (Sarantakos, 2013). As Taber, K.S. (2018) points out 

Cronbach’s alpha from 0.5 to 0.7 shows moderate reliability As shown in Table 7-4, Cronbach’s alpha 

is 0.568 which means the questionnaire is moderately reliable. 
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Table 7-4: Correlations and Cronbach’s alpha test 

Spearman’s rho  Location Feelings Brightness Distribution View Glare 

Location Correlation coefficient 1.000 0.015 0.249 0.128 −0.265 0.649** 

Significance (2-tailed) . 0.925 0.099 0.402 0.078 <0.001 

N 45 45 45 45 45 45 

Feeling Correlation coefficient 0.015 1.000 −0.326* −0.120 0.047 0.003 

Significance (2-tailed) 0.925 . 0.029 0.430 0.761 0.983 

N 45 45 45 45 45 45 

Brightness Correlation coefficient 0.249 −0.326* 1.000 0.076 −0.157 0.369* 

Significance (2-tailed) 0.099 0.029 . 0.622 0.304 0.013 

N 45 45 45 45 45 45 

Distribution Correlation coefficient 0.128 −0.120 0.076 1.000 0.043 −0.002 

Significance (2-tailed) 0.402 0.430 0.622 . 0.781 0.988 

N 45 45 45 45 45 45 

View Correlation coefficient −0.265 0.047 −0.157 0.043 1.000 −0.120 

Significance (2-tailed) 0.078 0.761 0.304 0.781 . 0.433 

N 45 45 45 45 45 45 

Glare Correlation coefficient 0.649** 0.003 0.369* −0.002 −0.120 1.000 

Significance (2-tailed) <0.001 0.983 0.013 0.988 0.433 . 

N 45 45 45 45 45 45 

  Cronbach’s alpha N of items 

   0.568   4  

 

7-4-4 Validation Outcomes between CWmap in Simulation and VR 

To validate the DVS system, the comfort and well-being map and the network social analysis were 

compared by overlapping the two maps to investigate whether the most chosen zone through the VR 

experiment is the same zone indicated in the CWmap. 

To quantify the comfort and well-being potential, a parametric algorithm was established (in Chapter 

5) to calculate the visible outside view content inside the space. Three sets of points were found related 

to sky view, context and green view. A new metric – called visible outside view (VOV) – measured 

the view clarity and content together. As discussed in Chapter 6, the new parametric algorithm was 

integrated into a multifactor system (DVS system) to optimise between three aspects of daylight 

quality and view quality at the same time by optimising shading system parameters. The final 

simulation results were interpreted into the contouring map to show the zones that have good daylight 

and view quality. The daylight quality was quantified based on five criteria: (1) minimising annual 

sun exposure (ASE), (2) maximizing spatial daylight autonomy (sDA), (3) maximizing useful daylight 

illuminance (UDI) (4) maximizing view percentage and (5) minimising daylight glare probability 

(DGP) (Fig. 7-17).  

DVS assessment criteria are:  
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A multi-objective optimisation was conducted to incorporate the visible outside view (VOV) value 

(defined previously in Chapter 5) with the daylight and view simulation (discussed in Chapter 6). The 

VOV percentage and the simulation threshold lines were interpreted as a contouring map using Origin 

software (Fig. 7-18). 

 

Figure 7-17: Daylight quality simulations.    Figure 7-18: VOV and daylight simulation. 

 

Figure 7-19: Comfort and well-being map (CWmap). 

Overlit Zone Daylit Zone Underlit Zone 
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As shown in Figure 7-19, the space was divided into three zones: overlit, daylit and underlit zones. 

The overlit zone was located near the window at a distance of not more than 2 metres and a maximum 

of 2.5 metres, the daylit zone was located between 2.5 and 4.5 metres and the underlit zone was located 

at 4.5 to 6 metres. The very bright zone that achieves the assessment criteria was found in the zone 

between 60% and 56%. This percentage is the average weight of all VOV percentages. However, the 

CWmap shows that the best area with a high well-being and comfort potential is located in the daylight 

zone on the right side of the space. 

7-4-5 Virtual Reality Experiment Output (Network Map) 

As shown in Figure 7-20, participants’ responses were converted into Edge and Node values to create 

the network. The network shows that the majority of participants chose the daylit zone for many 

reasons, including the high level of satisfaction with the outside view and glare and satisfaction with 

daylight brightness. However, participants’ satisfaction with the distribution was natural in this zone, 

as the majority of the participants were highly satisfied with the outside view and glare and satisfied 

with daylight brightness. 

The results show that the DVS system can predict the zone that has high comfort and well-being 

potential and view quality. This is not only found near a window in the overlit zone where the daylight 

quality and glare exceed the recommended values. 

 

Figure 7-20: Mental network map inputs in Gephi software. 
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Figure 7-21: Applying Gravity filter in Gephi. 

To validate the DVS system, a network graph was produced and overlapped with the CWmap to 

investigate the relationship between participants’ responses in the VR experiment and the simulation 

output. To illustrate the importance of each term, there is a need to measure betweenness centrality 

that is considered a measure of centrality in a graph based on shortest paths. Betweenness centrality 

was devised as a general measure of centrality (Freeman, 1977). It was measured automatically using 

Gephi software by applying a gravity filter to arrange the nodes and edges based on their weight related 

to nine locations, as shown in Figure 7-21. These locations are the same as the zones used in the VR 

experiment: overlit, daylit and underlit zones. Each zone has three test points: right, middle and left. 

Based on the betweenness centrality between each node and edge, as shown in Figures 7-22 and 7-23, 

most terms that were selected more than once in the VR experiment were located in the same zone 

that was produced by the DVS system to be on the right of the daylit zone. That means the research 

aims are achieved and validated by defining a DVS multifactor system of optimising different shading 

parameters to enhance and predict occupant comfort and well-being potential related to daylight 

quality and view quality recommended values and standards. 
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Figure 7-22: Participants’ responses related to their location. 

 

 

 

 

 

 

 

 

 

Figure 7-23: Mental network map. 
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Figure 7-24: Validation steps. 

  

Step 5: Creating a mental 

network map (MN map) 

Step 1: Creating nodes and edges to 

participants’ responses 

Step 3: Applying Gravity filter 
Step 4: Comparison with CWmap 

Step 2: Visualise the network for all 

participants  
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7-5 Conclusion 

In this chapter, the DVS multifactor system has been validated by conducting a virtual reality 

experiment to investigate the system results. The simulation outcomes are visualised on a comfort and 

well-being map showing the quantitative measurements for the new visible outside view metric (VOV) 

daylight metrics (discussed in Chapter 5) and daylight quality simulation (discussed in Chapter 6). A 

3D model of two typical, connected office spaces located in the Maxwell building (consisting of nine 

levels) at Salford University, UK, using Rhino. The first space is considered the starting point for the 

VR walkthrough and has no shading device installed at the external or internal façade. The second 

space, which has the shading device from applying the DVS system, is connected to the first one by a 

door to allow participants to move between the two spaces and compare between them. A panoramic 

picture of the outside view is imported into the DVS system and Unreal software to establish the VR 

experiment. 

To evaluate participants’ feelings and satisfaction with daylight and view quality, participants were 

asked to fill out a questionnaire consisting of six questions to indicate their best zone. A Likert scale 

of 1 to 5 was used to evaluate participants’ responses, where 1=very dissatisfied, 2=dissatisfied 

3=neutral, 4=satisfied and 5=very satisfied. The experiment results were analysed using description 

and statistics to measure the reliability and association between attributes. The results demonstrate that 

there is an association between daylight brightness and distribution and also between view quality and 

glare. In addition, they show that 30 participants preferred the daylit zone. Spearman’s test showed 

negative and positive correlations. These correlations explain why most participants did not prefer to 

sit near windows because of high levels of glare. The level of satisfaction with daylight brightness 

increases when participants have no glare issues. In addition, participants scored a high level of 

satisfaction with glare when they chose to sit away from the window in the daylit or underlit zone. 

To validate the DVS system, a network graph was compared with the CWmap to investigate the 

relationship between participants’ responses in the VR experiment and the simulation output. The 

comparison indicates that the optimal comfort and well-being zone results from the optimisation of 

daylight, view quality and shading device (Daylit zone at the right side of the opening) are identical 

to the most preferred zone chosen by the participants in the VR experiment ( Figure 7-24). This result 

illustrates how seat location inside the working environment may have a negative or positive impact 

on occupant well-being and productivity. The results also demonstrate that architects and decision-

makers should not neglect the impact of shading devices as they can affect the size and location of 
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comfort and well-being zones internally. This means that building orientation is very important at the 

primary design stages and has a significant impact on daylight quality and view quality. 
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CHAPTER EIGHT: Conclusions and Recommendations 

8.1 Introduction 

This chapter concludes the thesis using the findings and recommendations outlined in previous 

chapters. Chapter 2 presents a systematic literature review conducted to define recommendations and 

guidelines about daylight comfort and well-being in the working environment. Chapter 3 discusses 

the research methodology employed for this study. Chapter 4 is a qualitative study of comfort and 

well-being dimensions through an online questionnaire. The aim of this qualitative study is to 

determine variables that occupants use in the daylit zone to describe their feelings and satisfaction 

with daylight and outside view quality in their working environment. Chapter 5 discusses a new 

parametric algorithm established to create a facilitation tool to quantify the well-being potential (WP) 

index for the view quality by combining view content (greenery, sky, context) and view clarity 

(shading system) in one indicator called the visible outside view (VOV). Chapter 6 presents a new 

multifactor system that is defined to integrate daylight quality, visible outside view (VOV) indicator 

and shading parameters in one system called the DVS system. This system aims to define the optimum 

shading parameters that have high comfort and well-being potential. As a result, a comfort and well-

being map (CWmap) was defined to predict the best zones that achieve high comfort and well-being 

potential for daylight and view quality and the shading device used. Chapter 7 presents the protocol 

used to validate the DVS system; a network graph was produced and overlapped with the CWmap to 

investigate the relationship between participants’ responses in the VR experiment and the simulation 

output.  

8.2 Addressing Research Objectives 

Five objectives were formulated for this research (Section 1.5.2 in Chapter 1) to facilitate achieving 

the main aim of the research: to define a new multifactor system of optimising different shading 

parameters using virtual simulation and genetic algorithms as a means to enhance occupant comfort 

and well-being potential related to daylight quality and view quality recommended values and 

standards (Section 1.5.1 in Chapter 1). 

Section 2.4 of Chapter 2 reveals that outside view content has been measured using quantitative and 

qualitative methods. The literature review shows that evaluating the outside view content is often 
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based on questionnaire results. Limited studies provide a qualitative method to measure outside view 

quality based on ray-tracking simulation methods or rendering photorealistic views. 

Several researchers focused only on assessing daylight and view access using computational methods 

considering view access percentage, shading device parameters and glare issues (Sherif et al. 2015; 

Amundadottir et al. 2017; Pesenti et al. 2015; Sheikh & Asghar 2019; Jayathissa et al. 2018; Mahmoud 

& Elghazi 2016; Tabadkani et al. 2018; Domjan et al., 2023; Yao et al., 2024; ). Although these 

approaches optimise daylight and view quality, only view access and view clarity have been 

considered in this thesis. Moreover, existing tools are sometimes too complicated and need the outside 

environment to be fully built using three-dimensional (3D) modelling software; some tools are not 

designed to simultaneously optimise between the optimal shading device and view quality. Also, the 

measurement accuracy is still based on the outside build accuracy to match the context of the real 

environment such as tree scale and position and the surrounding buildings. In related studies, 

(Pilechiha, 2020; Hellinga & Hordijk, 2014; Turan et al., 2021; Lee & Matusiak, 2022; Jaeha et al., 

2022; Rizi et al., 2024) little attention has been given to obstruction elements to outside view such as 

shading devices. This may be explained by the difficulty of measuring the visible outside view (VOV) 

ratio. However, applications outside academia are limited; some software can be used to measure the 

view quality with different approaches. 

The literature review shows that there is no research yet to combine outside view content and clarity 

in one metric. However, view clarity and view content are related to each other as conflicted targets, 

but most researchers only focus on assessing view quality factors (content, clarity and access) 

separately. This study produces a new metric that aims to quantify the outside view quality based on 

combining view content and view clarity together in one metric called visible outside view (VOV), 

which forms the specific knowledge gap investigated by this research (see Section 1.4 in Chapter 1). 

In addition, there is no tool, application or software found yet to integrate daylight quality, outside 

view quality and shading devices in an optimisation process. This study proposes a new method to 

design an automated shading system by using multi-objective evolutionary algorithms (MOEAs) 

connecting daylight quality and outside view quality to provide better seat arrangement with higher 

comfort and well-being potential. 

Therefore, this research aims to address the knowledge gap in designing shading systems with high 

comfort and well-being (see Section 1.6.2 in Chapter 1). The literature review shows that most 

researchers evaluate view quality using qualitative questionnaires or quantitative methods by 

https://www.researchgate.net/scientific-contributions/Truus-Hordijk-2048089371?_sg%5B0%5D=3XldcXNgGoRcUR2BGi17pyiqiq7t7livma8uh3dFb10l-0ETe_dM1ilK0iuIg5pGuDWm4Og.EMXrXfv15RW-kN6aOBUTIyWCjdb2PyqpYeNfmiaZscgib8sjEtL1vGlXyrX7WZtwoI30QkajrgKbo4mEHQ8bvg&_sg%5B1%5D=lrYNyJEHX3uvMA4h8MXXE_6Gp0b4Pd_3lQ8jHLRMiuBV7KL4ci85_nFKboW45UEiiHyDyio.5_tRXEie0twPXg4BgZHPSNrGPLAE0_2vqs4llefIO1PjcZZ_vQr8yV6CAOhyhHgxUkDoM5E-EO0q9kaiie-IEQ
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analysing the geometry outside using 2D and 3D software. There are drawbacks to each method. Well-

being is a subjective matter and the study needs to be objective to be more scientific in approach. 

Therefore, there is a need for both qualitative and quantitative data. In addition, using ray-tracking 

methods needs the outdoor environment to be fully built into the simulation software, which takes 

more time to complete the simulation and iteration process. Although prior research has identified a 

few methods that could be used in assessing view quality, these methods have drawbacks related to 

the time consumed and the level of accuracy needed to build the outside view environment (trees, 

buildings and other objects). 

In this study, a new facilitation tool is defined using an image processing technique to evaluate both 

view content and clarity and the impact of installing two kinds of shading systems (horizontal and 

vertical) with indicated parameters for testing (see Section 1.6.2 in Chapter 5). The proposed 

facilitation tool presented in this study is integrated with the new DVS multifactor system (see Section 

1.6.2 in Chapter 6) that takes into consideration daylight quality, view quality and shading device. The 

five objectives of this research have been achieved as follows. 

8-2-1 Objective 1 

The first objective was ‘to determine the current understanding of daylight standards and rating system 

recommendations to improve occupant well-being’. This objective has been achieved in Chapter 2 by 

conducting a systematic literature review to define recommendations and guidelines about daylight 

comfort and well-being in the working environment. The review started with a chronological overview 

and presents daylight metrics. It examined their underlying methodologies to define the gaps in using 

these metrics to assess daylight non-visual effects and the need to use building rating systems 

guidelines and recommendations to enhance this assessment. After that, a thematic analysis was 

conducted to extract the relative recommendations and metrics on how these building rating systems 

can contribute to comfort and well-being in terms of daylight. These recommendations and metrics 

are used as standard parameters in the quantitative stage later through the simulation process. 
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8-2-2 Objective 2 

The second objective was ‘to determine the significant terms used by occupants that affect their 

feelings and satisfaction with daylight and outside view in relation to their seat location inside the 

working environment’. This objective has been achieved in Chapter 4 by conducting a qualitative 

analysis through an online questionnaire to determine variables that occupants use in the daylit zone 

to describe their perception of daylight (visual and non-visual effects) and outside view quality in their 

working environment. These terms help to identify participants’ spatial cognitive (SC) map towards 

well-being and comfort. The result shows that view quality was only found in the overlit zone where 

the daylight quality was not fair or bright nor had enough light to see. The research hypothesis states 

that the multifactor system that integrates daylight quality, view quality and shading system can 

improve people’s comfort and well-being potential internally. Therefore, the hypothesis supposed that 

daylight illuminance, daylight distribution, location, view type and feelings should have a strong 

association. The statistical analysis indicated that daylight distribution is the most significant variable 

with p<0.001 and the significance score of shading systems is 0.02. Also, location, which is defined 

by overlit, daylit and underlit zones, is the second most significant variable with a score of 0.004; 

daylight illuminance is the third most significant variable with a score of 0.008; and the last significant 

variable is view type with a significance score of 0.02. 

8-2-3 Objective 3 

The third objective was ‘to provide a method to quantify visible outside view content as an indicator 

for quantifying occupant well-being’. A quantitative approach in Chapter 5 applied a parametric 

analysis of the outside view to quantify the visible outside view content based on the recommendation 

metrics and variables related to comfort and well-being to achieve the optimal seat arrangement while 

using automated shading systems. A new facilitation tool was proposed to quantify the visible outside 

view (VOV) by analysing the outside view image by converting the view content into red, blue and 

green (RGB) pixels using an image processing technique. VOV measured occupants’ ray-tracking 

percentage to the visible outside view content taking into consideration the blind factor of shading. 

An indicator starting from 0% to 100% quantified the outside view content including shading systems, 

which then related the overall VOV to the visible outside view quality as a factor of well-being 

potential (WP). 
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8-2-4 Objective 4 

The fourth objective was ‘to define a new multifactor system to test different shading alternatives 

using simulation and genetic algorithms to optimise both daylight quality and view quality’. This 

objective has been achieved in Chapter 6 by using multi-objective evolutionary algorithms (MOEAs) 

to integrate daylight quality and visible outside view (VOV) quality and shading systems to improve 

occupants’ comfort and well-being potential internally. This algorithm was embedded with a 

dashboard to be improved in the future and be made available in the market. This dashboard aims to 

optimise daylight quality and view quality in multi-objective optimisation to achieve the optimum 

shading parameters. 

8-2-5 Objective 5 

The fifth objective was ‘to validate the new multifactor system (DVS system)’. This objective has 

been achieved in Chapter 7. To improve the accuracy of the validation process, there is a need to 

compare the simulation model output with the virtual reality experiment output (Neymark, et al., 

2002). The experiment in the present study checked the accuracy of the DVS system through three 

aspects: (1) the virtual environment creation, (2) the shading device import and export process from 

the simulation output to the VR platform and (3) the daylight and view outside parameters to match 

the real-world situation. 

The DVS multifactor system was validated by conducting a virtual reality experiment to investigate 

the system results. The simulation outcomes were visualised on a comfort and well-being map 

showing the quantitative measurements for the new visible outside view (VOV) daylight metrics 

(discussed in Chapter 5) and daylight quality simulation (discussed in Chapter 6). The network graph 

resulting from the analysis of participants’ responses was compared with the comfort and well-being 

map (CWmap) to investigate the relationship between participants’ responses in the VR experiment and 

the simulation output. The comparison indicates that the optimal comfort and well-being zone 

resulting from the optimisation of daylight, view quality and shading device is identical to the most 

preferred zone chosen by the participants in the VR experiment. 

8.3 Contribution to Knowledge 

This thesis attempts to effectively contribute to filling the knowledge gap for defining a new 

multifactor system of optimising different shading parameters using virtual simulation and genetic 
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algorithms to enhance occupant comfort and well-being potential in relation to daylight quality and 

view quality. This study also provides a foundation for future research and improves our understanding 

of the importance of creating spaces that have high comfort and well-being potential as this affects 

occupants’ satisfaction and consequently improves their productivity in the working environment. It 

also provides a facilitation tool to evaluate the view from the outside while installing shading devices. 

The proposed multifactor system highlights to decision makers and architects the importance of 

choosing the view at early stages of design because it affects occupants’ comfort and well-being 

internally. Research contributions can be categorized as in the following sections (Fig. 8-4). 

8-3-1 Contribution 1: A New Indicator to Evaluate View Content called visible Outside View 

(VOV) 

 

Figure 8-1: The VOV algorithm. 

In this study, a new facilitation tool is defined to evaluate the impact of installing shading systems on 

window view contents and well-being potential inside the working environment. Recent research on 

view quality has focused on quantifying the outside view content using questionnaires to rank some 

images to the outside view based on occupant preferences and feelings. Other techniques use the 

computational ray-tracking method, which needs the outside context to be fully built in three 

dimensions with a sufficient level of accuracy to match the real environment context in scale and 

position. Little attention has been given to the impact of shading devices on the view quality and how 

it can contribute to well-being. The new facilitation tool developed here can measure the visible 

outside view ratio taking into consideration the blind factor due to the installation of shading devices. 

It combines view clarity and view content together in one metric called VOV content + clarity (VOV 

sky, greenery, mass–blind ratio). A parametric analysis between the internal field of view (FOV) and 
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outside view content was performed by importing the outside view image and converting the view 

content into red, blue and green (RGB) pixels using the image sample modifier (Fig. 8-1). This new 

tool measures the ray-tracking percentage to the visible outside view content so that people can see 

the views through the shading system, starting from 0% to 100% which is related to promoting the 

well-being potential (WP). A new formula is produced to measure the mean value of WP for the space: 

 Equation 02                                 𝑊𝑃% =
[𝑉𝑂𝑉sky+𝑉𝑂𝑉greenery]

2
 

8-3-2 Contribution 2: A New Multifactor System that Integrates Daylight, View Content 

(VOV) and Shading called the DVS System 

 

Figure 8-2: The DVS multifactor system. 

This contribution is considered the most important one. In related studies in the literature review, I 

found a lack of consideration of obstruction elements such as shading devices to outside view may be 

explained by the difficulty of measuring this factor. Recently, software has been found in the market, 

such as ClimateStudio and Cove. Tools that measure view quality according to LEED v4.01 and EN 

17037 with the function to measure the blind factor aim to measure the visible view access to the 

outside, but these tools are not connected to the visible outside view content (greenery, art, context, 

sky). 

The literature review show that there is no tool, application or software yet to integrate daylight 

quality, outside view quality and shading devices in an optimisation process. This new multifactor 

system (DVS) has been defined to quantify the outside view quality and daylight quality at the same 

time by optimising shading system parameters (Fig. 8-2). The assessment criteria will follow LEED 

v.01. The system runs a series of simulations related to daylight quality and view quality assessment 

criteria. The design variables are re-evaluated if necessary to achieve the fitness goal in the final phase. 
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The simulation work to achieve these objectives include (1) minimising annual sun exposure (ASE), 

(2) maximizing spatial daylight autonomy (sDA), (3) maximizing useful daylight illuminance (UDI), 

(4) maximizing view percentage and (5) minimising daylight glare probability (DGP). 

8-3-3 Contribution 3: A New Interpretation of the DVS Simulation Results to Create a Comfort 

and Well-Being Map (CWmap) 

 

Figure 8-3: The integration of CWmap and MNmap systems. 

To validate the DVS system, a new approach was utilised to overlap the comfort and well-being map 

(CWmap) resulting from the DVS system and the mental network map (MNmap) resulting from the 

virtual reality experiment (Fig. 8-3). To illustrate the importance of each term, there is a need to 

measure betweenness centrality, which is considered a measure of centrality in a graph based on 

shortest paths. By applying the Gravity filter found in Gephi software, the nodes and edges are 

arranged based on their weight-related to nine locations, as shown in Figure 8-3. These locations are 

the same as those used in the VR experiment (i.e. overlit, daylit and underlit zones). Each zone has 

three test points: right, middle and left. Two different software were used to interpret the results: 
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• For the CWmap, the value of WP% was input in Origin software to create a contouring map 

using the same space dimensions as used in the case study. As shown in Figure 8-3, the space 

was divided into the overlit, daylit and underlit zones. The overlit zone was located near the 

window at a distance of not more than 2 metres and a maximum of 2.5 metres, the daylit zone 

was located between 2.5 and 4.5 metres and the underlit zone was located at 4.5 to 6 metres. 

The very bright zone that achieves the assessment criteria was found in the zone between 60% 

and 56%. This percentage is the average weight of all WP percentages. 

• For the mental network map, analysis of graph-based networks was used to understand 

participants’ behaviour and attributes in the workspace used in the VR experiment. This graph 

is based on a mathematical model connecting nodes to form the network structure (Figure 8-

3). Model analyses were conducted in Gephi, a powerful open-source software tool that is now 

widely used in network analysis. 
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Figure 8-4: Contributions to knowledge.  
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8-4 Recommendations for Future Research 

The use of algorithmic design has been adopted by several researchers (As indicated in Chapter 2 

Table 2.17) to address a range of architectural design problems. One of these problems is to find the 

optimal configuration of shading devices that achieves multi-objectives, aiming to minimise daylight 

issues such as glare and maximise the view access to the outside. Plugins for daylight simulations that 

employ multi-objective evolutionary algorithms (MOEAs) have been developed to find multiple 

pareto-optimal solutions. The main difference between these platforms is represented in how the 

algorithm works to analyse the data to find the optimal shading device solutions. 

This study used simulation and experimental methods to evaluate daylight and view quality comfort 

while using a shading device. Although justification has been made regarding the choice of software 

and plugins in Chapter 7, such as Honeybee, Ladybug, Radiance and Wallacei plugin, there are other 

plugins that can do the same work using different algorithms. This research used multi-objective 

evolutionary algorithms (MOEAs) to solve and optimise multi-conflicted objectives in one system. A 

multi-objective optimisation was made using two different plugins. The first plugin is called Wallacei 

and it is based on non-dominated sorting genetic algorithm II (NSGA-II). There is a need to address 

the differences between the entire algorithm of Wallacei and other multi-objective plugins such as 

Octopus that are based on different algorithms called strength pareto evolutionary algorithms (SPEAs). 

8-4-1 New Facilitation Tool (VOV) 

In this study, a new facilitation tool was defined to quantify the outside view quality based on 

combining view content and view clarity together in one indicator called visible outside view (VOV). 

The VOV algorithm might be miscalculated if the building colour was green or blue. Therefore, the 

saturation level should be adjusted inside Grasshopper to make sure that the selected pixels are related 

to only sky and green landscape. In addition, weather and time of day were not considered when 

selecting static photos. The method proposed can only be used for venetian blinds, mullions, overhangs 

or fins but does not work for roller shades since the openness (holes) is very small and hard to model 

in Rhino. However, it does provide views of the outdoors but it minimises the view clarity. This study 

applied LEED assessment criteria that state that view glazing should provide a clear image of the 

outside environment. Therefore, the study was limited to using only clear glass and not working with 
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the transparent blinds and small meshes, which takes more time and may cause a system crash to run 

the iteration. 

In the proposed tool, the view content quality as a factor of well-being potential (WP) obtained from 

sky and vegetation is considered the sum of all VOV to sky and greenery without any consideration 

of the impact of sky and greenery separately. As stated by LEED, ‘the design should achieve at least 

one of these elements: nature/art/urban landmarks’. According to WELLv2TM, ‘[a] number of layers 

[were] received by the occupant, such as sky, landscape and foreground. A score was given to rank 

the view quality: unacceptable, acceptable, good and excellent.’ In addition, the European standard 

EN 17037 stated, ‘the view credit score is achieved if at least one of the outdoor layers – sky, landscape 

or ground – is visible’. Therefore, the proposed tool takes the overall percentage of VOVsky and 

VOVgreenery. In future work, there is a need to establish a real experiment to compare both WPsky and 

WPgreenery measured by the proposed tool and participants’ satisfaction level to the outside view content 

to quantify the impact of the sky view and greenery view separately. 

The concept of well-being is a subjective matter widely used in psychology to describe a sphere of 

feelings that refers to what is intrinsically valuable to an individual. In this thesis, WP% could be an 

objective measure based on the visible outside view percentage (VOV%) that occupants can see from 

inside a space taking into consideration the blind factor of the shading system that could obscure the 

view quality. To validate the proposed indicator, a real experiment is needed to involve the human 

factor in the workflow process. This helps to understand the correlation between the quantitative and 

qualitative results of the occupants’ subjective perception of the view quality. However, real case 

studies were not feasible due to time- and cost-consuming research activities. This also did not allow 

for evaluation in the early design stages that is needed to design efficient and supportive buildings. 

Thus, a preliminary assessment of occupants’ perception is needed in the future using virtual reality 

and immersive virtual environments, starting from the 3D model. 

8-4-2 New Multifactor System (DVS) 

In relation to daylight research, it is important to include all factors that may affect the simulation 

results; for example, the furniture, landscape features and desk orientation. Due to time constraints, it 

was important to not make the system more complex as this would take more time to run the 

optimisation process. As window frames sizes may affect the view quality to the outside, window 

mullions were excluded from the simulation to keep the simulation fast. In addition, the building 
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orientation plays a very important role at the primary design stages related to daylight quality; 

however, this research did not include this parameter in the optimization. 

As the focus of this study was to assess the impact of view content in shading design generally, the 

view access was limited. A fixed parameter was used in the simulation and optimisation process, as 

the window-to-wall ratio was 90%. For view clarity, the glazing had visual transmittance of 0.7 VT, 

as recommended by LEED and WELL in their view quality credit. Future studies should consider a 

wider variety of window sizes as it affects the daylight and view quality. 

Finally, this study found that the shading strategy should not be the same at all levels. In primary 

design stages, shading devices considering the view to the natural elements positively affects 

occupants’ comfort and well-being potential. These findings suggest that the proposed algorithm needs 

to be implemented with building energy to produce more holistic systems. This will be an effective 

way to deeply connect efficient and sustainable buildings with the human dimension. 
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Appendix 01 : Questionnaire Survey 

 

School of the Built Environment 

 The University of Salford 

Manchester 

M5 4WT 

Name of researcher: Mohamed Salah Mansour Abdurrahman 

Email: m.salahmansourabdelrahman@edu.salford.ac.uk 

Name of supervisor: Dr Paul Coates 

Email: s.p.coates@salford.ac.uk 

 

Dear Participant, 

My name is Mohamed Salah, a PhD candidate at the School of the Built Environment, University of 

Salford, UK. I am currently undertaking a study in architecture and daylight throughout workspaces 

to improve occupant comfort and well-being. This research aims to define a new multifactor system 

using virtual simulation and virtual reality (VR) techniques to establish the potential of daylight to 

increase comfort and well-being of occupants in workspaces. This multifactor system aims to enhance 

occupant comfort and well-being inside the working environment by optimising shading systems, 

daylight quality and outside view quality. 

This experiment aims to produce a new method to assess occupant perception of daylight quality in 

the workspace using VR by converting the histogram video produced from the software used (which 

is called Unreal) to true and false colour according to the daylight exposure produced in the virtual 

environment. 

Participants will be asked to complete in a simple 15-minute the questionnaire and the VR experiment 

to evaluate the effect of using shading devices on your daylight zone ratio. First, the participant will 

walk through the virtual model and select the most comfortable places to work by using a VR headset. 

PARTICIPANT INFORMATION FOR VIRTUAL REALITY EXPERIMENT 

An investigation of the use of shading systems and daylight optimisation to enhance occupants’ 

comfort and well-being in the working environment focused on Cairo commercial buildings 
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Then, they will be asked to select the most preferable shading device configuration that gives them a 

sufficient level of daylight quality and outside view at the same time in relation to their seat preference 

inside the workspace. That means they will be able to walk through the virtual model with the ability 

to select from four types of shading configurations (horizontal blends, vertical blends, overhang and 

pattern mesh) that were produced before during the simulation process. After finishing the VR 

experiment, the participant will be asked to answer a few questions about their satisfaction with the 

daylight quality via a questionnaire with Likert scale answers (strongly agree to strongly disagree). 

There are minimal risks associated with participation in this research project. There may be some risks 

associated with using a VR headset. In some circumstances, extended use of these headsets may result 

in short-term simulator sickness. Simulator sickness encompasses a broad range of symptoms, 

including fatigue, headaches, eye strain, dizziness or nausea. Please note that if any of these occur you 

should inform the researcher, cease participation in the study immediately and not operate heavy 

machinery (including motor vehicles) for at least half an hour after the incident. If you require time to 

rest after the experiment, you are welcome to stay in the room for up to half an hour after conclusion 

of the session. 

All comments and responses will be coded (i.e. it will be possible to re-identify you). A re-identifying 

code stored separately to personal information (e.g. name, address) will only be accessible to the 

researcher, and the code plus all identifying information will be destroyed after finishing the PhD 

research. Any personal information that could potentially identify you will be removed or changed 

before files are shared with other researchers or results are made public. Any data collected as part of 

this research project will be stored securely. Data will be stored for a minimum of 5 years, and can be 

disclosed if it is to protect you or others from harm, if specifically required by law, or if a regulatory 

or monitoring body such as the PhD Ethics Committee requests it. 

Thank you for your participation. 

Mohamed Salah 

PhD candidate, University of Salford 

m.salahmansourabdelrahman@edu.salford.ac.uk 
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An investigation of the use of shading systems and daylight optimisation to enhance 

occupants’ comfort and well-being in the working environment focused on Cairo commercial 

buildings 

 

School of the Built Environment 

The University of Salford 

Manchester 

M5 4WT 

 

Name of researcher: Mohamed Salah Mansour Abdurrahman 

Email: m.salahmansourabdelrahman@edu.salford.ac.uk 

Name of supervisor: Dr Paul Coates 

Email: s.p.coates@salford.ac.uk 

Please initial box 

1. I confirm that I have read the information sheet dated 14/9/2022 for the above study. I have had 

the opportunity to consider the information, ask questions and have had these answered 

satisfactorily. 

 

2. I understand that my participation is voluntary and that I am free to withdraw at any time 

without giving any reason, without my medical care or legal rights being affected. 

 

3. (If appropriate) I understand that the information collected about me will be used to support 

other research in the future, and may be shared anonymously with other researchers. 

  

4. I agree to take part in the above study. 

 

5.  I have been given the name and email address of the researcher, Mohamed Salah 

(m.salahmansourabdelrahman@edu.salford.ac.uk) to contact if I have questions about this 

research. 

 

 

              

Name of Participant   Date     Signature 
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Appendix 02: Multi objectives optimisation results 
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Appendix 03: List of Publications  

 

 Chapter Papers Name Publisher Cite Status 

CH1 Introduction     

CH2 Themes of well-being 

associated with daylight 

and shading systems 

Paper 1 

Well-being in daylight studies: 

A literature review 

Conference (publish 

and present): 36th 

PLEA International 

Conference that will 

take place in Chile. 

Rank (A1) 

Abdelrahman, 

M., & Coates, 

P. (2022b). 

Published 

 

Paper 2 

Themes of well-being associated 

with daylight practice and 

shading systems in working 

environment 

IPGRC 2022 

(publish and 

present): Resilience 

in Research and 

Practice 

Published 

Abdelrahman, 

M., & Coates, 

P. (2022a). 

Published 

 

CH3 Methodology      

CH4 Qualitative analysis for 

comfort and well-being 

in terms of daylight 

(Online Questionnaire) 

(Stage 3) 

Paper 3 

Spatial cognitive map for 

assessing daylight impact on 

occupant comfort and well-

being 

 Done In review 

process 

CH5 Quantitative assessment 

of visible outside view 

quality as a new metric 

to measure well-being 

potential. (Stage 1) 

Paper 4 

Visible outside view quality as a 

new metric to measure well-

being potential 

Journal: Journal of 

Building 

Engineering 

(Rank Q1) 

Abdelrahman, 

M., Coates, 

P., & 

Poppelreuter, 

T. (2023b). 

Published 

 

CH6 Quantitative assessment 

of daylight, outside view 

and shading systems 

(multifactor system) 

(Stage 2) 

Paper 5 

A new multifactor system for 

designing healthy shading 

devices: A case study in Egypt, 

Cairo 

Journal: Build 

Environment 

Q1 

Done In review 

process 

CH7 Qualitative analysis of 

the multifactor system 

Paper 6 

Subjective impressions inside 

deep-plan workspace: an 

experimental study in virtual 

reality 

 Not yet  

 

 


