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Abstract

Millions of people migrate every year, aiming to settle either permanently or
temporarily in new places. People from countries with different intensities of daylight
might have various perceptions and expectations towards the climatic and indoor
conditions. It might result from a previously accustomed lighting environment and
other associated factors, namely individual cultural background. It is important
because study outcomes may be utilised by architects and lighting professionals on
how to design buildings and interior spaces depending on occupants’ perceptions
and expectations to increase occupants’ satisfaction. This knowledge also can be
used to save energy because the efficient use of daylight can reduce the energy

consumption of both HVAC and illumination systems.

To date, few studies have explored the relationship between cultural background
and daylight perception; however, they mostly focused on glare sensitivity rather
than daylight intensity. Cross-cultural studies aiming to investigate lighting
preferences in interior environments are also rare. What is not yet known is the
importance of cultural background and its impact on daylight perception, expectation,
and satisfaction. Therefore, the development of a methodology for assessing
daylight perception and its application in the context of cultural background are the
main objectives of this research project, in order to investigate the impact of cultural

background on daylight perception.

In this thesis, three subjective evaluation methods were used to assess
participants' daylight perceptions: subjective ratings, seat preference, and daylight
boundary line drawings, and the perceived daylight availability obtained through
these methods were compared to measured daylight availability. It was
demonstrated that perceived daylight availability obtained through seat preference
and subjective statement methods corresponds to some extent with actual daylight
availability (p<0.01 and p =0.002, respectively). The findings obtained from both
students’ seat selections and occupancy data from motion sensors in the library also
highlighted the importance of daylight availability in the seat selection of students in
the libraries. However, the lit area drawn by participants representing the perceived

daylight conditions as part of the daylight boundary line method varied extensively



from person to person regardless of actual daylight measurements. In other
respects, a systematic review was conducted to create a conceptual framework of
cultural background in the lit environment, and factors thought to be influencing
daylight perception in the cultural context had been defined in four ways. These were
ethnicity and/or physiological properties of individual eyes, the residential area, the

previous luminance environment and sociocultural background.

Finally, the developed methodology based on the previous findings was applied
to understand if individuals perceive daylight conditions differently due to their
cultural backgrounds. Although some findings proved that culture might be an
important factor in daylight perception, the study results did not provide strong
evidence of a cultural background influence on daylight perception. However, the
number of participants in this study (N=193) was limited, and this unique topic

requires additional research with larger sample size.



Impact statement

This study aims to understand whether individuals perceive daylight conditions
differently from each other due to their cultural backgrounds by developing a
methodology to assess individuals’ daylight perception and its application in the
context of cultural background. The most significant contribution of this research is to
provide a better understanding of the factors that could play a role in the daylight
perception of participants. Increasing the knowledge of individuals' perceptions will
help us provide lighting conditions that meet their needs and expectations, making

them more satisfied with the indoor conditions in the built environment.

Prior studies relevant to many aspects were limited in this thesis. For these
reasons, this study required the development of several methodologies, assessment
methods and theoretical backgrounds to fill the literature gaps. The findings from this
unique topic with the developed methodology and assessment methods could be
applied to other studies to investigate the influence of several factors on daylight
perception and also seat selection.

Daylighting standards are developed primarily with visual task requirements but
with a limited scientific understanding of the role of cultural background in occupants’
daylight perceptions and preferences. Namely, recommended standards for
illumination levels in libraries do not represent the differences in daylight perception
of individuals from different cultural backgrounds. Therefore, the findings of this
thesis, or future research derived from these findings, could be applied to daylighting
design guidelines.

The insights gained in this research have potentially important implications for
daylighting design of library buildings as well as for understanding the relationship
between daylighting and human behaviour. Therefore, it can support architects and
lighting professionals working in the design of library buildings. The results can help
designers consider not only the shape of the building but also seating spaces

providing different characteristics of space for students during the design stage.

Last but not least, this thesis may help to avoid unnecessary energy
consumption in the built environment. Knowing the variation in occupants’ daylight

iv



perceptions due to their cultural background could also help save consumed energy
by providing unique lighting conditions that meet those needs and preferences
instead of typical or average needs. The total energy consumption of a library could
also be reduced considering the occupancy status of the library. In this way, the
opening hours could be rearranged depending on the hours when a room is primarily

vacant or occupied by a few people.



Covid 19 impact statement

This research project aimed to investigate the influence of cultural background
on the subjective assessment of daylight. Each chapter has its own methodology
and research activities planned to answer the research questions and develop a
proper method to investigate the relationship between cultural background and

daylight perception.

The study conducted at the Bartlett Library with 193 students to assess the
methodology and preliminary findings was successfully completed and reported in
the thesis. The following research activity was planned to expand the previous study
to all UCL libraries to reach the highest number of students from various cultural
backgrounds. However, planned research activities were disrupted due to Covid-19
inability to undertake fieldwork due to lack of and reduced access to UCL libraries.
Although a few libraries were reopened later, specific seat places were restricted to
maintain social distancing, considerably impacting the study's findings while limiting
the available seat selections. Also, the number of students preferring to study in the

libraries was much lower than usual.

In the thesis, Chapter 6 aimed to investigate how students' cultural backgrounds
influence their perception of daylight by combining the findings obtained from
previous chapters. The goal of this chapter was to conduct two consecutive studies
with different sample sizes. The first research project proposed for Chapter 6 was
carried out at the Bartlett Library with 193 students to evaluate preliminary findings
and the developed methodology, and it was successfully completed and reported in
the thesis. The following research activity was planned to extend the previous study
to all UCL libraries to reach as many students from diverse cultural backgrounds as
possible. However, planned research activities were disrupted due to Covid-19
inability to undertake fieldwork due to lack of and reduced access to UCL libraries.
Although a few libraries were later reopened, specific seat places were restricted to
maintain social distance, significantly influencing the study's findings while limiting
available seat options. In addition, the number of students preferring to study in
libraries was significantly lower than usual. This research project would have
reached a much larger number of students and produced statistically more accurate

results if COVID-19 restrictions had not interfered with the stated research activities.
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CHAPTER 1: Introduction

1.1. Background

The characteristics of an indoor lighting environment could significantly affect the
comfort, well-being and productivity of building occupants [2]. The lighting quality
assessment typically includes photometric measurements, which do not provide a
complete representation of an environment’s lighting quality [3]. The assessment
should not only consider the links between the lighting levels and the characteristics
of the space where light is measured but, more importantly, how people perceive
that environment. As of today, far too little attention has been paid to daylight
perception and its evaluation methods, as highlighted by the Commission
Internationale de I'Eclairage 2013 and the International Energy Agency [4].
Understanding its complexity and potential benefits could be crucial, especially in the
context of health and wellbeing, mood, and also cognitive and academic
performance. Up to now, several studies have shown that exposure to different
amounts and characteristics of daylight could enhance students’ cognitive
performance [5] [6]. However, it is still not known how students’ daylight perceptions
and preferences and the level of daylight they are satisfied with will contribute to their

academic performance.

In recent years, there has been a growing trend towards international migration,
mainly for permanent or temporary settlements, reaching up to 281 million in 2020
[7], namely one in thirty people in the world, and it is expected to be around 405
million by 2050 [8]. People migrate to other countries due to usually specific push
and pull factors. Push factors are the reasons people leave a country, such as few
jobs, war, natural diseases and famine. Pull factors are why they move to a particular
country, such as better job opportunities, education, healthcare, or safety [9].
Although the reasons for international migration mainly depend on the host and
home country’s socio-political, demographic, economic and environmental

circumstances, the US, Saudi Arabia, Germany, Russia and the UK are the most




popular destinations respectively for migrants, and almost half of the migrant
population in the world emigrates from China for various purposes [8].

The UK, one of the top destinations for international migrants, has shown a
significant increase in immigration by 91%, from 329,000 in 1991 to 625,000 in 2018
(The COVID-19 pandemic has had a significant impact on the UK immigration
system since 2019, both in terms of restricting migrant movements to and from the
UK. Therefore, 2018 migration statistic data were reported). June 2018 migration
statistic data showed that working is the most common reason for immigration to the
UK (39%), followed by studying (32%) and accompanying a relative (13%) [10].
Studying abroad is one of the main reasons for temporary migration; an excellent
way to gain new perspectives, develop a global network and find more career
opportunities. In addition to individual contributions to the personal development of
the students, student immigration also has a considerable economic benefit to the
host country. The economic value of international students to the UK is £13.6 billion
annually, with fees, accommodation and off-campus spending as the fifth largest
export earnings [11] as, equivalent to the salary of 31,700 nurses or 25,000 police
officers and £310 annual extra funding per UK residents [12]. London is the leading
city in the UK, welcoming approximately 100,000 international students annually [13],
namely a third of the total student immigrants in the UK [14], with £2.74 billion in

education export earnings [15].

In the UK, student migrants constitute 19% of higher education (equals to
438,010 students) with 13.6% of undergraduate, 36.6% of postgraduate (taught) and
43.2% of postgraduate (research) students [16]. Figure 1.1 shows that
approximately 76% (207,755) of international students were domiciled outside the
EU in 2018/2019. The greatest number of students coming from the non-EU
countries was from China, with 86,895 first-year Chinese students (representing
approximately one in every three international students in the UK), followed by India
and the United States with 18,305 and 12,390 first-year students enrolled in 2018/19,
respectively. The remaining 24% of international students (65,165) came from one of
the EU countries. The country providing the highest number of EU domiciled
students in 2018/19 was Germany, with 7,245 students, closely followed by France
and lItaly, with 6,830 and 6,180 students, respectively [17].
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Figure 1. 1 International first-year students enrolled in UK higher education in 2018/2019
a) Top 10 EU and b) non-EU countries of domicile by respectively [18]

Culture, one of the essential components of an individual, delineates the
characteristics of a group with similarities such as language, religion, tradition, and
ethnicity. Knowing the cultural background of a group of people is vital because it
could help understand why a group of people acts similarly compared to another
group. In the field of lighting environment, Pierson et al. [18] have used the term of
‘culture’ as “the climatic and indoor conditions to which the subjects have been
accustomed during the major part of their lives, their behaviours toward this indoor

environment, and their expectations about it”.




International students coming to the UK mostly travel from countries with a wide
range of daylight conditions that differ from each other and from the daylight
conditions found in the UK (e.g., China, Malaysia, the United States, Nigeria, India,
Germany, France, Italy and Ireland) [16]. Outside daylight conditions refer to the
amount and duration of daylight varying with the sun’s position in the sky depending
on latitude and atmospheric conditions that depend on various factors (e.g. turbidity,
climate, pollution). Hence, students from different parts of the world could be
assumed to have previously experienced different lighting environments, and
students from locations with similar daylight conditions should have comparable
daylight expectations. To this end, students’ cultural diversity and the specific lighting
environments they were accustomed to in their country could affect their perception
and expectation towards the outdoor and indoor conditions they found in the United

Kingdom.

Maintaining the students’ satisfaction with the indoor environment they found in
the UK is essential because the indoor environmental quality is highly associated
with the occupants’ comfort and health and well-being [19]. Daylight, in particular,
has a pivotal role in physiological, psychological, and behavioural influences on
human health and well-being by influencing the body through its circadian rhythm
beyond being just an environmental parameter [20] [21]. As a consequence of
settling in a new location, students’ environmental judgements may vary, and their
academic performance, and more importantly, health and well-being, could be
influenced differently from each other in the conditions that they are not accustomed

to, due to the accustomed lighting conditions in their home countries.




1.2.  Aims and research questions

To date, few studies have explored the relationship between cultural background
and daylight perception; however, those studies have mainly focused on glare
sensitivity regardless of daylight intensity. Cross-cultural studies aiming to
investigate lighting preferences in interior environments are also rare and what is not
yet known is the importance of cultural background and its impact on daylight
perception, expectation and satisfaction.

The aim of this study is to investigate whether individuals perceive daylight

conditions differently from each other due to their cultural backgrounds by
developing a methodology to assess individuals’ daylight perception and its
application in the context of cultural background. To achieve the aim of the research

project, it seeks to address the following research questions:

RQ1. What are the most commonly used methods for assessing individuals’ daylight
perception?

RQ2. What does “culture” mean, and what are the key elements of cultural
background in the lighting environment?

RQ3. Does cultural background affect how people perceive daylight, and if so, how?




This thesis has been structured in the way that each chapter supports the
research question in the following chapter, as well as the main research question.
Each chapter has its own literature review, methodology, result and conclusion

sections and the research objectives to achieve the aim of the research project are

summarized as follows:

e To review the methods that were previously used to assess daylight perception

e To compare the perceived daylight availability obtained from some of these
methods to actual daylight conditions

e To investigate the role of daylight availability in students' seat selections and
subjective statements

e To assess the relationship between the lit area drawn by participants as part of
the daylight boundary line method and actual daylight availability

e To determine whether desks with high illumination are preferred by students by
analysing the occupancy pattern of the desks in the library in relation to daylight
availability

e To develop a methodology for calculating individuals' daylight exposure based on
subjective statements from participants

e To develop a methodology using the external illuminance of cities that
participants came from as an indicator of long-term daylight exposure of
participants

e To categorise daylight measurements in accordance with lighting guidelines in
order to determine their sufficiency and to assess participants' subjective
responses based on them

e To define the components that could be used to describe "culture" of participants
in the lighting field

e To establish a methodology for assessing the daylight perception of participants
in the context of their cultural backgrounds

e To develop a methodology depending on the previously identified “cultural
background” components to examine the influence of cultural background on the
students' individual daylight assessment in the Bartlett Library

e To give some recommendations for future research and practical application




1.3. Contribution of the study

The degree of occupants’ satisfaction with the indoor environment, in particular
with daylight conditions, greatly impacts individual mood, behaviour and cognitive
performance [22]. Therefore, gaining a better understanding of students' daylight
perception and expectations could increase their satisfaction with the indoor
environment and also their cognitive and academic performance. This is especially
important to individuals migrating for study purposes for a short period (e.g. MSc
students) who need to adapt to new environments and concentrate on their studies
as quickly as possible. London takes the lead in the UK with £2.74 billion in
education export earnings [15] from approximately 100,000 international students
annually [13], which constitutes one of three student immigrants in the UK [14].
Therefore, the variation in the geographical and cultural background of students
coming to London provides an opportunity to explore whether the variation in the

cultural background affects daylight perception.

The lighting researchers, architects, and industry practitioners can utilise the
study results to design spaces that consider the various cultural backgrounds of
students to increase their satisfaction with the luminous indoor environment. Some
findings could be further developed into design guidelines for lighting design.
Knowing about occupants’ lighting expectations due to cultural experiences could
also help meet the occupants’ needs and preferences and provide occupant
satisfaction, which in turn helps reduce unnecessary energy consumption in the built
environment. Therefore, this knowledge can also be utilised by managers and daily
operators of university buildings to help reduce the energy consumption from
illumination systems and HVAC (Heating, Ventilation, and Air Conditioning). For
instance, a study on Korean office buildings showed that adjusting the indoor lighting
conditions based on occupants’ expectations and utilisations helped to reduce

lighting energy consumption by up to 43% [23].

Moreover, it can support architects and lighting professionals working in the
design of educational and dormitory buildings. For instance, the study results can

help architects better design libraries, where the role of daylight on seat preference




alongside other factors can be crucial in achieving functional, comfortable and high-

quality spaces.

1.4. Thesis structure

This thesis comprises seven chapters, a summary of which is given below and

illustrated in Figure 1. 2 at the end of this section.

CHAPTER 1: Introduction briefly summarises the context of the study, the
aims, and the research objectives. Following this introductory chapter, the first part of
CHAPTER 2: Literature review reviews what is currently known about the impact of
daylight on human health and well-being. The second part intends to provide an
overview of daylight perception to establish the extent to which assessment methods
of daylight perception have been used commonly and develop research questions to
be investigated. After identifying the evaluation methods of daylight perception,
CHAPTER 3: Evaluation of daylight perception assessment methods presents a
comparison of different methods for assessing daylight perception using a pilot study
that investigates which methods are more associated with individual daylight
assessments. Seating preference of the students, one of the quantitative measures
used to assess daylight perception, needed further investigation and therefore, an
analysis was conducted and presented in
CHAPTER 4: Investigation of the role of daylight availability on seat preference
considering the association between occupancy data of the desks in the Bartlett
Library and daylight availability to prove that daylight conditions promote students to

select specific places.

Following the identification of the methods for evaluating daylight perception, a
conceptual framework of cultural background in the lit environment was needed to
answer the question of what is the impact of cultural background on daylight
perception. CHAPTER 5: Cultural Background In The Lit Environment presents a
systematic review and identifies the main components of cultural background in the

lighting environment. It describes a review of previous research to establish how the
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cultural background impacts daylight perception with different approaches. Following
the definition of cultural background on daylight perception, CHAPTER 6:
Investigation of the influence of cultural background on daylight perception
aims to develop a method depending on the previously identified components to
examine the influence of cultural background on the students' individual daylight
assessment in the Bartlett Library. Lastly, CHAPTER 7: Conclusions and future
research summarises the work presented in the previous chapters and discusses
the findings concerning previous research. It provides overall conclusions and
potential implications for daylight perception research and concludes with future
research suggestions.




CHAPTER 1: Introduction CHAPTER 5: Systematic review

Background, context and significance of the Feviewing the previous research
study: a summary of current understanding systematically to identify key cultural
regarding daylight perception T components influencing daylight
perception
Tool: Systematic review

CHAPTER 2: Literature Review

CHAPTER 6: Cultural background
Review of previous research about daylight,

daylight perception and  evaluation Assessment of the impact of cultural
methods background on daylight perception using
the identified method and cultural

Tool: Literature and methodological review

Components

Tool: Experimental study

CHAPTER 3: Evaluation methods

Analysis of different evaluation methods; CHAPTER 7: Discussion 8 Conclusion

subjective ratings, seat preference and : :

drawings for the assessment of daylight summary  of  thesis,  conclusions,

perception implications of the study and directions
far future research

Tool: Experimental study

CHAPTER 4: Seat preference

Supporting analysis of the previous findings
regarding the utilization of the desks in the
library and daylight availability

Tool: Occupancy data from motion sensors

Introduction & Condusion

I:I Identification of the methods

Identification of the cultural components and applications

Figure 1. 2 Overview of the thesis
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1.5. Publications from this thesis

A total of four peer-reviewed journal papers (published, works in progress) and three

conference papers are derived from this thesis, as follows;

Published papers

e Izmir Tunahan, Gizem; Altamirano, Hector; Unwin Teji, Jemima; Ticleanu,
Cosmin; (2022) Evaluation of Daylight Perception Assessment Methods.
Frontiers in Psychology, 13, Article 805796. 10.3389/fpsyg.2022.805796.
The relevant PhD chapters are “Chapter 2 and Chapter 3.”

e Izmir Tunahan, Gizem; Altamirano, H; Unwin Teji, Jemima; (2021) The role of
daylight on user's seat preferences. In: Proceedings of the CIE 2021
Conference (International Commission on lllumination). CIE (Commission
Internationale de I'Eclairage)

The relevant PhD chapters are “Chapter 3 and Chapter 4”

e Izmir Tunahan, Gizem; Altamirano, H; Unwin Teji, Jemima; (2021) Conceptual
Framework of Cultural Background in the Lit Environment. In: Proceedings
of the CIE 2021 Conference (International Commission on lllumination). CIE
(Commission Internationale de I'Eclairage)

The relevant PhD chapter is “Chapter 5”

e Izmir Tunahan, Gizem; Altamirano, H; Unwin Teji, Jemima; (2021) The impact of
daylight availability on seat selection. In: Proceedings of the IES 2021 Annual
Conference. llluminating Engineering Society (IES): New York (NY), USA.

The relevant PhD chapter is “Chapter 3”
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Paper under review

Izmir Tunahan, Gizem; Altamirano, Hector; Seating behaviour of students in
the UCL Bartlett Library before and after COVID-19 (submitted to International
Journal of Environmental Research and Public Health in September 2022)

The relevant PhD chapter is “Chapter 4”

Publications in progress

Izmir Tunahan, Gizem; Altamirano, Hector; Unwin Teji, Jemima; The impact of
cultural background on daylight perception. (In progress) (intention of
submission to Journal of Frontiers, Environmental Psychology section in
December 2022)

The relevant PhD chapters are “All chapters in the thesis”

Izmir Tunahan, Gizem; Altamirano, Hector; Unwin Teji, Jemima; A new
approach to the assessment of subjective daylight exposure (In progress)
(intention of submission to Journal of Lighting Research and Technology in
February 2023)

The relevant PhD chapter is “Chapter 6”

Izmir Tunahan, Gizem; Altamirano, Hector; Unwin Teji, Jemima; Development of
a methodology for assessing various characteristics of library seats and
Application of the methodology to UCL libraries (In progress) (intention of
submission to Journal of Frontiers, Environmental Psychology section in May
2023)

The relevant PhD chapters are “Chapters 3 and 4”
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CHAPTER 2: Literature review

2.1 Introduction

Individuals spend a significant amount of time indoors, more than 90% in
developed countries. Hence, the indoor environment in buildings has a pivotal role in
occupants’ health, well-being, satisfaction, and productivity [24]. Lighting, one of the
critical environmental factors that influence human comfort in the built environment,
has an undeniable impact on the occupants’ health and well-being in addition to
thermal, acoustic, and air quality components [25]. Light is not only required for
vision but also for a wide range of non-visual functions operating through the
circadian system. Lighting conditions could influence the occupants’ mood, health
and safety, and aesthetic judgments. It also helps to enhance visual, task and

behavioural performance as well as social interactions [26].

In addition to the contribution of lighting to human health and well-being,
adequate lighting conditions can help reduce the operational costs of buildings and
increase occupant satisfaction and productivity [27] because occupants’
dissatisfaction with lighting conditions could cause an increase in the operational
costs of the building [3] [28].

2.2. The impact of daylight on health and well-being

Previous studies have primarily defined lighting as an essential factor for human
life to provide visual information and ensure people do everyday tasks efficiently [29].
In 1722 Dutchman Antony van Leeuwenhoek remarked on a visual effect
mechanism by discovering photoreceptors called rods and cones that capture
lighting information in the eye retina [21], as confirmed by the German Gottfried
Treviranus in 1834 [30]. This pioneering discovery provided to gain an understanding
of the mechanism of sight. A large volume of studies, which described the

photoreceptors' role in converting the light energy into neural activities in the retina,
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were published in the forthcoming years [30]. These photoreceptors, which enable
people to see while the rods differentiate from cones with colourful vision [31],
remained the only recognised photoreceptor cells in the retina for 150 years. More
recently, Berson, Dunn, and Takao [21] made a ground-breaking contribution to this
knowledge by proving the existence of a novel, third-type photoreceptor called
intrinsically photosensitive retinal ganglion cells (ipRGC). This novel photoreceptor
controlled by the mechanism of light and darkness has been considered substantial

because of the biological effects of lighting on human health and well-being [30].

Recent studies have explained the mechanism of the third photoreceptor, which
includes melanopsin and caused radiations to have the ability to stimulate many
physiological responses in animals and human beings [32]. The most significant
physiological response of the body is to stimulate and manipulate the neurons that
control the circadian rhythm. Circadian rhythm is a 24-hour internal clock and is
responsible for regulating many physiological (body temperature and hormones) and
behavioural (sleep, mood, alertness, and performance) changes [20] at regular

intervals [21].

Apart from the biological clock function, the regulation of some important
hormones, such as melatonin (sleep hormone) and cortisol (stress hormone), is
carried out by ipRGC through daily and seasonal rhythms of the body process.
Cortisol and melatonin hormones are crucial for people since they play a significant
role in regulating the alertness and sleeping of individuals. Cortisol is responsible for
increasing blood sugar to convey body energy. It reaches the highest level in the
morning while remaining at a sufficient level during the bright day and drops to the
minimum level at midnight. Opposite to the function of cortisone hormone, melatonin
falls down in the morning to provide more alertness, reaching the highest level at
night (Figure 2. 1). As evidence of the non-visual functions of lighting, some studies
have shown that blind people could perceive photic changes despite the
degenerated rods and cones in their retina [31]. Consequently, even blind people

could have sleep phases and related problems due to circadian distribution [33].

14


https://www.powerthesaurus.org/substantial/synonyms

...............

.. ' N
. ’ » + . ‘ -
= cortisol . e ¥ . % . M3
. A% . K .
melatenin

== alertness

., .y T +7 T -
- body temp. . LT AT aenae -

Figure 2. 1 Typical daily rhythms of body temperature, alertness, melatonin,
and cortisol levels in a 2 x 24 hours light/dark cycle [30]

In addition to the hormone changes and effects in the body, as shown in
Table 2. 1, non-visual lighting has undeniable effects on human health and well-
being. Some existing studies have asserted that it is possible to use non-visual
lighting to promote an increase in physical activity participation [34], enhance human
creativity [35], change clothing preferences [36] and even change social behaviours

that may encourage people to help others [37].

Table 2. 1 Physiological and psychological effects of daylighting on health and well-being

Physiological benefits Psychological benefits
Improvement Reduction Improvement Reduction
Vitamin D Cancer probability Mood and social Risk of

[38] [39] interaction depression
[40] [41]
Visual Performance Abnormal bone Mental and cognitive Stress level [45]
[42] formation [43] performance [44] Suicide frequency
[39]
Circadian Rhythms Work-related Alertness Sadness
[46] headache [47] [48] [41]
Sleep Quality Cardiovascular Brain function Selfish
[49] disease [43] [50] behaviours [37]
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Apart from the physiological and psychological impact of daylight, the association
between luminous conditions and health, well-being, and task performance, has
been represented in a conceptual model [51] [52] [53], which comprises two

pathways; the appraisal and vision path (Figure 2.2)
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Figure 2. 2 The linked mechanisms map [53]
(Red solid lines show the Appraisal path, and Blue solid lines show the Vision path)

The appraisal path consists of the self-assessment of lighting quality in a space.
It shows that an increase in lighting quality helps increase occupants’ health and
well-being. Even though this appraisal path demonstrates a comprehensive
conceptual model regarding the impact of lighting quality on occupants’ health and
well-being, the role of individual differences in the lighting appraisal and, ultimately,
preference and task performance in the lighting environment specifically remains to
be understood deeply. It shows that occupants’ task performance in the luminous
environment needs further investigation depending on their individual differences

and preferences.
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2.3. The impact of daylight on cognitive and academic performance

2.3.1 Cognitive performance

The workplace environment, where individuals spend considerable time [54],
could enhance or detract from people’s satisfaction, performance, and well-being.
Therefore, it is crucial to design workplaces that promote employees' experience
rather than worsen it [6]. Similarly, the quality of schools and their learning
environments can considerably impact students, affecting their cognitive and

academic performance [5].

To date, several studies have linked daylight exposure with cognitive
performance. The systematic review conducted by Court [28] showed that people
exposed to daylight conditions for prolonged hours had a higher cognitive
performance. The researcher provided reasonably consistent evidence of an
association between daylight and productivity. It was also stated that any type of
alternative electric light cannot replace daylight and cannot provide benefits to health

and well-being as natural light.

Another study [6] assessed the impact of occupants’ satisfaction and cognitive
performance using two shading systems designed to provide optimum daylight and
outdoor view conditions. In this study, occupants exposed to somewhat daylight
were more satisfied, and their cognitive performance was much higher compared to
the baseline conditions with no daylight exposure and outdoor view. Memory
updating, inhibition, and task switching were assessed as three dimensions of
cognitive performance. Study findings demonstrated that cognitive performance
functions were increased with exposure to daylight and outdoor view; however, all

three dimensions were not affected to the same degree.

Likewise, a study conducted by Chinazzo, Wienold and Andersen [55]
investigated the effect of melanopsin photopigment, a type of light-sensitive retinal
protein, on human cognitive regulation, which refers to how well the learner can

regulate his/her own learning system, i.e., goal setting, choosing and applying
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strategies, and monitoring his/her actions. With this intention, sixteen participants
were tested according to (1) their adaptation to light; using a different type of
wavelength exposure (461, 515, 589 nm) for 10 min, (2) simple auditory detection
tasks in an MR scanner, (3) exposure to darkness - 70 min and (4) a more difficult
auditory working memory task at 515 nm in the MR scanner for 15 min. As a result, it
was found that the wavelength of light to which individuals had been exposed prior to
each recording affected their executive brain responses, particularly when they were
exposed to the longer wavelength of light (589 nm) more than an hour before the

experiment.

The same researchers [55] conducted another study where cognitive
performance was evaluated under controlled daylight levels at different indoor
temperatures. In the experiments, eighty-four participants were randomly exposed to
three daylight illuminance levels with one of three predefined temperature conditions.
The researchers assessed participants' cognitive performance using objective
evaluations (quantitative assessment with measurements) and subjective
evaluations (statements and expressions of the participants). For this aim, three
paper-based assignments were used to evaluate the distributed visual attention,
sustained vigilance and logical reasoning. Also, individual evaluation questionnaires
were used to assess participants' differences in personal conditions. Researchers
pointed out that self-assessment of concentration levels was highly associated with
daylight exposure, especially at low concentration levels when exposed to low
illuminance levels. However, objective evaluations were not influenced as much as
subjective evaluations by daylight illuminance or its interaction with temperature

conditions.

The impact of daylight exposure on cognitive performance was also assessed in
depressed versus non-depressed patients using insolation (daylight exposure) data
of 16,800 participants from a national cohort study [56]. The researchers examined
whether the duration of daylight exposure influences the probability of cognitive
impairment among depressed and non-depressed participants. In this study, the
exposure to daylight was found more influential on the cognitive performance status
of depressed participants than non-depressed ones. The researchers also

demonstrated that continuous two-week exposure to daylight was more associated
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with the cognitive performance status of participants (p=0.005) than same-day

exposure.

2.3.2 Academic performance

The previous section demonstrated that daylight exposure significantly impacts
the students' cognitive performance and, correspondingly, students’ academic
performance and achievement. In this respect, Shishegar and Boubekri [5] reviewed
the current literature on daylight, and they demonstrated that health, satisfaction,
attention and ultimately, the success of workers and students are enhanced by
daylight. Supporting their findings, another study [57] assessed the math and reading
test results of a large population of students based on the daylight conditions of their
classroom with control variables such as teacher experience and the demographic
characteristics of each school. The researchers demonstrated that the results from
math and reading tests were up to 20% higher for students attending classrooms
with daylight or skylight compared to those attending classes in a classroom with no
daylight or skylight. Similarly, Taylor, Enggass, and Pressman [58] proved that
students taking math and reading tests in classrooms with the most daylighting
performed 20% and 26% faster, respectively, compared to their peers in classrooms

with little or no daylight during an academic year.

The impact of daylight on the academic performance of the students was also
positively appraised by Edwards and Torcellini [59], considering class attendance as
an indicator of students’ academic performance. The researchers reported that
students' class attendance increased from 3.2 to 3.8 more days per year when
conventional fluorescent lighting is replaced by full-spectrum fluorescent lights, which
mimic the properties of natural light; however, they cannot be superseded by natural
light exactly. The researchers also stated that students’ class attendance rate at that
school became over 98 per cent after replacing the conventional lights. Moreover,
fewer absences due to health issues were reported compared to the surrounding

schools.
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Likewise, another study examined the impact of artificial lighting mimicking
daylight on concentration and cognitive performance. The so-called “biologically
optimised” light was produced from a combination of blue and white LEDs to create
an artificial sky in the classroom. The students between 17 and 20 attended the
classes in both classrooms with biologically optimised and traditional lighting
systems, and they were instructed to perform several performance and concentration
tests repeatedly. Study results showed that students under biologically optimised
lighting systems performed faster and got higher scores on concentration tests than
those under traditional lighting systems. Supporting that, other researchers [60]
investigated whether daylight exposure was associated with objectively measured
physical activity and sedentary behaviour in young people. Their research
demonstrated that daily average light exposure is positively associated with time in
physical activity and negatively associated with sedentary time. The researchers
concluded that increasing daylight exposure might help promote people's physical
activity. Other researchers [61] also studied students’ academic performance and
health, and they found out that working in classrooms without windows caused a
remarkable change in students’ cortisol hormone level, which is linked to stress and
could have a detrimental effect on the health and concentration of students

compared with classrooms that have access to daylight.

2.4 Daylight perception and evaluation methods

Up to now, much research has demonstrated the link between daylight exposure
and cognitive and academic performance. It was remarked that daylight could
increase students' academic success, promoting physical activity and more class
attendance and positively influencing health and concentration. However, the role of
individual daylight preference and expectations of students on their cognitive and
academic performance still remains to be established. In order to investigate how
individuals’ daylight preferences influence their cognitive and academic performance,

it is necessary to understand daylight perception and assessment methods.
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2.4.1. The concept of daylight perception

Daylight perception represents people’s feelings against daylight conditions and
their satisfaction level with daylight conditions, which could influence their
preferences, expectations and behavioural decisions. Understanding the complexity
of daylight perception could have numerous advantages since the degree of
satisfaction, in particular with daylight conditions, greatly impacts individual mood,
behaviour and cognitive performance. Most importantly, this knowledge could help
meet the occupants’ needs and preferences, which in turn help increase occupant
satisfaction with the indoor environment and reduce the unnecessary energy
consumption from both HVAC (Heating, Ventilation, and Air Conditioning) and
illumination systems in the built environment. For instance, a study on Korean office
buildings showed that adjusting the indoor lighting conditions based on occupants’
expectations and utilisations helps to reduce lighting energy consumption by up to
43% [23]. However, lighting research on daylight perception to date has focused on
glare discomfort perception and colour temperature preference, but not on the
adequacy of the illuminance levels.

2.4.2. Assessment methods of daylight perception

In order to create a framework of the methodological approach to assess daylight
perception in the literature, 482 research articles published in Scopus, Web of
Science, and LEUKOS databases were searched for electronic records. The search
was done in either title, abstract, or keywords of the papers using the following
keywords: (Day)light perception, (Day)light expectation, (Day)light satisfaction,
(Day)lighting sensitivity, (Day) lighting tolerance and (Day)light adaptation. The
inclusion criteria were: (a) including at least one aspect of (day)lighting perception,
(b) published in English, peer-reviewed journals excluding conference proceedings
and books, and (c) published during any year from 1990 to November 2021.
Relevant articles were classified depending on their methods and reported in
Table 2. 2.
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2.4.2.1. General approach

Various methods have been developed and used to investigate how lighting
conditions are consistent with human perception of daylight and daylight
expectations. These methods have been applied in either real-world environments
[62] or laboratories under specified testing conditions [55] [63] [64]. Even though
real-world environments provide an opportunity to conduct studies in a dynamic
social context, people being observed cannot be tested under diverse environmental
conditions. Conversely, participants in laboratory settings know they are the subject
of study, which may affect their behaviour, making it challenging to associate results
with real-life situations [62]. Nevertheless, laboratory studies enable researchers to
investigate changes when daylight conditions are changed [65] [66], which cannot be

tested in real-world environment studies.

Although most methods and tools used in assessing daylight perception differ,
their general methodological approach is similar; it combines subjective and
objective measurements and assesses them depending on the existing lighting
conditions collected by either spot measurements or daylighting simulations. The
studies are also often supported by circadian rhythm parameters, such as cognitive
performance, alertness, sleep quality, and mood. Nevertheless, almost all studies
have used one or more methods to assess the changes occurring in daylight

perception concerning the variation in the luminous environment (Table 2. 2).

2.4.2.2. Methods regarding circadian regulation

Circadian rhythms are approximately 24-h cycles controlled by an internal master
clock in the brain responsible for regulating many physiological (body temperature
and hormones) and behavioural (sleep, mood, alertness and performance) changes
[20]. Circadian rhythms are mainly affected by the intensity and timing of light
exposure [67] and are adjusted at regular intervals by receptors transmitting non-

image-forming information of light, which activate the circadian system [21].
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Exposure to a high amount of daylight (for example, spending a large amount of
time outside or sitting indoors by a big window) has been shown to enhance
students’ cognitive and academic performance [5]. Previous research that examined
the impact of different shading systems on cognitive function performance,
satisfaction, and eyestrain in a living lab has also established that satisfaction with
indoor daylight conditions could result in higher cognitive performance [6]. Most
researchers have benefitted from commonly used tests and techniques such as the
Psychomotor Vigilance Test (PVT), usually used to assess the link between daylight
and cognitive performance. Others have also used class attendance or typing speed

and accuracy as an indicator of cognitive performance.

On the other hand, several studies have proved that daylight exposure
significantly influences occupants’ mood states [68]. Killer et al. [69] indicated that
the participants’ mood reached the lowest level when describing the daylight
conditions as too insufficient. Specified scales such as the Perceived Stress Scale
(PSS), the Positive and Negative Affect Schedule (PANAS), the Centre for
Epidemiologic Studies Depression Scale (CES-D) and the Visual Analogue Scale
(VAS) [65] [70] and specified questionnaires such as the General Health
Questionnaire (GHQ) [66] are usually utilised to investigate the association between

the exposed daylight conditions and mood states.

Changes in circadian rhythms have also been associated with sleep quality and
alertness, in addition to mood and cognitive performance [71]. The Karolinska
Sleepiness Scale (KSS) has been mainly used to measure both subjective
sleepiness and alertness [72] [55]. Tools such as the Horne and Ostberg
Morningness-Eveningness Questionnaire and the Munich Chronotype Questionnaire
have also been used to assess the sleep quality of participants grouped according to

their sleep-wake behaviour (morningness-eveningness) [73][74].
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2.4.2.3. Physiological biomarkers as a consequence of exposure to daylight

Physiological measurements (biomarkers) are regarded as indicators of previous
light exposure; in other words, how much a participant was exposed to light during a
specific time. The duration, timing and intensity of exposed daylight may affect
people’s satisfaction with current daylight conditions and the regulation of their
circadian rhythms. Thus, the assessment of physiological biomarkers could play a

crucial role in assessing and interpreting an individual’s daylight perception.

The objective measurement of daylight perception considers the assessment of
physiological biomarkers such as heart rate [75] [76], skin conductance [75] [77],
core body temperature [78] [76], cortisol level [74] [70], and melatonin secretion [74]
[65]. Heart rate, skin conductance, and body temperature have been measured
using wristbands, while melatonin secretion is measured using either salivary, blood,
or urine samples. Almost all studies reviewed in this study utilised heart rate and
melatonin secretion data, while some researchers also benefited from skin

conductance, core body temperature, and cortisol level measurements.

2.4.2.4. Subjective assessment of daylight

Since individuals are physically and psychologically influenced by daylight [32],
objective measurements should be complemented with subjective evaluations.
However, some studies [79] [80] [81] have shown that correspondence between
exposed daylight conditions and subjective assessment of the occupants is not

always observed because of individual differences.

Subjective assessment methods mainly use questionnaires to obtain information
through semantic differential techniques, measuring the participant’s overall reaction
to specific factors such as ambient illumination of different light sources or horizontal
illuminance and brightness of space [82] [83]. Similarly, open-ended questions are

used to gain deeper insights into the feelings towards daylight conditions, for
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instance, how participants describe the lighting conditions and how they feel under
those conditions. Researchers have benefitted from questionnaires with various
types, purposes and distribution ways, e.g., verbal, e-mail, online, paper-based, or
computer screen. Generally, most of them have conducted studies with commonly
used lighting-related questionnaires either directly or modifying them. Information is
usually collected concerning the participants’ background (age, gender, work
schedule, sleep and wake times, previous daylight exposure etc.), their evaluation of
daylight illuminance and distribution, and their general satisfaction with the indoor

environment [84].

As stated previously, previous daylight exposure could play a vital role in the
subjective assessment of daylight because exposure to a certain amount of daylight
during a specific time significantly impacts human circadian rhythms. Information
about previous daylight exposure is collected with the use of devices that
participants are asked to wear, e.g., wristbands, Daysimeter and the ambulatory
circadian monitoring device (ACM) [75] before [65] and/or during the experiment [85].
The collected data is often supported by self-written logs [73]. These devices are
also used to gain insight into the activity and sleep patterns of the participants and
the amount of daylight they were exposed to. However, sometimes the measurement
of daylight exposure using specific devices may not be feasible and accessible to
researchers and practitioners [86]. In this case, researchers may quantify the
daylight exposure of the participants using some questionnaires.

As a method for assessing previous daylight exposure, questionnaires require
participants to state and estimate their daylight exposure in a particular period [73].
For instance, the Munich ChronoType Questionnaire (MCTQ) involves estimating the
time spent outdoors on workdays and free days, assuming regular light exposure
patterns. Likewise, the Harvard Light Exposure Assessment questionnaire (H-LEA)
emphasises the importance of time duration and period of light exposure during the

daytime to various artificial and natural light sources.

Few researchers have preferred other subjective methods, such as interviews, to
test the influence of different daylighting configurations on participants’ daylight
perception [87] [88]. Moreover, some evaluation techniques, such as seat selection,
have been applied, where it has been assumed that daylight perception and
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expectation are associated with seat preference and window location [89] [90]. In this
case, the selected desk’s illuminance level could be used as an indicator of daylight
perception. Additionally, a unique method was proposed by Reinhart and Weissman
[30] and also used by Handina et al. [31], given its potential as a representation tool
of how daylight composition can be perceived in a space. Handina et al. [31] have
considered the daylight boundary line method to assess perception through the
definition of daylit and non-daylit areas drawn by participants. In this methodology,
participants have been required to draw a line whenever they notice a boundary
between brightness and darkness in the experiment room. Their initial results
showed that the percentage of the area enclosed with the contour line of DA300 Ix,
50% (illuminance level of at least 300 lux over at least 50% of the space) in the
observed space (55%) is close to the partially daylit area (56%), which is the area
perceived as bright by at least 25% of participants. Furthermore, high Dynamic
image techniques [86] and 3D daylight renderings [91] have also been used to
evaluate the human perception of the daylight composition found in shown scenes.
In the further development of these techniques, subjective daylight perception under
various computer-generated conditions has been assessed using scenes displayed
with the Immersive virtual reality (VR) technique [64] [92].
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Table 2. 2 Evaluation methods of daylight perception

A - Assessment of circadian daylight
B - Physiological assessment of daylight perception

C - Subjective assessment of daylight perception

Assessment of circadian daylight

Method References
Cognitive n-back test to measure working memory and working memory [74]
performance | capacity
CNYV test to measure work [63]

performance with the average response times of correct answers

Arithmetic task to reflect work performance with the ratio of correct

answers

Tsai Partington to evaluate the distributed visual attention [55]
d2 test to evaluate the sustained vigilance

Baddeley test to evaluate the logical reasoning

Psychomotor Vigilance Test (PVT) including a Simple Reaction [65]
Time (SRT) test, a 2-Forced Choice Reaction Time (FCRT) test, and a
Matching-to-Sample (MTS) test.

Observation of Typing speed and accuracy [72]

Eye-tracking for measure numbers of fixation with a device such as [72]
Tobii® T60 Eye Tracker

Class attendance as a measure of students’ performance [59]
Alertness Visual Analogue Scale (VAS) to assess fatigue and alertness [66]
Karolinska Sleepiness Scale to measure both subjective [72] [59]

sleepiness and alertness

Sleeping Subjective sleepiness with some surveys such as the 9-item [74] [93] [66]
pattern Karolinska Sleepiness Scale (KSS) and Sleep Habits Survey [65] [70]
Sleep-activity behaviour
A daily sleep-activity graph during the experiment [73]
Identification of morningness-eveningness
Horne and Ostberg Morningness-Eveningness Questionnaire, Munich [73] [74] [93]
Chronotype Questionnaire (MCTQ) and Composite Scale [78]
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Mood Psychosocial stress assessment with Perceived Stress Scale [65]
(PSS)
Mood assessment with the Positive and Negative Affect Schedule [65]
(PANAS) and the Centre for Epidemiologic Studies Depression Scale
(CES-D)
Subjective general health evaluation [66]
using GHQ questionnaire
Subjective mood and visual comfort using visual analogue [70]
scales (VASSs)
Physiological assessment of daylight perception
Method References
Heart rate (HR) using some devices such as the Empatica E4
wristband [75] [76] [94] [77] [95] [63]
Skin conductance (SC) using some devices such as
Empatica E4 wristband and Electrodermal activity (EDA) wristband [75] [77] [95] [76]
Core body temperature using some devices such as
iButtons data loggers and wristband [78] [76]
Cortisol level from salivary [74] [70]
Melatonin secretion from salivary, blood, urine [74] [65] [70] [63] [96] [66]
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Subjective assessment of daylight perception

Interviews

Questionnaires

Method

Informal or semi-structured

Questionnaire-based survey

Snapshot subjective assessments

such as Perceived lighting quality assessment and other created
questionnaires mainly using a semantic differential method
Questionnaire-based survey

Long-term subjective assessments

Subjective evaluations

during experiments within different kinds of rooms
(geometry/orientation/window type/facade type), different
locations and different contexts (social or working context)

Visual comfort evaluation

such as Visual comfort on visual analogue scales (VAS), Office
Lighting Survey (OLS), Lighting Conditions Survey, NRC
Canada Lighting Quality Scale, IEA retrofit monitoring user
assessment survey, Indoor Environmental Quality Surveys

Indoor Environmental Quality Surveys such as
Satisfaction with Environmental Features and Subjective ratings
of discomfort glare (De Boer scale, Imperceptible-intolerable 4-
point scale, Glare Sensation Vote, Visual comfort rating)
Other subjective measures of lighting

Descriptive scales and Lighting preferences, beliefs, and
behavioural consequences

Verbal questionnaire

Evaluation of the impressions of how pleasant, interesting, and
exciting the space

Questionnaires distributed by mail

to evaluate brightness and distribution

References

[87] [88] [97] [63]

(871 [98] [73] [77]
[88] [551[99]

[100]

[101] [75] [64]
[83] [84] [94] [95]
[97]

[101] [73] [74] [72]
[25]

(25]

(25]

(78]

[99]
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Quantification of

daylight
exposure
consequently
circadian light

exposure

Logs

Other methods

Actigraphy data from wearable biometric devices
during the experiment with wristbands such as the Empatica E4
wristband

Actigraphy data from wearable biometric devices

during the experiment with the Daysimeter

Actigraphy data from

wearable biometric devices during the experiment with the
ambulatory circadian monitoring device (ACM)

Actigraphy data from wearable biometric devices prior
to the study beginning, with bed and wake times with wristbands
such as Actiwatch-L

Actigraphy data from wearable biometric devices prior
to the study beginning, with bed and wake times with the
Daysimeter

Asking for time spent outdoors

such as The Munich Chronotype Questionnaire (MCTQ), the
Harvard Light Exposure Assessment questionnaire or self-
prepared questions to get data about light exposure

Weekly log ratings of psychological well-being, daily sleep
activity and time spent outdoors

Daily sleep log prior to the study beginning.

Seat preference surveys and observations

surveys asking for the reasons for the choice of seat locations
and direct observations of actual seating behaviour

Drawing daylight boundary line between daylit and non-
daylit area

HDR-High dynamic image techniques

Showing daylight 3D renderings with the computer
software of the same space to the subjects and asking to rate
daylight composition

Immersive virtual reality (VR) with headsets such as
Oculus Rift CV1 and Oculus Rift DK2

[75] [76] [93] [95]

(85]

(67]

[74] [63] [78]

(65]

(73]

(73]

[74][63]

[90] [102][103] [89]
[104] [105]

[106]

[76] [83] [86]

(91]

[77] [95][75] [64]
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2.5 Summary

This chapter presents an overview of current knowledge on daylight, daylight
perception and methods for the assessment of daylight perception. The
methodological review has demonstrated that although the methods used to assess
daylight perception vary, their general approach is very similar. Participants'
subjective assessments and biological measurements have generally been
compared with data from real daylight measurements using luminance meters,
illuminance meters, lux meters, cameras for HDR images, colour temperature
meters, spectroradiometers, etc., to establish whether luminous conditions influence
daylight perception. In terms of experiment design, some studies were conducted in
specified test rooms with a controllable environment [55] [63] [64], and others were
carried out in a real environment. Some researchers also preferred to conduct
controlled experiments [65] comparing the control and experimental groups with and
without one specific variable. Similarly, some researchers conducted intervention
studies [66] to compare the baseline conditions with the changes that occur after

exposure to any situation in the same group of people.

In order to maintain the satisfaction and academic performance of the students
from different cultural backgrounds in the indoor environment they found in the
United Kingdom, a methodology was needed to be developed for assessing daylight
perception. For that purpose, this chapter has reviewed the methods previously used
to investigate daylight perception and has provided insights that can help develop a

methodology for assessing daylight perception in the context of cultural background.
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CHAPTER 3: Evaluation of daylight perception assessment

methods

3.1 Introduction

Daylight is an essential component in maintaining human health and well-being
and plays a key role in occupants' physiological, psychological, and behavioural
regulation. Understanding the complexity of daylight perception is vital since the
degree of satisfaction with daylight conditions could significantly impact individuals’

mood, behaviour and cognitive performance.

As highlighted in section 2.4, the effect of lighting conditions on human
perception and expectations should be investigated using objective measurements
and subjective evaluations. However, only subjective evaluation methods with
different applications could be utilized to complement each other for situations where
a considerable amount of data collection from objective measurements may not be
feasible and accessible. Thus, in this study, seat preference, subjective ratings, and
daylight boundary line drawings were used as tools to evaluate the daylight
perception of participants because these methods were novel and more research
was needed on them. However, more importantly, in all of them, researchers
highlighted the inter-individual differences in their findings that could be a potential
way of investigating the impact of cultural differences on participants' perceptions in
this study.

This chapter evaluated the applicability of these three methods chosen from
those previously presented methods (Table 2. 2) to identify inter-individual
differences in students' daylight perception due to cultural background. For this aim,
an experiment was conducted with students who were instructed to choose the best
and worst seats, describe the best desks' daylight conditions, and draw boundary
lines between perceived daylit and non-daylit spaces in a library. Obtained
responsive data were compared with data from parametric modellings and daylight

simulations that were validated with spot measurements representing daylight
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availability of the desks and spaces. Detailed information about each selected
method, the rationale for selection and the method of procedure are reported in the

following sections.

3.2 Methodological review

3.2.1. Subjective ratings

The subjective rating method involves asking participants to describe their
feelings and satisfaction level against the general indoor lighting conditions or
lighting conditions on a specific surface. This method has been utilised in various
lighting studies, and many researchers have found participants’ own perceptual
statements compatible with actual daylight conditions. However, subjective
evaluations may not fully represent daylight availability because of individual

differences in some cases.

In the lighting field, existing self-report tools used for assessing lighting quality in
an indoor environment are generally used in post-occupancy evaluations of the built
environment. Some well-known self-report tools in the lighting field are the Office
lighting survey [51], Lighting conditions survey [107], NRC Canada Lighting Quality
Scale [108] and IEA retrofit monitoring user assessment survey [4]. These tools are
specified on participants' general lighting quality assessment and their satisfaction
and comfort level with the indoor lighting conditions. They have numerous

advantages and limitations, and these tools are generally derived from each other.

The lighting conditions survey and IEA retrofit monitoring user assessment
surveys differ from other self-reporting tools covering a particular focus on
daylighting [3]. They also aim to assess individuals’ feelings against specific features
of lighting characteristics rather than overall satisfaction with daylight. Apart from
these tools focusing on the lighting quality assessment of participants, more
comprehensive indoor environmental quality surveys also exist to measure

participants' overall satisfaction with the indoor environment, considering other
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factors affecting the indoor environmental quality, such as air quality, acoustics,
thermal conditions and ergonomics in addition to lighting quality [110]. Although
these brief surveys generally focus only on a few aspects of lighting quality, some
tools, such as the Satisfaction with Environmental Features survey, differ from others

with the substantial lighting assessment [110].

BUS (Building Use Studies) Methodology is one of the most extensively used
standardised questionnaires to evaluate general occupant satisfaction with the built
environment. This method consists of 45 questions regarding thermal comfort and
ventilation, lighting and noise, personal control and space, design, image and needs
[109]. Carrying out this questionnaire in the surrounding context is valuable in
understanding and interpreting the occupants’ feelings against the components of
indoor environmental quality. Therefore, this study has benefited from this tool to
understand the daylight perception ratings interrelated with actual daylight conditions
to explore if participants describe the luminous conditions as they should be, and if
not, in which way and why. The association between real and perceived daylight
conditions is quite important because a deeper understanding of the possible
reasons causing the variation between actual measurements and people’s
perceptions would help to increase occupant satisfaction with the built environment.
There are also specified tools for measuring subjective ratings of discomfort glare,

but they were excluded because of the irrelevance of the main theme of the thesis.

The rationale for methodology selection

Various researchers benefitted from the subjective rating method in the literature
to evaluate participants’ feelings and satisfaction levels against the lighting
conditions. However, subjective evaluations may not fully represent daylight
availability because of individual differences in some cases [81] [82] [83]. Therefore,
this method was applied to determine the degree to which subjective statements
represent daylight availability in space and investigate whether people perceive
daylight conditions in line with actual measurements in order to explore the inter-
individual differences in students’ daylight perceptions due to their cultural

background in further studies.
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3.2.2. Seat preference

Academic libraries play a significant role in students' learning development [110].
They should provide a good learning environment that enhances students’ learning
ability and contributes to academic and intellectual development [111]. Although the
framework for planning and designing learning spaces such as academic libraries
exists [112] [113], there is still a need for a better understanding of the specific needs
of students to provide environments that meet their needs and preferences [114].

The learning environment preferences have been explained in environmental
psychology studies using physical dimensions (comfort, aesthetics, information and
communication technology facilities, and layout), social dimensions (privacy,
interaction, and autonomy), and sociodemographic dimensions (gender, age, study
year, and life conditions) [115]. In other words, the preference for a learning
environment is defined by the specific physical conditions of the environment and by
human, cultural, and psychological dimensions. These environmental factors that
affect the learning process significantly impact the students’ emotions, learning
ability, and feelings of belonging to space [116], hence, the students’ behaviours and

seat preferences in libraries [117] [118].

Seating features that meet the students’ needs and preferences could aid a
longer stay in the library [119], keeping students happier and motivated [89] [120].
Understanding occupant behaviour and their interaction with the indoor environment
could help improve the occupants’ satisfaction [121] and the energy efficiency of
buildings [122] [123]. Especially for architects, it is crucial to understand and
consider the factors that influence human behaviour in a library because being
aware of users’ preferences makes it possible to design functional, comfortable, and
high-quality spaces.

Studies regarding seat preference in the learning environment have primarily
focused on interior elements, such as territory, colours, and furniture [10]. However,
occupant behaviour is a complex subject, as there are many external and internal

aspects influencing behaviour (e.g., external environmental conditions, building
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characteristics, and indoor environment conditions; biological, psychological, and
social aspects) [124] [125].

It has been shown that the affecting factors arising from the physical environment
that govern the decision of seat selection are daylight [90] [126], ambient
temperature, type of furniture, proximity to other occupants [127], quietness, outdoor
view, privacy, social interactions such as close to friends, entrance or circulation
[105], students’ degree of territoriality and seat arrangements [128]. However, the
existing knowledge of the association between daylighting and seating behaviour
remains somewhat limited and needs further investigation [129].

The seat selection process also results from the individuals’ prior experiences in
a space or a deliberate choice among alternatives while entering the space [130],
regardless of whether deciding consciously or unconsciously [131]. This assumption
has also been supported by [62], indicating that seating decisions could be different
for individuals familiar and unfamiliar with the physical settings in the space because
the human response to the physical environment is strongly subject to prior
experiences [132]. In that case, library users could repeatedly choose the same seat
depending on prior experiences, whereas first-comers need to rely on external
sources such as existing lighting conditions, noise levels, etc. The availability of
seats at a particular time could also influence seat selection; individuals who arrive
earlier at the library have more chances to select a seat than those arriving later.
Individual differences, namely arousal, motivation, and expectation, also matter in

human behaviour [132], influencing the decision-making process.

The rationale for methodology selection

Even though prior research revealed a variety of reasons for seat selection, a
number of researchers remarked daylight as the most crucial reason for seat
selection [58] and the most frequently chosen [64]. Researchers also pointed out the
differences in seat selection of individuals due to their needs and expectations from
the indoor environment. In this research, the seat selection method was chosen as a
potential way of identifying inter-individual differences in daylight perception of

students due to their cultural background in further research, considering that

36



daylight availability at their chosen seat corresponds to their favoured daylight
conditions [127] [62].

3.2.3. Perceptual daylight drawings

This unique method proposed by [133] and further used by [106] is based on the
consistency between daylight availability in space and how the participants perceive
and represent those conditions with drawings considering the drawings as a
representation tool of participants’ perception of daylight composition. This method
was developed by Reinhart et al. [133], and these researchers investigated whether
the human eye could determine the “300 lux boundary” (maintained average
illuminance at working level) within a space without an illuminance meter. They also
aimed to explore the most compatible daylight metric with the actual human daylight
perception. For this purpose, students were instructed to divide and tape the floor
plan of a space into a ‘daylit’ and a ‘non-daylit’ area on an arranged date and time
(Figure 3. 1). They were also asked to carry out a series of illuminance
measurements and to mark the daylit area on a floor plan of the space that they
were given. Study findings pointed out that daylight autonomy (DA), defined as an
illuminance level of at least 300 lux over at least 50% of the space, is the most
compatible daylight metric with actual human perception. However, researchers
pointed out a discrepancy between simulating daylight conditions and participants’
perceptions of the indoor daylight composition, indicating that this method needs to

be validated and refined in other spaces.
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Figure 3. 1 Example of individual daylight boundary line drawings

A further study on the daylight boundary line drawing method was developed
[106] and researchers asked participants were instructed to draw “daylight boundary
lines” on a paper showing the floor plan of the building whenever a significant
change of contrast which is a degree of difference between the brightness and
darkness was found (Figure 3. 2). Following that, the researchers ran computer
simulations and generated a contour plot representing a boundary line in the room
crossing over 300 lux. The generated boundary line was then compared to the
subjective responses to determine whether the participants' daylight boundary line

drawings accurately represented the actual daylight measurements.

In order to analyse the data, researchers used the statistical quartile concept to
categorise and visualise areas where a certain number of participants agreed that
they were bright. Spaces were then differentiated as fully daylit (area agreed as
bright by at least 75% of the participants), partially daylit (area perceived as bright by
at least 25%) and non-daylit (area perceived as bright by less than 25% of
participants). After that, they analysed the compatibility between participants’
perceptions and daylight simulations, overlapping the differentiated spaces based on

participants' agreement with the daylight availability in those spaces. Study findings
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demonstrated that the percentage of the area enclosed with the contour line of the
illuminance level of at least 300 lux over at least 50% of the space (DA300Ix,50%) in
the observed space (55%) is close to the partially daylit area (56%) which is the area
perceived as bright by at least 25% of participants, in other words, they proved that
participants’ drawings could be used to investigate how they perceive daylight
conditions. They also compared the performance of different daylight metrics in
predicting the participants’ daylight perception and reconfirmed that the most
compatible daylight metric with participants’ perception of daylight composition in
space is Daylight Autonomy (DA300Ix,50%) [92].
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Figure 3. 2 An example daylight boundary line drawing of a participant [106]
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The rationale for methodology selection

Although previous studies demonstrated that daylight boundary line drawings
could be used to assess how participants perceive daylight conditions, they also
pointed out the inter-individual differences in participants’ drawings. Therefore, this
unique method was chosen and applied to determine inter-individual differences in
students' daylight perception due to cultural background, given that their daylight

boundary line drawings represent how they perceive the daylight composition.

3.3 Methodological approach

3.3.1. General approach

Academic libraries play a significant role in students' learning development [110].
They should provide a good learning environment that enhances students’ learning
ability and contributes to academic and intellectual development [111]. For this
reason, this study was carried out in a library, which has a high potential for
investigating the factors influencing students' mood and performance, as well as
inter-individual differences in their sense of belonging to a space. A previous study
demonstrated that a sense of belonging to space depends on the self-concept of the
physical environment factors (furniture, colour, lighting, plants, privacy, etc.), and
86% of participants stated that daylight conditions have an important role in the

sense of attachment and stay in a place [134].

In order to establish a methodology to assess daylight perception in the context
of cultural background, 50 MSc students were brought all together to the UCL
Bartlett Library, asked to complete a questionnaire before the experiment and
undertake a set of tasks while going around the library. The library was assessed
during one of the sunniest days in December 2019 (between 13:00 and 14:00); a day
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with a clear sky was selected to get maximum daylight throughout the library during
the experiment. The day and time of the study were decided based on both the
previous years’ lighting data obtained from Public Health England and weather data
from the Met Office. All tasks within the questionnaire took between 20 and 25
minutes to complete. Subjective responses from participants were collected using
various methods and compared to daylight availability obtained from daylight

simulations validated by spot measurements.

3.3.2. Participants

An invitation to participate in the study was sent via email to 348 postgraduate
students enrolled in MSc programs at the Bartlett School of Architecture, UCL.
Seventy-six students said that they would be happy to be involved in the experiment;
however, only fifty students (15 male / 35 female) aged 20-34 years old participated
in this study. Eleven participants (22%) described themselves as White, whereas 33
students (66%) stated that they came from Asian backgrounds. Only five people
(10%) defined their ethnicity as other ethnic backgrounds. Most of them (72%) of 50

were overseas students who had spent less than three months in London.

3.3.3. Field site

The study was carried out in the UCL Bartlett Library, London, WC1H ONN,
located on the ground floor of a six-storey building (Central House Building,
Bloomsbury campus). This library was specifically selected because of the
orientation of its rooms because north-facing spaces were recommended by [135] for
daylight boundary line study to minimize the potential for direct sun during the
experiment. The library was also selected as it contains various layouts that provide

different kinds of daylighting designs.
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The library comprises three main study areas (Figure 3. 3). The group study area
(Room 1) accommodates eight shared desks and four individual cubicles and has
two side windows in the north-facing external wall; the library collection area (Room
2) has twelve shared desks and eleven individual desks and several side windows
facing north and east orientations; the quiet study room (Room 3) is an open-plan
space with a skylight, and thirty-two shared desks. Details of the rooms and technical

properties of the surfaces of walls, floor, furniture etc. are illustrated in Appendix 1.

\

Figure 3. 3 Plan of the UCL Batrtlett library (Arrows represent the perspectives of the photos taken)
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The UCL Bartlett library contains rooms with various layouts providing different
daylighting designs. In addition to the general evaluation of the methods for
assessing daylight perception concerning daylight availability, this study also
considered zones with similar layouts, privacy, outdoor views and daylight
conditions. This was especially important for the seat preference method because
previous research has shown that the decision of seat selection arises not only from
daylight [90] [126] but also from factors such as ambient temperature, type of
furniture, proximity to other occupants [127], quietness, outdoor view, privacy, social
interactions such as close to friends, entrance or circulation [105], students’ degree
of territoriality and seat arrangements [128]. Therefore, the analysis was also
conducted considering not solely daylight but also its combination with other
components. Figure 3. 4 presents the zones with the above-mentioned common

features, which were compared and illustrated in Table 3. 1.

Go7
RECEPTION

Figure 3. 4 Zoning of the library depending on the common features
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Table 3. 1 The characteristics of zones identified in the UCL Bartlett Library

ZONES Layout Outdoor views Privacy

eight shared desks Church
two side windows in the
north-facing external wall

not on the circulation route
not facing a person
sharing desk with a person
limited people can see the screen
distribution potentiality by staring from
the window

no outdoor views not on the circulation route
not facing a person
individual desk
limited people can see the screen

Zone B

four individual cubicles

twelve shared desks Church
three side windows facing
north

on the circulation route
not facing a person
sharing desk with a person
limited people can see the screen
distribution potentiality by staring from
the window
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Zone D

eleven individual desks back building facade the circulati ‘
nine side windows facing onthe CI!‘CU ation route
east not facing a person

individual desk
limited people can see the screen

no outdoor views on the circulation route
not facing a person
sharing a desk with two people
many people can see the screen
distribution potentiality by passing
people

Zone E

Zone F

not on the circulation route
skylight facing many people
sky and around buildings sharing desk with seven people
many people can see the screen
distribution potentiality by staring from
the skylight
silent room

open-plan space
thirty-two shared desks

Zone G

no outdoor views

open-plan space not on the circulation route
thirty-two shared desks facing many people
sharing desk with seven people
many people can see the screen
distribution potentiality by staring from
the skylight
silent room
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3.3.4. Quantification of daylight availability in the library

In order to assess participants’ daylight perception, we needed to know how
much daylight was available on the desk/space the participants pointed out.
However, the measurement of the illuminance level of the desks/space was not
possible using spot measurements such as an illuminance meter since all students
selected the best and worst seats and evaluated the daylight availability at the best
desk simultaneously. Therefore, parametric modelling, daylight simulations and spot
measurements were used in this study to get information concerning daylight

availability of the desks and spaces.

3.3.4.1. Parametric modelling and daylight simulations

Autodesk AutoCAD was used to produce 2D drawings of the library. The 2D
drawings were exported to one of the most widely used platforms, Rhino, to create
3D drawings of the building. Surrounding building heights and distances from the

building were obtained from https://digimap.edina.ac.uk/ created by Great Britain’s
national mapping agency (Ordnance Survey Limited). Then, the advanced level of
Grasshopper, one of the visual programming languages, was used to create
parametric modelling for lighting performance analysis. At this stage, two
Grasshopper validated plugins, Ladybug for importing standard Energy Plus
Weather files (.epw) into Grasshopper and Honeybee for creating, running and
visualising the results of daylight simulations using Radiance, were used for lighting
performance analysis (See Table 3. 2). The locations of the core work plane points
in the simulations were defined according to the seating configuration. Reference
points of each desk were shown with small red dots in the middle of the desks in
Figure 3. 3, and daylighting simulations were conducted based on these points. The

simulation process is summarized and illustrated in the below diagram (Figure 3. 5).
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Figure 3. 5 Schematic diagrams of the simulation process
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Table 3. 2 Demonstration of parametric modelling and daylight simulations in the UCL
Bartlett Library

Modelling Daylight Simulations

ROOM 1

ROOM 2

ROOM 3
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3.3.4.2. Spot measurements

Spot measurements were taken and used to develop and validate simulation
results. For this purpose, Leica DISTO D110 Laser Distance Measurer was used to
measure the size of the library. In order to run daylight simulations and generate
data about daylight availability in the library, knowledge of the surface reflectances of
the library's walls, floor, and furniture was also required, but no measuring equipment
was available. Therefore, surface illuminance (the amount of light falling onto a given
surface area) and surface luminance (the amount of light emitted, passing through or
reflected from a surface) were measured using KONICA MINOLTA llluminance
meter T-10A (20014862) and KONICA MINOLTA Luminance gun meter LS 100 and
the below formula (Equation 1) was applied to calculate the reflectance of the
surfaces assuming perfectly diffusing surfaces (See the reflectance of each surface

in Appendix 1).

Equation 1. Calculation of reflectance value of the surfaces

Luminance = Reflectance x Illuminance/m

3.3.4.3. Daylight performance metrics

While calculating daylight availability using computer simulations, it was also
necessary to specify which daylight metric to use at a given time. In this study,
students were instructed to write down the date and time of the experiment in which
they participated, and daylight availability was calculated based on that time. Also,
the literature review findings were used to determine which daylight metrics to use in

this study.
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Data obtained from seat preference and subjective rating methods were
evaluated based on point-in-time climate-based calculations positioned horizontally
in the middle of each working desk, which has been found to have a better
association with seating behaviour than other daylight metrics for predicting daylight
availability [129]. Daylight boundary line drawings were assessed using
DA300Ix,50% (50% of the occupied time when the target illuminance of 300 lux on a
horizontal plane is met by daylight) because of a more robust association with the
daylight composition of space than others [106]. As a result, responses from seat
preference and subjective rating methods were evaluated using point-in-time
climate-based calculations, whereas daylight boundary line drawings were evaluated
using Daylight Autonomy (DA).

3.3.4.4. Validation of daylight simulations

Computer simulations are increasingly being used in many contexts, and they
are used to predict the dynamic behaviour of systems in response to conditions that
cannot be easily applied in real life. However, the validity of the simulation outcomes
is a key issue in interpreting the results. Since the simulation method results involve
an acceptable amount of error arising from either unpredictable sky conditions at a
given time or the incorrect input parameters in the simulation model. Therefore, it
was necessary to compare daylight performance predictions obtained from computer
simulations with physical measurements taken in the field in this study because it

demonstrates how much simulation results correspond to actual daylight conditions.

In this study, the outcome of the daylight modellings built-in Radiance were
validated under real sky conditions at a specific point, date and time. As seen in
Figure 3. 6, a strong association between simulation results and actual daylight
measurements was found (p<0.05, R2 = 0.89). It demonstrated that simulation

results represent the real daylight illuminances with an acceptable error range.
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Figure 3. 6 The comparison of simulation results with actual daylight measurements

3.3.4.5. Contribution of electric light to total illuminance

The recommended lighting levels for library reading rooms are between 300 and
500 lux [62], and electric light and daylight should be considered together to achieve
recommended light levels. Electric lighting was constantly on in all areas and times
of the library's opening hours and times of the experiments at the UCL Bartlett

Library. On the day on which the study was performed, students were exposed to

electric light in addition to daylight. If the contribution of electric light was ignored, the

study analysis would be inaccurate because students might not choose the same
desk without electric light, particularly where daylight illuminance is insufficient in
parts of the room distant from the windows and where the extra individual reading
lights allow the students to carry out tasks.

Hence, the contribution of electric light to total iluminance was investigated by
measuring the electric light illuminances in the middle of each desk using a Konica
Minolta llluminance meter T-10A on the 30" of November 2019 between 16:45 and

17:15 after sunset. The amount of electric light received by desks was then
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compared to total illuminance measurements taken during the experiment based on
Equation 2. The illuminance values of electric light on the work planes were highly
correlated with the total illuminance measurements (p=0.001). For this reason, it was
assumed that all desks receive a comparable amount of electric lighting, and

therefore variations between them would be due to daylight alone.

Equation 2. Electric light contribution to total illuminance

Er(P) = Ep(P) + Eg(P)
E;(P) = total illuminance
Ep(P) = daylight contribution

E ¢ (P) = electric light contribution (when there is no daylight)

3.3.5. Study procedure

Before entering the library, participants were given brief information regarding the
study, and they were requested to fill out the first section of the questionnaire about
the participants’ personal information and backgrounds. Afterwards, they were

instructed to walk through the library to carry out the following tasks:

Task 1 — Seat selection: Students were asked to choose the three best, and three
worst seat locations from the seating plan of the library and the most and least liked
within those categories. They were also asked to indicate the reasons for their
selection to examine whether the daylight in the selected desk (best and worst)
coincides with those where daylight levels were high and low, respectively, hence if

the daylight component is an influential factor when deciding where to sit.

Task 2 — Subjective ratings: Students were asked to describe the amount of
daylight at the best seat they have selected using a six-option scale derived from the

BUS questionnaire (from very low to very high) as shown in Figure 3. 7. Thus,
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daylight availability at a specific desk was tested depending on how participants

perceived it.

How do you describe the amount of daylight at your A seat preference (most liked one)?

Below Above
Very low Low average average High Very high
O O O O O O

Figure 3. 7 The question of the subjective ratings at the chosen best desk

Task 3 — Daylight boundary line drawings: This unique method proposed by
Handina et al. [106] was used, given its potential to represent how daylight
composition can be perceived in a space. Participants were instructed to draw the
“daylight boundary lines” on a paper showing the floor plan of the building whenever
a significant change in light contrast (the distinction between light and dark area) was
perceived when moving around the library (Figure 3. 8). The drawn boundary lines
were then scanned and overdrawn in AutoCAD to calculate the perceived bright
areas, which were assumed to indicate the perception of adequate daylight in this

study. Finally, all drawings were superimposed on top of each other and evaluated

based on daylight availability at a specific time.
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Figure 3. 8 A few examples of participants’ drawings showing boundary lines between daylit
and non-daylit spaces
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3.3.6. Questionnaire design

A questionnaire (See Appendix 2) was designed to include the three methods
used in this study: seat preference, subjective rating, and daylight boundary line
drawings. The questionnaire contained multiple-choice, Likert scale, and open-ended
guestions and was divided into five sections; the first two sections of the
guestionnaire were completed by participants before entering the library and
considered information regarding (1) demographic; gender, and age, (2) time
spent in London (months). The following three sections considered a set of
guestions regarding the specific tasks to be conducted as part of the methods
explored to measure participants’ daylight perception; (3) seating preference and
reasons for seat selection, (4) evaluation of daylight availability at the best seat
selection, and (5) daylight boundary line drawing (differentiation between daylit
and non-daylit spaces) The procedure order was specifically designed from open
guestions regarding seat preference to daylight specific questions so that they do not
influence the participants’ responses. Ethical approval for this study was obtained
from the UCL Research Ethics Committee in November 2019.

3.3.7. Method of analysis

All statistical analyses were conducted using the software package SPSS 20.0.
Univariate descriptive statistics (response frequencies, means, and standard
deviations) were calculated for each variable. The data were checked for normality
using analytical Kolmogorov—Smirnov/Shapiro—Wilk’s tests if required. Evaluations of
the data obtained from three subjective methods were carried out separately as

described below:
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Analysis of seat preference: Initially, compelling reasons for students' best and
worst seat selections and the importance of daylight in their seat selections were
considered. Secondly, daylight availability at the best seat selections was evaluated
using ordinal regression. Lastly, the best and worst seat selections were evaluated
on the seating map concerning other influential factors on seat selections in addition
to daylight.

Analysis of subjective ratings: Subjective ratings were evaluated based on the
perceived daylight conditions towards daylight availability at the best seat selection

using ordinal regression.

Analysis of daylight boundary line drawings: Daylight boundary line drawings
were assessed with the methodology created by Handina et al. [106]. Initially, the
variation in the perceived bright areas of participants was analysed using descriptive
statistic methods. Then, the statistical quartile concept was used to categorise and
visualise the areas agreed by a certain number of participants as bright. Spaces
were differentiated as fully daylit (area agreed as bright by at least 75% of the
participants), partially daylit (area perceived as bright by at least 25%) and non-daylit
(area perceived as bright by less than 25% of participants). Lastly, categorised areas
representing the participants' overall daylight perception were overlapped with

daylight availability to investigate if they correspond with each other.
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3.4 Results and Discussion

3.4.1. Seat preference

3.4.1.1. Reason for seat selection

Selection of the best seats

In order to investigate the role of daylight on seat selection, students were
asked to state the three best desks and the reasons for their selection. The study
findings showed that daylight was the most dominant reason (36%) of all reasons
given by participants when selecting the most liked desk, followed by privacy (18%),
outdoor view (13%), and quietness (10%), respectively (Table 3. 3). These results
agreed with [127] and [62] findings that daylight was the most significant reason for
seat selection. In this study, other specific features of selected desks also seemed to
be influential on seat selection (8%). Some specific features mentioned were
wideness, proximity to the circulation route or entrance, enabling one to study
individually or with friends, being at the corner or the back of the room, and access to
facilities such as a computer or plug socket. Participants also mentioned reasons
related to indoor conditions (7%), such as room temperature and air quality. The
proximity to windows was also mentioned (8%); however, it was unclear whether it

was due to daylight conditions or outdoor views.
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Table 3. 3 Participants’ responses concerning the reasons for choosing the best seats

Reason for best seat Total number of A B (©
selection mentioned Best place = Second-best Third-best

Quietness 10% (22) 10% (8) 9% (7) 10% (7)
Daylight 36% (81) 34% (28) 39% (29) 34% (24)
Proximity to window 8% (18) 9% (7) 5% (4) 10% (7)
Outdoor view 13% (30) 13% (11) 15% (11) 11% (8)
Privacy 18% (42) 21% (17) 21% (16) 13% (9)
Desk features 8% (18) 6% (5) 7% (5) 11% (8)
Indoor conditions 7% (16) 7% (6) 4% (3) 10% (7)
Total responses 227 82 75 70

Selection of the worst seats

Following the best seat selection, participants were also asked to state the

three worst desks and the reasons for their selection. As seen in Table 3. 4, the

worst seats were associated with unsatisfactory daylight conditions (33%), and with
specific desk features (14%), nonprivate environment (12%), distractive noise (11%),

and lack of or unpleasant outside views (6%).

Table 3. 4 Participants’ responses concerning the reasons for choosing the worst seats

Reason for worst seat Total number 1 2 3
selection of mentioned Worst place Second-worst Third-worst

Noise 11% (21) 8% (6) 13% (8) 12% (7)
Lack of /insufficient 33% (62) 34% (24) 32% (20) 32% (18)
daylight
No window 4% (7) 4% (3) 2% (1) 5% (3)
Lack of/ unpleasant 6% (12) 6% (4) 6% (4) 7% (4)
outdoor view
Privacy 12% (23) 16% (11) 11% (7) 9% (5)
Desk features 14% (26) 13% (9) 16% (10) 12% (7)
Indoor conditions 9% (18) 8% (6) 9% (6) 10% (6)
Feeling cramped 11% (21) 10% (7) 11% (7) 12% (7)
Total responses 190 70 63 57
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Although daylight remained one of the most dominant factors in both best and
worst seat selections, the order of importance in selecting the worst seats was
slightly different from those selected as best. Daylight was the most dominant reason
when selecting the best desks in the library, followed by privacy, outdoor view and
quietness, respectively. Nevertheless, unsatisfactory daylight conditions were stated
as the most important reason for the worst seat selection, followed by specific desk
features, nonprivate environment, distractive noise, and lack of or unpleasant outside

views.

Even though participants seemed to agree on the reasons given when selecting
the best and worst seats in general, there were a few cases where a particular desk
was chosen as both worst and the best by participants due to different reasons. For
instance, a group of people stated that some desks were claustrophobic and made
them feel cramped. Those places were generally seats facing a wall or located in the
corner of a room, restricting visual contact with other students. Some also found
some corner seats close to the circulation route the worst because of the distraction
possibility by passing people; however, some students indicated that sitting at the
corner was a reason for the best seat selection due to “feeling isolated” from those
around. Similarly, a desk facing the wall made a participant “feel cramped” opposite
to another student, indicating that sitting there makes her “easy to concentrate”.
These types of examples highlighted the role of individuality in seating selection
because some patrticipants described a space positively while others described it
negatively. However, although seat preference varied from person to person
depending on individual needs and expectations, most participants agreed that
selecting a desk in the library is influenced by a satisfactory daylighting level, facing
the least people, and a greenery outdoor view [136].
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Seat preference in different rooms

The UCL Bartlett Library provides rooms with different layouts. While two of the
rooms (Room 1 and 2) have side windows allowing access to daylight and outdoor
views from the desks shared with a maximum of one person, Room 3, an open plan
space, is located under a skylight without access to outdoor views but sufficient
daylight levels, especially at some desks (above 1000 lux). Also, there is a space
located in Room 2 that differs from the rest of the room as visually open to everyone
passing through the library that does not access daylight and outdoor views but

provides three hot desk computers.

Figure 3. 9 presents the seat preference configuration against the library's
daylight availability as simulated and validated with spot measurements. It can be
seen that most (86%) of the seats selected as the best were located in areas with
high illumination, whereas most unpopular desks were located in places with poor or
lack of daylight (less than 300 lux). The lighting levels were categorised based on the
recommended range for library reading rooms (between 300 and 500 lux) [62].
Interestingly, two desks were regarded as both best and worst by different
participants. One of them, located in Room 1, corresponds to an individual cubicle
that does not have access to an outdoor view or acceptable daylight levels. The desk
was selected as the worst seat by a participant because of the deficient daylight
level; however, another participant preferred it because the desk was at the corner
and more private than others. Another desk described as both best and worst by five
participants was located near the window and in the corner of Room 2. The desk has
a satisfactory level of daylight and a greenery outdoor view, which some participants
positively appraised; however, others were negatively affected, given its closeness to

an emergency exit and facing the people passing through the circulation route.

When the study was conducted, desks in Room 3 under the skylight had a
high level of daylight (above 1000 lux). However, they were not preferred as
expected, and the desks near the window in Room 2 were more popular than the
desks in other rooms. Six participants stated that they do not feel comfortable in the

open-plan layout of Room 3, even though it has high daylight levels, especially at
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some desks. They also mentioned that their screens were visible to other students
and that even though it was a silent room, it was easy to get distracted due to the
circulation of other students. These findings emphasised that seat preference cannot
be examined only in relation to daylight, and it should be investigated together with
other components reported in the study, such as privacy, outdoor view and
quietness.
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Figure 3. 9 Best and worst seats selected by participants against daylight availability

The role of daylight on seat selection may also vary depending on the context,
sample characteristics, and the activities participants are requested to undertake.
For instance, this study's results could have been different if the participants were in
real need of using the space for their respective tasks (e.g., reading and writing for
an assignment). In that case, privacy and quietness could have been more important
than environmental components such as temperature, lighting and outdoor view.
Therefore, the study design might have affected the participants’ attention and
evaluation of the space and desks. Nevertheless, although the role of daylight varies
from study to study, the importance of daylight remains an essential factor for seat
selection.
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Seat preference based on seating arrangement

The individual characteristics of each desk, such as its location, orientation, and
seat arrangements, also matter, as well as which room it is located in. As seen in
Chapter 3, section 3.3.3., the UCL Batrtlett Library has rooms that provide desks
with various configurations. The following paragraphs analyse and report on the best
and worst seat selections, as well as the reasons for their seat selection based on

individual desk characteristics.

Most students (54%) selected the best desks in Room 2 (Zone C and D), given
access to daylight and outdoor views. However, the percentage of preferred
individual desks in Zone D (32%) was much higher than shared desks in Zone C
(22%). Privacy could explain why these desks were preferred over others in the
same room, although desks in both Zones C and D also have the same furniture
features, have a similar amount of daylight availability, and have their own adjustable
desk lamps in case students need an additional light source. Although desks in Zone
C have a better view (church scene) and provide privacy with the use of dividers to
block eye contact between students sitting oppositely, students still have to share
their desks with other library users, and these desks had less demand compared to
those in Zone D. Nonetheless, desks in Zone D facing the back building facade with
similar features to desks in Zone C provide more privacy and less distraction, and
they were in higher demand. Desks in Zone E were not selected at all as the best;
because they do not have access to daylight or outdoor view and are visually open

to students passing through the library.

Desks in Room 1 were also regarded as favourable by 26% of participants.
16% of those students preferred shared desks near windows (Zone A), while others
(10%) preferred individual cubicles (Zone B) without access to daylight or an outdoor
view. In other words, access to an outdoor view and daylight conditions were more
important in desk seating preferences than sharing a desk with someone. On the
other hand, only 20% of students selected desks in Room 3 as the best, mainly with
high daylight levels. In this room, desks with high levels of daylight under the skylight
(Zone F) were preferable (16%) to desks with inadequate or lack of daylight (4%)
(Zone G), although all desks have the same layout and same furniture features.
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Interestingly, the preferred desks with low daylight levels were located at the last line
of the desks, mainly at the corners, which were described by many as more private
than others. This finding shows that in the case of an open-plan space where desks
do not access an outdoor view, access to daylight seems to be more important than

privacy.

Hot desks in Zone E with no access to outdoor views or daylight were the most
disliked by 40% of students, followed by the desks in Zone G with poor daylight
conditions (32%). Despite the high daylight level in Room 3, only a few students
(6%) identified desks as the most disliked in Zone F. Those desks were mainly
located near the door, so anyone entering the room could see students' screens.
Public feeling due to the open-plan layout and the feeling of being watched by others
through the skylight were the most common reasons to dislike desks in Room 3.
Participants also mentioned that their screens could be visible to other students due
to seating arrangement, and even though Room 3 is a “silent room”, it is easy to

become distracted due to the presence of other people sitting around.

Following Room 3, the most disliked desks were in Room 1. As the worst seat
selection, most of the students (8%) pointed out the desk at the corner, next to the
wall in Zone B. Only two students (4%) selected the most disliked desks in Zone A,
and those desks were close to the door and had a lack of visual privacy as in Room
3. A small percentage of participants (10%) chose a desk in Room 2 as the worst

seat; these were the desks with no visual privacy from passing people.

These findings showed that more illuminated spaces tend to be described as
the best seat and vice versa; however, many factors need to be taken into
consideration for seat selection in addition to daylight. For example, in the case of all
desks with comparable furniture features and daylight availability, such as in Room
2, privacy, in other words, whether the desk allows students to sit individually,
influences seating preference. In some cases, such as in Room 1, having access to
an outdoor view and daylight conditions was more important than sharing a desk
with someone. When there is no access to an outdoor view in an open plan space,
such as Room 3, privacy and daylight appear to be important factors influencing

students' seat selection; however, private desks with high daylight availability appear
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to be more appealing than private desks with low daylight availability. These findings
demonstrated that seat selection depends on individual needs and preferences and

also the specific characteristics of rooms and desks.

In support of these findings, the reasons for students' seat selections were
investigated to determine whether the preferability of desks coincides with those with
high daylight levels. Figure 3. 10 shows the students’ reasons for choosing the best
desks. Zone E was not considered for this analysis because students did not select
any desk in that zone as the best. The places with insufficient or lack of daylight,
such as Zone B and Zone G, were selected mainly due to privacy and quietness.
The contribution of daylight availability to the best seat selection increased from

Zones A to Zones C, D, and F, corresponding to those with higher daylight levels.
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Figure 3. 10 Students’ reasons for best seat selection in different types of seating places
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Combination of reasons for seat preference

Seating that meets students' needs and preferences can promote a longer stay
in the libraries and keep students motivated, influencing their emotions and learning
abilities. Many disciplines have extensively discussed the influential factors on seat
preference in a learning environment. It has been shown that the affecting factors
arising from the physical environment that govern the decision of seat selection are
daylight [92] [127], ambient temperature, type of furniture, proximity to other
occupants [128], quietness, outdoor view, privacy, social interactions such as close
to friends, entrance or circulation [106], students’ degree of territoriality and seat

arrangements [129].

Although daylight on its own seems to be a critical component for seat
selection, its combination with other factors should also be considered. In this study,
participants were required to state at least one, and ideally three reasons for
selecting a desk. Table 3. 5 and Table 3. 6 present the combination of reasons for
choosing the best and worst desks. As seen in Table 3. 5, the combination of
daylight and outdoor view, and daylight and privacy are critical reasons for selecting
seats. In any case, daylight maintains its importance for seat selection with the
combination of outdoor view and privacy. Similarly, Table 3. 6 showed that people
avoid selecting places with insufficient daylight and a cramped environment, followed
by places with an unpleasant level of daylight and outdoor views [136].

64



Table 3. 5 Frequency of mentioned reasons for the best seat selections

Desk Indoor Daylight Outdoor Privacy Quietness

features conditions views
Desk features 2
Indoor conditions 1
Daylight 1 1 7 4 2
Outdoor views
Privacy 1 2 2 1 1
Proximity to window 1 1 1 1
Quietness 1 1

Table 3. 6 Frequency of mentioned reasons for the worst seat selections

Insufficient Desk Indoor No Noise Unpleasant Privacy
Daylight features conditions window outdoor
views

Insufficient daylight 1 1 2 4

Desk features 2 1 1
Indoor conditions 1
Feeling cramped 6 1 1

Unpleasant outdoor views 1 2
Privacy 2 1 1 1

3.4.1.2. The role of daylight availability on seat selection

Daylight availability at the best and worst seat selections

The daylight availability at the best and worst seat selections could give us an
opportunity to investigate what is the role of daylight on seat selection. Therefore,
students were eliminated if they mentioned daylight as a reason for their three best
and worst seat selections, and these evaluations were then based on the daylight
availability of each desk as determined by point-in-time climate-based calculations.
For this purpose, daylight availability of the best and worst seat selections stated by

students that mentioned daylight as a reason for selections was put together, and
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the minimum, maximum, mean values and standard deviations were analysed. As
seen in Table 3. 7, the best seat selections of students (A, B, C) consist of desks
with high illumination, and the importance of daylight decreases from the best seat
selection to the third-best seat selection. Similarly, the most disliked desks (1, 2, 3)
are composed of desks with a lack or insufficient level of daylight and the daylight
availability increases from the worst seat selection to the third-worst seat selection.
These findings demonstrate that people tend to choose more daylit spaces and

avoid darker spaces during their best and worst seat selections.

Table 3. 7 Daylight availability in the best and worst seat selections

Daylight A B C 1 2 3
availability of the Best Second- Third- Worst Second- Third-
chosen desks (lux) place best best place worst worst
Minimum (lux) 0.00 0.34 0.34 0.00 0.00 0.00
Mean (lux) 381.5 329.0 281.0 107.4 173.5 120.3
Maximum (lux) 1395.0 1183.2 1332.8 689.8 803.6 671.1
Std deviation 399.9 276.6 287.5 184.0 260.8 195.4

Assessment of daylight availability at the best seat selection

An independent-sample t-test was carried out to check whether there was a
significant difference in daylight levels at the best seats selected between
participants who indicated daylight as the reason for their selection and those who
did not. The findings showed that people who mentioned daylight as a reason
preferred the desks with much higher daylight illuminance levels (468.5 £ 437.1 Ix)
than those that did not mention (174.9 £ 183 Ix) (p = .052). It could be explained that
daylight availability on a desk that meets the occupant’s needs and preferences,
namely daylight expectations, usually influences their seat preference because
individuals prioritizing daylight conditions tend to select desks with high illuminance
levels and vice versa. This finding showed that daylight availability of the preferred
desk could be used as an indicator of an individual's daylight preference and

expectation.
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3.4.2. Subjective ratings

The subjective rating method involves asking participants to describe the daylight
conditions on a specific desk surface. This method has been utilised in many lighting
studies, and most researchers have found participants’ own perceptual statements
compatible with actual daylight conditions. This method was applied to determine the
degree to which subjective statements represent daylight availability in space and
investigate whether people perceive daylight conditions in line with real
measurements. The association between real and perceived daylight conditions is
quite important because a deeper understanding of the possible reasons causing the
variation between actual measurements and people’s perceptions would help to

increase occupant satisfaction in the built environment.

After selecting the best and worst seats, participants were asked to rate the
daylight conditions on the work plane at the seat they had selected as the best in the
library. Then, the perceived daylight conditions of the participants were evaluated
towards daylight availability at the best seat selection using ordinal regression. The
daylight availability at the best desks selected by participants showed that 44% of
the participants (N=22) described the amount of daylight on their best desk as very
high, 42% (N=21) stated that the daylight conditions were high, and 6% (N=3) as
above average. In contrast, only 8% characterised the conditions as low or very low.
These results support the idea that most people prefer desks with a high amount of
daylight, which could be with/without consciousness [131] because the awareness of
our behavioural responses to the physical environment is limited and most of our

behaviour is not under our conscious control.

Although some individuals described the amount of daylight differently from
actual measurements, it was assumed that the contribution of daylight to horizontal
illuminance on the desk significantly affected the subjective assessment of daylight,
p =0.002. The correspondence between subjective ratings and daylight
measurements proved that subjective rating is suitable for evaluating daylight

perception. However, even if the difference between the subjective ratings and
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daylight conditions was minimal, inter-individual differences in perceiving daylight

conditions need further investigation.

3.4.3. Perceptual daylight drawings

3.4.3.1. Variation in perceived daylight

The library’s indoor daylight conditions were assessed by asking participants to
draw a boundary line when they noticed a variation in light between daylit and non-
daylit spaces. A few examples of participants’ drawings are shown in Figure 3. 8. In
this experiment, some participants described the daylight availability in certain areas
as very high, whereas others found the daylight in the same areas low or insufficient.
The overlapped drawings gathered from all participants are presented in
Figure 3. 11, and they were then overlapped with the simulated daylight availability
in Figure 3. 12. Participants' average perceived bright area in the library varied from
~16 to ~100 square meters (mean=40.3, SD=24.6, N=50). Perceived daylight
conditions varied over an extensive range from person to person, regardless of
actual daylight measurements. Therefore, aspects that can intervene and cause the
discrepancy between actual daylight measurements and participants’ perceptions

from drawings deserve further attention.
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Figure 3. 11 Daylight boundary line drawings of the participants

Figure 3. 12 Comparison of drawings with daylight availability
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3.4.3.2. Comparison of daylight availability with the overall perception

In order to categorise and visualise the areas agreed by a certain number of
participants as bright, the overall perception of daylight composition within each
room was evaluated using the statistical quartile concept. Spaces were differentiated
as fully daylit (perceived as bright by at least 75% of participants), partially daylit
(perceived as bright by at least 25% of participants), and non-daylit (area perceived
as bright by less than 25% of participants) (Figure 3. 13). Despite the inter-individual
differences in the participants’ perceived daylight conditions from drawings, there are
still apparent areas in the centre of rooms 2 and 3 that all participants agreed to be

the dimmest and brightest, respectively.
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Figure 3. 13 Overall perceived area of participants (above), Comparison of the overall
daylight perception with percentage of the area enclosed with the contour line of
DA300Ix,50%
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The participants' overall daylight perception was overlapped with daylight
availability in the library to determine the difference between perceived daylight
availability from drawings and actual daylight measurements. Handina et al. [106]
found that the most compatible metric to evaluate boundary line drawings concerning
daylight availability in space is DA300Ix,50% which is a daylight availability metric
that corresponds to 50% of the occupied time when the target illuminance of 300 lux

on a horizontal plane is met by daylight.

As seen in Figure 3. 13, only in Room 3, the percentage of the area enclosed
with the contour line of DA300Ix,50% (41.3%), corresponds to some extent to the
partially daylit area (45.1%). However, the percentage of DA300Ix,50%, was not
close to the fully daylit areas in the other two rooms. This method seems somewhat
to explain the tendency in daylight perception of a group of people, despite the
noticeable inter-individual differences in the daylight boundary line drawings. It could
help compare the daylight perception of a particular group of people, such as the
perception of people living in different latitudes. However, space characteristics such
as room size, window type and size, and seat configuration could explain the
variation in participants' perceptional drawings. Also, as seen, the degree of
agreement in the participants’ perceived bright areas varied. Even though perceived
bright areas varied from person to person in Rooms 2 and 3, the agreed daylit space
was more noticeable. Perceived bright areas in Room 1 varied in a wide range, and
there was no agreement in the participants’ perceptions. These findings agree with
Handina et al.’s [106] work, where a noticeable difference was found in the
subjective daylight evaluations between small and large spaces. Overall, these
findings indicate that this method could be used to compare the overall daylight
perception of a particular group of people; however, it needs further investigation for

the individual assessment of subjective daylight.
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3.4.4. Initial findings on daylight perception and cultural background

This chapter aimed to review the methods previously used to assess daylight
perception and establish a methodology for assessing daylight perception in the
context of cultural background. As presented previously in CHAPTER 3, seating
preference and subjective ratings seem as suitable methods for evaluating the
daylight perception of individuals. Therefore, as a part of cultural background in the
lit environment, the contribution of ethnic background and time spent in a specific
environment to the participants' responses was analyzed considering the findings

from seat preference and subjective rating methods.

The results from the seat preference method showed that when selecting the
best seats, the leading reason for 48.5% of Asian participants was daylight, followed
by privacy (15.2%), quietness (6.1%) and indoor conditions (6.1%). On the other
hand, 33.4% of White participants selected their favourite desks considering daylight
as a priority. Subjective rating method results also showed that Asian participants
described daylight conditions on the best-selected desks as equal or lower than
actual measurements. In contrast, White participants described daylight conditions
as similar to or higher than actual daylight conditions. This finding shows similarity
with Lee and Kim's [137] study, which showed that Asian people felt more

comfortable than Caucasians with high glare levels of luminance.

In terms of time spent in London, study findings showed that participants that had
been in London for longer periods gave less weight to daylight while selecting a seat
than students that arrived a couple of months before the study. Four students born
and raised in London preferred desks with significantly less daylight than non-
Londoners. In parallel with their seating preferences, students who had spent more
time in London described the daylight conditions at the best desk as more
acceptable. Acclimatisation to daylight conditions over time could affect subjective
daylight evaluations and explain this finding, just as shown by Martin et al. [138].
However, participants’ daily routine, how long they are exposed to outdoor daylight
conditions and in which timeframe also matter in addition to the daylight availability
of the city. Together these findings show that there could be an association between

cultural background and subjective daylight evaluations; however, it needs further
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investigation with a large sample size of participants considering all cultural

background components.

3.4.5. Limitations and future work

The presented study in this chapter was limited to a particular place and a
particular group of people at a given point in time. The small sample size was
another limitation that did not allow the generalisation of the findings.

The role of daylight on seat selection may vary depending on the context,
sample characteristics, and the activities participants are requested to
undertake. Study results could have been different if the participants were in
real need of using the space for their respective studies (e.g., reading and
writing for an assignment). In that case, privacy and quietness could have
been more important than natural environment components such as
temperature, lighting and outdoor view. Since a degree of privacy [139] and a
guiet environment [140] are the most critical components, especially during
exam periods, helping students improve concentration. Therefore, the study
design might have affected the participants’ natural environmental attention

and evaluation of the space and desks.

Even if the difference between the subjective ratings and daylight conditions
was minimal, the reasons for perceiving daylight conditions different from
other individuals need further investigation, and inter-individual differences

should be examined deeply in further studies.

The use of drawings to measure participants' perceptions, such as the
daylight boundary line method, has some limitations because it involves
simultaneous cognitive and motor processing. Therefore, most people make
errors while trying to produce a representation of a scene because of their

drawing proficiency [140], and it is suggested that when a drawing is used as

74



a research method, it should entail participants’ drawing and talking or
drawing and writing to interpret the meaning embedded in their drawings.

The impact of cultural background on daylight perception was evaluated
considering only ethnic background and time spent in London. However,
cultural background in the lit environment comprises many aspects. Further
analysis is needed considering the luminance environment where people

used to live and individual lifestyle daily routines.

Electric lighting was constantly on in all areas and times of the library's
opening hours and times of the experiments at the UCL Bartlett Library. In this
study, students' daylight perception had to be assessed in a real-world library
setting while they were exposed to both daylight and electric light. However,
their perception may differ if the students were only exposed to daylight. As a
result, additional research into the impact of solely daylight on students'
daylight perception, seat selection, and evaluation of daylight conditions is

recommended.
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3.5 Summary

Daylighting is an essential component of the indoor environment that can greatly
influence the occupants' comfort and well-being. For assessing the daylighting
guality, photometric measurements on their own do not wholly represent the
subjective aspect of the lighting environment; therefore, more attention should be
paid to how participants perceive the same daylight conditions and which method
can predict the daylight perception of the participants much better. This chapter has
evaluated the applicability of three methods chosen from those previously presented
methods (Table 2. 2) to identify inter-individual differences in students' daylight
perception due to cultural background. In lighting studies, culture represents the
many aspects of individuals’ characteristics and the climatic and indoor conditions
people have experienced. Hence, people from different cultural backgrounds might
have different expectations of the lit environment. This knowledge could be used to
investigate how users interact with the building and develop strategies to reduce
unnecessary electricity consumption in addition to contributing to human health and
well-being.

This chapter showed that subjective ratings, the amount of daylight described by
participants, coincide with the daylight availability on specific surfaces. However,
there remains a slight difference between participants’ statements and actual
daylight conditions. The reasons why daylight conditions are perceived differently by
participants need further investigation. The findings from the seat preference method
showed that daylight was the most dominant reason when selecting the best desks
in the library, followed by privacy, outdoor view and quietness, respectively. Although
the reasons for seat selection varied, the majority of the participants agreed on
particular reasons; satisfactory daylighting level, facing the least number of people,
and a greenery outdoor view. This study also showed that the perceived daylight
conditions obtained from the daylight boundary line method varied extensively from
person to person, regardless of actual daylight measurements. Therefore, aspects
that can intervene and cause the discrepancy between actual daylight
measurements and participants’ drawings deserve further attention. Initial results

from the developed method demonstrated that there could be an association
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between cultural background and subjective daylight evaluations; however, it needs
further investigation with a large sample size of participants considering all cultural

background components.

Together these findings showed that subjective rating and seat preference
methods could be used to evaluate daylight perception. Although daylight availability
corresponds better with subjective statements, collecting participants' subjective
responses would not always be possible, especially in large-scale studies.
Therefore, the combination of subjective rating and seat preference methods is
suggested as appropriate methods for assessing daylight perception. Future
research should also consider the impact of other environmental parameters on seat
preference and how they relate to lighting conditions to improve occupant
satisfaction. The interaction between any parameter and seating choice should not
be examined in isolation; other aspects, such as privacy, outdoor view and
guietness, should also be considered. Inter-individual differences in daylight

perception are also worth investigating further.
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CHAPTER 4: Investigation of the role of daylight availability on seat

preference

4.1 Introduction

Academic libraries should play a significant role in students’ learning process by
providing an environment that enhances their learning experience and contributes to
their academic and intellectual development. Seating that meets the needs and
preferences of students can promote a longer stay in the libraries and keep students
motivated, which in turn influences their emotions and learning abilities. Studies
regarding seat preference in learning environments have primarily focused on
interior elements, such as the impact of territory, colours and furniture on students’
seat selection [119], and existing knowledge on the interaction between daylighting
and seating behaviour remains limited and needs to be investigated more deeply
[129]. Therefore, the degree of satisfaction with daylight conditions could

significantly impact individuals’ mood, behaviour and cognitive performance.

Although most participants stated a satisfactory daylighting level as the most
dominant reason when selecting the best desks in CHAPTER 3, it was limited to the
choice of a group of people at a given point in time. Therefore, a further long-term
analysis was needed to confirm the role of daylight in seating selection. This chapter
aims to understand what types of desks are in higher demand in a library and
investigate whether daylight has a significant impact on student seating selection,
providing that students have a free choice of seat location, in order to develop some
strategies to improve students' satisfaction with space and reduce building energy
consumption. For this aim, occupancy data of the UCL Bartlett library acquired from
motion sensors located underneath each desk was used to assess occupancy,
which was then compared to characteristics of space, including daylight availability.
The detailed information in the literature regarding the role of daylight availability on
seat preference, assessment methods of seating preference in the learning

environment and the method of procedure are reported in the following sections.
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4.2 Literature review

4.2.1 The role of occupant behaviour in the built environment

Occupant behaviour has been regarded as one of the critical factors that might
cause a gap between the predicted energy use during the design stage of a building
and energy use in the operation stage [124]. The performance gap between how
designers predict occupant behaviour and how they actually operate sometimes
could vary up to 300% difference. Since energy simulation tools used for predicting
energy utilisation of buildings mainly consider the climatic data and physical/ thermal
properties of building elements rather than occupant behaviour. Occupant behaviour
is regarded as fixed and scheduled patterns; therefore, predictions always do not
represent realistic human behaviour [141]. However, the unexpected occupancy
behaviour as one of the significant factors impacting energy use is responsible for
64% of the difference between the predicted and actual energy consumption of
buildings [142]. It has several direct and indirect factors that may have an influence
on the way that occupants consume energy. For instance, occupant behaviours in
terms of energy use in the built environment could be influenced by external sources
such as climatic conditions, type of building and building features and indoor physical
environment, as well as by internal sources such as biological and psychological
conditions, comfort level and expectations, values, social interactions, gender and
age [124].

Understanding the role of occupant behaviour in the built environment and
investigating the occupants’ interactions with the indoor environment could help to
improve occupants’ satisfaction [121] as well as energy efficiency in a building [122]
[123]. For instance, understanding the factors influencing the occupants’ interaction
with electric lighting (patterns of turning artificial lights on and off) could help
minimize the performance gap between predicted and operational lighting
consumption as well as maintain the occupants’ satisfaction with the built
environment [143]. Research conducted in Korean office buildings with the

application of automatic dimming control for lighting with a design illuminance of
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occupants’ expectations and usage habits helped to reduce lighting energy
consumption by up to 43% [23]. However, due to the complexity and variety in the
factors of potential influence on occupant behaviours such as lifestyle, demography,
economy, interaction with building features and equipment, predicting beforehand
building occupancy behaviour and buildings’ energy use could become problematic
in general and on occupants in particular [125]. Therefore, further research into the

factors affecting occupant behaviour is needed.

4.2.2 Influencing factors when choosing a space in the learning environment

The expectation of occupants and their behaviour in the built environment could
vary depending on the building type, building design features, climatic conditions,
type of activity [141], and people’s personalities [144]. Understanding occupants'
behaviour and their interactions with the indoor environment could provide insights
into how to improve occupants’ satisfaction [121] and the energy efficiency of a
building [122] [123]. For instance, understanding the reasons behind selecting a
particular seat in an environment could help develop strategies to improve
occupants’ satisfaction and maximise the benefit of an environment such as a library
that has an essential role in enhancing students’ cognitive abilities and

achievements.

The seat selection process results from the individuals’ prior experiences in a
space or a deliberate choice among alternatives while entering the space [130],
regardless of whether deciding consciously or unconsciously [131]. Seating selection
differs for individuals familiar or unfamiliar with a space’s physical settings [62]. The
human response to the physical environment is strongly subject to prior experiences
[132]. For example, library users could repeatedly choose the same seat depending
on prior experiences, whereas first-comers need to rely on external sources such as
existing lighting conditions, noise levels, etc. This situation may apply not only to
previous experiences in the same library, but also to seating selection of students in
similar setups. The availability of seats at a particular time could also influence seat

selection; individuals who arrive earlier at the library have more chances to select a
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seat than those arriving later. Individual differences, namely arousal, motivation, and
expectation, also matter in human behaviour [132], influencing the decision-making
process. All these factors considered together could make a difference in individuals’

seat preference behaviour.

Linking the seating behaviour of individuals with a particular stimulus in the
physical environment is quite difficult because individuals are exposed to multiple
sources of information during the seat selection process. The behavioural response
to a physical stimulus in an environment is not directly associated with its magnitude,

but with the interaction of the people and the environment, they are exposed to [132].

The factors influencing seating behaviour in the learning environment have been
defined as ambient temperature, type of furniture, proximity to other occupants [127],
guietness, outdoor view, privacy, social interactions such as close to friends,
entrance or circulation [105], daylight [90] [126], students’ degree of territoriality and
seat arrangements [128]. It is also known that when choosing a space, individuals
are likely to value a few specific variables rather than equally evaluate each
environmental variable [62]. Therefore, it is impossible to associate students' seating
behaviour with only one environmental variable. However, some factors are more
dominant in the decision process of the students, and it is necessary to understand
whether daylight availability is one of those factors influencing students’ seating
preference predominately. The literature shows that the impact of daylight on seating
behaviour is also affected by variations in other factors that influence the decision-
making process, and the role of daylight in seat selection remains hidden behind
them [42]. The underlying processes of seating behaviour within a specific physical
environment have not been completely understood yet. Understanding the
interaction between physical environment and seating behaviour of students is

important to design functional and comfortable learning environment.
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4.2.3 The role of daylight availability on seating selection

An individual's spatial orientation relies on the interpretation of changing retinal
images and updating this information whilst walking through a space [145]. The
received visual information with auditory and tactile senses is used to decide on
location, position and movement [62]. Therefore, as a part of the dominant source of
sensory information (vision), daylight is regarded as an essential component for the
spatial orientation of an individual. It gives individuals a sense of place with “the
changing intensity and direction of illumination over time” [62] and potentially
influences their spatial orientation within an environment [132] [127]. The luminous
environment could impact individuals’ decision-making process in remaining at the
same location or moving elsewhere. In the case of changing the location and,
ultimately, the luminous environment, individuals may develop a sense of awareness
of the luminous similarity or contrast (higher or lower amount of illumination) with
other spaces. In other words, they put spaces in luminous order while they make a

seat selection [146].

The type of task to be also performed matters for the importance of daylight on
seat selection. For example, visual tasks requiring greater attention, such as reading
a book, may influence individuals to choose particular locations with mostly higher
daylight levels [146] [147]. However, in some situations, people may need a place to
focus on what they are reading with less awareness of sensory information arising
from their external environment [147]. Especially during exam periods, privacy and
guietness are more critical for students [139] [140] than external environment
sources like daylight levels. In addition to individuals who positively appraised
daylight conditions, avoiding visual discomfort could also be another reason for seat
selection for others. For instance, individuals may choose spaces away from direct

sunlight to avoid potential visual discomfort through glare [62].
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4.2.4 The assessment methods of seating preference

In order to assess the factors influencing occupants’ seating preferences, it is
necessary to review the methods for assessing seating preference in the literature.
In the literature, seating behaviour studies have been conducted in either real-world
or laboratory settings. In laboratory studies, occupants’ behaviours and preferences
could be artificial and unrepresentative since it is difficult to reproduce the dynamic
social context in real-world situations. Also, participants are aware of being
observed, which may influence their seating choices. In real-world studies, on the
other hand, it is impossible to change the environment to control variables or
interfere with the behaviour of the people being observed. The real-world approach
prevents people from being influenced by the experimental set-up and behaving
differently, as long as they do not know they are being monitored. Thus, real-world

studies improve the reliability of the observations [89] [62].

[ Seating Preference Assessment Methods }

Laboratory Studies <+— L Real-world Studies
Revealed preference Stated preference
(observation) (self-reporting)
Snapshot recording Walk-through observation
A

Occupancy monitoring

Figure 4. 1 Methods for the assessment of seating behaviour in the literature
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As seen in Figure 4. 1, seating behaviours in real-world studies have been
monitored either from direct observation of the subjects’ behaviour (revealed
preference) or self-reported behaviour (stated preference). The stated preference
method depends on the individuals’ expressions regarding their perceptions and
expectations of the seating places using surveys and interviews. The revealed
preference method differs from the stated preference with the actual behaviour
observation rather than stated perceptions or intended behaviours. Although the
revealed preference methods provide insight into the general seating behaviour
pattern, they do not involve the subjective aspect of choosing a space. However, it is
usually challenging to generalise the findings using the stated preference methods
because they generally can reach a limited number of participants’ subjective
expressions. Furthermore, those perceptional expressions can not always represent
the intended behaviours because most human behaviour is not under conscious
control [131]. Thus, the assessment of seating preference should benefit from a
combination of revealed and stated preference methods altogether to assess the

seating behaviour of the people in a space.

The revealed preference method comprises a systematic observation of actual
behaviour against measured physical settings in which the behaviours occur. It has
three approaches; recording a snapshot, walk-through observation, and
occupancy monitoring. The former approach involves monitoring and recording
human behaviour at specific intervals. The latter represents the recordings of
people’s behaviour, such as observing them while choosing a seat, monitoring the
preferred path while moving through space, and noting their activity while sitting.
Seating behaviour is also observed using the occupancy monitoring method, which

comprises a systematical analysis of each seat’s utilisation at specific intervals.

The occupancy monitoring studies in libraries generally have two approaches.
One of those approaches is examining the seating and space usage, interpreting the
findings and proposing new furnishings, interior design or renovations [148] [149].
The latter approach is the development of models to predict occupant behaviour and
schedule prediction based on the actual behaviour occupancy data obtained from
different kinds of sensors [150]. The primary goal of the studies measuring the

occupancy pattern in libraries using occupancy sensors is to provide students with
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more efficient library use. For this aim, some researchers have assessed the
occupancy patterns in the libraries over several months to evaluate the efficiency of
library usage [151]. Some have compared the accuracy of different sensor types to
determine the most corresponding ones with occupancy of the seat configurations
[152], and others have created models to predict future occupancy using the
information obtained from the sensors [153].

4.2.5 Occupancy monitoring sensors

As previously mentioned, the occupancy measurement in the built environment is
usually conducted with manual counting and questionnaires. However, these
methods usually require verification with other ways to obtain representative data of
actual occupied conditions in space. They also need a lot of labour force and
considerable time to collect the occupancy information. The working load also could
be extremely heavy when the recording is required for a long time. The advances in
sensor technology allow researchers to replace the head counting method at specific
intervals with different kinds of sensors to detect whether a seat is occupied.
Researchers have mainly benefitted from these occupancy sensors; passive infrared

(PIR), ultrasonic, sound, light-switch, carbon dioxide, and image sensors [154].

One of the most widely used sensors is the PIR sensor, a motion detector type
that defines an area's occupancy status using the infrared (IR) light radiating from
occupants. They represent the occupancy status of a place with an output value of
zero or one describing “unoccupied” or “occupied”, respectively. These sensors
respond when they detect a change in the temperature, and they require the
constant motion of the occupants to function effectively [155]. Ultrasonic sensors can
also catch the occupants’ presence using the echo intensity and transmitted signals.
Their working principle depends on emitting the ultrasonic sound waves from the
sensor to the environment and receiving the reflected sound energy back to the
sensor from the environment. If the reflected sound energy has a different
wavelength from the sent one, then that space is regarded as occupied because

sound waves switch wavelength after reflection from a moving object. However,
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these sensors occasionally may give false ON due to the air turbulence caused by
HVAC systems [154] [155]. The study represented in this chapter is based on the

data obtained from PIR sensors at UCL libraries.

The sound sensors measure and evaluate the audible sound waves of occupants
using a microphone or other audio detector to detect their presence and locations in
the room. These sensors also provide a binary output value to detect the occupant's
presence, like PIR and ultrasonic sensors. However, they require occupants to make
continuous sounds, and such sound sensors could consider some non-human sound
waves as false ON. In some cases, they could be applied along with PIR sensors to
complement each other [154] [155]. Light switch sensors detect occupant movement
and control the lighting switch. They have a binary output like other sensors, and
they consider that space is occupied when the light is switched on due to the
occupant's movement. These switch sensors rarely give false ON because they are
triggered by people walking through the space, even if it is not occupied. In a few
cases, they could provide a false OFF output if the occupant remains overly static in
the space [156].

Besides, carbon dioxide sensors are used to measure indoor and outdoor air
carbon dioxide concentration to estimate the number of people who occupied the
room [157]. However, the exhaled carbon dioxide diffusion to the air takes some
time. Therefore, these sensors generally give a time lag, and it causes a problem in
estimating the number of people at a particular time [154]. The working principle of
image sensors is based on capturing human movement through the sixteen-node
sensor network of cameras [158]. However, the system could represent only 80% of
the actual occupancy in a space [154].
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4.2.6 Application of occupancy monitoring sensors to the libraries

Researchers who prefer to monitor the occupancy pattern of the libraries and the
time duration that each seat is occupied usually count the occupancy in an interval
time manually. This method was limited to the restricted time period because
researchers usually could have observed the occupants' seating behaviours for only
a week or two weeks within different seasons [64]. Some researchers occasionally
utilize the datasets obtained from motion sensors attached to desks and desk
stations to monitor the occupancy of the library. Usually, motion sensors have been
used because these sensors give more accurate results than other sensors to detect
the occupancy in a particular place. A few researchers [159] also have utilised
occupancy sensors to help design energy-efficient buildings because understanding
the link between occupancy patterns and energy usage is quite important. They have
demonstrated that the total energy consumption of the library could be reduced by
26.1% when the opening hours are rearranged depending on the hours when a room
is primarily vacant or occupied by a few people. They have also highlighted that
considerable energy consumption in the libraries results from lighting energy use,
which could significantly (71%) be reduced using the in-depth analysis of occupancy

patterns.

Despite the advantages of sensor technology, occupancy monitoring sensors
have not been used frequently because this method requires a sufficient number of
sensor devices for each seat or at least each cluster seating where the observation
will be done. Even the researchers who utilized sensors for occupancy monitoring
could install sensors to specific seating clusters and observe only a limited part of
the library due to the lack of sufficient sensors for monitoring each seat. Hence, a
long-term analysis of each seat in a library associated with indoor conditions,
particularly daylight availability, could not be conducted yet. Therefore, this chapter
has focused on the long-term occupancy of each seat at the Bartlett Library obtained
from motion sensors to investigate if daylight availability encourages students to

choose seats where a high daylight level exists.
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4.2.7 The significance of the study

The building occupant behaviour, usage and maintenance of the buildings need
further attention to increase the satisfaction of the occupants as well as avoid
unnecessary energy consumption. The unexpected occupancy behaviour is one of
the significant factors impacting energy use because it is responsible for 64% of the
difference between the predicted and actual energy consumption of buildings [142].

It is crucial for UCL’s professional services teams to ensure that study spaces at
UCL are both sufficient and well utilised to maintain students’ satisfaction with the
library environment and avoid high energy expenditure. Below bar chart (Figure 4. 2)
visualizes the average monthly occupancy rate and electricity consumption of the
Bartlett Library between 2018 and 2019. Electricity consumption data was gathered
from UCL live energy data platform. It has been shown that the occupancy rate of
the Bartlett Library is highly dependent on the term dates. However, compared with
the current electricity consumption plan, it demonstrates that the energy
consumption is not proportional to the actual occupancy, which could result in much

energy and money wasting [122] [123].
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Figure 4. 2 Comparison of energy consumption and occupancy rate at the Bartlett Library
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Although there is no way to disaggregate the energy consumption for heating or
cooling the space, ventilation and lighting using the UCL libraries’ electricity
consumption data, it is known that lighting accounts for a considerable amount of
energy used in library buildings interrelated with the cooling and heating loads. For
this reason, assessing occupancy patterns depending on the lighting availability
could be very beneficial for UCL Estate to maintain students to use the libraries more
efficiently. In this way, managers could have a chance to investigate the reasons
behind lowly-utilised desks and spaces. They could set up a new lighting control that
matches actual building occupancy more closely than current settings, and even
some rooms could be closed during the lowly utilised period to reduce unnecessary

energy consumption in UCL libraries.

4.3 Methodological approach

4.3.1 General approach

The previous chapter (CHAPTER 3) aimed to identify the most suitable methods
to assess daylight perception of a large number of people to investigate the cultural
background impact on daylight perception and concluded that seat preference
seems like one of the suitable methods for assessing daylight perception. It
demonstrated that people mostly tend to select desks with a high amount of daylight.
However, lighting conditions constitute only a part of the compelling reasons for the
best and worst seat selections, and other factors also need to be considered, such

as privacy, noise level and outdoor view in addition to daylight conditions.

Therefore, a further study was needed to reconfirm the previous findings on the
role of daylight availability on students’ seat selection, not limiting the observation to
a specific time duration but expanding it to a long period of time. Unlike researchers
that previously monitored the occupancy pattern in the libraries for a short period of
time, this study monitored the occupancy using motion sensors located underneath

each desk in the Bartlett Library for the entire year. The collected data was utilized to
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understand how the study spaces are used, what type of spaces are most in-
demand, and the relationship between seat occupancy and daylight availability.

4.3.2 Field site

This study was conducted based on the utilization data of each desk at the

UCL Bartlett library and daylight availability. The UCL Batrtlett Library is located on
the ground floor of a six-storey building. The features of the library were described
previously in Chapter 3, section 3.3.3. The library comprises three main study areas
with different layouts and lighting designs. Room 1 has eight shared desks and four
individual cubicles, Room 2 has twelve shared desks and eleven individual desks,
and Room 3 has thirty-two shared desks. Regarding daylight, Room 1 has two north-
facing side windows, and Room 2 has several side windows facing north and east

orientations. Room 3 is an open-plan space with two skylights.

4.3.3 Occupancy monitoring data at the UCL libraries

The utilization of seats in each UCL library has been monitored and recorded on
a 10-minute basis since 2017 [160]. The purpose of monitoring the occupancy of
4,000 seats is to provide students real-time spatial distribution of available desks via
an app called ‘UCL Go!'. The app provides students with real-time information on
study space availability at UCL libraries, as well as information on when the libraries
are busiest during the day and which libraries have the most availability. It enables
students to find available space quickly and saves their time, especially during the
highly utilised periods of the libraries, such as exam periods, when scheduling a visit
to the library, to avoid crowding in advance. It also allows students to choose an
adequate study space according to their needs and expectations, which will
considerably impact students' academic performance [161].
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Students had access to an information page (Figure 4. 3) indicating not only the
availability of the library but also which desks were available at the time when they
logged into the UCL Go! Application to check the availability of desks in the libraries.
However, the Coronavirus Pandemic (COVID-19) and associated restrictions
required all students to only use the desk they had reserved and to leave space
between themselves by restricting the available desk options. Figure 4. 4 illustrates
how the current system only enables students to see how many desks are available
on each floor and requires them to reserve a desk without giving them the option to
choose in advance. Therefore, this study considered the time period before the
pandemic when students could freely choose seats because of the restrictions on

students’ seat selection after Covid-19.
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Figure 4. 3 The previous version of the space availability information on the UCL Go! app
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UCL Science Library
Malet Place, Gower Street, WC1E 6BT

73 free out of 918 (Floor: Free - 0: 25; 1: 29; 2: 7: 3: 8;

4: 4)

For accurate Library opening times, please check the
Library Opening hours website: )3
https://iwww.ucl.ac.uk/library/opening

Figure 4. 4 The updated version of the space availability information on the UCL Go! app
after COVID-19 restrictions

Occupancy data is obtained from PIR sensor boxes with infrared technology
attached to each desk's base, detecting if the desk is available. The information
regarding whether the particular desk is occupied at a specific time is sent to
OccupEye Cloud and is plotted using a range of red and green colours that indicate
for what percentage (%) of the desks have been occupied at a specific time duration
(Figure 4. 5). Sensors send the occupancy information to the OccupEye Cloud in a
10-minute interval indicating if the desk is available or not. Then the percentage of
occupancy is calculated on how frequent that desk was utilized in the desired time

interval. The collected data can be extracted at the desired time intervals on a daily,

weekly, monthly and annual basis.
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Figure 4. 5 PIR sensor boxes located underneath desks at UCL libraries (left)
Representation of occupancy at each seat in Occupy Cloud (right)
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4.3.4 Quantification of daylight availability

The measurement of horizontal illuminance using spot measurements does not
allow for long-term monitoring of desk occupancy based on daylight availability on
the desk. Therefore, in this study, parametric modelling and daylight simulations
were used to get information about daylight availability, and they were validated

against spot measurements with daylight availability on a specific day and time.

In order to analyse the role of daylight availability on seating selection, AutoCAD
and Rhino were used to produce 2D and 3D drawings of the library. Then,
Grasshopper was used to create lighting performance analysis for the parametric
modelling with Ladybug and Honeybee plugins. For the model calibration, spot
illuminance measurements were taken using a KONICA MINOLTA illuminance meter
and luminance gun meter. The details were described previously in Chapter 3,

section 3.3.4.

In this study, daylight availability on desks was calculated in two ways using the
Daylight Factor (DF). The former method utilizes the daylight factor (DF) obtained
from daylight simulations to assess daylight availability annually. The latter method
combines the daylight factor (DF) on each desk with the external illuminance data for
London provided by Public Health England on a 10-minute basis throughout the
year.

In the description of daylight availability on the desks, some terms such as lack
of daylight, insufficient daylight and high level of daylight were used in this study.
These terms were designed based on the thresholds suggested by EN 12464 Light
and Lighting. The recommended lighting level for library reading rooms should be
between 300-500 lux to allow for proper reading and writing, with 500 lux being the
optimum. Less than 200 lux was not acceptable for reading and writing activities;
therefore, this range was described as ‘fack of daylight’. The middle range between
200 and 300 lux was designated as ‘insufficient daylight’ because it is considered as
acceptable for reading and writing but does not provide the optimum lighting
conditions for libraries. On the other hand, more detailed works that require
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significantly more lighting in places such as laboratory classrooms require lighting
between 500 and 750 lux; thus, this range was designated as ‘high level of daylight'.

4.3.5 Methods of analysis

4.3.5.1. The analysis based on average annual occupancy

The data obtained from the UCL library occupancy monitoring system was
analysed to understand what type of spaces were most in-demand in the library and
the role of daylight on seating selection. A typical day considers all the occupants of
a given type for a year of operation and is calculated considering each desk's
average occupancy rate in this analysis. The data used in the analysis considered
the utilisation of 69 desks in the UCL Bartlett Library between 9:00 and 20:00 on
weekdays and between 11:00 and 18:00 on Saturdays (opening hours) between the
1st of January 2018 and the 1st of January 2019. The data were analysed in the

following ways:

1. The desks/ rooms/ zones in most and least demand: The annual
occupancy of each desk was analysed to investigate the desks, rooms and
zones with the most and least demand, hence, the popularity of the desk and

its relationship with daylight availability.

2. Order of preference of desks on a typical day: The degree of freedom of
choice could influence the seating decision because individuals can choose
only available seats. For instance, they could have more chances to select
desks early in the morning than those who arrive in the afternoon. Thus, the
selection of desks in the morning hours was analysed. The analysis was
conducted on weekdays from 9:00 to 12:00 at 30 min intervals. The 30-minute
time interval was defined because a student averagely occupies the seat for

at least 31.8 minutes in the morning hours at the Bartlett Library. In order to
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investigate which desks were preferred earlier than others on a typical day,
the percentage of the time a desk was occupied between 9:00 and 12:00 for
an entire year was considered (Table 4.1). It was limited to noon because the
library reaches the first peak of occupation at midday on a weekday (See
more detailed information about the occupancy of the library in Appendix 3)
The occupancy rate of a desk on a specific date and time is calculated with
the ratio of occupied cases to total cases throughout the year. If a desk was
occupied at equal to or more than 90% of the year (acceptable confidence
interval in studies with small sample sizes), then that desk was regarded as
occupied. Table 4.1 represents the utilization of Desk 1 for a year in the
morning hours. For instance, this desk was typically utilised at 13.8% between
9:30 and 10:00 in 2018-2019. Therefore, this information could be used to
compare the utilization of this desk with others’ utilization within this time
frame to understand which desk was preferred earlier than others and the

potential reasons.

Table 4. 1 Method of analysis for the occupancy of each desk at a specific time interval
(1: occupied, 0: unoccupied)

Time of the day
Date 9:00-9:30  9:30-10:00 10:00-10:30 10:30-11:00 11:00-11:30 11:30-12:00
01.01.2018 1 1 1 1 0 1
02.01.2018 1 0 1 0 1 0
03.01.2018 0 0 0 1 0 1
04.01.2018 1 1 1 1 0 1
31.12.2018 1 0 1 1 0 0
Occupancy 10% 13.8% 35% 48% 57% 82%
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3. Length of stay at the same desk: In addition to the frequency in selecting a
desk and its order of preference on a typical day, how long the desk was
occupied and free periods, the number of instances where there has been a
consecutive period of no usage could also be other critical factors in
understanding the students’ seating preference behaviour. Therefore, the
length of stay at the same desk was analysed to understand how long the
desk was utilised without interruption or becoming vacant on a typical day.
The analysis was conducted on weekdays from 12:00 to 20:00 with an hour
interval. The time period was defined as 12:00 to 20:00 because usually, the
seats at the library are very busy during this period, and it allows for an
investigation into how long the desks were occupied. An hour interval was
defined because a seat was occupied on average for at least 63.5 minutes in
the afternoon. If a desk was occupied at equal to or more than 90% of an
hour, then that desk was regarded as occupied. Occupancy at equal to or
more than 90% of the time was regarded as occupied because a 90%
confidence interval is acceptable in social sciences with especially small

sample sizes [162].
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4.3.5.2. The analysis based on 10-minute based occupancy

Throughout the chapter, the daylight factor was used to predict the internal
illuminance on the desks and evaluate the occupancy level of each seat depending
on daylight availability. Although DF is one of the good quality metrics to express the
guantity of daylight illuminance, it has some restrictions because it only concerns the
proportion of internal and external illuminance under overcast sky conditions. The
daylight factor is represented in the worst-case sky conditions and gives the
minimum values; however, sky conditions are not constant as assumed because of
absolute sky luminance. DF gives an insight to daylight availability on desk planes,
which can be compared to the overall utilisation of desks in the library, however
there is still a lack of information on students’ seat preference in relation to instantly
changing illuminance levels on desk planes. For this reason, additional research was
required to investigate the impact of daylight availability on student seat selection in
the UCL Bartlett Library.

Daylight factor (DF) is defined as the ratio of the light level inside a structure to
the light level outside the structure (See Equation 3). In other words, if the DF on the
desks from daylight simulations and the external illuminance in the city at a specific
time are known, the internal illuminance on the desk at that time can be accurately
estimated and then, assessed based on desk utilisation at that time. From this point
of view, instant illuminance on the working plane of the specific desk was obtained
from this point using a combination of daylight simulations and external illuminance
data at a specific time. External illuminance data for a specific time period on a
specific day was obtained from Public Health England under the Open Government

Licence.
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Equation 3. Calculation of daylight availability using Daylight factor and External illuminance

DF = 100 x (Ej, /Ecxt)

Ein = illuminance due to daylight at a point on the indoor working plane

Eext = simultaneous outdoor illuminance on a horizontal plane from an unobstructed

hemisphere of the overcast sky.

Within this concept, the below figures (Figure 4. 6) show the daylight availability
on the desk calculated by Equation 3 and the occupancy status of Desk 1 from 1
January to 29 January between 9:00 am, and 10:40 am. The daylight availability for
each desk was calculated using the previous equation with the combination of DF
and external illuminance in London at a specific time and compared to occupancy
status obtained from motion sensors at that time interval. For instance, as
highlighted in the figure, Desk 1 was unoccupied from 09:00 to 09:10 on 12 January
2018 with 57.94 lux daylight availability, whereas it was occupied between 9:10 and
9:30 on the same day with 69.07 and 77.08 lux daylight availability, respectively.
Similarly to this example, a year of utilisation and daylight availability data was
assessed for each desk and a logistic regression was performed between desk
occupancy and daylight availability to determine whether a high level of daylight

encourages a desk to be more occupied.
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Case  Desk number Date 09:00 10:00

1 1 01/01/2018 41.412 48546 51.156 55.854 56.55 65.424 62.814 63.336 73776 84.39
2 1 02/01/2018 13.224 18.444 29.754 30.45 32364 37.758 61.074 435 36.714 32.886
3 1 03/01/2018 33.582 60.726 69.426 63.684 63.51  99.354 123.888 146.682 307.98 258.564
4 1 04/01/2018 12.354 23664 4872 64728 132.24 12615 155.208 148944 116.406 146.16
5 1 05/01/2018 22.968 34.452 47.502 99354 96.57  88.392 111.534 124.758 145812 247.602
6 1 06/01/2018 48.546 53.592 £9.252 110.142 110.49 136.416 148.074 226.374 200.796 222.372
7 1 08/01/2018 13.746 16.878 21576 2349 25752 31.146 30972 36.714 36366 41.064
8 1 09/01/2018 11.136 14.094 21.576 22272 26.622 27.84 27.84 25578 38.106 30.102
9 1 10/01/2018 64728 86.652 103.008 139.374 190.53 159.558 158.688 209.496 242.904 191.574
10 1 11/01/2018 32.19  35.844 34278 37.584 3567 26.274 28.536 37.062 62.64 61.074
11 1 12/01/2018 57.942 69.078 77.082 | 89.436 93.264 90.654 97.092 108.402 112.23 107.01
12 1 13/01/2018 54114 6438 48372 65076 60.03 93612 107358 71166 90.132 110.49
13 1 15/01/2018 23.316 35.148 102.486 68.382 61.596 47.85  41.934 35148 28536 37.062
14 1 16/01/2018 96.57  106.14 11484 125.628 136.764 246.036 338.43 368358 394.632 424.386
15 1 17/01/2018 96.918 107.706 115.188 124.41 139.026 261.87 332.862 362.094 388.02 411.858
16 1 18/01/2018 103.008 109.272 111.186 116.406 141.636 294.408 368.358 404376 400.374 453.618
17 1 19/01/2018 109.098 119.886 124758 1305 170.346 304.326 355.656 384888 412206 436.914
18 1 20/01/2018 3045 36.888 56.55 61.248 61.422 54.288 60.552 88.218 110.49 148.074
19 1 22/01/2018 91.002 104.922 97.266 169.65 176.958 256.476 172.782 240.642 129.63 376.884
20 1 23/01/2018 12.18 26796 44.544 435 48.894 81.432 76.212 80388 112.752 137.808
21 1 24/01/2018 18.792 19.662 26.1 90.306 127.194 68.208 48546 41.934 93.264 85956
22 1 25/01/2018 154.86 184.44 1827 233334 312.852 35931 395676 426.648 480.588 500.598
23 1 26/01/2018 37.584 67.338 84.912 135372 119.364 134.154 166.518 179.046 499.38 212.802
24 1 27/01/2018 136.416 131.718 159.906 178.35 204.624 244296 281.358 279.096 3205.196 327.46%3
25 1 29/01/2018 77.604 116.058 279.618 346.086 230.028 444.048 214.194 258.738 166.866 143.55
Case Desk number Date 09:00 10:00

1 1 01/01/2018 0 0 0 0 0 0 0 0 0 0
3 1 03/01/2018 0 0 0 0 0 0 0 0 0 0
4 1 04/01/2018 0 0 0

5 1 05/01/2018 0 0 0 0 0 0 0 0 0
6 1 06/01/2018 0 0 0 0 0 0 0 0 0 0
7 1 08/01/2018 0 0 0 0 0 0 0 0 0 0
8 1 09/01/2018 0 0 0 0 0 0 0 0 0 0
9 1 10/01/2018 0 o T 0 0 o I o
10 1 11/01/2018 0 0 0 0 0 0 0 0 0 0
11 1 | 12/01/2018 0 _ 0 0 0 0 0 0 0

12 1 13/01/2018 0 0 0 0 0 0 0 0 0 0
13 1 15/01/2018 0 0 0 0 0 0 0 0 0 0
14 1 16/01/2018 0 0 0 0 0 0 o
15 1 17/01/2018 0 0 0 0 0 0 0 0 0 0
16 1 18/01/2018 0 0 0 0 0 0 0 0 0 0
17 1 19/01/2018 0 0 0 0 0 0 o
18 1 20/01/2018 0 0 0 0 0 0 0 0 0 0
19 1 2120 o [ o 0
20 1 23/01/2018 0 0 0 0 0
21 1 24/01/2018 0 0 0 0 0 0 0 0 0
22 1 25/01/2018 0

23 1 26/01/2018 0

24 1 27/01/2018 0

25 1 29/01/2018 0

Figure 4. 6 Daylight availability on the desk (above) and occupancy status of Desk 1 (bottom),
from 1 January to 29 January between 9:00 am and 10:40 am
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4.4 Results and Discussion

4.4.1. Description of the data

In this chapter, the utilisation data of the desks obtained from the PIR sensors at
the Bartlett Library and daylight availability on the horizontal plane of each desk from
daylight simulations were compared to investigate if students tend to make the
selection of study spaces with a high amount of daylight. Figure 4. 7 shows that the
average desk occupancy in the UCL Bartlett Library is highly dependent on the term
dates with various peak and quiet times during the year, and the overall utilisation of
the Bartlett Library was 56.8% during the year. The library reaches maximum
occupancy in Springtime (March, April, May), whereas there is not much demand in

Summer. April and September are the most and least busy times of the library,

respectively.
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Figure 4. 7 Average desk occupancy in the UCL Bartlett Library between Jan 2018 and Jan 2019
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As seen in Figure 4. 8, on a weekday, the library reaches the first peak occupied
time around midday and the second one at around 15:50. In contrast, the busiest
time of the day is around 15:30 at the weekend (See more detailed information about

the occupancy of the library in Appendix 3).
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Figure 4. 8 Daytime occupancy during weekdays (top) and weekends (bottom)
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4.4.2. Desk occupancy rates in the library calculated on an annual basis

In this section, the utilisation of the desks was evaluated specifically using
daylight availability to explore the role of daylight on human seating behaviour. This
analysis considered the seating preference of the students in terms of the frequency
of selecting a specific desk, its order of preference and length of stay at the same
desk. In order to investigate the role of daylight in students' seat selection, the
annual occupancy rate and order of preference of each desk, as well as the length of
stay at the same desk, were overlapped and evaluated with daylight availability

obtained from computer simulations.

4.4.2.1. Desks in most and least demand

As presented in Figure 4. 9, twelve monitoring sensors showed only 20-40%
utilisation on average on the associated desk at the Bartlett Library during the year,
whereas forty-five sensors demonstrated 40-60% utilisation. Ten sensors also
recorded 60-80% utilisation on the associated desk, all located in Room 2. The
average occupancy of twenty-three desks in Room 2 was 64.4%, whereas thirty-two
desks in Room 3 were utilised at 53.7% of occupancy hours. Twelve desks in Room

1 were also occupied at 50.5% during the year on average.

Figure 4. 9 indicates that the most preferred desks are located in Room 2, which
has access to daylight and an outdoor view. In this room, individual desks were in
higher demand than shared desks. Desk 32, an individual desk with both daylight
and outdoor views, is the desk with the highest demand. The least utilised desk is
Desk 35; it lacks access to daylight, outdoor view, and privacy as it is located close
to the circulation between Rooms 2 and 3. The desks in Room 2 were positively
appraised by most participants even though they had lower daylight levels than the
desks under the skylights in Room 3. This preference could be explained due to the
absence of an outdoor view of Room 3 and its open-plan layout, hence the lack of

privacy.
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Figure 4. 9 Utilisation level of each desk and daylight availability

Figure 4. 10 demonstrates the association between the occupancy of the desks
annually and the daylight level that the desks received for 90% of the year (the
categorisation of lighting levels was done based on the recommended range for
library reading rooms). As seen, the increase in the illumination of the desks is
generally followed by higher utilisation in the range of 0 to 500 lux. However, the
demand for desks with daylight illuminances in the range of 500 lux and above is
less than those in the 300 to 500 lux range. The desks above 500 lux are mainly
located in Room 3 under the skylight, and they have less demand than desks in
Room 2 despite a much higher amount of daylight availability due to a lack of
outdoor view and privacy. It can be concluded that the increase in daylight

availability of the desks generally leads to an increase in utilization; however, the
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layout of the room and other influential factors such as privacy, quietness, outdoor
view etc., could make a difference in the role of daylight on seat selection.

Comparison of utilization of the desks and daylight availability
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Figure 4. 10 Comparison of the utilization of the desks and daylight availability
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4.4.2.2. Rooms in most and least demand

As previously stated, Room 1 and Room 2 have several side windows allowing
the students to have desks with access to daylight and outdoor views, in contrast to
Room 3, illuminated by skylights without access to outdoor views but with high
daylight levels, especially at some desks. As seen in Figure 4. 9, desks with higher
daylight availability on the horizontal plane and illuminated by side windows are
those with higher utilisation. The highest utilization belongs to desks near a window,
followed by desks with access to outdoor view and less daylight. The desks with no
outdoor view and the least daylight are the least utilised. Although daylight does not
seem to affect the utilization of desks lit by the skylights in Room 3, desks under the
skylight still show the highest utilisation. It can be interpreted that daylight promotes
seat selection in places daylit by the side windows; however, the importance of
daylight on seat selection under the skylight is relatively less critical than in rooms lit
by side windows. Access to outdoor views and acceptable daylight levels make
specific seats preferable to seats with only adequate levels of daylight, such as those
in Room 3. Privacy could also affect the seat selection in Room 3 (open plan). These
findings emphasise that although daylight is one of the essential factors for seat
selection, seat preference cannot be explained by daylight alone. It should be
investigated together with other components such as privacy, outdoor views, and
guietness.
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4.4.2.3. Zones in most and least demand

The Bartlett library provides various layouts in the rooms with different kinds of
daylighting designs. The library was split into some zones (Figure 4. 11) depending
on the similarity of layout, privacy, outdoor view and daylight conditions and the
features of the zones were explained in Chapter 3, section 3.3.3. In this way, it was
aimed to analyse the seating preference of the students considering not solely
daylight but also its combination with other factors. It is considerable because
previous research has shown that the decision of seat selection arises from various
factors; such as daylight level [90] [126], ambient temperature, type of furniture,
proximity to other occupants [127], quietness, outdoor view, privacy, social
interactions such as close to friends, entrance or circulation [105], students’ degree

of territoriality and seat arrangements [128].
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Figure 4. 11 Zoning of the library depending on the common features
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Figure 4. 12 shows the daily utilization range of each desk in the defined zones.
As seen, Zone D has the highest utilization, followed by Zone C, providing individual
desks. Surprisingly, the desks in Zone B have utilization between 50% and 60%,
although they do not have accessibility to daylight and outdoor view but facing to the
wall. Also, some shared desks in Zone A were significantly low utilised despite
daylight availability. It could be interpreted that although daylight significantly impacts
seat selection, its combination with outdoor view, privacy, quietness and other

factors is also vital.
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Figure 4. 12 Daily utilization range of each desk within the zones with different features
between 2018 and 2019
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Figure 4. 13 presents the demand for the desks in different zones depending on
the overall daylight availability. As supported by previous findings, although the
desks in Zone F provided the highest amount of daylight availability, they were not
preferred at the most correspondingly. In contrast, the desks with the second and
third highest daylight availability, Zone C and D, were positively appraised by most
students. Despite the less daylight availability, the desks in Zone D were more
selected than those in Zone C, most likely because of privacy. Also, the mean of the
utilization of the desks in Zone E was more than 40% in a day, surprisingly, although
they do not have access to both daylight and outdoor view. These findings
emphasise that although daylight is significant for seat selection, especially in the
rooms lit by side windows, other factors also make a difference along with the

daylight conditions in the students’ seating decisions.
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Figure 4. 13 Comparison of the seat preference in the zones depending on
daylight availability
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4.4.2.4. Order of preference for students’ seat selection

The previous section has shown that some desks have more demand than
others. However, the degree of freedom of choice could also influence the seating
decision because individuals can choose only available seats or space. For instance,
individuals could have more chances to select a space in the early morning than
those arriving in the afternoon. Thus, this section aims to analyse the students’
sitting behaviours in the early morning hours. This analysis has been conducted
considering weekdays from 9:00 to 12:00 because the library reaches the first peak
of occupation time at around midday on a weekday. Figure 4. 14 shows the
utilization of the desks in the UCL Bartlett Library in the early morning hours, in other
words, the order of students’ seat selection when all desks are available for
selection. Figure 4. 15 simplifies the utilization ranges presented in the previous
figure as occupied and unoccupied.

As seen, first comers to the library mostly prefer the individual desks in Room 2.
These desks mostly have a good combination of daylight, outdoor view and privacy,
but they are not necessarily the ones with the highest daylight availability. Following,
students seem to prefer the shared desks in Room 2 with an outdoor view and
comparatively less daylight availability and less privacy. After the desks in Room 2
are fully occupied (between 10:00-10:30), students initially select desks in other
rooms, mostly with the highest daylight levels and far away from other people as
much as possible. Then, desks getting a high amount of daylight in Room 3 are fully
occupied, and students begin to select the other desks in the same room with the
lack or insufficient daylight levels. These desks mostly have the least daylight
availability with no privacy and outdoor view. Corner desks were preferable in this
period because they are comparatively more private than others. Although the desks
near the window in Room 1 have access to daylight as much as some desks in
Room 2 and have a similar outdoor view, these are not preferred by students firstly.
It could be explained that Room 1 has a North orientation and is comparatively
darker than Room 2, especially in the early morning hours. Another reason that
could explain this situation might be the size of the room. Also, the individual
cubicles facing the wall in Room 1 are selected earlier than shared desks by the

window, probably due to privacy reasons.
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Figure 4. 16 shows the range of daylight availability at the selected desks in the
early hours at the Bartlett Library. As supported by previous findings, students do not
initially prefer the desks with the highest daylight availability at the library. However,
they are likely to prefer the desks with the highest daylight availability in the most
preferred space, providing not only daylight but also outdoor view, privacy etc., such
as in Room 2 in this study. When that space is fully occupied, they prefer the desks
with the highest daylight availability in the less demanded space, such as in Room 3.
These findings show that a high amount of daylight promotes people to select
particular places; however, the role of daylight should be considered with the
combination of other factors.

The order of seat choice depending on daylight availability
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Figure 4. 16 Daylight availability of the seating preference of the students
in the early hours on a typical day
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4.4.2.5. Length of stay at the same desk

The length of stay at the same seat could also matter to investigate the
importance of daylight on students’ seat preference as in the frequency in selecting a
desk and its order of preference on a typical day. The analysis was conducted on
weekdays from 12:00 to 20:00 with an hour interval. An hour time interval was
defined because a seat was occupied on average for at least 60 minutes in the
afternoon. The time period was defined as 12:00 to 20:00 because usually, the seats

at the library are very busy during this period.

As seen in Figure 4. 17, the desks in Room 2 were utilised most of the day
without interruption or becoming vacant. However, desks in Rooms 1 and 3 seemed
to be used for shorter periods, especially after 17:00. As supported by previous
findings, individual desks in Room 2 were continuously used, followed by shared
desks in the same room. The desks in Room 3 used for extended periods were
mainly those located under the skylights and those located in the corners despite the
lack of or insufficient daylight levels. Interestingly, individual cubicles in Room 1
showed a continuous utilization against shared desks in the same room despite the
access to outdoor view and daylight availability.

In order to assess the impact of daylight availability on seat selection, the
difference in seating selection before and after sunset was also analysed. At this
stage, it was expected to see a noticeable decrease in seating selection after sunset
at the places with a good level of daylight, considering that daylight is the reason for
their selection. The findings showed that the occupancy of the desks with higher
daylight during the period after sunset was not changed as expected, probably due
to access to outdoor view and privacy reasons. Some studies also showed that
people tend to select the places with access to outdoor views enabling the sky view

at night even if there is no daylight.
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As supported by previous findings, the desks in Room 2 are usually more
occupied than desks in other rooms during the day. The desks with 80-100%
utilization in a particular part of the day consist mostly of the individual seats in Room
2 that have access to both daylight and outdoor view. Similarly, earlier selected and
more consistently occupied desks in Room 3 are mostly the seats under the skylight
with a high amount of daylight.

From the point of the length of stay at the same desk, the desks in Room 2 have
a high range of utilization, and they are usually utilised during a big part of the day
without a gap. However, utilization of a desk in Rooms 1 and 3 usually is not
consistent as in Room 2; therefore, the length of stay at a desk seems much shorter.
The desks in Room 3, particularly desks getting a high amount of daylight, are highly
utilised without a gap at only a part of afternoon hours. Although these findings
demonstrate the importance of daylight conditions in seat selection, the
characteristics of the space should be considered carefully, including daylight
conditions, privacy, outdoor view, layout, etc., while considering the reasons for seat
selection [162].
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4.4.3. Desk occupancy rates in the library calculated on a 10-minute basis

This analysis was conducted each day from 1 January 2018 to 1 January 2019
between 9:00 am and 8:00 pm every 10 minutes to investigate if a high level of
daylight encourages students to select specific desks. For this aim, logistic
regression with 1.380.000 cases was conducted. The findings revealed a significant
relationship between daylight availability on the desk and occupancy status. In other
words, regardless of the other seating features, such as allowing a good outdoor
view, quiet space or privacy, daylight conditions on their own have a significant role
in the students’ seat selection (p<0.01, Exp(B)=0.87). For this reason, seat selection
could be taken into account as an indicator of daylight perception of the students in
further studies to identify inter-individual differences in students' daylight perception
due to cultural background.
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4.4 4. Limitations

Although the data collected through the sensors indicate whether the space is in
use or available, demonstrating which desks are most preferred, each sensor can
only report on the state of the desk it is assigned to, and these devices do not collect
any personal data and cannot identify an individual. The collected information is
binary: either somebody chose that seat at a specific time or has not. Therefore,
study results do not represent students’ personalities, individual perceptions and
expectations. We do not know who that somebody is, nor can we identify if the
person sitting there now is different from the last time we checked the sensor’s

status.

Another limitation is that occupancy does not entirely always based on human
existence. Students occasionally leave their laptops, water bottles, and backpacks to
claim a seat while they go outside. PIR sensors can not detect a claimed seat due to
no large heat signatures or movement. This situation could affect the students'
freedom of choice and ultimately study findings because it assumes that it is
available for selection if a desk seems unoccupied. Also another limitation could
result from the assumption that all sensors had been working properly during the
year. Therefore, the time period when the sensor was out of order is regarded as

non-occupied, and this situation could significantly change the analysis.
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45 Summary

In this chapter, data obtained from the UCL library occupancy monitoring system
was analysed to understand what type of desks were more in demand during 2018
and 2019. Then, the utilisation of the desks was evaluated using daylight availability
to explore the role of daylight on human seating selection. This study considered the
seating preference of the students in terms of the frequency of selecting desks, the
order of preference and the length of stay at the same desks.

The study findings showed that most of the seats selected as the best were
located in areas with high illumination. However, the seats with a good combination
of daylight, outdoor view, and privacy were in more demand than those with only a
high daylight level. It was also demonstrated that the increase in the illumination of
the desks is generally followed by higher utilisation in places daylit by the side
windows rather than skylights. It could be argued that access to outdoor views and
favourable daylight levels makes the seating places preferable than only daylight.
Privacy seems to be another critical component because the area lit by the skylight
is an open-plan space that is less private than other rooms. However, although some
desks in Room 3 provide a high level of daylight, they were not chosen as expected,
most likely due to public feeling and the lack of an outdoor view in this room.

The large-scale database analysis was conducted with more than a million cases
assessing the daylight availability of the desks and occupancy status showed that
regardless of the other seating features, daylight conditions have a significant role in
the students’ seat selection, and a high level of daylight promotes students for seat
selection. From this point, it can be assumed that the daylight level at the selected
desk could represent how much daylight level the student expects from the space.
Therefore, seat selection, as a method, will be considered an indicator of the
students' daylight perception in the following phase of this study to understand if their

cultural background influences the daylight perception of the students.
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CHAPTER 5: Cultural Background In The Lit Environment

5.1 Introduction

The previous chapters in the thesis purposed to provide an overview of daylight
perception to establish the extent to which assessment methods of daylight
perception have already been used commonly and to develop a methodology to
investigate the individual differences in the perception of daylight conditions.
Following that, it was necessary to define a conceptual framework of cultural
background in the lit environment to evaluate the inter-individual differences in

daylight perception due to variations in cultural background.

In environmental terms, culture represents the climatic and indoor conditions
people have experienced during a significant part of their life. Consequently, people
exposed to different cultures might have different expectations of the lighting
environment. Knowing the lighting expectations due to cultural experiences has
numerous advantages; it could help meet the occupants’ needs and preferences and
provide occupant satisfaction, reducing unnecessary energy consumption in the built
environment. This chapter aims to identify, evaluate, and summarize the findings of
all relevant individual studies using a systematic review to create a conceptual
framework of cultural background in the lit environment, which could help understand

the impact of cultural background on daylight perception.
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5.2 Methodological approach

A systematic review was conducted to define the conceptual framework of
cultural background in the lit environment in order to investigate whether individuals'

daylight perceptions vary depending on their cultural backgrounds.

5.2.1. Framing questions for a review

The systematic review is reported following the PRISMA Checklist (Preferred
Reporting Items for Systematic Review and Meta-Analysis) [163]. Published studies
in this field consist of various quantitative and qualitative studies, designed as
correlational, cross-sectional, longitudinal, or retrospective, often with specific
contexts and small sample sizes. Thus, the range of the reviewed study
methodologies includes environments that are analogous in some ways to the

situations that people will encounter.

Inclusion and exclusion criteria

The inclusion criteria applied in the systematic review were: (a) including at least
one aspect of (day)lighting perception, (b) published in English, peer-reviewed
journals excluding conference proceedings and books, and (c) published during any
year from 1990 to November 2022. The systematic review was restricted to the
timeframe from the date when the acceleration of research in the lighting field started
up to now. Scopus, Web of Science, and LEUKOS were searched for electronic
records using the keywords detailed in Table 5. 1 and Boolean search terms.

Boolean operators are utilised by defining the main research question’s
keywords and their synonyms. They make the search easier by using ‘AND’ to
combine the keywords, ‘OR’ to broaden and ‘NOT’ to eliminate. This is how the
Boolean search was carried out: For the Boolean search, the keywords from Group 1
(intervention) and Group 2 (outcome) in Table 5. 1 were combined. As an example,

the keywords were combined like this; keywords in Group 1 (Culture* OR “Prior light
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history” OR “Previous light history"” ..) AND the keywords in Group 2 (“Daylight

perception” OR “Light perception” OR “Daylight expectation”...). These keywords

were identified to find all the relevant keywords for the topic to ensure the search is

comprehensive with different spellings, tenses and word variants of keywords,

synonyms and related concepts.

The potentially relevant research articles were identified by defining keywords

which were searched within each database using the combination of the keywords

from Group 1 and Group 2 (Boolean search terms). The search was done in either

title, abstract, or keywords of the papers in the Scopus and Web of Science

databases. Keywords were searched anywhere in the high-quality Light and Lighting

database (LEUKOS) because the database did not allow search in abstracts or titles.

After downloading the papers from LEUKOS, they were eliminated manually to meet

the identified criteria.

Table 5. 1 Used keywords in the systematic review

Databases Group 1: Intervention Group 2: Outcome
Scopus Culture (Day)light perception
In Article title, Abstract Prior/Previous light history (Day)light expectation
or Keyword Prior/ Previous (Day)light satisfaction

Web of Science
In Article title, Abstract
or Keyword

LEUKOS
In anywhere,
then manually checked
if it applies to criteria

luminous environment
Previous climatic conditions
Daylight experience
Luminance history
Long-term light experience
Past daylight experience
Local illuminance
Country of origin
Latitude
Immigrant
Sociocultural
Vitamin D

User expectations
(Day)lighting sensitivity
(Day)lighting tolerance
(Day)light adaptation
Visual comfort
Discomfort glare
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5.2.2. Identifying relevant work

Identification

In the first stage of systematic review, the titles and abstracts of the journal
articles were reviewed and manually excluded if they did not meet the criteria
mentioned above. The second stage was the assessment of the full-text articles for
eligibility based on the method outlined in PRISMA. The results of the eligible studies

were exported to Mendeley, which identified 1189 published research articles.

Screening

Then the duplicates were removed (n=28). Next, they were removed if the title or
abstract did not provide relevant information or meet the selection criteria (n=1126).
The eliminated papers mostly involved Biology and Photobiology studies on animals,
especially rats and some phytoplankton cells. The considered only included those
where the association between cultural background and daylight perception
(insufficiency (quantity) and inefficiency (quality)), including daylight adequacy and

discomfort glare, were assessed.

Eligibility

Then the remaining full-text articles (n=35) were assessed for eligibility with the
previously explained procedure, of which 27 papers were excluded from further
inclusion as they were deemed irrelevant (e.g., circadian rhythm studies). Those

articles were partially related to the research topic but did not answer the research

guestion straight away.
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Included articles

Figure 5. 1 presents the process of inclusion of reviewed papers. In addition to
the database search, a manual search of all references cited was conducted in
relevant articles. This process led to the identification of 39 published articles of
potential relevance. These articles were then considered for inclusion in the
systematic review according to the inclusion and exclusion criteria described above.
Finally, the exclusion resulted in eight relevant research articles that were analysed
further for method and content and those articles were presented in Table 5. 2.

g Identified articles through database (n= 1150) Additional records identified through
b= other souices (n=39)
8]
=
e}
c
)
kS
Articles after duplicates removed (n= 28)
(o)
£
c Records screened
o Records excluded (from abstract)
5 (= 12050 (n=1126)
3 =
Full-text articles
E assessed for Full-text articles excluded (n=27)
Q s
S eligibility (n=35)
[
- No cultural background measure (n=13)
- No daylight measure (n=11)
3 Studies included Conceptually/review paper, no data collection (n=3)
'g in qualitative
g synthesis (n=8)

Figure 5. 1 Flow of information through the different phases of the systematic review
The number of studies included in the qualitative synthesis (N=8)
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5.3 Results and Discussion

This chapter aimed to identify, evaluate, and summarise the findings of all
relevant individual studies using a systematic review to create a conceptual
framework of cultural background in the lit environment, which could help understand
the impact of cultural background on individuals’ daylight perception. The systematic
review identified eight research articles that somehow answered the research
guestion, “What is the cultural background in the lit environment?”. After identifying
the articles, they were examined, and the similarity in their way of defining culture
was noticed. It was found that even though all articles focused on the association
between cultural background and daylight perception, they all understood and
defined the term of “culture” in the lighting environment differently. For instance, a
researcher that assumed culture as the ethnic background ignored where the
participants came from, how long and which daylight level they were exposed to, and
their habits and beliefs. There is no comprehensive study considering all aspects of
“culture” in the lighting field, and this situation makes interpreting the findings
challenging. Therefore, they were categorized depending on the approach to the
cultural background, and the approaches of eight research articles to culture in the lit
environment were presented in Table 5. 2. This review highlighted that cultural
background in the lighting environment should be evaluated considering (1) the
ethnicity and/or physiological characteristics of the individual eyes, (2) the area
(luminance environment) where people used to live, (3) the luminance environment
they were recently exposed to and (4) the sociocultural background of individuals
[164]. Identifying the approaches that define the meaning of culture in the lighting
environment is key in developing a methodology for assessing the impact of cultural

background on daylight perception applied in CHAPTER 6.
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Table 5. 2 The studies included in the qualitative synthesis (N=8)

Reviewed articles

Information about the articles

Lee and Kim, 2007
[137]

Approach

Ethnicity and genetic origin (physiological characteristics of eyes)

Participant

interventions

a) Distance (R) between the window and subject

b) Horizontal distance between the centre of a window and the subject’s eyes (T)
c) Vertical distance between the centre of a window and a subject’s eyes (H)

d) Angle of the window and a subject’s direction of vision (Q)

e) Position index (P)

Experiment

parameters

a) Window luminance (Ls) (cd/m2): 23000,15000, 8000,5000,3000
b) Background luminance (Lb) (cd/m2): 318,159,63
¢) Work place illuminance (Ix): 1000,500,200

Physiological Metrics

a) Visual ability tests to select participants with corrected vision above 1.0)

Evaluation of

a) Glare sensation vote (GSV) (Intolerable - perceptible)
b) Discomfort sensation vote (DSV) (very uncomfortable — not uncomfortable)

HEEElUlEl c) Satisfied vote (SV) (very unsatisfied — satisfied)
d) Brightness (Intolerably glaring — not glaring)
e) Workability (extremely difficult — no change)
Objective(s) a) Evaluation of the visual difference between Caucasians and Asians because of the physiological properties of eyes

Methodology

a) Mock-up
b) Analysis of the difference between the previous and present studies’ equations
c) Establishment of a nomograph

Number of

Participants

42 Caucasians and Asians aged between 20 and 50 (27 female and 15 male with corrected vision above 1.0)

[165]

Key Findings a) Caucasians felt more discomfort glare at high luminance of 15,000
b) The recovery time for a subject’s eyes after exposure to a window with high luminance was different depending on the location of the subject’s eyes and window
Key notes They just focus on ethnicity regardless of their residence area or prior light history
They use the word “culture” as the long-term light history because of their residence.
Kim and Mansfield, 2016 Approach The geographic location of residence (the luminance environment where people used to live)

Evaluation of

a) Lighting quality (Reflection, Flicker, Brightness, Colour rendering, Distribution, Shadows, Overall Comfort)
b) Mood (Aroused — sleepy, Unpleasant- pleasant from Affect Grid)

HeEElulEny ¢) Lighting appearance (Attractiveness)
d) Environmental satisfaction (Efficiency, Overall Satisfaction Suitability, Suitability to the tasks, Preference)
e) Eye discomfort (Negative sensitivity, Redness, Tiredness, Dryness (1-5 (higher is better))
Objective(s) a) Investigation of the appraisal path in the cultural differences between the UK and South Korea with daylit and non-daylit cafes

Methodology

a) Two field surveys were conducted in London, UK and Seoul, South Korea. One daylit, and non-daylit café were surveyed in each country, with the participants
spending at least 30 minutes in the café.

Number of

Participants

66 customers (49 for daylit, 17 for non-daylit) in London and 102 customers (62 for daylit, 40 for non-daylit) in Seoul

Key Findings a) There is a cultural difference in the appraisal path between the UK and South Korea, which would be worth exploring further with different cultural cohorts.
b) Appraisal path can be a useful model for determining the effect of luminous conditions on occupant appraisal, preference, mood and health and well-being.
Key notes They assume that the people living in the same place have a common culture, but maybe different factors are affecting their light judgements
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Saraiva et al., 2018
[166]

Approach

The geographic location of residence (the luminance environment where people used to live)

Experiment

parameters

a) Dimensions of the classes

b) Air quality,

¢) Thermal comfort,

d) Visual comfort and

e) Acoustic comfort components were described and compared.

Evaluation of

a) Indoor air quality (Fresh-very polluted)
b) Thermal comfort (Comfortable — Very uncomfortable with very warm)

el e ¢) Visual comfort (Comfortable — Very uncomfortable with very insufficient lighting)
d) Acoustic comfort (Comfortable- very noisy)
e) Ergonomic comfort (comfortable-very uncomfortable)
Objective(s) a) This research addresses the importance of using indicators related to environmental comfort in sustainability assessment tools applied to school buildings.

Methodology

a) conducted in two different cities, Guimardes in Portugal and Juiz de Fora in Brazil with similar climate conditions (temperature and air humidity).
b) adapted version of Ricardo Mateus’ thesis was used to assess the Indoor Environmental Quality (IEQ) conditions in the school buildings.

Number of

Participants

269 students in Portugal and 269 students in Brazil aged between 15 and 18.

Key Findings a) There is no noticeable variation between the countries. Both Brazilian and Portuguese students have very similar parameters in school buildings.

b) There is considerable variability in IEQ between the countries.
c) Light satisfaction of them are quite similar (78% in Portugal and 80% in Brazil)

Key notes Although these students live in different countries, and they have different cultural backgrounds, their light satisfaction is similar, probably due to similar climate
conditions they exposed to.

Brandl and Lachenmayr, 1994 Approach The geographic location of residence (the luminance environment where people used to live)
[167]

Experiment a) Participants were examined in the altitude simulation chamber of the Aviation Medicine Institute of German Air Force at zero altitudes (= 500 m) and 10,000 ft (ca.
3,500 m height).

parameters

Physiological Metrics

Heidelberg anomaloscope

Evaluation of

a) D-15 test
b) Humphrey Field Analyzer

vocabulary
Objective(s) a) Testing the dependency of changes in the central visual field sensitivity on different degrees of oxygen saturation
Methodology a) Determination of abnormal quotient using a Heidelberg anomaloscope
b) Determination of changes in colour vision by saturated and desaturated panel D-15 test
c) Determination of differences in light sensitivity for the white, red, blue and green light by a threshold test using a Humphrey Field Analyzer (640) as a perimeter.
Number of 48 probands (48 monocular tests) 20-50 years of age

Participants

Key Findings a) At zero level (500 m) hemoglobin- oxygen saturation was 97% +/- 1%.

b) At 10,000 ft this value decreased to 83% +/- 3%. Hypoxic hypoxia caused neither significant AQ changes nor did it induce reproducible changes in colour vision by
the panel D-15 test.
¢) Anoxia resulted in significant (P < 0.01) differences in light sensitivity in the phototopic range.

Key notes It shows that altitude change makes some differences in our light sensitivity.

Kent et al., 2016 Approach Previous luminous environment (the luminance environment individuals were recently exposed to)
[168]
Participant a) During the experiments, participants were asked to focus attention on a visual fixation point positioned in the centre of a screen

interventions

whose luminance was slowly raised at a steady rate.
b) Subjects were required to participate in the experiment on the same day in four test sessions at 3-hour intervals:
Morning: 09:00 or 09:30, Evening: 18:00 or 18:30 , Afternoon B: 15:00 or 15:30, Afternoon A: 12:00 or 12:30

Evaluation of

vocabulary

a) Photosensitivity

Self-assessed exposure to natural and artificial light, their usage of solar protections such as sunglasses, their luminous routines such as working at a bright or dark
condition consistently, and their interaction with environment such as blinds.

b) Chronotype
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Questions from the Munich Chronotype Questionnaire (MCTQ) (Roenneberg, Wirz-Justice and Merrow, 2003)

) Glare sensation votes (GSV)

d) Temporal variables question assessing participants’ fatigue level, caffeine and food intake before the experiment, the most exposed sky conditions and natural-
artificial light between test sessions.

Objective(s)

a) Investigation of the impact of various temporal variables, in other words, the variables covarying with the time of the day and commonly associated personal factors
with subjective evaluations of glare sensation as the day progresses.

Methodology

a) Controlled laboratory experiments with the same participants at different times of the day

Number of

Participants

30 patrticipants

Key Findings a) Earlier Chronotype test subjects were able to tolerate higher levels of source luminance for the same reported criteria of visual discomfort at all times of the day.

b) There is higher tolerance to source luminance across all criteria of glare sensation throughout the day for subjects not having ingested caffeine.
c) Age, gender, ethnicity, food ingestion and self-assessed photosensitivity of participants did not show any statistically significant difference between subjective
evaluations of glare sensation.
d) There is no influence of fatigue, sky conditions, and prior light exposure on individual glare sensations at different levels of visual discomfort and times of the day.

Key notes Although they have found no effect of prior history on glare sensation in this study, they found a significant difference in their further studies.

Martin et al., 2002 Approach Previous luminous environment (the luminance environment individuals were recently exposed to)
[138]
Participant a) limited time spent outside in the dim week

interventions

Physiological Metrics

a) Baseline and test melatonin suppression

Evaluation of

vocabulary

a) Sleep schedule
b) Dim- and bright-week conditions (During the dim week, subjects were instructed to minimise their outdoor light exposure and to wear dark welders’ goggles)

Objective(s)

a) Analysing light exposure history impact on subjective light sensitivity, as assessed by the magnitude of the suppression of melatonin secretion by nocturnal light.
b) The hypothesis was that following a week of increased daytime bright-light exposure, subjects would become less sensitive to light and that after a week of restriction
to the dimmer light, they would become more sensitive.

Methodology

a) The protocol was a counter-balanced crossover design, composed of a dim week and a bright week, lasting a total of 14 consecutive days. Seven subjects completed
the bright week first, and five subjects completed the dim week first.

Number of

Participants

a) A total of 12 healthy subjects, six females and six males (mean age 25.5)
b) None of the subjects was taking prescription medications working night shifts or had travelled through more than two time zones one month preceding the
experiment.

Key Findings

a) This study was the first to show that light sensitivity in humans, as assessed by melatonin suppression to nocturnal light, may be changed by manipulating light
exposure history in the previous week.

b) Significantly more melatonin suppression after a week of exposure to relatively dim light compared with after a week of exposure to long durations (about 4 hr per
day) of brighter light, suggesting higher light sensitivity after the dim week when compared with the bright week.

Key notes

Although they found that prior light history has an impact on melatonin amount and circadian rhythm, the light exposure time is too short, and it was suggested that it
should be tested with more extended studies.

Kawasaki et al., 2018
[169]

Approach

Previous luminous environment (the luminance environment individuals were recently exposed to)

Physiological Metrics

a) Pupillography
b) Circadian rhythm analysis
¢) Sleep (derived from rest-activity recordings)

Obijective(s)

a) Testing whether retinal sensitivity, sleep, and circadian rest-activity will change during long-term daylight deprivation on two Antarctic bases (Concordia and Halley VI)

Methodology

a) Evaluation of retinal sensitivity changes analysing the pupil responses towards different light stimuli.
b) Sedentary and active periods continuously measured using activity watches

Number of

Participants

25 healthy people (mean age: 34 + 11y; 7f)

Key Findings a) During long-term daylight deprivation, retinal sensitivity to blue light increases, whereas circadian rhythm stability decreases, and sleep-wake timing is delayed.
b) The sleep-wake cycle obtained from the information rest-activity recordings was significantly delayed after the first-month daylight deprivation (p < 0.05).
Key notes It shows that daylight deprivation for seven months make some changes in our retinal sensitivity and sleep-wake pattern.

127




Siu-Yu Lau, Gou and Li, 2010
[170]

Approach

Sociocultural background of individuals

Evaluation of

(a) Background information,
(b) Lifestyle and living habits,

VeeElulEny (c) Design of windows
(d) Window evaluation
Objective(s) a) Investigation of Human — window interaction in the residential buildings in Hong Kong

b) Increase of the satisfaction of the building users in daylight

Methodology

A guestionnaire was conducted between December 2007 and June 2008 to investigate window and human interactions in high-rise residential buildings in Hong Kong.

Number of

Participants

300 questionnaires were circulated in both private and public housings in Hong Kong but only 200 ones were filled out which only 173 were valid for further analysis.

Key Findings a) The study results showed that daylighting is not the dominant factor for domestic window design because of Hong Kong’ s sociocultural context. However, other
factors such as dining habits, views from the living room, and privacy for the bedroom proved to be more important in the users ’ perception.
Key notes In some cultures, daylight may not be a dominant factor because of the sociocultural context, so their expectation and satisfaction will vary from others
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5.3.1. Ethnicity and genetic origin (physiological characteristics of eyes)

Ethnicity approach

Up to now, various criteria have been used to assess ethnicity, including country
of birth, nationality, skin colour, national/geographical origin, and religion and
language spoken at home [171]. However, it has not been described using only one

criterion but a combination of them.

In the existing lighting research, the ethnic background has been considered
influential on lighting perception, more specifically, discomfort glare perception
(the sensation of annoyance or even pain induced by overly bright sources)
assessed through discomfort glare indices. Although the mechanisms governing
discomfort glare are still unknown, current indices somehow predict the degree of
perceived discomfort glare by approximating a value, but certainly not by defining a
precise threshold. Approximating the degree of perceived discomfort glare has been
considered a way to assess occupants’ satisfaction and well-being [18]. The
discomfort glare indices used for assessing glare perception were developed to
compare subjects from different kinds of studies and to account for differences in the
visual properties of particular groups. These indices were explicitly designed for
particular groups, such as the DGI for British subjects, PGSV for Japanese subjects,
and DGP for German and Danish subjects [18].

Also, several researchers have assessed discomfort glare perception of subjects
from different locations using the DGI, PGSV and DGP indices, despite the indices’
thresholds and the interpretation of findings differ from each other. For instance,
Subova highlighted the difference in the subjective responses to discomfort glare
between subjects in Slovakia and subjects from a similar study conducted in the
USA by MacGowan et al. [172]. Furthermore, IWATA et al. noticed a remarkable
difference in the discomfort glare sensitivity between Japanese and British subjects
[173]. They found that Japanese subjects were less sensitive to higher levels of
discomfort glare than British subjects; however, the compared research procedures

were not completely the same. Similarly, Lee and Kim found that Caucasians
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perceived more discomfort with glare at high luminance (15,000 lux) than Asians
[137]. However, the researchers ignored participants’ area of residence and prior
light history and assumed that participants living in the same locations have the

same ethnic background.

In contrast, Pulpitlova and Detkova assessed the discomfort glare perception of
Slovakian and American subjects using the Hopkinson's discomfort glare scale and
pointed out the similarity of their discomfort glare perception even if they have
different ethnic backgrounds [174]. Another study conducted by Kent et al. could not
find any correlation between ethnicity and participants' glare assessments [168].
However, their further studies found a significant difference in discomfort glare
perception of people from different ethnicities. In brief, some researchers found
either similarities or differences between the discomfort glare perception of people
from different ethnicities. It could be the result of the application of different indices

and study procedures, and it requires further attention.

These studies show that ethnicity may be a critical factor leading to how lighting
conditions are perceived. Nevertheless, subjects with different ethnic backgrounds
may have similar discomfort glare perceptions as long as they lived in the same
province and got used to living under those conditions. Therefore, the location from
which participants were selected, in other words, study design, could be critical in

interpreting the findings.

Genetic origin approach

Several properties and visual characteristics of subjects' eyes have been shown
to vary in prevalence by ethnic group. Van den Berg et al. investigated the
differences in the optical characteristics and iris colour of Caucasians and Asians.
Their research showed a variation in light acceptance between Caucasian and Asian
participants, resulting in different pigmentation densities between subjects’ eyes
[175]. Lee and Kim also researched the discomfort glare perception of Caucasians
and Asians [137]. Their study also showed that Caucasians have less tolerance to

high glare levels than Asians due to the physiological properties of the eyes.
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Similarly, a remarkable difference in light perception was found between light-
eyed Caucasians and dark-eyed Asians when the production of the hormone
melatonin was suppressed [176]. This research demonstrated that the difference in
light-based melatonin suppression is associated with eye pigmentation and/or
ethnicity. Therefore, the cultural background in the lighting field should be considered
not only ethnic background but also the physical properties of participants.

Up to now, various studies have demonstrated the differences in daylight
perception and preferences resulting from ethnicity and/or individual eyes’
physiological properties. However, most cross-cultural lighting studies examined
discomfort glare perception and colour temperature preference, but they did not
focus on the adequacy of illuminance levels. Nonetheless, Belcher argued that
understanding cross-cultural illumination preferences are critical since they can

affect feelings of well-being and worker productivity [177].
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5.3.2. The geographic location of residence (the luminance environment where

people used to live)

Many researchers have shown that subjective lighting assessments of the same
environment are not often consistent. It could result from the acclimatisation (natural
adaptation to specific conditions) of individuals to specific outdoor daylight
conditions. For instance, residents in Tel Aviv, where illuminance levels are above
75,000-lux for around 66% of the time, may not have the same daylight expectation
as people living in Berlin, where similar illuminance levels barely occur. Hence,
external illuminance conditions might significantly affect daylight perception,
preference, and expectation. However, the amount of exposed daylight also matters

in addition to outdoor illuminance levels.

Pierson, Wienold and Bodart [18] have put forward a new definition of culture as
"the climatic and indoor conditions which people experienced during their major part
of life." As a result of cultural experiences, human behaviours toward the
environment and its expectations are shaped. Consequently, people exposed to
different cultures might have different expectations of the lighting environment. In
other words, these researchers asserted that even if the subjects are from several
ethnical backgrounds, their lighting perception could be similar because of the
acclimatisation to the same climatic and environmental conditions resulting from
living in the same place [18]. Similarly, Kim and Mansfield showed a noticeable
difference in the lighting perception of people living in the UK and South Korea. They
also found a remarkable difference in the appraisal path that could be used to
determine the effect of luminous conditions on occupant appraisal, preference, mood
and health and well-being between people from two locations [165]. A similar study
conducted in countries with similar climate conditions showed that 80% and 78% of
Brazil and Portugal students were satisfied with the indoor lighting environment in
their classrooms against very similar lighting conditions [166]. This situation could be
explained that the students’ lighting comfort levels seemed comparable due to the
similar climate conditions they were accustomed to, regardless of the cultural

diversity in these two communities.
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Another comparative study between Korean and American subjects indicated that
Korean immigrants to the US expressed their discomfort with the new lighting
conditions and how challenging it was to accustom them to such different outdoor
lighting conditions [137]. Likewise, some researchers found a noticeable difference in
the lighting perception of people living at different latitudes or altitudes. A
comprehensive study by Subova et al. showed that subjects in Middle Europe living
around 30 degrees latitude have a higher sensitivity to lower luminance conditions
than people living at higher latitudes because of their adaptability [172]. On the other
hand, Brandl and Lachenmayr noticed that the change in altitude causes some
physiological alteration in the human body, and therefore people living at different

altitudes have different sensitivity to lighting conditions [167].

Acclimatisation to outdoor daylight conditions might affect subjective evaluations
of artificial light as well as daylight. A cross-cultural study was conducted by Bodrogi
et al. about the preference for perceived illumination chromaticity among Chinese and
European observers [178]. In this study, Chinese and European participants were
divided into Chinese and European origin, living in Germany and China. Surprisingly,
this study pointed out a remarkable difference in the lighting preference of participants
residing in Germany and China, regardless of their ethnic backgrounds. Another
comprehensive field study was conducted to better understand the customers’ lighting
satisfaction in eight shopping malls across China at four locations (Shanghai, Nanjing,
Langfang, and Harbin) with various climatic, economic, and cultural characteristics
[83]. This study indicated a strong association between the presence of daylight and
occupant satisfaction (p < 0.05). In other words, it showed that people tend to be more

satisfied with the lighting conditions they are accustomed to.

Taken together, the studies presented above have demonstrated that people
living in the same geographic locations and getting used to experiencing those
conditions tend to have similar lighting perceptions and preferences. However, these
studies solely considered the lighting conditions that the participants were exposed
to and did not involve individual differences resulting from the climatic and cultural
diversity of the locations such as ethnic background, lifestyle (how much daylight the

individual is exposed to on a typical day), and sociocultural norms.
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5.3.3. Previous luminous environment (the luminance environment individuals

were recently exposed to)

The term "Zeitgeber" is used as a time giver or synchroniser in the
chronobiology field that examines the effects of time on biological events and internal
biological clocks. It is considered an external cue that synchronises an organism's
biological rhythms to the Earth's 24-hour light and dark cycle. The circadian clock
prominently coordinates biochemical, physiological, and behavioural processes;
thus, zeitgebers are vital in human biological rhythms. There are two types of
zeitgebers: photic and non-photic, and these components are light, atmospheric
conditions, medication, temperature, social interactions, exercise, and
eating/drinking patterns. Even though each of these components is linked to each
other, lighting takes the lead as the most potent cue to synchronise the circadian
clock [50].

Lighting as one of the important zeitgebers is perceived only from the retina with
the aid of different kinds of photoreceptors: rods, cones, and recently discovered
ipPRGCs (Intrinsically photosensitive retinal ganglion cells). Several pieces of
research showed that rods and cones play a crucial role in the image-forming vision,
whereas the ipRGCs are responsible for the non-image-forming vision. This non-
image-forming photoreceptive system takes part in the regulation of several
functions. However, the impact of lighting depends on the intensity, duration,
wavelength, and timing of light exposure [179]. Nevertheless, very little research has
directly investigated the effect of the previous luminous environment and its
consequent outcomes [180].

The previous luminous environment represents the lighting conditions a subject
experienced in a specific period. This period may vary from hours and days to weeks
and years. Previous studies have primarily defined prior photic history as the
intensity and duration of prior light exposure. They also have demonstrated that the
amount of exposed daylight while spending time outside or sitting indoors by a
window is significant because prior lighting conditions determine how much

melatonin suppresses response to daylight and, ultimately, how we perceive and
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evaluate lighting conditions. For instance, an individual who spends time outside
most of the day may not evaluate daylight conditions as the same as another person
who generally spends time indoors, even if they live in the same geographic location

providing the exact outdoor illuminance conditions.

Long-term exposure to low light levels might cause higher sensitivity in the rods
and may increase the time of light adaptation [181]. A study indicated that exposure
to a very dim light level caused significantly more phase shifting response (the move
in bedtime and wake-up time) to light (60-70%) rather than a typical room light level
exposure [182]. Also, long-term daylight deprivation has a remarkable impact on
participants' sleep-wake patterns and retinal sensitivity after seven months without
sunlight (p<0.05) [169]. This view was also supported by Martin et al., who proved
that after a week of increased daytime bright-light exposure, subjects would become
less sensitive to light and correspondingly, if they were restricted to the dimmer light,
they would become more sensitive to lighting conditions [183]. In this study,
researchers demonstrated significantly more melatonin suppression after a week of
exposure to relatively dim light than after a week of exposure to long durations
(about 4 hr per day) of brighter light. They also showed higher light sensitivity after
the dim week compared with the bright week. Likewise, Kawasaki et al. investigated
the impact of long-term daylight deprivation for seven months on retinal sensitivity,
sleep, and circadian rest-activity cycle [169]. They evaluated participants’ retinal
sensitivity changes towards different lighting stimuli and measured the rest-activity
cycle using activity watches. After the exposure to lighting conditions for seven
months, they found an increase in participants’ retinal sensitivity to blue light,
whereas a decrease in circadian rhythm stability and delay of sleep-wake timing
during long-term daylight deprivation.

The study design also matters in interpreting the findings because most studies
in the literature have limited observation time (mostly a week). However, the amount
of daylight exposure for a short period may not significantly impact the participants’
lighting evaluations. For instance, if an individual generally spending time indoors is
exposed to high daylight conditions for a week, his internal clock may not be affected
(it takes some time to adjust), and his lighting perception may be the same as

previous regardless of the exposure time and the outdoor illuminance conditions in
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the last week. Therefore, prior light history should be considered under the
combination of outdoor daylight availability and the subject's lifestyle and
preferences for a sufficient time. These studies have shown that the issue of prior
light history requires further attention as much as other approaches, and prior light
history arising from the previous luminous environment could have a considerable

impact on lighting perception as well as sleep-wake patterns, mood, and cognition.

5.3.4. Sociocultural background of individuals

As mentioned earlier, the subjective assessment of the same lighting conditions
differs from person to person. The variation in the evaluation of the lighting levels
could be based on sociocultural context and, ultimately, values, customs, and
traditions rather than acclimatisation to some kind of lighting conditions. Individuals
with the same sociocultural background might judge the conditions similarly or have
identical behaviour patterns. Hence, they may have common attitudes

and perceptions towards daylight conditions.

A long-term survey carried out by Siu-Yu Lau, Gou and Li investigated whether
daylight helps to increase the satisfaction of residential buildings in Hong Kong [170].
In contrast to other researchers, they also assessed the human-window interaction
considering cultural norms. The study results showed that daylight provision did not
dominate domestic window design in high-rise residential buildings in Hong Kong.
Cultural beliefs and traditions strongly reflect the people’s values, practices, activities
and the level of privacy needed in a given home. From this point of view, other
factors such as dining habits, views from the living room, and privacy for the
bedroom were more important for the residents because of the sociocultural context.
Therefore, in some cultures, lighting may not be a primary need because of the
sociocultural context and lifestyle, so their perception and expectations may vary

from those living in another community with different habits and lifestyles.
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In another study, Korean temporary residents immigrating to the United States
found acclimatisation to interior lighting conditions challenging [184]. This situation
could also be linked to their sociocultural background and traditions because
Koreans culturally value a south-facing house with high daylight illumination levels
[185]. Parallelly, another study demonstrated that Koreans preferred high-intensity
light differently from Americans. Koreans also stated that bright lighting arouses
them more than dim lighting in contrast to Americans [185]. A group of researchers
investigated whether participants' skin tone influences their light source colour
preferences [186]. For this aim, they divided participants into some groups
depending on skin tones, such as European, Asian, Indian, African, and North
American. Supporting the previous findings, Asians generally chose light sources
with a white colour temperature because whiteness symbolises health in their
culture, whereas Europeans with the lightest skin type preferred warm light sources.
These studies have demonstrated that Korean people specifically value high-
intensity lighting, brightness, and white colour temperature due to their traditions and

cultural norms.

From another point of view, individual lifestyle and daily routines could be
related to sociocultural background, and therefore behavioural factors that are not
mostly accounted for in most studies could affect the perception of lighting quality.
For instance, some individuals tend to spend more time outdoors culturally, and their
lighting evaluation could vary from those spending mostly indoors due to high levels

of light exposure [164].

Taken together, all these studies have indicated that sociocultural background,
lifestyle and related perceptual and behavioural patterns could cause inter-individual
differences in daylight perception. For this reason, further research should be

undertaken, considering both sociocultural and individual variations.
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5.3.5. Application of the findings into the thesis

This thesis aims to investigate the impact of cultural background on daylight
perception. For this aim, it is essential to define the culture in the lighting
environment and develop a methodology for assessment. This systematic review
showed that cultural background corresponds to (1) the ethnicity and/or
physiological characteristics of the individual eyes, (2) the area (luminance
environment) where people used to live, (3) the luminance environment they were
recently exposed to and (4) the sociocultural background of individuals. From this
point of view, a methodology was developed and reported in the following chapter.
This methodology consists of a survey asking participants about their ethnicity, the
city they spent most of their life, the city they lived in before they came to London
and their daylight exposure pattern on a typical day. These questions were derived
from the components developed in the systematic review, and their responses were

assessed with participants' evaluations of daylight availability on a surface.

5.3.6. Limitations

The most significant limitation of this chapter was the lack of pre-existing literature
on this topic, as well as the fact that almost all studies related to culture in the
lighting field were evaluated in the context of the visual discomfort glare evaluation of
participants. This study was needed because no comprehensive existing study in the
literature focuses on the relationship between cultural background and the

participants’ perception of illuminance levels.
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5.4 Summary

This chapter aimed to create a conceptual framework of cultural background in
lit environments to investigate an association between cultural background and
daylight perception of participants. The review showed that factors thought to be
influencing daylight perception in the cultural context have been explored in several
ways. It firstly demonstrated that ethnicity and/or physiological properties of
individual eyes affect daylight perception and preferences. Secondly,
it provided evidence that the participants' residential area influences their daylight
perception on the assumption that people living in the same geographical location
become accustomed to those conditions and thus perceive daylight conditions
similarly. Thirdly, it remarked on the importance of the previous luminance
environment and suggested that the prior light history should be considered under
the combination of outdoor daylight availability and the subject's lifestyle and
preferences for a sufficient time. Lastly, it stated that sociocultural background and
possibly related behaviour patterns impact daylight perception within the individual
and contextual variability. Together these results provide valuable insights into

daylight perception in the cultural context.

This chapter has confirmed the assumption that there are differences in how
people perceive and feel about lighting conditions due to their cultural backgrounds
with various approaches. It also has remarked on the lack of comprehensive
knowledge of this issue regarding the perceived adequacy of illumination for people
from different cultural backgrounds. Therefore, a further study focusing more on
daylight perception with the combination of the cultural background approaches
explained previously is recommended. Future research should further test these
components together and separately to investigate which component or combination

is more influential on daylight perception.

139


https://tureng.com/tr/turkce-ingilizce/adequacy

CHAPTER 6: Investigation of the influence of cultural background

on daylight perception

6.1 Introduction

Exposure to daylight has been shown to boost occupants’ visual, task and
behavioural performance as well as social interactions [26]. Additionally, daylight
enhances the aesthetics of a space and can help to improve the building’s energy
efficiency [187]. In this respect, individuals' daylight perception, which represents
people's feelings about daylight conditions, as well as their level of satisfaction with
daylight conditions, may influence their preferences, expectations, and behaviours.
This knowledge could help meet the occupants’ needs and preferences, which in
turn help increase occupant satisfaction with the indoor environment and reduce the
unnecessary energy consumption of both HVAC and illumination systems in the built
environment. However, the reasons for perceiving daylight conditions differently than
other individuals require further investigation, and this thesis aims to explore the

cultural background as an inter-individual difference in daylight perception.

In previous chapters, the methods for assessing daylight perception were
reviewed and concluded that subjective rating and seat preference methods could be
used to evaluate daylight perception. Afterwards, the conceptual framework of
cultural background in the lit environment needed to be identified to evaluate the
inter-individual differences in daylight perception caused by variations in cultural
background. The review revealed that factors thought to influence daylight
perception in the cultural context have been investigated in a variety of ways. These
factors are the ethnicity and/or physiological characteristics of the individual eyes,
the area (luminance environment) where people used to live, the luminance
environment they were recently exposed to and the sociocultural background of
individuals. This chapter, therefore, aims to establish a methodology and report the
findings of the study for assessing daylight perception in the context of cultural
background, building on the highlighted findings of the previous chapters.
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6.2 Methodological approach

6.2.1 General approach

This chapter combined qualitative and quantitative data to understand if an
individual's cultural background influences how daylight conditions are perceived.
For this purpose, subjective ratings and seat preference methods were used to
evaluate daylight perception. In order to assess the participants’ subjective
responses, they were asked to fill out a semi-structured questionnaire, which
included a section for rating the amount of daylight availability at their desks,
synchronously quantifying the horizontal illuminance on the desk with an illuminance
meter by the researcher. Then, participants' perceptions and actual daylight
availability on their desks were compared using the cultural background components
reported in CHAPTER 5.

Chapters 3 and 4 demonstrated that one of the compelling reasons for students’
seat selection is daylight, and a high amount of daylight availability strongly
encourages students to select specific seats. Participants in this study who reported
being satisfied with their seats were assumed to have chosen those desks because
of their daylight availability. In other words, the illuminance levels of the desks
chosen by participants who indicated that those were their preferred seats were
thought to be an indicator of the participants' level of daylight expectancy from the
learning environment. Following that, the horizontal illuminance level of the desks
was evaluated using the previously identified cultural background components, as it

was done for the subjective response evaluation.
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6.2.2 Participants

One hundred ninety-three students (79 male / 109 female) over the age of 20
participated in this study. As seen in Table 6. 1, seventy-eight participants (40.4%)
described themselves as White, whereas eighty-eight students (45.6%) stated that
they came from Asian backgrounds. Only twelve (6.2%), eight (4.1%), and two (1%)
participants defined their ethnicities as mixed, other and black, respectively. AlImost
half of the participants (46.8%) of 193 were overseas students who had spent less
than a year in London, which allows an investigation of cultural differences in
daylight perception of people from different cultural backgrounds. However, most of
the participants consist of White or Asian backgrounds, making it challenging to
interpret the perception of people from minority backgrounds. Even though 193
people participated in the study, some did not complete all the questions. As a result,

each section will have a different number of participants.
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Table 6. 1 Characteristic of the participant sample

N =193
Gender 190
Male 79 (40.9%)
Female 109 (56.5%)
Other 0 (0%)
Prefer not to say 2 (1.1%)
Age 180
<20 8 (4.1%)
20-24 88 (45.6%)
25-29 51 (26.4%)
30-34 18 (9.3%)
>35 15 (7.8%)
Time spent in London 189 (mean:47.4, std:87.6)
<3 months 66 (34%)
3 to 6 months 22 (11.3%)
6 months to a year 3 (1.5%)
More than a year 98 (50.5%)
Ethnicity 188
White 78 (40.4%)
Mixed/Multiple ethnic groups 12 (6.2%)
Asian/Asian British 88 (45.6%)
Black/African/Caribbean/Black British 2 (1%)
Other ethnic groups 8 (4.1%)
Area of residence 194
London residents 16 (8.2%)
Non-London residents 178 (91.8%)
6.2.3 Field site

The study was carried out at the UCL Bartlett Library, described in detail in
Chapter 3, section 3.3.3. The library is located on the ground floor of a six-story
building. The library has three main study areas; Room 1 contains eight shared
desks and four individual cubicles, Room 2 has twelve shared desks and eleven

individual desks, and Room 3 has thirty-two shared desks.
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6.2.4 Quantification of daylight

In order to evaluate the daylight perception of participants, it was necessary to
know how much daylight they were exposed to while participating in the study. For
this purpose, the horizontal daylight illuminance was measured with an illuminance
meter from the centre of the participants' desks at the start and end of the
guestionnaire. The average illuminance was then written on the top right of the
guestionnaire while it was being collected. The KONICA MINOLTA Illuminance
meter T-10A (20014862) was used as a data collection instrument to measure
horizontal illuminance on the desk, assuming it as individual daylight exposure

during the questionnaire.

6.2.5 Study procedure

The researcher created a semi-structured questionnaire that was approved by
the Ethical Committee of the University College London, the Bartlett School, Institute
of Environmental Design and Engineering. During the week commencing on the 2"
of December 2019, students who had already been studying in the Bartlett library
were randomly approached and asked if they were interested in participating in the
study. Before beginning the study, the researcher asked if they had any questions
about the procedure, and they were given a paper version of the questionnaire if

they had no questions. The questionnaire took 10 to 15 minutes to complete.
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6.2.6 Questionnaire design

The questionnaire (See Appendix 5) was comprised of 18 questions, including
multiple answers, a Likert scale, and open-ended questions with some sub-

guestions. The questionnaire was divided into five sections;

(1) questions (Q1, Q2, Q4) about demographic information such as gender, age

and ethnicity,

(2) questions (Q3, Q6) about the geographic location of residence (the luminance
environment where people used to live), such as the length of time spent in London

and the most common/most recent place of residence,

(3) questions (Q7, Q9) about the previous luminous environment (the luminance
environment individuals were recently exposed to), such as the number of regular
and free days and time intervals describing their average daylight exposure outdoors

on those days,

(4) questions (Q10, Q11, Q12) about seating preferences such as the reason for

seat selection, willingness to sit at that particular desk and duration of stay and

(5) questions (Q14, Q18) about daylight perception and satisfaction, such as
evaluation of daylight availability, daylight distribution, glare probability, and overall
visual comfort. In order to answer the questions raised in this study, only some

sections of the questionnaire were reported.
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6.2.7 Assessment methods

The five sections of the questionnaire were evaluated as described below;

Data obtained from demographic information such as gender, age and

ethnicity were used directly at baseline.

Data obtained from the geographic location of residence (the luminance
environment where people used to live), such as the length of time spent in
London and the city where participants spent the majority of their lives and the
previous years before arriving in London, was evaluated using the cities’

external illuminance levels, as explained in Chapter 6, section 6.2.7.1.

Data obtained from the previous luminous environment (the luminance
environment individuals were recently exposed to), such as the number of
regular and free days and time intervals describing their average daylight
exposure outdoors on those days, was assessed using a novel method
developed by combining the Munich Chronotype Questionnaire and the
Harvard Light Exposure Assessment Questionnaire, as described in
Chapter 6, section 6.2.7.2.

Data obtained from seating preferences such as the reason for seat
selection, willingness to sit at that particular desk and duration of stay was
assessed under the assumption that the illuminance levels of the desks
chosen by participants who stated that those were their preferred seats
(Figure 6. 1) represented the participants' level of daylight expectancy. Thus,
the impact of cultural background components, identified in the previous
chapter, on daylight perception was evaluated while taking into account the

preferred desks' horizontal illuminance levels.

146



11. Is it your preferred seat?
(If it is not your preferred seat, please indicate your best place in the plan drawing in Question 18 with reason)

- Yes, itis my preferred seat.
- No, | tend to sit here whenever possible. (seat place is not important for me)
- No, | sat here because my preferred seat was not available (e.g. someone else was sitting there)

Figure 6. 1 The question asking participants their seat preference

e Data obtained from daylight perception and satisfaction was evaluated using a
unique developed scale based on lighting guidelines that aims to categorise
daylighting measurements and assess their sufficiency for comparison with

participants' self-reportings, as explained in Chapter 6, section 6.2.7.3.
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6.2.7.1. Assessment of daylight availability in cities where participants lived

Few researchers put forward that individuals' acclimatisation to specific outdoor
daylight conditions may result in differences in their daylight perception, preference,
and expectation because exposure to a certain amount of daylight at a specific time
has significant effects on human circadian rhythms. Residents in Tel Aviv, for
example, where illuminance levels exceed 75,000-lux for approximately 66% of the
time, may not have the same daylight expectations as residents in Berlin, where

similar illuminance levels are rare.

However, it was impossible to estimate how much daylight individuals were
exposed to in the city where they have spent most of their lives and their last year
before moving to London without long-term recording using devices that participants
were asked to wear, such as wristbands, Daysimeters, and ambulatory circadian
monitoring devices. Hence, a novel methodology was created to assess the effect of
the geographical location of participants' cities on their daylight perception. In order
to achieve this goal, participants were asked in the questionnaire in which cities they
spent the majority of their lives and the last years. Following that, "the median
external diffuse horizontal illuminance™ of the cities from which participants came
was used as an indicator of daylight availability in their cities. This value was
extracted from the cities' standardised climate files to represent the city's typical

lighting conditions.

In order to obtain the data on the median external diffuse horizontal illuminance
for each city mentioned by participants in the questionnaire, epw. files for each city

were downloaded from https://www.energyplus.net/weather. Then, a utility

developed by Energyplus was used to convert each epw. files into csv. file formats.
Afterwards, each csv. file was opened with Microsoft Excel, and the median of the
external diffuse horizontal illuminance was calculated while ignoring zero values.
This procedure was repeated 143 times, and all cities' median external diffuse

illuminances are listed in Appendix 6.
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6.2.7.2. Assessment of individuals’ daylight exposure in London

An individual's daylight exposure is calculated in the literature using circadian
light metres such as wearables and smartwatches. Circadian light metres, however,
have some limitations due to cloth coverage or incorrect usage, and they are not
practical for assessing the light exposure of participants in large-scale studies. At this
point, researchers can estimate the amount of light exposure of participants using
the Morningness-Eveningness Questionnaire (MEQ), the Harvard Light Exposure
Assessment Questionnaire (H-LEA), and the Munich Chronotype Questionnaire
(MCQ). Although the Morningness-Eveningness Questionnaire is the most widely
used tool for assessing light exposure, the Munich Chronotype Questionnaire is one
of those that can most accurately predict photic and circadian data from physical
measurements using the scores on self-reported light exposure [194]. As a result of
its reliability, the developed methodology in this study to assess individuals' daylight
exposure in the last four weeks was adapted from the light exposure question in
MCQ (Figure 6. 2).

| have a regular work schedule (this includes being, for example, a housewife or househusband):
Yes (] |work on 1] 2[] 3] 4[] 5[] 6[] 7] day(s) per week.
No []

Is your answer “Yes, on 7 days” or “No”, please consider if your sleep times may nonetheless differ
between regular ‘workdays’ and ‘weekend days’ and fill out the MCTQ in this respect.

On average, | spend the following amount of time outdoors in daylight (without a roof
above my head):

on workdays: hours minutes

on free days: hours minutes

Figure 6. 2 The light exposure question in the Munich Chronotype Questionnaire (MCQ)
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The total exposed light exposure in the Munich Chronotype Questionnaire (MCQ)
is expressed in Equation 4, considering only the exposed number of hours. On the
other hand, the photometric intensity of light is as important as the duration of light
exposure. As a result, the intensity of daylight and time spent outdoors as exposed
to daylight had to be considered together while considering the daylight exposure of
participants in London prior to the study against the traditional methods that consider

only the duration of exposure.

Equation 4 Traditional method for the calculation of individuals’ light exposure

LE = (LEw x WD + LEf x FD)/7

where

LE= Light exposure

LEw = Workday light exposure

Wp = Number of workdays per week
LE: = Free daylight exposure

Fo = Number of free days per week

In order to develop a methodology for assessing participants’ daylight exposure
considering both the intensity and duration of daylight, it was benefitted from the way
of questioning in the Harvard Light Exposure Assessment Questionnaire.
Participants are asked to record the light source(s) they were exposed to hourly for
seven consecutive days in Harvard Light Exposure Assessment Questionnaire,

as shown in Figure 6. 3.

During a typical day, describe your exposure 1o the below specilied light sources. Please 1 in as applies, for each single day of your 7-day trial,

and circle the hours at which you had a meal, like indicated in the example below.*

H...Halogen Lamp F...Fluorescent Lamp I...Incandescent light O...Other Artificial Light Source
N...Natural Light (Indoors)  S...Sunlight, Natural Light (Outdoors) D...Darkness

EXAMPLE:

DATE 01/01/2007 0 NIGHT SHIFT WORKHNOURS FROM 107 N OR U DAYSHIFT WORKHOURS FROM TO OR [ OFF WORK

lam | 2am | \In_l'{ dam | Sam * bam I Tam § k.:.in‘l 9am i 10am l | In_l]T{ noon |[ I{gr_v_x | 21;;1\ } ,‘s{:n } 'll'"“, 'l'imn"l 6pm { 7pm | Spm } ‘_J[;m } 10pm |[1 !prpil} 12am

DI DI|D|DJID]ID]| 1T | NJLF i F_LS JI H|F | F|F I \\uj 1

Figure 6. 3 Light exposure question from the Harvard Light Exposure
Assessment Questionnaire
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From this point of view, the light exposure question in this study was derived
from the calculation method used in the Munich Chronotype Questionnaire and the
guestioning style in the Harvard Light Exposure Assessment Questionnaire. As
shown in Figure 6. 4, participants were asked to indicate natural light exposure
during a typical day in the last four weeks without a roof above the head. The time
interval of the scale was defined by the sunrise and sunset times in the last four
weeks. In other words, the earliest sunrise time in London was accepted as the
starting time, and the latest sunset time was accepted as the ending time on the

scale.

7. How many days do you have a regular work schedule?
(regular work days are defined as the days you wake up and go to sleep at similar times)

Ilworkon U1 a2 3 a4 Jd5 a6 J 7 days perweek

9, Please, fill the gap describing your exposure to naturzl light cutdoors on average during a typical day in the last 4
weeks. (without a roof above your head) (each cell represents 15 minutes)

For example:
7am 8am 9am 11 am Noon 1pm 2 pm 3 pm 4 pm

10 am
[T [T e [ [T ] [T i

“I spent time outside under the sky at 8:00-8:30 and 3:15-3:45 in a typical day of my last 4 weeks.”

On workdays:

7am 8am 9am 10 am 11am Noon 1pm 2 pm 3 pm 4 pm

7am 8am 9am 10 am 11 am Noon 1pm 2 pm 3pm 4 pm

Figure 6. 4 Light exposure question in this study
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However, the question of how the daylight intensity would be calculated in the
specified time intervals indicated by participants remained. In order to answer this
guestion, the external illuminance in London at 15-minute intervals had first to be
defined. Then, the intensity of daylight at specific time intervals would be calculated

based on participants’ responses.

In order to obtain the external illuminance in London at 15-minute intervals,
hourly weather pattern information data for London obtained from London St. James
Park weather station was downloaded via WEA file from

http://climate.onebuilding.org/. The file was then opened in Notepad, and the entire

contents were pasted into Microsoft Excel using the Excel Import Wizard. Following
that, data from 6 November 2019 to 4 December 2019 (the four weeks preceding the
study) was imported into another Excel file with date, time, direct irradiance, and
diffuse irradiance values. The external illuminance value had to be calculated using
the direct and diffuse irradiance values. As mentioned in EN 17037, the irradiance
values can be multiplied by luminous efficacy (110 Im/W) to obtain illuminance

values for each hour (Equation 5).

Equation 5 llluminance calculation method suggested in EN 17037

Direct irradiance + Dif fuse irradiance

: (kWh /mz) x 110 lm/W = [lluminance (lux)

From this point of view, the average direct and diffuse irradiance values between
6 November 2019 and 4 December 2019 were calculated on an hourly basis; then,
they were divided by two and multiplied by 110 Im/W as suggested by the above
equation. At the end of this process, hourly basis illuminances for the last four weeks

on average were obtained as illustrated in the below table (Table 6. 2)

152


http://climate.onebuilding.org/

Table 6. 2 Hourly illuminance values in London over the last four weeks

Time period

00:00- 01:00
01:00- 02:00
02:00- 03:00
03:00- 04:00
04:00- 05:00
05:00- 06:00
06:00- 07:00
07:00- 08:00
08:00- 09:00
09:00- 10:00
10:00- 11:00
11:00- 12:00
12:00- 13:00
13:00- 14:00
14:00- 15:00
15:00- 16:00
16:00- 17:00
17:00- 18:00
18:00- 19:00
19:00- 20:00
20:00- 21:00
21:00- 22:00
22:00- 23:00
23:00- 00:00

Average direct
irradiance
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
40.93
173.50
258.21
289.68
276.11
228.79
113.68
6.86
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Average diffuse
irradiance
0.00
0.00
0.00
0.00
0.00
0.00
0.00
3.96
46.68
85.64
114.00
129.46
123.93
105.61
73.89
24.32
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

All average

0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.98
43.80
129.57
186.11
209.57
200.02
167.20
93.79
15.59
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

External
illuminance
0.00
0.00
0.00
0.00
0.00
0.00
0.00
208.13
4599.38
13605.00
19541.25
22005.00
21001.88
17555.63
9847.50
1636.88
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

However, participants in this study were asked to indicate natural light exposure

at 15-minute intervals. For this reason, the hourly external illuminances needed to be

divided into 15-minute intervals to specify the exact amount of daylight they were

exposed to. For this purpose, Matlab software was used to integrate a set of

illuminance level data and corresponding time data to approximate the amount of

daylight exposure, and the integration was plotted in Figure 6. 5. The integral area

under the curve in 15 minutes was calculated and reported in Figure 6. 6.
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llluminance Level (lux)

25 104 | Light IF.xpr.)sulre- Lewlel durir:g a clau,rI in Lon |d0n (;uf(.h)
T =
1.5+ _
"l -
0.5+ _
0 L | R | ‘ | | | |
0:00 2:00  4:00 6:00 800 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00

Hour of the Day

Figure 6. 5 Integration of hourly external illuminances data and corresponding time
data to approximate the amount of daylight exposure

07:00-07:15
07:15-07:30
07:30-07:45
07:45-08:00
08:00- 08:15
08:15- 08:30
08:30- 08:45
08:45-09:00
09:00- 09:15
09:15- 09:30
09:30- 09:45
09:45- 10:00
10:00- 10:15
10:15- 10:30
10:30- 10:45
10:45-11:00
11:00- 11:15
11:15-11:30

322.80
437.39
5B2.63
753.22
083.17
124547
1551.55
1900.75
2280.87
271282
3160.52
3620.94
4075.54
451%.88
4924 57
5276.39
555544
5760.38

11:30-11:45
11:45-12:00
12:00-12:15
12:15-12:30
12:30-12:45
12:45-13:00
13:00- 13:15
13:15-13:30
13:30- 13:45
13:45- 14:00
14:00- 14:15
14:15- 14:30
14:30- 14:45
14:45- 15:00
15:00- 15:15
15:15-15:30
15:30- 15:45
15:45- 16:00

3865.46
3881.27
378522
3615.59
5351.14
5014.45
4520.92
4187.53
373177
3270.37
281B.42
23BB.58
1950.68
1531.50
1314.93
104217
812.28
622.58

Figure 6. 6 External illuminance in London at 15-minute time intervals
between 6 November 2019 and 4 December 2019
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After identifying external illuminance for every 15 minutes in London over the
previous four weeks, individuals’ daylight exposures were calculated by summing the
external illuminances for their specified time intervals indicated in the questionnaire
for regular and free days separately. Individuals' total daylight exposure was then

calculated using the formula shown in Equation 5.

Figure 6. 7 shows a linear regression between the developed calculation method
based on both the intensity and duration of daylight exposure and the traditional
calculation method based solely on the duration of daylight exposure (p<0.05). As
can be seen, the results obtained using the traditional method are accounted for
44.9% of the explained variability in the developed method. Although the traditional
approach is widely used in the literature, it is strongly recommended to use the

developed methodology that takes into account the intensity of daylight as well.
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Figure 6. 7 Comparison between the developed method and the traditional method
for assessment of light exposure
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6.2.7.3. Assessment of individuals’ daylight perception

The self-reported illuminance levels of the 193 participants were compared to the
measured illuminance levels on their desks to investigate inter-individual differences
in daylight perception. For this aim, participants were asked to rate the adequacy of
daylight availability on the desk they were already using on a scale ranging from very

low to very high (Figure 6. 8)

14. How do you describe the amount of daylight at your seat/ on your desk?

Very low

Below
Low average

Above
average

High

Very high

Figure 6. 8 The question that asked participants to describe the lighting conditions
at their desk

The researcher used an illuminance meter to measure the current illuminance
levels at participants’ desks. However, the measurements needed to be classified in
order to determine their sufficiency and assess participants’ subjective responses
based on them. Therefore, a scale was developed based on the lighting guidelines
because there was no developed assessment scale in the literature to take as a
reference until now (Figure 6. 9)

0 200 300 500 750 1000+ lux

Very low Low Above High

average

Below 0 Very high

average

Figure 6. 9 The developed scale for the classification of measured illuminance levels
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The scale was developed using thresholds from lighting guidelines. For instance,
the EN 12464 Light and Lighting recommends lighting levels for library reading
rooms between 300-500 lux to allow for proper reading and writing, with 500 lux
being the optimum. As a result, 500 lux was defined as the optimum level in this
study and designated as zero. Also, less than 200 lux was not acceptable for reading
and writing activities; hence this range was designated as very low (-3). The middle
range (200-300 lux) was designated as low because it is considered as acceptable
for reading and writing but does not provide the optimum lighting conditions for

libraries.

On the other hand, more detailed works that require significantly more lighting in
places such as laboratory classrooms require lighting between 500 and 750 lux;
thus, this range was designated as +1. Furthermore, some places that require extra
attention, such as operating rooms, require more than 1000 lux of light. As a result,
the range above 1000 lux was defined as very high (+3), and the range in-betweener
(750-1000 lux) was defined as high (+2).

In general, developed scales must be validated using data collected by other
researchers. However, verifying the proposed scale was impossible because this
topic was quite unigue, and there was no collected data to share until now. As a
result, in order to validate the scale, the results obtained using the scale were
compared to those obtained using the quartiles method, which involved randomly
dividing the illuminance measurements into quantiles. According to the findings of
the analysis, this scale was found to be reliable in assessing the relationship

between individuals’ daylight perception and illuminance levels (p=0.05).
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6.2.8 Method of analysis

For all statistical analyses in this study, data from participant responses, daylight
spot measurements, and external diffuse horizontal illuminance data from the
EnergyPlus website were analysed using the software package SPSS 20.0.
Univariate descriptive statistics (response frequencies, means, and standard
deviations) were computed for each variable in the questionnaire and daylight
measurements. As needed, the data were checked for normality using analytical
Kolmogorov-Smirnov/Shapiro-Wilk tests. Linear regression was used to analyse the
relationship between the external illuminance of the city where participants spent
most of their lives (continuous) and last years (continuous), and daylight exposure in
London prior to the study (continuous), the length of time duration in London
(continuous), as input or explanatory variables, and daylight availability at the desk
chosen (continuous) as an output. Ordinal regression was used to determine if any
variable influences the daylight perception of participants alone or altogether. Binary
logistic regression was also used to investigate the impact of various factors on
participants' agreement between self-reported and measured lighting levels.
Additionally, an ANOVA test was used to determine differences in daylight

availability of the desks chosen by people from various groups.
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6.3 Results and Discussion

6.3.1. Agreement between self-reported and measured illuminance levels using

different methods

In CHAPTER 3, it was demonstrated that subjective rating and seat preference
methods could be used to assess daylight perception. Therefore, the purpose of this
chapter was to investigate the impact of participants' cultural backgrounds on their
daylight perception using the subjective rating and seat preference methods, taking
into account the cultural background components identified in CHAPTER 5 using the

subjective rating and seat preference methods.

6.3.1.1. Subjective ratings

CHAPTER 3 showed the suitability of the subjective rating method for assessing
daylight perception of participants, demonstrating a strong relationship between
daylight availability and subjective statements of participants. Even though the same
guestion was used to assess participants' perceptions of daylight in this study, the
contribution of daylight availability to their subjective statement of daylight was less
significant than in the previous study (p=0.06). As shown in Table 6. 3, this could be
due to differences in sample characteristics, study procedure, participant
acclimatisation to lighting conditions, method of quantifying daylight availability, and

the contribution of electric light to their daylight perception.
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Table 6. 3 Comparison of studies using the subjective rating method

Differences The study mentioned in The study mentioned in
Chapter 3 Chapter 6
Sample size 50 participants 193 participants

Participants’ activity

Students were brought all together
to the library, asked to complete a
guestionnaire before the
experiment and undertake a set of
tasks while going around the

library.

Students who had already been
studying in the Bartlett library
were randomly approached and
asked if they were interested in
participating in the study.

Acclimatization to

lighting conditions

Participants were instructed to walk
around the library, choose the best
and worst seats, and then assess
the daylight availability on the best
seat selection without having to sit
down. As a result, they assessed
the lighting conditions without

acclimatisation.

Participants had been present for
a while for various reasons in the

library. As a result, some of them

may have become accustomed to
the lighting conditions at their

desks.

Type of participants

MSc students from the same
department were requested to
participate in the study after their

lecture

Students from all educational
backgrounds were chosen at

random in the Bartlett Library

Quantification of

daylight

Parametric modelling and daylight
simulations were used to get
information about daylight
availability, and they were validated
against spot measurements with
the daylight availability at a specific

day and time

The horizontal daylight
illuminance was measured with
an illuminance meter from the
centre of the participants' desks at
the start and end of the
questionnaire. The average
illuminance was then written on
the top right of the questionnaire

while it was being collected

Quantification of

daylight perception

The same question was used to evaluate daylight perception of

participants ranging from very low to very high
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Contribution of the

electric light

The daylight simulation results
solely represented daylight
availability on the desk at the time

when participants chose the desk

The horizontal daylight
illuminance measured with an
illuminance meter included
electric and daylighting.

Although the contribution of
electric light to each desk was
nearly identical, it could affect
participants' perception of daylight

The relationship
between daylight
availability and
subjective
statements of

participants

The contribution of horizontal
illuminance on the desk obtained
from daylight simulations
significantly affected the subjective

assessment of daylight, p =0.002.

Although there is still a nearly
strong relationship between
daylight availability and
participants' subjective
statements on daylight, daylight
was less significant on
participants' perceptions than
compared to study in Chapter 3
(p=0.06)

In order to investigate the inter-individual differences in daylight perception, it

was necessary to assess the participants’ self-reportings with the measured daylight

availability. For this aim, participants were asked to assess the lighting conditions on

their desks ranging from very low to very high (See Question 14 in Appendix 5).

Unlike the previous study shown in Chapter 3, this study also aimed to improve the

assessment method for daylight perception of participants. Correspondingly, a scale

(See in Chapter 6, section 6.2.7.3) was developed to categorise the measured

lighting levels and assess the lighting levels' sufficiency based on the thresholds

given by guidelines. The developed scale also helps ease the interpretation and

presentation of the findings.

161




Table 6. 4 The agreement between self-reported and measured illuminance levels

llluminance level on the desk
N=185 Very Low Below Above High Very Total
low average | average high
@ Very low 1 1 7 2 1 0 12
g Low 0 2 13 9 4 0 28
3 Below average 1 3 15 11 5 3 38
_qf- Above average 4 5 26 31 6 6 78
§ High 0 1 12 4 2 25
2 Very high 0 0 3 0 0 1 4
& [Total 6 12 76 59 20 12 185
Value Approximate Significance (p-value)

Measure of Agreement (Kappa) 0.060 0.113

N of Valid Cases 185

Strongly agreement

Agreement

Disagreement

As seen in Table 6. 4, in this study, 42% and 20% of those who participated
described daylight conditions as above average and below average, respectively.
Less than a fifth of those who responded (13%) indicated that daylight conditions on
their desk were high, whereas 14.5% stated that the perceived daylight level was
low. Only 16 people described the daylight conditions as very low (6%) and very high
(2%).

Table 6. 4 represents the participants' perceptions of daylight conditions versus
the measured illuminance conditions. Highlighted cells with dark orange colour
demonstrate how many people perceived the conditions in line with the daylight
measurements. However, human perception of something like fluctuating lighting
does not always provide an absolute value, as it is a subjective way of feeling.

Therefore, participants may find it difficult to differentiate a daylight measurement
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from a range of values, and they may describe it as lower or higher ranges of
illuminances. As a result, in this study, people who perceived conditions close to the
range of actual measurements (cells with light oranges) were also considered to
agree with the measured lighting conditions. White cells were also used to represent
the rest of the people who perceived daylight conditions differently from actual

measurements.

As shown in the table, 54 of the participants perceived daylight conditions that
matched the actual measurements, and 68 of them described daylight conditions in a
range very close to actual daylight measurements. However, 63 participants
perceived daylight conditions as slightly or significantly different from actual
measurements. In total, 66% of participants perceived daylight conditions that were
exactly or very close to the actual daylight measurements; however, why the
remaining participants perceived differently and whether the cultural background is a
factor in the variation remains unknown. In summary, this table demonstrated that
individuals do not always perceive daylight conditions as occurring. Individual
differences could impact this variation, and this situation highlights the need and

potential contribution of this study.

As shown in the table, while some participants described daylight conditions that
matched the illuminance measurements, others perceived conditions that were lower
or higher than the actual measurements. In this study, people who described the
conditions as lower and higher were labelled as underperceived and overperceived,
respectively. In order to investigate if people are more likely to describe daylight
conditions as lower or higher than actual measurements, a McNemar test was
conducted. It showed no discernible tendency in individuals’ perception to
underperceive or overperceive daylight conditions, OR=0.87 (95% CI 0.61-1.25),
(p=0.48).
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6.3.1.2. Seat preference

Previous research on seat preference presented in Chapter 3 was conducted with
people who had the opportunity to choose their seat, and the study results showed
that daylight was the most dominant reason when selecting the best desks in the
library, followed by privacy, outdoor view and quietness, respectively. Following that,
the study presented in Chapter 4 that used data obtained from monitor sensors
revealed that a high level of daylight strongly encourages students to select a seat.
From this point of view, it was interpreted that daylight availability at a specific desk
mostly represents individuals' expectations of daylight when they have a chance to

choose.

This study was conducted with randomly approached students who had already
been studying in the Bartlett library and asked if they were interested in participating
in the study. Participants were asked in the questionnaire why they chose their
seats, whether they were willing to sit at that particular desk, and how long they had
been studying at that desk. In this study, 72 students (37%) stated that their seat
was their preferred seat, whereas 47 (24%) indicated that they selected those desks
due to reasons beyond their control, such as no availability of their preferred seats.
Seventy of them (36%) also stated that they tend to sit wherever possible and seat

place is not important for them.

Similar to previous findings, this study found that daylight (34%) was the most
common reason for student seat selection, followed by outdoor view (20%), privacy
(17%), and quietness (13%), respectively. However, due to the lack of available
desks in this study, all students could not select their preferred desks. Therefore, the
illuminance levels of the desks chosen by participants who indicated they preferred
those seats were thought to be an indicator of the participants' level of daylight
expectancy in the learning environment. Following that, the horizontal illuminance
level of the desks chosen by participants who reported being satisfied with their
seats was evaluated using the previously identified cultural background components,

in the same way, that the subjective ratings were evaluated.
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In sum, this chapter used subjective ratings and seat preference methods to
evaluate the agreement between self-reporting and measured illuminance levels at
the desks chosen by students. As previously stated, 66% of participants perceived
daylight conditions that were exactly or very close to the actual daylight
measurements; however, why the remaining participants perceived differently and
whether the cultural background is a factor in the variation remains unknown.
Therefore, this analysis focused on the individuals who disagree with the actual
measurements and the reasons, in addition to the general assessment of the impact
of various factors on how people perceive daylight.
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6.3.2. Ethnicity and genetic origin

The systematic review presented in CHAPTER 5 pointed out the differences in
daylight perception and preferences resulting from ethnicity and/or individual eyes’

physiological properties.

6.3.3.1. Ethnicity

Method 1: Subjective ratings

Participants were asked to describe the amount of daylight on their desks using a
scale ranging from very low to very high, and their responses were evaluated using
illuminance measurements taken concurrently with the questionnaire. Following that,
the relationship between self-reported and measured illuminances was evaluated
based on the ethnic background of the participants.

Within the context of individuals' ethnic backgrounds, Table 6. 5 shows the
proportion of people who perceive daylight conditions that strongly agree, agree and
disagree with the measurements. As previously stated, people who perceived
conditions close to the range of actual measurements (showing agreement ones)
were also considered to agree with the measured lighting conditions. Thus,

Table 6. 6 displays those who strongly agree and agree together in opposition to
those who disagree.

As can be seen, participants in this study are primarily from White or Asian
backgrounds, and a higher proportion of people from the Asian background (37.5%)
described daylight conditions differently from measurements compared to Whites
(31.5%). The highest proportion of people describing daylight conditions differently
belongs to individuals from black backgrounds (100%); however, they were only two
people, and it could not be a proper way to compare them with Whites and Asians
due to the minority in this study. A binary logistic regression was carried out to

understand if the ethnic backgrounds of participants influence their daylight
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perception. The results showed no relationship between how people from different

ethnic backgrounds perceive daylight conditions and how much daylight is available
(p=10.12).

Table 6. 5 Comparison of differences in strongly agreeing, agreeing, and disagreeing with
self-reported and measured daylight availability by ethnicity

Ethnicity
N=183 White Mixed Asian Black Other Total
Strongly
agreement 24 2 25 0 3 54
in self-reporting (33%) (17%) (28%) (0%) (37.5%) | (29.5%)
and measurements
= Agreement
GE) ) ) 26 7 30 0 4 67
o in self-reporting
o (36%) (58%) (34%) (0%) (50%) (37%)
2 and measurements
Disagreement
] ) 23 3 33 2 1 62
in self-reporting
(31.5%) | (25%) (37.5%) (100%) (12.5%) | (34%)
and measurements
Total 73 12 88 2 8 183

Table 6. 6 Comparison of differences in agreeing and disagreeing with self-reported and
measured daylight availability by ethnicity

Ethnicity

N=183 White Mixed Asian Black Other Total
Agreement

) _ 50 9 55 0 7 121
in self-reporting

(68.5%) | (75%) (62.5%) (0%) (87.5%) | (66%)
% and measurements
% Disagreement

o ] ] 23 3 33 2 1 62
=) in self-reporting

< (31.5%) | (25%) (37.5%) (100%) (12.5%) | (34%)
and measurements

Total 73 12 88 2 8 183
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As previously mentioned, some participants perceived daylight conditions that
matched the actual measurements, and some described daylight conditions in a
range very close to actual daylight measurements. However, some perceived
daylight conditions as slightly or significantly different from actual measurements.

It is unclear why the remaining participants perceived daylight availability differently
and whether or not cultural background played a role in the variation. Table 6. 7
shows the tendency in daylight perception of people who disagree with actual
measurements. In this analysis, people who described the conditions as lower and
higher were named for underperceived and overperceived, respectively.

A considerable amount of the Asian participants (64%) perceived the daylight
conditions as lower than actual measurements, while almost half of the White
participants described conditions as higher (52%). This finding is supported by
previous research showing that Asian people value high daylight illumination levels
and feel more comfortable with high glare levels of luminance compared to people
from other ethnic backgrounds. A binary logistic regression was conducted to
investigate if people who disagree with actual measurements perceive differently due
to their ethnic backgrounds. It was found that the differences in their perceptions are

not related to their varied ethnic backgrounds (p=0.62).

Table 6. 7 Tendency in daylight perception of people who disagree with actual
measurements by ethnicity

Ethnicity
N=62 White Mixed Asian Black Other Total
Underperceived
- 11 2 21 1 1 36
g of measured
= ) o (48%) (67%) (64%) (50%) (100%) (58%)
§ daylight availability
2 Overperceived
Q 12 1 12 1 0 26
a of measured
8 . . (52%) | (33%) | (36%) | (50%) %) | (42%)
P daylight availability
o
Total 23 3 33 2 1 62
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Furthermore, another logistic regression was carried out to investigate whether
the likelihood of underperceiving and overperceiving daylight conditions varies
depending on participants’ ethnic backgrounds. As seen in Table 6. 8, the likelihood
of perceiving daylight conditions differs significantly depending on whether
participants are from White or Asian backgrounds (p=0.04). In other words, Asians
are twice more likely to underpredict (perceive daylight conditions lower than actual
measurements) than White participants. However, no evidence of a significant
likelihood of overperceiving daylight conditions depending on ethnicity was found
(Table 6. 9).

Table 6. 8 The likelihood of underperceiving daylight conditions by people from various
ethnic backgrounds

Underprediction L
o Standard Error | Significance
of objectively measured B Exp (B)
: I (SE) (p)
daylight availability
White 0.339
> Mixed 0.59 0.64 0.357 1.80
g Asian 0.70 0.33 0.038 2.00
c
o Black 0.93 1.44 0.520 2.52
Other 0.41 0.77 0.592 1.51

Reference category: Whites

Table 6. 9 The likelihood of overperceiving daylight conditions by people from various ethnic
backgrounds

Overprediction S
o Standard Error | Significance
of objectively measured B Exp (B)
: I (SE) (p)
daylight availability
White .488
> Mixed 0.103 .632 871 1.11
g Asian -0.541 .338 .109 0.58
e
o Black 0.439 1.434 .759 1.55
Other -0.659 .851 438 0.52

Reference category: Whites
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Method 2: Seat preference

Previous findings (Chapters 3&4) showed that daylight is one of the compelling
reasons for students’ seat selection and a high amount of daylight availability
strongly encourages students to select specific seats. Therefore, in this study,
participants who reported being satisfied with their seats (See Chapter 6,
section 6.2.6) were considered as they selected those desks because of daylight
availability; namely, the level of daylight that students expect from the indoor
environment is represented by the availability of daylight at the chosen desk by

participants who indicated that they were happy with their seats.

Table 6. 10 displays the mean of daylight availability at the seats of participants
from various ethnic backgrounds who stated that they were satisfied with their seats.
An ANOVA test was used to determine differences in daylight availability of the
desks chosen by people who were satisfied with them. However, no significant
relationship was found between the mean of daylight availability at the seat of people
from different ethnic backgrounds (p=0.71). However, as seen in the table, daylight
availability of the seats selected by people from Asian backgrounds is slightly higher
than Whites, as supported by previous findings from the subjective statement

method.

Table 6. 10 The mean of daylight availability on desks chosen by participants from various
ethnic backgrounds who reported being satisfied with their seats

Mean of daylight availability Std deviation

on the desk (lux) (lux)

White 507.1 182.3

Mixed 548.0 88.5

2 Asian 583.3 365.9
E Black 240.0
- Other 428.0

Total 548.6 303.0
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Lastly, an ordinal regression was performed to determine whether there is a
relationship between self-reported and measured illuminance levels of the desks
based on the ethnic backgrounds of the participants (Table 6. 11). A slightly
significant association was found between the self-reported and measured daylight

availability depending on the participants’ ethnic backgrounds (p=0.08).

Table 6. 11 Agreement between self-reported and measured illuminance levels on desks by
ethnicity

o The mean of horizontal illuminance on the desk (lux)
Ethnicity _ _ _
White Mixed Asian Black Other Total | p-value

Very low 496.0 612.0 341.3 - - 425.1 0.08
2 Low 537.0 | 3250 | 5115 - 4377 | 4901 | 0.42
©
s Below
£ 558.6 - 590.7 - 320.0 570.9 0.51
] average
o
S Above
= 520.6 469.2 573.9 777.5 456.0 545.7 <0.01
= average
o
53 High 588.4 373.0 708.2 - - 622.9 | <0.01
“7‘.'_, Very high 448.5 - 384.0 - 1170.0 | 612.7 0.45
N

Total 540.0 448.9 561.9 777.5 521.4 546.8 0.49
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6.3.3.2. Genetic origin

Previous research found that genetics largely determines the physiological
properties of the eyes. Hence, people with similar genetic backgrounds who live in
the same country have generally similar physiological properties of the eyes. It is
critical because physiological properties of the eyes, such as shape and colour, play
a role in determining the human vision and colour perception. As a result, people
with similar eye properties may perceive daylight conditions similarly. However, a
guestionnaire could not be used to assess the participants' eye properties, and the
impact of eye properties on individuals' daylight perception is beyond the scope of
this study. For future research, it is highly recommended that a study be conducted
in collaboration with researchers from medical and/or genetic backgrounds to

investigate how participants' genetic origin influences their perception of daylight.

172



6.3.3. The geographic location of residence

As stated previously, subjective lighting assessments in the same environment
are not often consistent. This might result from the acclimatisation to present outdoor
daylight conditions. However, it may not always be possible to accurately monitor the
long-term daylight exposure of individuals without devices that participants were
asked to wear, such as wristbands, Daysimeters, and ambulatory circadian
monitoring devices. Hence, a novel methodology was created in this study to assess
the effect of long-term daylight exposure on participants’ daylight perception
considering the median external diffuse horizontal illuminances of the cities where
they have spent time for most of their life and the city where they have been in the
last year before coming to London.

Table 6. 12 shows the range of the median external diffuse horizontal
illuminances of the cities reported by students where they spent most of their life and
the last year. The city with the minimum external illuminance where they have spent
most of their life is Urumaqi, Xinjiang (9127 lux), and the city with the minimum
external illuminance where they spent last year is Stockholm, Sweden (12349 lux).
Both cities with the maximum external illuminance belong to a student from Bogota,
Colombia (29531 lux). The list of external illuminances of all cities reported by

students can be found in Appendix 6.
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Table 6. 12 Descriptive statistics on the median external diffuse horizontal illuminance of the
cities where students have spent time most of their life and the last year

Minimum Maximum Mean of
Number Std
external external external
of deviation
illuminance | illuminance | illuminance
cases (lux)
(lux) (lux) (lux)
The city where participants
spent the majority of their 138 9127 29531 18599 392.4
lives
The city where participants
) 137 12349 29531 19008 357.9
spent their last year

The external illuminance of 17650 lux in London, where the study was
conducted, was also used as a baseline for grouping cities based on their external
illuminances. In order to avoid repetitions, the cities where participants spent most of
their lives and spent last year were named for ‘the city spent most of life’ and ‘the city

spent last year’, respectively.

Method 1: Subjective ratings

Agreement between self-reported and measured daylight availability by people who
have spent the majority of their lives and last year in cities with various external

illuminances

Table 6. 13 depicts the distribution of people based on the agreement of
perceived and measured illuminance levels, as well as the external illuminance of
cities where participants spent most of their life and last year. In order to understand
whether external illuminance of the cities spent most of life and last year on
participants’ daylight perception, logistic regression was conducted. As summarized
in Table 6. 14, there was no significant difference between the perception of daylight
conditions in accordance with measurements and the mean of external illuminance
of the cities where participants spent most of life and last year (p=0.52 and p=0.42,

respectively).

174



Table 6. 13 Comparison of differences in strongly agreeing, agreeing, and disagreeing with

self-reported and measured daylight availability by the city where they spent their majority of
lives and last year

The geographic location of the residence

The mean of external illuminance

The mean of external

Agreement

N=135 where they spent their majority illuminance where they spent
of lives (lux) their last year (lux)
Strongly
agreement 18418.6 19304.9

in self-reporting

and measurements

(min; 9127- max: 27021)

(min; 13300- max: 28700)

Agreement
in self-reporting

and measurements

18773.9
(min: 9127- max: 29531)

18646.0
(min: 13300- max: 29531)

Disagreement
in self-reporting

and measurements

18846.6
(min: 12258- max: 28987)

19338.8
(min: 12349- max: 28987)

Total

18686.5
(min: 9127 -max; 29531)

19068.6
(min: 12349- max: 29531)

Table 6. 14 Comparison of differences in agreeing and disagreeing with self-reported and
measured daylight availability by the city where they spent their majority of lives and last

year
The geographic location of the residence
The mean of external illuminance The mean of external
N=135 where they spent their majority illuminance where they spent
of lives (lux) their last year (lux)
Agreement 18611.7 18909.6
in self-reporting (min: 9127-max: 29531) (min: 13300- max: 29531)
» and measurements
é Disagreement 18846.6 19338.8
@ in self-reporting (min: 12258- max: 28987) (min: 12349- max: 28987)
< and measurements
Total 18686.5 19068.6
(min: 9127-max: 29531) (min: 12349-max: 29531)
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It was also important to explore if there is a tendency in the perception of people
who disagree with daylight measurements from cities with different external
illuminances. For this aim, logistic regression was carried out, and it was found that
there is no trend in the perception of participants who perceive daylight conditions as
slightly or significantly different from actual measurements and the external
illuminance of the cities where they spent most of their life and last year (p=0.33 and

0.73, respectively).

Table 6. 15 Tendency in daylight perception of people who disagree with actual
measurements by the city where participants spent their majority of lives and last year

The geographic location of the residence

Mean of external illuminance Mean of external illuminance
N=184 of the city where they spent of the city where they spent
most of their life (lux) their last year (lux)
Underperceived
19728.8 19612.9
- of measured ) _
g _ o (min: 12258- max:28987) (min: 12349- max: 28987)
= daylight availability
[S]
3 Overperceived
c 17621.2 18927.6
kel of measured ) _
a _ o (min: 12460 -max: 26309) (min: 13300- max: 26309)
8 daylight availability
& 18846.6 19338.8
Total ] .
(min: 12258- max: 28987) (min: 12349- max: 28987)
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Agreement between self-reported and measured daylight availability by people who
have spent the majority of their lives and last year in cities with lower and higher

external illuminance than London

In addition to using the cities' external illuminances directly, the external
illuminance of 17650 lux in London, where the study was conducted, was used as a
baseline for grouping cities based on their external illuminances, and the cities with
lower and higher external illuminances were designated as UL and AL cities,
respectively. Table 6. 16 and Table 6. 17 show the distribution of the agreement
between self-reported and measured illuminance levels, as well as their relationship
to the external illuminance of the cities where participants have spent the majority of
their time. As can be seen, there is no discernible difference in the agreement of
participants who spent the majority of their lives in cities with lower and higher
external illuminance (p=0.78) because the proportions of people who agreed and
disagreed with daylight measurements were at almost the same degree (30.4% and
33.3%). Although participants who spent their last year in a city with either lower or
higher external illuminance than London did not have a significant impact on their
agreement between self-reported and measured daylight availability (p= 0.58), it
appears that the external illuminance of cities that spent the previous year has a
greater influence on their agreement than cities that spent the majority of their lives
(Table 6. 18 and Table 6. 19).
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Table 6. 16 Comparison of differences in strongly agreeing, agreeing, and disagreeing with

self-reported and measured daylight availability by people who spent the majority of their
lives in cities with lower and higher external illuminance than London

The city where participants spent the majority of their lives
Cities with external Cities with external
illuminance lower illuminance higher
N=135 Total
than London than London
(<17650) (>17650)
Strongly
agreement 24 18 42
in self-reporting (34.8%) (27.3%) (31.1%)
and measurements
IS Agreement
GE) ] . 24 26 50
o in self-reporting and
o (34.8%) (39.4%) (37.0%)
2 measurements
Disagreement
) _ 21 22 43
in self-reporting and
(30.4%) (33.3%) (31.9%)
measurements
Total 69 66 135

Table 6. 17 Comparison of differences in agreeing and disagreeing with self-reported and

measured daylight availability by people who spent the majority of their lives in cities with
lower and higher external illuminance than London

The city where participants spent the majority of their lives
Cities with external Cities with external
illuminance lower illuminance higher
N=135 Total
than London than London
(<17650) (>17650)
Agreement
. . 48 44 92
in self-reporting
(69.6%) (66.7%) (68.1%)
% and measurements
GE) Disagreement
g . : 21 22 43
(=) in self-reporting and
< (30.4%) (33.3%) (31.9%)
measurements
Total 69 66 135
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Table 6. 18 Comparison of differences in strongly agreeing, agreeing and disagreeing with

self-reported and measured daylight availability by people who spent their last years in cities

with lower and higher external illuminance than London

The city where participants spent their last years

Cities with external

illuminance lower

Cities with external

illuminance higher

N=135 Total
than London than London
(<17650) (>17650)
Strongly
agreement 15 19 34
in self-reporting (24.2%) (26.0%) (25.2%)
and measurements
= Agreement
GE) ] . 27 24 51
o in self-reporting and
o (43.5%) (32.9%) (37.8%)
2 measurements
Disagreement
] . 20 30 50
in self-reporting and
(32.3%) (41.1%) (37.0%)
measurements
Total 62 73 135

Table 6. 19 Comparison of differences in agreeing and disagreeing with self-reported and

measured daylight availability by people who spent their last years in cities with lower and
higher external illuminance than London

The city where participants spent their last years

Cities with external

illuminance lower

Cities with external

illuminance higher

N=135 Total
than London than London
(<17650) (>17650)
Agreement
. , 42 43 85
in self-reporting
(67.7%) (58.9%) (63.0%)
% and measurements
GE) Disagreement
o ] . 20 30 50
) in self-reporting and
< (32.3%) (41.1%) (37.0%)
measurements
Total 62 73 135
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Table 6. 20 and Table 6. 21 present the tendency of people who perceive
daylight conditions differently from measurements depending on whether they have
spent most of their life and last year in a city with lower or higher external illuminance
than London. People who spent most of their lives in a city with lower external
illuminance than London describe daylight conditions as higher than actual
measurements (47.6%) than those who lived in a city with higher illuminance
(36.4%). However, the proportion of the tendency in the agreement of participants
who lived in a city with either lower or higher external illuminance in the last year is
the same, indicating that the external illuminance of the city spent the previous year

does not affect how they perceive daylight conditions.

Table 6. 20 Tendency in daylight perception of people who disagree with actual
measurements by the city where participants spent most of their life

City where participants have spent most of their lives
Cities with external Cities with external
illuminance lower illuminance higher
N=43 Total
than London than London
(<17650) (>17650)
Underperceived
- 11 14 25
9 of measured
= . o (52.4%) (63.6%) (58.1%)
3 daylight availability
(] T
Overperceived
IS P 10 8 18
o of measured
o] . o (47.6%) (36.4%) (41.9%)
S? daylight availability
Total 21 22 43
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Table 6. 21 Tendency in daylight perception of people who disagree with actual
measurements by the city where participants spent their last year

The city where participants spent their last years
Cities with external Cities with external
illuminance lower illuminance higher
N=50 Total
than London than London
(<17650) (>17650)
Underperceived
- 12 18 30
2 of measured
= . o (60%) (60%) (60%)
3 daylight availability
IS -
Overperceived
S P 8 12 20
o of measured
3 : - (40%) (40%) (40%)
E daylight availability
Total 20 30 50

Additionally, a binary logistic regression was used to determine whether people
from cities with lower or higher external illuminance than London tend to perceive
daylight conditions lower or higher than actual measurements. As seen in
Table 6. 22 and Table 6. 23, there is no significant relationship between participants'
daylight descriptions and the city where they spent most of their lives and the last

year.

Table 6. 22 The likelihood of under- and overperceiving daylight conditions by the external
illuminance of the city where participants spent most of their life

The external illuminance of the city where B Standard Significance Exp (B)
X
they spent the majority of their lives (lux) Error (SE) (p) P

Underperceived
of measured -0.02 0.36 0.96 0.98
daylight availability

Overperceived
of measured 0.38 0.37 0.30 1.46
daylight availability

Perception accuracy
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Table 6. 23 The likelihood of under- and overperceiving daylight conditions by the external
illuminance of the city where participants spent their last year

daylight availability

The external illuminance of the city where B Standard Significance Exp (B)
. Xp

they spent their last year (lux) Error (SE) (P)

> Underperceived

S of measured -0.28 0.35 0.42 0.76

g daylight availability

é Overperceived

o

8 of measured 0.22 0.37 0.54 1.25

[}

o

Reference category: cities whose external illuminances are lower than London (<17650)
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Agreement between self-reported and measured daylight availability by people who
have spent the majority of their lives and last year in cities whose external

illuminance grouped by quartiles method

No thresholds in the literature could be used to create a group of external
illuminance of the cities from which individuals come from. The only way to group
people was to use the external illuminance of London as a threshold and compare
the perception of people from cities with either lower or higher external illuminance
than London. Therefore, an additional grouping was done based on the quartiles
method that splits the data into groups containing the same data points and
measures the spread of values above and below the mean by dividing the
distribution into four equal-sized groups. 25", 501" and 75" percentiles of the
external illuminance data where participants spent most of their life were 15472,
17484 and 21840.5, respectively; therefore, the grouping below was done
(Table 6. 25).

Table 6. 24 Descriptive statistics of the groups created with the quartiles method on the
median external diffuse horizontal illuminance of the cities where students spent time for
majority of their lives and spent time in the last year

Percentiles Group 1 Group 2 Group 3 Group 4
The external illuminance of Below 15472 Between Between 17484 Over
the city where participants spent 15472 and and 21840.5 21840.5
the majority of their lives 17484
Percentiles Group 1 Group 2 Group 3 Group 4
The external illuminance of Below 16008 Between Between 17903 Over
the city where participants spent 16008 and and 21840.5 21840.5
their last years 17903
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Table 6. 25 and Table 6. 26 present the distribution of participants’ agreements

on the self-reported and measured daylight availability and the external illuminance

of cities they have spent most of their lives by groups created with the quartiles

method. The below tables show a noticeable difference in the proportion of

agreement between people who spent most of their lives in cities below 15472 lux
(Group 1) and between 15472 and 17484 lux (Group 2). However, no trend was

seen in the daylight perception of participants depending on the external illuminance

where they spent most of life (p=0.46).

Table 6. 25 Comparison of differences in strongly agreeing, agreeing, and disagreeing with
self-reported and measured daylight availability by groups created with the gquartiles method
on the median external diffuse horizontal illuminance of the cities where students spent time

for the majority of their lives

The group of external illuminance of

the cities where participants spent the majority of their lives

N=135
Group 1 Group 2 Group 3 Group 4
Strongly
agreement 8 16 6 12
in self-reporting (24.2%) (45.7%) (19.4%) (33.3%)
and measurements
= Agreement
GE) ) ] 13 10 14 13
o in self-reporting
4] (39.4%) (28.6%) (45.2%) (36.1%)
2 and measurements
Disagreement
) ) 12 9 11 11
in self-reporting
(36.4%) (25.7%) (35.5%) (30.6%)
and measurements
Total 33 35 31 36
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Table 6. 26 Comparison of differences in agreeing and disagreeing with self-reported and
measured daylight availability by groups created with the quartiles method on the median

external diffuse horizontal illuminance of the cities where students spent time for the majority
of their lives

The group of external illuminance of
N=135 the cities where participants spent the majority of their lives
- Group 1 Group 2 Group 3 Group 4
Agreement
) ) 21 26 20 25
in self-reporting
(63.6%) (74.3%) (64.5%) (69.4%)
‘GE) and measurements
GE) Disagreement
o ) ) 12 9 11 11
o) in self-reporting
< (36.4%) (25.7%) (35.5%) (30.6%)
and measurements
Total 33 35 31 36

On the other hand, Table 6. 27 and Table 6. 28 show how different external
illuminance of cities where participants spent their last year influences their
agreement on the self-reported and measured illuminance levels. Similar to previous
findings, it was found that the impact of the city where they have spent most of their
life is not significantly important on daylight perception (p=0.55).
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Table 6. 27 Comparison of differences in strongly agreeing, agreeing and disagreeing with
self-reported and measured daylight availability by groups created with the quartiles method

on the median external diffuse horizontal illuminance of the cities where students spent their
last year

The group of external illuminance of
N=135 the cities where participants spent their last years
- Group 1 Group 2 Group 3 Group 4
Strongly
agreement 6 9 9 10
in self-reporting (16.7%) (29.0%) (26.5%) (29.4%)
and measurements
= Agreement
GEJ ) ) 18 12 9 12
o in self-reporting
o (50.0%) (38.7%) (26.5%) (35.3%)
2 and measurements
Disagreement
12 10 16 12
in self-reporting
(33.3%) (32.3%) (47.1%) (35.3%)
and measurements
Total 36 31 34 34

Table 6. 28 Comparison of differences in agreeing and disagreeing with self-reported and
measured daylight availability by groups created with the quartiles method on the median
external diffuse horizontal illuminance of the cities where students spent their last year

The group of external illuminance of
N=135 the cities where participants spent their last years
Group 1 Group 2 Group 3 Group 4
Agreement
) ) 24 21 18 22
in self-reporting
(66.7%) (67.7%) (52.9%) (64.7%)
‘g and measurements
GE, Disagreement
0 ) ) 12 10 16 12
(=) in self-reporting
< (33.3%) (32.3%) (47.1%) (35.3%)
and measurements
Total 36 31 34 34
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A binary logistic regression was used to determine whether the external
illuminance of the cities where participants spent most of their life or last year
affected the perception of people who perceive daylight conditions very differently.
As seen in Table 6. 29, more than half of the participants (58.3%) in Group 1
perceived daylight conditions as higher than measured. However, there is no trend in
the proportion of people who under or overperceived the daylight conditions
depending on the external illuminance of cities where they spent most of their life
(p=0.26). On the other, Table 6. 30 also showed that the majority of people (80%)
underperceived the conditions in Group 2 but similar to the previous one, there is no
pattern in the likelihood of perceiving under- or over-perception of daylight conditions
with the increase of external illuminance of the city where they spent their last year
(p=0.32).

Table 6. 29 Tendency in daylight perception of people who disagree with actual
measurements by the city where participants spent most of their lives by groups created with
guartiles method

The group of external illuminance of
the cities where participants spent the majority of
N=43 their lives
Group 1 Group 2 Group 3 Group 4
Underperceived of measured 5 6 6 8
5 > daylight availability (41.7%) (66.7%) (54.5%) (72.7%)
g,— % Overperceived of measured 7 3 5 3
E 8 daylight availability (58.3%) (33.3%) (45.5%) (27.3%)
Total 12 9 11 11

187




Table 6. 30 Tendency in daylight perception of people who disagree with actual

measurements by the city where participants spent the last year by groups created with
guartiles method

The group of external illuminance of

the cities where participants spent their last year

N=50
Group 1 Group 2 Group 3 Group 4
Underperceived of measured 6 8 7 9
.S > daylight availability (50%) (80%) (43.8%) (75%)
73 g Overperceived of measured 6 2 9 3
© o
2 8 daylight availability (50%) (20%) (56.3%) (25%)
Total 12 10 16 12
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Agreement between self-reported and measured daylight availability by people who

have spent the majority of their lives and last year in cities at different latitudes

As known, the amount of external lighting levels decreases as latitude increases.
Therefore, the latitude of the city where participants lived most of their life and last
year (See Appendix 6) could be another important element that needs to be
considered while assessing their daylight perception. In parallel with the previous
findings, there was no significant relationship between the city's latitude and
participants’ daylight perception (p=0.13, p=0.14). However, people from cities with
higher latitudes, ultimately cities with less daylight availability, appear to

overperceive the daylight conditions in the UK, which needs further investigation.

Table 6. 31 Tendency in daylight perception of people who disagree with actual
measurements by latitude

The geographic location of the residence
The mean latitude The mean latitude
N=135 where they spent their where they spent their last
majority of lives (lux) year (lux)
Underperceived 26.4 32.6
- of measured (min:-37.0 -max: 53.3) (min:-32.8 - max:59.3)
§ daylight availability
§ Overperceived 39.7 34.21
.§ of measured (min:10.5- max: 53.3) (min:-43.5- max:53.3)
g daylight availability
& otal 31.98 33.23
(min:-37.0-max:53.3) (min:-43.5 -max:59.3)
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Method 2: Seat preference

The horizontal illuminances of the desks chosen by people who preferred their

seats were analysed to investigate if there is a link between the city's external

illuminance where participants spent most of their life and the last year and their

daylight perception. For this aim, a linear regression was performed between the

horizontal illuminance on the chosen desk and the cities' external illuminances where

students came from. As seen in Figure 6. 10 and Figure 6. 11, any difference

between daylight availability on the selected desk and the external illuminances of

the cities where participants spent most of their life and last year was not found

(p=0.51 and p=0.53, respectively).
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Figure 6. 10 Relationship between the illuminance level of the selected desks chosen by
participants who reported being satisfied with their seats, and the external illuminance of the

city where patrticipants spent the majority of their lives
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Figure 6. 11 Relationship between the illuminance level of the selected desks chosen by
participants who reported being satisfied with their seats, and the external illuminance of the
city where participants spent their last year

Lastly, an ordinal regression was conducted to investigate whether participants'
agreement between self-reported and measured illuminances is influenced by the
external illuminance of the cities where participants spent most of their lives and last
year. As seen in Table 6. 32 and Table 6. 33, there is no difference between people
who spent most of their life and last year in a city whose external illuminance is
higher or lower than London in terms of perceived amount of daylight (p= 0.49 and
0.51). Although there is no statistically significant difference, it is clear that the impact
of the external illuminance of the city where participants spent the majority of their
lives on daylight perception is more influential than the city where they spent the last

year.
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Table 6. 32 Agreement between self-reported and measured illuminance levels on desks by

the external illuminance of the city where participants spent the majority of their lives

Mean of horizontal illuminance on the desk (lux)
Cities where Cities with Cities with
participants have external external
spent most of their illuminance illuminance lower Total p-value
lives lower than than London
London (<17650) (>17650)
Very low 570.7 349.7 423.3 0.210
*2 Low 438.3 530.0 481.5 0.270
% Below 477.9 635.4 540.9 0.373
g average
S Above 567.2 561.9 564.5 0.740
-g average
08,- High 685.8 578.2 632.0 0.675
% Very high 448.5 777.0 612.7 0.346
? Total 539.3 560.9 549.8 0.343

Table 6. 33 Agreement between self-reported and measured illuminance levels on desks by
the external illuminance of the city where participants spent their last years

The mean of horizontal illuminance on the desk (lux)
- Cities with Cities with
Cities where
o external external
participants have ) ] ] ]
] illuminance illuminance lower Total p-value
spent their last year
lower than than London
London (<17650) (>17650)
Very low 468.0 365.3 406.4 0.348
g Low 565.1 551.8 557.7 0.858
5,
= Below 608.1 557.1 578.7 0.795
] average
ks Above 542.8 543.9 543.3 0.735
o
5 average
o
53 High 628.7 605.0 615.6 0.654
= Very high 825.0 384.0 678.0 0.213
N
Total 575.8 539.9 556.4 0.513
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6.3.4. Previous luminous environment

Method 1: Subjective ratings

Prior studies have shown that the amount of daylight exposure while outdoors or
seated near a window indoors is important because it affects how much melatonin
suppresses our response to daylight and, ultimately, how we perceive and assess
lighting conditions. In addition to the participants' acclimation to the outdoor lighting
circumstances described in the preceding section, it is also critical to take into
account the lighting conditions that a subject recently experienced. Therefore,
participants in this study were asked about their exposure to outdoor daylight
conditions on average over the previous four weeks (Question 9 in Appendix 5).
The amount of daylight participants were exposed to was calculated based on the
developed method described in Chapter 6, section 6.2.7.2. using participants’
daylight exposure statements, data from daylight simulations and London's hourly

median external illumination over the last four weeks.

Table 6. 34 shows the range of daily average daylight exposure reported by
participants over the previous four weeks. In this study, the average amount of
daylight exposure was 18308.6 lux-hours. Over the last four weeks, one hundred
sixty-eight subjects were exposed to daylight conditions in London for a minimum of
1161.1 lux hours and a maximum of 87169.9 lux hours. The minimum light exposure
was reported by a student who has six regular days per week, spending time
outdoors from 8:00 to 8:15 on workdays and 8:00 to 8:30 on free days. On the other
hand, the maximum light exposure belongs to a student who has a regular day per
week and spends time outside from 8:00 to 10:00 and 14:00-15:30 on workdays and
8:00 to 14:00 on free days.
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Table 6. 34 Descriptive statistics on the average daylight exposure of participants in London
over the previous four weeks

Std
Number of | Minimum | Maximum Mean L

deviation
cases (lux-hour) | (lux-hour) | (lux-hour)

(lux-hour)

Average daylight exposure of
participants in London over the 168 1161.1 87169.9 18308.6 11444.9

previous four weeks

Agreement between self-reported and measured daylight availability by the average
daylight exposure of participants over the previous four weeks

Logistic regression was used to determine whether participants perceived
daylight conditions as measured depending on how much daylight they had been
exposed to during the previous four weeks. No statistically significant difference was
found between participants who perceive daylight conditions based on
measurements and those who do not depend on prior daylight exposure (p=0.26).
As seen in Table 6. 36, the difference in the amount of daylight that participants
were exposed to between those perceived daylight conditions that are consistent
and those that are inconsistent is minimal. However, Table 6. 35 shows that
participants whose daylight perception closely matches actual measurements are

more likely to live in cities with lower external illuminances than others.
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Table 6. 35 Comparison of differences in strongly agreeing, agreeing, and disagreeing with
self-reported and measured daylight availability by the average daylight exposure of
participants in London over the previous four weeks

The mean average daylight exposure of the participants
over the last four weeks (lux-hour)

Agreement

Strongly agreement
in self-reporting and

measurements

17115.7
(min: 1551.6 — max: 44190.3)

Agreement
in self-reporting and

measurements

19479.3
(min: 3104.1— max: 45159.7)

Disagreement
in self-reporting and

measurements

18941.1
(min: 1161.1- max: 87169.9)

Total

18568.1
(min: 1161.1- max: 87169.9)

Table 6. 36 Comparison of differences in agreeing and disagreeing with self-reported and

measured daylight availability by the average daylight exposure of participants in London
over the previous four weeks

The mean average daylight exposure of the participants

over the last four weeks (lux-hour)

Agreement

in self-reporting and

Agreement

measurements

18393.3
(min: 1551.6 — max: 45159.7)

in self-reporting and

Disagreement

measurements

18941.100
(min: 1161.1- max: 87169.9)

Total

18568.1
(min: 1161.1- max: 87169.9)
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As seen in Table 6. 37, people who perceive daylight conditions that differ

slightly or significantly from actual measurements are more likely to underperceive

daylight conditions when living in a city with lower external illuminance. However,

logistic regression did not statistically demonstrate a significant relationship (p=0.77).

Table 6. 37 Tendency in daylight perception of people who disagree with actual

measurements by the average daylight exposure of participants in London over the previous

four weeks
The mean of the average daylight exposure of
N=184 participants in London over the previous four weeks
(lux-hour)
Underperceived
18449.5
- of measured .
2 _ . (min: 1161.1 - max: 38563.3)
= daylight availability
[S]
3 Overperceived
c 19560.9
9 of measured _
o _ . (min: 3701.7-max: 87169.9)
g daylight availability
& 18941.1
Total .
(min: 1161.1 - max: 87169.9)
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Agreement between self-reported and measured daylight availability by the average
daylight exposure of participants over the previous four weeks grouped by quartiles

method

There were no thresholds in the literature that could be used to group the amount
of daylight that participants were exposed to. Individuals’ exposure to daylight was
thus grouped using the quartiles technique by measuring the spread of values above
and below the mean and dividing the distribution into four groups. 25%, 50t and 75"
percentiles of the daylight exposure data were 10231.3, 15848.1 and 23817.4,
respectively, and thus, the below grouping was performed (Table 6. 38).

Table 6. 38 Descriptive statistics of the groups created with the quartiles method on the
average daylight exposure of participants in London over the previous four weeks

Percentiles Group 1 Group 2 Group 3 Group 4
Average daylight exposure of Between Between
o ] Below Over
participants in London over the 10231.3 and 15848.1 and
) 10231.3 23817.4
previous four weeks (lux-hour) 15848.1 23817.4

It was also investigated whether the participants' level of daylight exposure in
the previous four weeks influenced how they responded to daylight conditions in
accordance with measurements (Table 6. 39 and Table 6. 40). As can be seen, the
proportion of participants who perceived daylight conditions in consistent and
inconsistent with actual daylight conditions is fairly the same in each group. It was
shown that the amount of daylight exposure does not affect the likelihood of

perceiving in accordance with the measurements. (p=0.35).
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Table 6. 39 Comparison of differences in strongly agreeing, agreeing, and disagreeing with
self-reported and measured daylight availability by groups created with the quartiles method
on the average daylight exposure of participants in London over the previous four weeks

The group of average daylight exposure of participants

in London over the previous four weeks

N=163
Group 1 Group 2 Group 3 Group 4
Strongly agreement
] gy ad ) 12 17 11 11
in self-reporting and
(30.8%) (42.5%) (26.2%) (26.2%)
measurements
Agreement
= ) . 14 10 18 18
GE) in self-reporting and
o (35.9%) (25.0%) (42.9%) (42.9%)
o measurements
()]
< Disagreement
) _ 13 13 13 13
in self-reporting and
(33.3%) (32.5%) (31.0%) (31.0%)
measurements
Total 39 40 42 42

Table 6. 40 Comparison of differences in agreeing and disagreeing with self-reported and
measured daylight availability by groups created with the quartiles method on the average
daylight exposure of participants in London over the previous four weeks

The group of average daylight exposure of participants

in London over the previous four weeks

N=163
Group 1 Group 2 Group 3 Group 4
Agreement
26 27 29 29
in self-reporting
(66.7%) (67.5%) (69.0%) (69.0%)
‘g and measurements
GE) Disagreement
o 13 13 13 13
<) in self-reporting
< (33.3%) (32.5%) (31.0%) (31.0%)
and measurements
Total 39 40 42 42
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The impact of the previous four weeks of daylight exposure in London on
participants' daylight perception may also play a role in their disagreement on the
perception of daylight conditions that differ greatly from measurements. As seen in
Table 6. 41, no discernible trend indicates a change in people's perceptions of
daylight due to their exposure to daylight (p=0.11). It is obvious, however, that
people exposed to outdoor daylight conditions ranging from 15848.1 to 23817.4
lux-hours (Group 3) are very likely to perceive daylight conditions lower than actual

measurements.

Table 6. 41 Tendency in daylight perception of people who disagree with actual
measurements by the average daylight exposure of participants in London over the previous
four weeks

The group of average daylight exposure of participants in
N=52 London over the previous four weeks
Group 1 Group 2 Group 3 Group 4
Underperceived 6 6 10 7
%) of measured (46.2%) (46.2%) (76.9%) (53.8%)
§ daylight availability
2 Overperceived 7 7 3 6
'*E‘% of measured (53.8%) (53.8%) (23.1%) (46.2%)
§ daylight availability
Total 13 13 13 13

Furthermore, another logistic regression was carried out to investigate whether

the likelihood of underperceiving and overperceiving daylight conditions varies

depending on how much daylight participants were exposed to during the previous

four weeks. Table 6. 42 shows a perception pattern similar to that seen in people

who disagree with daylight measurements, and daylight exposure of participants

greatly affects their likelihood of perceiving conditions lower than actual
measurements (p=0.04). It could be interpreted that increased daylight exposure
leads to higher daylight expectations and lower satisfaction when compared to those
exposed to less daylight. However, there was no relationship between participants'
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overperception and their exposure to daylight (p=0.48) (Table 6. 43).

Table 6. 42 The likelihood of underperceiving daylight conditions by the average daylight

exposure of participants in London over the previous four weeks

Underprediction

o Standard Significance
of objectively measured B Exp (B)
. I Error (SE) ()
daylight availability
Group 1 - - 0.054 -

£ q)
g, é Group 2 -0.46 0.51 0.372 0.63
> gl Group 3 0.81 0.46 0.081 2.25
a}

e Group 4 0.42 0.47 0.364 1.53

Reference category: Group 1

Table 6. 43 The likelihood of overperceiving daylight conditions by the average daylight

exposure of participants in London over the previous four weeks

Overprediction

o Standard Significance
of objectively measured B Exp (B)
) o Error (SE) (p)
daylight availability
Group 1 - - 0.506 -

- (]
5 E Group 2 0.22 0.46 0.631 1.25
> § Group 3 0.14 0.46 0.756 1.15
a

e Group 4 -0.47 0.49 0.336 0.62

Reference category: Group 1
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Method 2: Seat preference

Participants in this study who reported being satisfied with their seats were
considered to have chosen those desks due to daylight availability. Thus, the
horizontal illuminances on the selected desks by people who preferred the seats
were analysed to investigate the impact of four weeks of exposure to outdoor
daylight conditions in London on their daylight perception. Linear regression was
carried out and presented in Figure 6. 12. As can be seen, no significant relationship
between participants' daylight exposure and their daylight perceptions was

investigated (p=0.55).
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Figure 6. 12 The relationship between the illuminance level of the selected desks chosen by

participants who reported being satisfied with their seats, and the average daylight exposure
of participants in London over the previous four weeks
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Last but not least, an ordinal regression test was performed to determine

whether the self-reporting of participants and the amount of daylight exposure they

experienced during the previous four weeks are related (Table 6. 44). The findings

showed no difference in daylight perception of people between those who had been

exposed to different amounts of daylight prior to the study (p=0.24).

Table 6. 44 Agreement between self-reported and measured illuminance levels on desks by
the average daylight exposure of participants in London over the previous four weeks

The average daylight
exposure of participants

The mean of horizontal illuminance on the desk (lux)

in London over the Group 1 Group 2 Group 3 Group 4 Total p-value
previous four weeks
Very low 506.5 227.0 - 581.5 438.3 0.712
Low 455.5 789.0 - 498.7 532.7 0.607
é Below average - 449.2 1111.7 537.0 689.6 0.249
g_ Above average 441.8 554.0 672.4 489.6 531.5 0.866
E High - 548.0 841.3 577.7 669.1 0.453
% Very high 480.0 - - - 480.0 0.998
Total 453.3 500.9 802.7 527.6 562.4 -
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6.3.5. Sociocultural background

As highlighted in the previous chapter, the variation in the evaluation of the
lighting levels could depend on sociocultural context and, ultimately, values,
customs, and traditions rather than acclimatisation to some kinds of lighting
conditions. Individuals with the same sociocultural background might judge the
conditions similarly or have identical behaviour patterns. Hence, they may have
common attitudes and perceptions towards daylight conditions. From another point
of view, individual lifestyle and daily routines could be related to sociocultural
background, and therefore behavioural factors that are not mostly accounted for in
most studies could affect the perception of lighting quality.

In sum, sociocultural background, lifestyle and related perceptual and
behavioural patterns could cause inter-individual differences in daylight perception.
However, it was not possible to assess the inter-individual differences in daylight
perception using a questionnaire; because this required detailed information from
participants using different techniques such as interviews. Therefore, the influence of
participants’ sociocultural background on their daylight perception is beyond the
scope of this study. It is highly recommended to conduct in-depth interviews with
participants to define the perceptual patterns of people from a similar sociocultural

context for future research.
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6.3.6. Other factors

The previous sections sought to determine whether the components listed in the
systematic review as part of the cultural background in the lighting environment
affect how daylight was perceived. Additionally, participants’ definitions of cultural
background, the length of time spent in London, and demographic factors like age
and gender may all impact how they perceive the quality of daylight.

6.3.7.1. Definition of cultural background

Cultural background is a broad term with various definitions in various fields.
Therefore, it is unclear how people define their cultural background and what
consequences may result from their cultural background description. In order to
better understand the definition of cultural background from the participants'
perspective, they were asked in an open-ended question how they would describe
their cultural background (Figure 6. 13).

5. How do you describe your cultural background?

{it depends on your own definition of culture as a part of your life style)

Figure 6. 13 The question related to the definition of cultural background

Participants’ responses showed that cultural background could be defined in
various ways, as shown in Table 6. 45. Nationality is the most commonly used
definition, followed by a few adjectives and the places where people feel they
belong. Surprisingly, few individuals described their cultural background in unusual

ways, such as religious, philosophical, or political perspectives.
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Table 6. 45 Cultural background definitions provided by participants

Cultural background definition

Number of people

Nationality, e.g., Greek, Chinese, British, Latin-American, etc.

70 (31.5%)

Adjective, e.g., kind, hospitable, extraordinary, colourful, diverse,
international, visitor of different origins, self-independent & long-historic,
rich, warm-blooded, minimalist, very mixed within Europe, open to other

cultures, humanitarian, benevolence, family-oriented, northern, etc.

35 (15.8%)

Region, e.g., Mediterranean, European, Eastern Asian, Western, etc 14 (6.3%)

Cultural structure, e.g., Traditional Chinese culture, Islamic Traditional 14 (6.3%)

culture, Modern Chinese culture, Cantonese culture, etc.

Ethnicity, e.g., White British, Asian, Mixed, Gypsy, etc. 11(5.0%)

The place born and raised up, e.g. (1) born and bred in Singapore which 8 (3.6%)

is a multicultural environment, but mainly grew up around Chinese due to

school and residential environment, (2) Mixed, primarily English but

Mauritian: Indian origin,(3) Londoner + Ghanaian, (4) HAN nationality,

Chinese mainlander, Chinese, etc.

Political approach, e.g., conservative, left-winger, etc. 3 (1.4%)

Education level, e.g., postgraduate, Bachelor of arts, undergraduate, etc. 3 (1.4%)

Philosophical approach, e.g., Confucianism, pragmatism, etc. 2 (0.9%)

Economic situation, e.g., Dutch middle-class 1 (0.5%)
167

The individuals’ definition of the cultural background represents norms and

values that subjects belong to. The norms and values that shape an individual's

lifestyle may influence their perspectives, such as the importance of daylight in life,

as well as their behaviours, such as the amount of time they are exposed to daylight.

As a result, the perception of daylight may be linked to how people define culture.

Table 6. 46 shows that the logistic regression revealed no significant relationship

between individuals' definitions of cultural background and their perceptions of

daylight (p=0.33).
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Table 6. 46 Agreement in self-reported and measured daylight availability by the cultural

background definition of participants

Cultural background definition

of participants

Agreement

in self-reporting and

Disagreement

in self-reporting and

measurements measurements

Nationality 20 (37.0%) 39 (29.8%)
Adjective 9 (16.7%) 17 (13.0%)
Region 2 (3.7%) 10 (7.6%)
Cultural structure 1(1.9%) 11 (8.4%)
Ethnicity 3 (5.6%) 6 (4.6%)
The place born and raised up 1(1.9%) 7 (5.3%)
Political approach 0 (0.0%) 3 (2.3%)
Education level 0 (0.0%) 2 (1.6%)
Philosophical approach 0 (0.0%) 1 (0.8%)
Economic situation 1 (1.9%) 0 (0%)
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6.3.7.2. Length of time spent in London

Method 1: Subjective ratings

Previous research has shown that subjective lighting assessment of the same
environment is not always consistent, possibly due to individuals' acclimatisation to
specific outdoor daylight conditions. As mentioned in Chapter 5, Residents in Tel
Aviv, for example, where illuminance levels are above 75,000-lux for approximately
66% of the time, may not have the same daylight expectation as residents in Berlin,
where similar illuminance levels are rare. However, in addition to external
illuminance levels, the length of time spent in that city also matters. In this context,
people who have spent long periods in London are anticipated to become more
accustomed to the city's daylight conditions than those who have spent less time
there. As a result, those individuals are expected to perceive daylight conditions

more consistent with measurements.

Table 6. 47 and Table 6. 48 show the percentage of people who perceive
daylight conditions that are consistent or inconsistent with those measured. When
comparing time durations of less than 12 months and between 12 and 36 months, it
appears that the proportion of people who perceive daylight conditions far from
actual measurements decreases with time, from 36.8% to 28.3%. It was an expected
finding, given that people are accustomed to changing daylight conditions over time.
Surprisingly, after 36 months, that proportion has nearly returned to where it started
(33.3%). A binary logistic test revealed that the amount of time spent in London did

not affect how participants perceived daylight conditions (p=0.61).
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Table 6. 47 Comparison of differences in strongly agreeing, agreeing, and disagreeing with
self-reported and measured daylight availability by the length of time spent in London

The length of time spent by participants in London

N=184 Below 12 months 12-36 months Over 36 months
Strongly
agreement 24 16 14
in self-reporting (27.6%) (34.8%) (27.5%)
and measurements
€ Agreement
“EJ ] . 31 17 20
o in self-reporting and
o (35.6%) (37.0%) (39.2%)
2 measurements
Disagreement
) _ 32 13 17
in self-reporting and
(36.8%) (28.3%) (33.3%)
measurements
Total 87 46 51

Table 6. 48 Comparison of differences in agreeing and disagreeing with self-reported and
measured daylight availability by the length of time spent in London

The length of time spent by participants in London

N=184 Below 12 months 12-36 months Over 36 months
Agreement
] ) 55 33 34
in self-reporting
(63.2%) (71.7%) (66.7%)
‘g and measurements
GE, Disagreement
0 ) _ 32 13 17
(=) in self-reporting and
< (36.8%) (28.3%) (33.3%)
measurements
Total 87 46 51
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Table 6. 49 presents the tendency of people who describe daylight conditions as

slightly or significantly different from actual measurements. It was found that people

who spent less than a year in London are twice as likely to perceive daylight

conditions as being lower than actual measurements compared to those who spent

between 12 and 36 months (p=0.05). However, there is no trend in people's

perceptions of daylight based on time spent in London over time (p=0.14).

Table 6. 49 Tendency in daylight perception of people who disagree with actual

measurements by the length of time spent in London

The length of time spent by participants in London

Perception accuracy

N=62 Below 12 months 12-36 months Over 12 months
Underperceived 23 4 10
of measured (44.8%) (27.7%) (35.3%)
daylight availability
Overperceived 9 9 7
of measured (27.6%) (38.3%) (37.3%)
daylight availability
Total 32 13 17
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Method 2: Seat preference

Linear regression between the length of time spent in London and daylight
availability of the chosen desk by people who are satisfied with their seats to
investigate whether daylight perception of participants changes over time. As seen in
Figure 6. 14, the length of stay in London does not influence their seat selections
(p=0.65).
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Figure 6. 14 The relationship between the illuminance level of the selected desks chosen by

participants who reported being satisfied with their seats, and the length of time spent by
participants in London

210



6.3.7.3. Gender

Method 1: Subjective ratings

Differences in people's perceptions of daylight may also be influenced by gender.
Table 6. 50 and Table 6. 51 present the agreement between self-reported and
measured daylight availability by different genders. As seen, females are slightly
more likely to perceive daylight conditions differently than actual measurements than
men. However, no significant relationship was found among daylight perception of
people from different genders (p=0.28)

Table 6. 50 Comparison of differences in strongly agreeing, agreeing, and disagreeing with
self-reported and measured daylight availability by gender

Gender
N=185 Male Female Prefer not to say
Strongly
agreement 25 29 0
in self-reporting (32.5%) (27.4%) (0%)
and measurements
= Agreement
GE) ] . 29 38 1
o in self-reporting and
o (37.7%) (35.8%) (50%)
2 measurements
Disagreement
] . 23 39 1
in self-reporting and
(29.9%) (36.8%) (50%)
measurements
Total 77 106 2
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Table 6. 51 Comparison of differences in agreeing and disagreeing with self-reported and
measured daylight availability by gender

Gender
N=185 Male Female Prefer not to say
Agreement
) ] 54 67 1
in self-reporting
(70.1%) (63.2%) (50%)
% and measurements
£ Disagreement
o g 23 39 1
(=) in self-reporting and
< (29.9%) (36.8%) (50%)
measurements
Total 77 106 2

Table 6. 52 shows the gender difference in daylight perception of people who
disagree with actual measurements. Their likelihood of under or overperceiving
daylight conditions seems fairly similar, and there is no statistical difference in how
gender perceived daylight conditions (p=0.35). However, after evaluating all
participants, it was found that females were much more likely (1.7 times) than males

to overperceive the amount of daylight (p=0.08).

Table 6. 52 Tendency in daylight perception of people who disagree with actual
measurements by gender

Gender
N=63 Male Female Not stated

Underperceived 13 23 1
§ of measured (56.5%) (59%) (100%)
§ daylight availability
2 Overperceived 10 16 0
"q%_ of measured (43.5%) (41%) (0%)
§ daylight availability

Total 23 39 1
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Method 2: Seat preference

The horizontal illuminance on the selected desks by participants who consciously

preferred the library desks was examined across genders. Table 6. 53 demonstrates

the distribution of people from various ethnic backgrounds and their perceptions of

daylight. As can be seen, the difference between genders' illuminance levels on the

desks is negligible, indicating that gender does not influence participants’ perception

of daylight (p=0.43).

Table 6. 53 The mean of daylight availability on desks chosen by participants from various
genders who reported being satisfied with their seats

Gender Mean of daylight availability Std deviation
at the seat
Males 546.4 271.7
Females 546.3 267.3
Prefer not to say 708.0 294.1

213




6.3.7.4. Age

Method 1: Subjective ratings

Age, as one of the demographic variables, may influence participants'
perceptions of daylight. As seen in Table 6. 54 and Table 6. 55, most participants in
this study are between 20 and 30. Logistic regression was used to determine
whether daylight perception varies with age. It was found that age does not explain
the variation in the perception of daylight conditions consistent or inconsistent with
the measurements (p=0.73). The ages of those who disagreed with the actual
measurements also did not affect their likelihood of under or overperceiving daylight
conditions (p=0.21) (Table 6. 56)

Table 6. 54 Comparison of differences in strongly agreeing, agreeing, and disagreeing with
self-reported and measured daylight availability by age

Age groups of participants

N=175 Under 20 20-24 25-29 30-34 Over 35
Strongly
agreement 3 27 11 6 4
in self-reporting (37.5%) (31.4%) (22.0%) (33.3%) (30.8%)
and measurements
c Agreement
g ) ] 1 30 23 4 5
o in self-reporting and
o (12.5%) (34.9%) (46.0%) (22.2%) (38.5%)
2 measurements
Disagreement
. , 4 29 16 8 4
in self-reporting and
(50.0%) (33.7%) (32.0%) (44.4%) (30.8%)
measurements
Total 8 86 50 18 13
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Table 6. 55 Comparison of differences in agreeing and disagreeing with self-reported and
measured daylight availability by age

Age groups of participants

N=175 Under 20 20-24 25-29 30-34 Over 35
Agreement
. , 4 57 34 10 9
in self-reporting
(50%) (66.3%) (68%) (55.6%) (69.2%)
% and measurements
% Disagreement
o i i 4 29 16 8 4
> in self-reporting and
< (50%) (33.7%) (32%) (44.4%) (30.8%)
measurements
Total 8 86 50 18 13
Table 6. 56 Tendency in daylight perception of people who disagree with actual
measurements by age
Age groups of participants
N=61 Under 20 20-24 25-29 30-34 Over 35
Underperceived
- 3 15 12 4 3
g of measured
= . o (75%) (51.7%) (75%) (50%) (75%)
3 daylight availability
2 Overperceived
2 1 14 4 4 1
a of measured
Q . o (25%) (48.3%) (25%) (50%) (25%)
5 daylight availability
o
Total 4 29 16 8 4
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Method 2: Seat preference

The horizontal illuminances of the desks chosen by participants who stated that
they preferred the desks were assessed based on the participants' ages to
investigate if age influences how they perceive daylight conditions. As shown in
Table 6. 57, there is no age-related trend in the mean of daylight availability on the
selected desks, implying that participants' age does not influence their seat selection
or daylight preference (p=0.72).

Table 6. 57 The mean of daylight availability on desks chosen by participants from various
age groups who reported being satisfied with their seats

Age groups Mean of daylight availability Std deviation
at the seat
Under 20 462.5 168.4
20-24 562.3 269.6
25-29 565.6 332.1
30-34 474.7 197.1
Over 35 574.6 193.9
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6.3.7. Limitations and future work

The sample size of this study could be a limitation since it did not allow the

generalisation of the findings.

Due to the limitations of the questionnaire, the influence of genetic origin (eye
features of individuals) and sociocultural background on daylight perception
was not investigated. Further research into the influence of eye characteristics
on individual perceptions should be conducted in collaboration with
researchers from medical and/or genetic backgrounds. It is also suggested
that a detailed interview be conducted with the participants to define the
perceptual patterns of people from a similar sociocultural context for future

research into the impact of sociocultural context on daylight perception.

The relationship between the external illuminance of the city where
participants spent most of their lives, and their daylight perception should be
evaluated with a long-term recording of the amount of daylight exposure. This
is because the analysis we performed in this study assumes that the
individuals were exposed to similar amounts of daylight in their countries.
Thus, more information about how much individuals were exposed to daylight
for an extended period of time is required. It is recommended that data on
individuals' daylight exposure be collected by asking participants to wear
biometric devices for a long period of time. If biometric devices are not
feasible, participants may be asked to keep a daily daylight exposure log, and
their daylight exposure may be calculated using the proposed light exposure

calculation method (See section 6.2.7.2.)

It is also recommended that participants wear biometric devices prior to the
study to collect data on the impact of the previous luminous environment,
which is the luminous conditions participants were exposed to before the

study, on daylight perception. The data gathered by these devices may
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provide more accurate information than simply asking participants what time
of day they are exposed to daylight on regular and free days.

6.4 Summary

Daylighting is an important component of the indoor environment that significantly
impacts the occupants' comfort and well-being. When assessing daylighting quality,
photometric measurements alone do not fully represent the subjective aspect of the
lighting environment; therefore, more attention should be paid to how individuals
perceive the same daylight conditions. This chapter aimed to determine whether an
individual's cultural background influences how daylight conditions are perceived. A
unique methodology was developed to achieve this goal based on the findings
presented in the previous chapters, the components defined in the systematic review
as cultural background in the lit environment and daylight perception assessment

methods in the context of cultural background.

This chapter demonstrated that Asian participants are twice as likely as Whites to
perceive daylight conditions lower than actual measurements. On the other hand, it
demonstrated that people who spent most of their lives in a city with a lower external
illuminance than London perceive daylight conditions in the agreement with actual
measurements than those who have lived in cities with higher illuminance. People
from cities with higher latitudes, ultimately cities with less daylight availability, appear
to overperceive the daylight conditions in the UK, which needs further investigation.
Daylight perceptions of people with less daylight exposure in the four weeks
preceding the study were more compatible with actual daylight measurements than
those with more exposure. On the other hand, people who spent less than a year in
London are twice as likely to perceive daylight conditions as being lower than actual
measurements compared to those who spend between 12 and 36 months. Even

though there was no difference in how various genders perceived daylight
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conditions, females appear to have a much larger propensity than males (1.7 times)
to overperceive the amount of daylight.

This chapter highlighted a remarkable number of people who perceive and
describe daylighting conditions that differ from actual measurements, demonstrating
that individuals do not describe daylight conditions as real conditions. Intra-individual
and inter-individual differences could impact this variation, and this situation
highlights the need and potential contribution of this study. Although some findings
prove that culture may be an important factor in daylight perception, the study results
do not provide strong evidence of a cultural background influence on daylight
perception. Even if there are some uncertainties in the influence of cultural
background on daylight perception, it seems to need further research. Future
research into the impact of daylight exposure in their country on individuals’ daylight
perceptions should be conducted, with participants wearing biometric devices for
extended periods. In the absence of biometric devices, participants may be asked to
keep a daily daylight exposure log, and their daylight exposure may be calculated
using the proposed light exposure calculation method. It is also recommended that
participants wear biometric devices before the study to collect data on the impact of

the previous luminous environment or the luminous conditions.
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CHAPTER 7: Conclusions and future research

This research project aimed to investigate the influence of cultural background
on the subjective assessment of daylight. Each chapter has its own methodology
and research activities planned to answer the research questions. Several methods
were developed and applied to investigate the relationship between cultural
background and daylight perception. This chapter summarises the work presented in
the previous chapters, provides overall conclusions and potential implications for the
research on daylight perception research and highlights potential areas for future

research and practice.

7.1 Conclusions

This thesis comprises seven chapters and a summary of the content and key
findings as follows. CHAPTER 1 gave a brief summary of the study, aims, and
research objectives. Following this introductory chapter, CHAPTER 2 reviewed what
is currently known about the impact of daylight on human health and well-being. This
chapter also provided an overview of daylight perception to establish the extent to
which assessment methods of daylight perception have been used commonly and
develop research questions to be investigated. After identification of the evaluation
methods for daylight perception, CHAPTER 3 presented a comparative study to
investigate the differences between three subjective evaluation methods compared
with actual daylight measurements to understand how participants perceive the
daylight conditions and which method closely corresponds to the participants’
perception of daylight. In this context, seat preference, subjective ratings, and
daylight boundary line drawings were all used as subjective evaluation methods to

assess the daylight perception of individuals.
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Within this context, an experiment was conducted with 50 students who were
instructed to choose the best and worst seats to understand the impact of daylight
availability on students’ seat selections. Afterwards, students were asked to describe
the amount of daylight at the seats selected as best and draw “daylight boundary
lines” whenever a significant change of contrast (the distinction between light and
dark area) was perceived when moving around the library.

This chapter demonstrated that perceived daylight availability obtained through
seat preference and subjective statement methods agrees to some extent with actual
daylight availability; there remains a slight difference between participants’
statements and actual daylight conditions. The findings from the seat preference
method also showed that daylight was the most dominant reason when selecting the
best desks in the library, followed by privacy, outdoor view and quietness,
respectively. Although the reasons for seat selection varied, the majority of the
participants agreed on particular reasons; satisfactory daylighting level, facing the

least number of people, and a greenery outdoor view.

On the other hand, participants’ perceived daylight availability from daylight
boundary line drawings varied extensively from person to person, regardless of
actual daylight measurements. This chapter concluded that subjective rating and
seat preference methods are suitable for evaluating individuals' daylight perception.
Although daylight availability corresponds better with subjective statements,
collecting participants' subjective responses would not always be possible, especially
in large-scale studies. Therefore, the combination of subjective rating and seat
preference methods is suggested as appropriate methods for assessing daylight
perception.

However, although most participants stated a satisfactory daylighting level as the
most dominant reason when selecting the best desks in the previous chapter, it was
limited to the choice of a group of people at a given point in time. Therefore, further
analysis was needed to confirm the role of daylight availability in students’ seating
selection and the suitability of the seat selection method for evaluating daylight
perception. CHAPTER 4 presented a study using the occupancy data of the UCL
Bartlett library acquired from motion sensors located underneath each desk. This
data was then compared to characteristics of space, including daylight availability.
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The study provided evidence that daylight conditions encourage students to
select specific desks, as claimed in Chapter 3, by showing that most of the seats
selected as the best were located in areas with high illumination. However, the seats
with a good combination of daylight, outdoor view, and privacy were in more demand
than those with only high daylight levels. It was also demonstrated that the increase
in the illumination of the desks is generally followed by higher utilisation in places
daylit by side windows rather than skylights. It could be argued that access to
outdoor views and favourable daylighting conditions make certain desks preferable
than only daylight. Privacy seems to be another critical component because the area
lit by skylight is an open-plan space and comparatively less private than other rooms.

The previous chapters purposed to provide an overview of daylight perception to
establish the extent to which assessment methods of daylight perception have been
commonly used and to develop a methodology to investigate the individual
differences in the perception of daylight conditions. Following that, a conceptual
framework of cultural background in the lit environment was defined to evaluate the
inter-individual differences in daylight perception due to variations in cultural
background.

Therefore, CHAPTER 5 aimed to identify, evaluate, and summarise the findings
of all relevant individual studies using a systematic review to create a conceptual
framework of cultural background in the lit environment, which could help understand
the impact of cultural background on individuals’ daylight perception. This review
showed that factors thought to influence daylight perception in the cultural context
have been explored in several ways. It firstly demonstrated that ethnicity and/or
physiological properties of individual eyes affect daylight perception and preferences.
Secondly, it provided evidence for the importance of the residential area's impact on
the daylight perception of the people living in the same geographical location and
getting used to experiencing those conditions. Secondly, it provided evidence that
the participants' residential area influences their daylight perception, assuming that
people living in the same geographical location become accustomed to those
conditions and thus perceive daylight conditions similarly. Thirdly, it highlighted the
importance of the previous luminance environment and suggested that the prior light

history should be considered under the combination of outdoor daylight availability
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and the subject's lifestyle. Lastly, it stated that sociocultural background and related
behaviour patterns impact daylight perception within the individual and contextual
variability. Together these results provide valuable insights into daylight perception in

the cultural context.

This chapter confirmed the assumption that there are differences in how people
perceive and feel about lighting conditions due to their cultural backgrounds with
various approaches. It also emphasised the lack of comprehensive knowledge of this
issue regarding the perceived adequacy of illumination for people from different

cultural backgrounds.

Following the definition of cultural background on daylight perception,
CHAPTER 6 established a methodology and reported the findings of a study where
daylight perception in the context of the cultural background was assessed. This
chapter demonstrated that Asian participants are twice as likely as Whites to
underperceive, namely, perceive daylight conditions lower than actual
measurements. On the other hand, it demonstrated that people who spent most of
their lives in a city with a lower external illuminance than London perceive daylight
conditions that are more compatible with actual measurements than those who lived
in a city with a higher illuminance. People from cities with higher latitudes, ultimately
cities with less daylight availability, also appeared to overperceive the daylight
conditions in the UK, which needs further investigation. Daylight perceptions of
people with less daylight exposure during the four weeks preceding the study were
more compatible with actual daylight measurements than those with more exposure.
On the other hand, people who spent less than a year in London are twice as likely
to perceive daylight conditions as being lower than actual measurements compared
to those who spend between 12 and 36 months. Even though there was no
difference in gender and perceived daylight conditions, females appear to have a
much larger propensity than males (1.7 times) to overperceive the amount of
daylight.

This chapter demonstrated that individuals do not always describe daylight
conditions as measured. Intra-individual and inter-individual differences could impact

this variation, and this situation highlights this study's need and potential contribution.
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Although some findings prove that culture may be an important factor in daylight
perception, the study results do not provide strong evidence of the cultural
background influence on daylight perception. Even if there are some uncertainties in
the influence of cultural background on daylight perception, it seems to need further

research.

However, the goal of this research project was to conduct a consecutive study
with different sample sizes. The first research project proposed for Chapter 6 was
carried out at the Bartlett Library with 193 students to evaluate preliminary findings
and the developed methodology, and it was successfully completed and reported in
the thesis. The following research activity was planned to extend the previous study
to all UCL libraries to reach as many students from diverse cultural backgrounds as
possible. However, planned research activities were disrupted due to Covid-19.
Therefore, it was impossible to undertake fieldwork due to the lack of and reduced
access to UCL libraries. Although a few libraries were later reopened, specific seat
places were restricted to maintain social distance, significantly influencing the study's
findings while limiting available seat options. In addition, the number of students
preferring to study in libraries was significantly lower than usual. Finally,

CHAPTER 7 summarised the work presented in the previous chapters, provides
overall conclusions and potential implications for the research on daylight perception

research and highlights potential areas for future research and practice.
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The purpose of this thesis was to investigate whether individuals perceive
daylight conditions differently from each other due to their cultural backgrounds. The
thesis seeks to address three research questions in order to achieve its goal. The

research questions and answers are as follows:

RQ1. What are the most commonly used methods for assessing individuals’ daylight

perception?

In this thesis, Chapter 2 aimed to identify the commonly used methods for
assessing daylight perception to develop a methodology to investigate the impact of
cultural background on daylight perception in the following stage. For this aim, the
methodological approach of 482 research articles were reviewed and the
assessment methods for daylight perception was divided into three groups; as
subjective assessment methods, physiological assessment methods and

assessment of circadian daylight.

This review showed that although most methods and tools used in assessing
daylight perception differ, their general methodological approach is similar; they
combine subjective and objective measurements and assess them depending on the
existing lighting conditions collected by either spot measurements or daylighting
simulations. The studies are also often supported by circadian rhythm parameters,
such as cognitive performance, alertness, sleep quality, and mood. Nevertheless,
almost all studies have used one or more methods to assess the changes occurring
in daylight perception concerning the variation in the luminous environment.
Furthermore, Chapters 3 and 4 demonstrated that subjective rating and seat
preference methods, as subjective assessment methods, could be used to evaluate

daylight perception.
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RQ2. What does “culture” mean, and what are the key elements of cultural

background in the lighting environment?

In this thesis, Chapter 5 aimed to create a conceptual framework of cultural
background in the lighting environment to investigate an association between cultural
background and daylight perception. The systematic review conducted in Chapter 5
showed that factors thought to be influencing daylight perception in the cultural

context have been explored in several ways.

It firstly demonstrated that ethnicity and/or physiological properties of
individual eyes affect daylight perception and preferences. Secondly, it provided
evidence that the participants' residential area influences their daylight perception
on the assumption that people living in the same geographical location become
accustomed to those conditions and thus perceive daylight conditions similarly.
Thirdly, it remarked on the importance of the previous luminance environment
and suggested that the prior light history should be considered under the
combination of outdoor daylight availability and the subject's lifestyle and
preferences. Lastly, it stated that sociocultural background and possibly related
behavioural patterns impact daylight perception within the individual and contextual
variability. Together these results provide valuable insights into daylight perception in

the cultural context.
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RQ3. Does cultural background affect how people perceive daylight, and if so, how?

Chapter 6 aimed to determine whether an individual's cultural background
influences how daylight conditions are perceived. A unique methodology was
developed to achieve this goal based on the previous findings in this thesis, the
components defined in the systematic review as cultural background in the lit
environment and daylight perception assessment methods in the context of cultural
background. For this aim, 193 students who had already been studying in the Bartlett
library were randomly approached and asked if they were interested in participating
in the study. In order to assess the participants’ subjective responses, they were
asked to fill out a semi-structured questionnaire, which included a section for rating
the amount of daylight availability at their desks, synchronously quantifying the
horizontal illuminance on the desk with an illuminance meter by the researcher.
Then, participants' perceptions and actual daylight availability on their desks were
compared using the cultural background components.

In this study, the influence of sociocultural background and eye characteristics of
individuals on their daylight perception were not investigated. Because the influence
of eye characteristics on individual perception required a collaborative study with
researchers from a medical or genetic background. Also, a detailed interviewing was
needed to define the perceptual patterns of people from a similar sociocultural

context which was not possible to conduct due to COVID-19.

This chapter demonstrated that Asian participants are twice as likely as Whites to
perceive daylight conditions lower than actual measurements. On the other hand, it
demonstrated that people who spent most of their lives in a city with a lower external
illuminance than London perceive daylight conditions in the agreement with actual
measurements than those who have lived in cities with higher illuminance. People
from cities with higher latitudes, ultimately cities with less daylight availability, appear
to overperceive the daylight conditions in the UK, which needs further investigation.
Daylight perceptions of people with less daylight exposure in the four weeks
preceding the study were more compatible with actual daylight measurements than

those with more exposure. On the other hand, people who spent less than a year in
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London are twice as likely to perceive daylight conditions as being lower than actual
measurements compared to those who spend between 12 and 36 months. Even
though there was no difference in how various genders perceived daylight
conditions, females appear to have a higher tendency than males to overperceive

the amount of daylight.

This chapter highlighted a remarkable number of people who perceive and
describe daylighting conditions that differ from actual measurements. Intra-individual
and inter-individual differences could impact this variation, and this situation
highlights the need and potential contribution of this study. Although some findings
prove that culture may be an important factor in daylight perception, the study results
do not provide a strong evidence of a cultural background influence on daylight
perception. Even if there are some uncertainties in the influence of cultural

background on daylight perception, it seems to need further research.
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7.2 Limitations

A summary of the main limitations of this research project is presented below.

These limitations have already been described in detail in the specific chapters:

e Restricted access to libraries and participants: Following the study presented
in Chapter 6, subsequent research activity was planned to extend the study to all
UCL libraries and test the developed methodology in different library buildings to
reach as many students as possible from diverse cultural backgrounds. However,
planned research activities were disrupted due to Covid-19 inability to undertake
fieldwork due to lack of and reduced access to UCL libraries.

e Limited to a particular library: The current findings are a snapshot of time and
space. The extent to which the proposed methods can be used in different
contexts, that is, for different types of library buildings with various daylighting
design strategies and different groups of people, deserves future attention. The
spaces and characteristics of the desks in different kinds of library buildings could
greatly impact the participants’ seat selections. However, due to Covid-19
restrictions to access to other libraries, the extension of the application of the
developed methodology to other UCL libraries was not possible. Therefore, the
study was limited to a particular place and group of people at a given time, and all
studies in the thesis were conducted in the UCL Bartlett Library.

e Student characteristics: Students from different educational backgrounds
could prefer different libraries due to accessibility to resources in their fields
and the closeness of the library to their formal lectures and tutorials. There
are various libraries at the UCL, covering a wide range of specialist subjects
ranging from biomedicine and science to arts, architecture and archaeology.
Therefore, a library providing students with specific resources would be
preferable for those students’ academic-related backgrounds. For instance,

the Bartlett Library is mainly used by students from architecture because it
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holds a collection including architecture, planning, development planning,
construction and project management, sustainable energy and sustainable
resources, as well as the social and cultural history of cities and urban
spaces. As a result, selection bias can lead to inaccuracies in the study. For
instance, this study was conducted in the Bartlett Library with mainly
architecture students with a potentially higher awareness of architectural and
natural elements in a building than students from other educational
backgrounds. This situation might have potentially affected the students’ seat
selection reasons. Therefore, the role of daylight availability in students’ seat
selection would be different when the same procedure was applied to other

libraries.

Limited to activity: The role of daylight availability on seat selection may
vary depending on the context, sample characteristics, and also the activities
participants are requested to undertake. For instance, in the study presented
in Chapter 3, students were brought all together to the Bartlett Library and
asked to choose the location of the three best and three worst seats from the
library's seating plan and the most and least liked within those categories.
Study results could have been different if the participants were in real need of
using the space for their respective tasks (e.g., reading and writing for an
assignment) instead of being in the library for the experiment. In that case,
privacy and quietness could have been more important than lighting or
outdoor view. As a result, limiting participants to a single activity may have
influenced their attention, space assessment, and, in turn, seat preferences in

the library.

Limited data collection from motion sensors: As presented in Chapter 4,
occupancy data from motion sensors located underneath each desk in the
Bartlett library was used in the analysis. Although the data collected through
the sensors indicate whether the space was in use or not, each sensor can
only report on the availability of the desk and cannot collect personal data or

identify an individual. The collected information is binary: either somebody has
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sat there at a specific time or has not. Therefore, study results do not
represent students’ personalities, individual perceptions and expectations. We
do not know who that somebody is, nor can we identify if the person sitting

there now is different from the last time we checked the sensor’s status.

Limited freedom of choice: Occupancy is not always based on human
presence. Students occasionally leave their laptops, water bottles, and
backpacks to claim a seat while they go outside. PIR sensors can not detect a
claimed seat due to no large heat signatures or movement. This situation
could affect students' freedom of choice and, ultimately, the interpretation of
seat selection of students. This is because motion sensors assume that the
desk is available in the case of no movement, but in reality, the desks could
have been occupied with student’s belongings, not allowing others to select

them.

Out-of-order sensors: Another limitation could result from the assumption
that all sensors were working properly during the period selected for the
analysis. The visualisation instrument of occupancy data obtained from
motion sensors does not give information about the working status of the
sensors. When sensors are out of order, they are regarded as unoccupied,

which could significantly impact the interpretation of the findings.

231



7.3

Contributions

This thesis has several contributions to the current state of knowledge in the

following ways:

Gaining a better understanding of daylight perception: The most
significant contribution of this research is to provide a better understanding of
the factors that could play a role in the daylight perception of participants,
particularly cultural background. Increasing the knowledge of individuals'
perceptions will help us provide lighting conditions that meet their needs and
expectations, making them more satisfied with the indoor conditions in the
built environment. Gaining a better understanding of students' daylight
perception and expectations could increase their satisfaction with the indoor
environment and improve their cognitive and academic performance. This
could be especially important for students who migrate for studying purposes
for a short period of time (e.g. MSc students) to assist them in adapting to a

new environment and focusing on their studies as quickly as possible.

Filling the gaps in the literature: There has been very little research on
“‘Assessment methods of daylight perception” and “The interaction between
daylight availability and students’ seating selection, " which are topics not
extensively investigated. Several experiments and analyses were conducted
on those topics as part of this research project, and a couple of research
papers were produced from them. On the other hand, the term of “culture”
was not defined previously in the lighting context and was not the subject of a
study. In the thesis, factors that are thought to affect daylight perception in the
context of culture have been investigated in a variety of ways, and these
components were then used in an experiment. In addition, many studies on
cultural issues in the lighting field only take into account the participants' glare
sensitivity and not the intensity of the daylight. This is the first study
approaching the cultural background of participants considering their
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evaluation of daylight intensity. Due to the lack of knowledge in the literature,
this research project also required the development of a number of
methodologies, assessment methods and theoretical backgrounds to fill the

gaps in the literature.

Development of methods in the lighting field: The contribution of this study
is not limited to the literature but also the development of unique assessment
methods in the lighting field. For example, because of the fluctuating
illuminance levels, random experiments with large sample sizes were
uncommon in lighting studies, but in this study, a simplified methodology was
developed to assess individuals’ daylight perception without needing an
experiment. On the other hand, the role of daylight availability in students’
seat selection was examined in a way that has not previously been done by
benefitting from both occupants’ selections and occupancy data from motion
sensors. This allowed data from these two methods to be compared and more
robust conclusions about the students’ seating behaviour. Also, various
assessment methods were developed based on previous research in the
lighting field, such as the development of the method for daylight exposure of
participants, assessment method of daylight availability in cities where

participants lived and assessment method of individuals’ daylight perception.

Increasing awareness of cultural background in the lighting context:
Users are generally not considered a main factor during the building design
stage. However, this study showed that the cultural background of occupants
could be important to maintaining their satisfaction with the lighting conditions

in an indoor environment.
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7.4 Future research and practical applications

7.4.1. Recommendations for future research

Larger sample size: Further studies are recommended to use the developed
methodology with a large sample size of participants to generalize the findings
to the population. The findings obtained in this investigation

should be validated in future investigations with participants from different

climatic-cultural context, educational background, gender, and age range.

Differentiation between daylight conditions and outdoor view:
Preferences for window seats are, to some degree, dependent on the
presence of an outside view. It is important to differentiate if participants
selected desks nearby windows due to daylight availability, outdoor view, or
both. In order to remove the outside view as a variable factor in the link
between daylight and students’ seat preferences, this study could be repeated
in the same procedure for examining the role of the outdoor view in students’
seat selections. Alternatively, the same procedure could be conducted in
spaces lit solely by skylights, in which case the differences in seating
behaviour due to the presence of outside view would be expected to

disappear.

Using high dynamic range (HDR) imaging techniques: Future research on
the impact of cultural background on daylight perception could use high
dynamic range (HDR) imaging techniques that allow the required luminance
range to be created. In the further development of these techniques,
subjective daylight perception under various computer-generated conditions
could be assessed using scenes displayed with the Immersive virtual reality
(VR) technique.

234



e Considering the occupants’ cultural background: This study showed that
the cultural background of occupants could play an important role in
maintaining their satisfaction with the lighting conditions in an indoor
environment. However, further study is suggested on the cultural background
of occupants, taking into account not only daylight conditions but also other
factors as an essential part of the indoor environmental quality such as

thermal conditions, air quality etc.

e Considering other reasons for seat selection along with daylight: Future
research should also consider the impact of other environmental parameters
on seat preference and how they relate to lighting conditions to improve
occupant satisfaction. The interaction between any parameter and seating
choice of students should not be examined in isolation; other aspects, such as
privacy, outdoor view and quietness, should also be considered in addition to
daylight. In the literature, there is no developed methodology for evaluating
and rating the library seats in terms of various characteristics. Therefore, it is
suggested to give points to each desk in terms of various aspects such as
daylight, outdoor view, privacy, quietness etc. and assess the occupancy of

the library seats based on them.

The indoor environment includes a variety of environmental factors, and the
impact of confounding indoor environment factors (e.g., indoor air quality,
thermal comfort) on outcomes should be thoroughly considered in order to
avoid interpretation of bias. For instance, when a student prefers a desk not
getting directly daylight at a place far away from the window may result from
air leaks near the window which causes feeling cold when she sits near the
window. In this case, relying solely on desk utilisation and daylight availability
in the space may lead to the incorrect conclusion that the student does not
prefer a desk with daylight and an outdoor view. Similarly, a student may
dislike a desk in a small space due to poor indoor air quality, but this cannot

be determined without objective measurements. Therefore, during the
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experiments, each environmental factor in the indoor environment should be
measured, and reasons leading the students’ seating selection should be
thoroughly examined because preferences do not contain a single reason, but

rather a combination of them.

Detailed research in genetic origin and sociocultural background: The
influence of genetic origin (eye features of individuals) and sociocultural
background on daylight perception was not investigated. Further research into
the influence of eye characteristics on individual perceptions should be
conducted in collaboration with researchers from medical and/or genetic
backgrounds. It is also suggested that a detailed interview be conducted with
the participants to define the perceptual patterns of people from a similar
sociocultural context for future research into the impact of sociocultural

context on daylight perception.

Long-term recording of the amount of daylight exposure: The relationship
between the external illuminance of the city where participants spent most of
their lives, and their daylight perception should be evaluated with a long-term
recording of the amount of daylight exposure. This is because the analysis we
performed in this study assumes that the individuals were exposed to similar
amounts of daylight in their countries. Thus, more information about how
much individuals were exposed to daylight for an extended period of time is
required. It is recommended that data on individuals' daylight exposure be
collected by asking participants to wear biometric devices for a long period of
time. If biometric devices are not feasible, participants may be asked to keep
a daily daylight exposure log, and their daylight exposure could be calculated
using the proposed light exposure calculation method in this study based on
participants' subjective statements. However, this calculation method needs
verification with actual measurements in future research. In the absence of

biometric devices, this method could also be an opportunity for researchers to
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investigate the impact of daylight exposure on participants' mood, willingness

to work, and so on.

Wearing biometric devices for exposed daylight exposure: Itis also
recommended that participants wear biometric devices before the study to
collect data on the impact of the previous luminous environment, which is the
luminous conditions participants were exposed to before the study, on
daylight perception. The data gathered by these devices may provide more
accurate information than simply asking participants what time of day they are

exposed to daylight on regular and free days.
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7.4.2. Practical applications of research findings

Application of the developed methodology to other studies: The
developed methodology that aims to understand the role of daylight
availability in students’ seat selection could be applied to other research
studies for different purposes. For example, the developed postdoctoral
research project seen in Appendix 7.5 aims to increase students’ feeling of
belonging to libraries and improve their satisfaction and learning performance
considering various indoor and personal components. Although the same
procedure in this study is applied to other libraries, the scope of this study
also covers other indoor elements, thermal comfort, outdoor view, noise etc.,

in addition to daylight availability.

Developing strategies for saving energy: Understanding the role of
occupant behaviour in the built environment and investigating the occupants’
interactions with the indoor environment could help to improve occupants’
satisfaction [121] as well as energy efficiency in a building [122] [123]. For
instance, understanding the factors influencing the occupants’ interaction with
electric lighting (patterns of turning artificial lights on and off) could help
minimize the performance gap between predicted and operational lighting
consumption as well as maintain the occupants’ satisfaction with the built
environment [143]. Research conducted in Korean office buildings with the
application of automatic dimming control for lighting with a design illuminance
of occupants’ expectations and usage habits helped to reduce lighting energy
consumption by up to 43% [23]. However, due to the complexity and variety in
the factors of potential influence on occupant behaviours such as lifestyle,
demography, economy, interaction with building features and equipment,
predicting beforehand building occupancy behaviour and buildings’ energy
use could become problematic in general and on occupants in particular
[125]. Having knowledge about occupants’ lighting expectations due to their
cultural background could also help meet the occupants’ needs and

preferences and provide occupant satisfaction, which in turn helps reduce

238



unnecessary energy consumption in the built environment. Therefore, this
knowledge can also be utilised by managers and daily operators of university
buildings to help reduce the energy consumption of HYAC (Heating,
Ventilation, and Air Conditioning) and illumination systems. More research
into developing energy-saving strategies resulting from meeting occupants'
needs and expectations is required. One of the strategies to save energy
could be replacing the bulbs in the libraries based on the level of lighting
students expect from the library environment, activation of the manual control
of the lights and raising lighting energy conservation awareness of occupants.
Another strategy could be turning the lights off automatically when motion
sensors do not detect any movement in the specific place. In this way, it is
possible to reduce a building’s electrical energy consumption by 25-40%. In
this strategy, the level of lighting could be adjusted to meet the students'
needs and expectations from the library environment. Also, daylight sensors
could be installed especially in south and east directions to consider the
daylight intensity on an area and adjust the electric lighting automatically by
dimming lights or turning off a portion of the lights, in order to maintain a
consistent illumination level of an area to create a comfortable environment

and reduce electrical energy waste from over lit spaces.

Rearrangement of opening hours in libraries: Total energy consumption of
the library could be reduced when the opening hours are rearranged
depending on the hours when a room is primarily vacant or occupied by a few
people. In this way, managers could have a chance to investigate the reasons
behind lowly-utilised desks and spaces. They could set up a new lighting
control that matches actual building occupancy more closely than current
settings, and even some rooms could be closed during the lowly utilised

period to reduce unnecessary energy consumption in UCL libraries.

Considering the cultural background in daylight design guidelines:
Daylighting codes and standards were developed primarily with visual task

requirements but with a limited scientific understanding of the role of cultural
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background in occupants’ daylight perceptions and preferences. Namely,
recommended standards for illumination levels in libraries do not represent
the differences in daylight perception of individuals from different cultural
backgrounds. Therefore, some findings are suggested for further development

in the design guidelines for daylighting design.

Recommendations of sunlight levels, view out, daylight provision, and glare
protection in buildings are often proposed by daylight standards such as
European EN 17037:2018, however specific local contexts and cultural
background of residents are not factors normally considered by the majority of
current daylight standards. These daylight standards only provide the
minimum requirements to achieve a certain level of daylight performance and
do not provide recommendations to adapt the minimum requirements based
on cultural context. It could be problematic to compare the findings in a single-
context daylight study to different cultural-climatic contexts, therefore, the
daylight standards should include thresholds depending on the cultural and
climatic context. They should also provide the optimal level of daylight for
each cultural context, not just the minimum requirements. The cultural context
should not be limited to climatic conditions; ethnic background, cultural norms,
and values of residents should also be taken into account when designing the
thresholds as highlighted in this study. Although individual variations make a
difference in the perception of daylight, setting thresholds based on cultural

context could still benefit residents living in the same location.

Designing layouts in libraries: The insights gained in this research have
potentially important implications for daylighting design of library buildings as
well as for understanding the relationship between daylighting and human
behaviour. Therefore, it can support architects and lighting professionals
working in the design of library buildings. The findings of this study and further
studies derived from it could be used to understand how the layout of the

spaces in library buildings could be improved to create a more pleasant
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workspace.

e Seating arrangements for libraries: Especially for architects, it is crucial to
understand and consider the factors that influence human behaviour in a
library because being aware of users’ preferences makes it possible to design
functional, comfortable and high-quality spaces. Understanding seat selection
behaviour can potentially contribute to an awareness of human dimensions,
spatial organisation, and space management during the design process. The
study results can contribute to understanding the role of daylight on seat
preference alongside other factors and help design seat arrangements in
libraries. The results can help designers consider not only the shape of the
building but also seating spaces providing different characteristics of space for

students during the design stage.

Competing Interests

The author declares that she has no conflicts of interest to declare.

241



Ethics approval and consent to participate

The researcher created a semi-structured questionnaire that was approved by
Jonathan Taylor, a member of the Ethical Committee of the University College
London, the Bartlett School, Institute of Environmental Design and Engineering. The
ethical approval for this study was obtained from the UCL Research Ethics

Committee on 02/12/2019, as seen in below BSEER Ethics Review form.

THE BARTLETT SCHOOL OF ENVIRONMENT, ENERGY AND RESOURCES ; s .-F @

BSEER Research Ethics — Low Risk Application — Review [v1.11)

Applicant UCL amail address: gzam.izmirtunahan. Ti@uclac.uk

Energy Institute | IEDE [ ISH /| SR (Cross out as applicable)

Student | Staff | Cross out as applicable)

(I Student) Course: PhD¥

[ Student) Supervisor: Hector AltamiranolJamima Unwin

(I Staff) Principal Investigator:

Title of Study: The impact of cultural background on daylight perception
Date of Application: 02/12201%

-
1Rk
m m
E | E
- .-
|4
e §
STUDY DETAILS
Suffcant study datails provided o evaluate ethical implications X
Study does nod seam ta include sensitive topics (see High Risk checklist) %
Sufcant sampling details providad to evaluabe ethical implications x
Sample does not seam ta include wlnarable individuals (sea High Risk chacklist) & active staps to exduda <18ya X
CONSENT
Information far participants covers necessary issues adequabaly X
(Rasaancher & says if student, Institution, fundar, study ke & purpose, how paricipant selected, excludes <18y, what happans ta
participant, how long it will taka, benefits, patantial risksihams, ancnymityiconfidengality, woluniariness, right to withdraw, contact details)
Information far participants s sufficiently concise %
Information for participants i writban in an apprapriate styla %
(Study title and contand appropriately phrased for participants, leval of detail appropriate for paricipants)
(Where participants known ba researcher) appropriate procadures fo ensure participants feed fres bo not participats & withdraw from the study %
EVALUATION & MITIGATION OF HARM
Risk of harm to participants seems to be minimal (see High Risk chacklist) %
Recagnises & addrasses pobantial risksharms fo padicpants %
(Whera risks to resaancher beyond thosa axparianced in daily life) has appropriate risk assessment baen complated? %
DATA PROTECTION & PRIVACY
Comectly idanifies whethar/nat parsonal data are being colacted [/ used | processed ]
(Dafinition of personal data is ambadded in the kow risk form Q42 chack whole application fo ensure applicant answerad this O correcity)
Comectly idantifies whetharinat special calsgony or criminal records parsonal data are being collecled | usad | processad %
(Definitions embedded in the law risk farm 043...check whola application o ensure applicant answered thes O carmactly)
(If parsonal data are being collected | used | processad) has registered shudy with UCL Data Profection Officer X
(Where participants are kmown $o researcher) appropriale procadures to protect participants’ privacy (EG data collected &ior collection %
mefhod)
Review (dalete as applicable):

% Study is low risk and may commence.

[ Study is baw risk and may commenca AFTER you obtain a UCL Data Profacion number from UCL Legal — you am collacting personal data

[ Study is baw risk and may commenca AFTER you meet fa following condiions and demanstrate that to the evaluators:

[ Study requires revised submission bo BSEER Research Ethics Taam. Data collection/processing cannot start unbl the reseanch is evaluated as low risk.
[ Study requires approval from UCL Reseanch Ethics Commities prior to data cobacioniprocessing.

Mame(s) of BSEER reviewers): Jonathon Taylor

Date: 02122019

242



The consent form below was created and asked participants to give their
permission to participate in the research, along with an additional information sheet

about the study's details.

Bartlett School Environment,
Energy and Resources ﬁ
Upper Waburn Place

WC1H ONN London I

Project Title: The impact of cultural background on daylight perception

Researchar: Gizem lzmir Tunahan

Thank you for your interest in taking part in this research. Before you agree to take part, the person organizing
the research must explain the project to you.

If you have any questions arising from the Information Sheet or explanation already given to you, please ask
the researcher before you to decide whether to join in. You will be given a copy of this Consent Form to keep
and refer to at any time.

Participant’s Statement

| agree that:

+ | have read the notes written above and the Information Sheet, and understand what the study
invalves.

+ |understand that if | dacide at any tima that | no longer wish to take part in this project, | can notify the
researchers involved and withdraw immediately.
| consent to the processing of my personal information for the purposes of this research study.
I understand that such information will be treated as strictly confidential and handled in accordance
with the provisions of the Data Protection Act 1998.

» | agree that the research project named above has been explained to me to my satisfaction and | agree
to take part in this study.

MName of participant:

Signature: Date:

243



Funding

This document has been produced with the financial assistance of the Ministry of
National Education of Turkey. The funder had no role in the design of the study; or
the collection, analysis, or interpretation of the data.

Authors’ contributions

The PhD candidate, Gizem Izmir Tunahan, designed the study, performed data
management, conducted the data analysis, wrote the first draft of the manuscript and
implemented the contribution of the supervisors and external reviewers up to final
publication. During the whole process, she asked for and implemented input and

feedback from the other contributors to this study.

244



Bibliography

[1]
[2]

[3]

[4]

[5]

[6]

[7]
[8]

[9]

[10]

BSI, “EN 17037 Daylight of Buildings,” vol. 44, 2016.

Y. Al horr, M. Arif, M. Katafygiotou, A. Mazroei, A. Kaushik, and E. Elsarrag,
“Impact of indoor environmental quality on occupant well-being and comfort: A
review of the literature,” International Journal of Sustainable Built Environment.
2016, doi: 10.1016/j.ijsbe.2016.03.006.

A. C. Allan, V. Garcia-Hansen, G. Isoardi, and S. S. Smith, “Subjective
Assessments of Lighting Quality: A Measurement Review,” LEUKOS - J. lllum.
Eng. Soc. North Am., vol. 15, no. 2-3, pp. 115-126, 2019, doi:
10.1080/15502724.2018.1531017.

International Energy Agency, “Monitoring protocol for lighting and daylighting
retrofits: A Technical Report,” no. April, 2016.

N. Shishegar and M. Boubekri, “Natural Light and Productivity : Analyzing the
Impacts of Daylighting on Students’ and Workers’ Health and Alertness,” vol.
3, no. 1, pp. 1-6, 2016.

A. Jamrozik et al., “Access to daylight and view in an office improves cognitive
performance and satisfaction and reduces eyestrain: A controlled crossover
study,” Build. Environ., vol. 165, no. August, p. 106379, 2019, doi:
10.1016/j.buildenv.2019.106379.

International Migration 2020. 2021.

U. Nations, “International Migration Report,” New York, 2017. [Online].
Available:
https://www.un.org/en/development/desa/population/migration/publications/mig
rationreport/docs/MigrationReport2017_Highlights.pdf.

E. Communities, Push and Pull factors of international migration: A

comparative report. 2000.

G. Sturge, “Migration Statistics,” no. December, 2018, [Online]. Available:

245



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

www.parliament.uk/commons-library%7Cintranet.parliament.uk/commons-

library%7Cpapers@parliament.uk%7C@commonslibrary.

HM Government, “International Education Strategy: global potential, global
growth,” no. March, 2019, [Online]. Available:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/a

ttachment_data/file/786459/international-education-strategy.pdf.

K. I. Higher Education Policy Institute, London Economics, “The costs and
benefits of international students by Parliamentary constituency,” no. October,
pp. 1-87, 2018, [Online]. Available: http://www.hepi.ac.uk/wp-
content/uploads/2018/01/Economic-benefits-of-international-students-by-
constituency-Final-11-01-2018.pdf.

The Guardian, “Why international students are choosing London?,” 2015.
https://www.theguardian.com/education/2015/apr/07/why-international-
students-are-choosing-london (accessed Nov. 02, 2018).

London & Partners, “The economic impact of London’s International Students,”
pp. 1-34, 2018.

Universities UK, “The economic impact of international students,” 2017.
https://www.universitiesuk.ac.uk/policy-and-analysis/reports/Pages/briefing-
economic-impact-of-international-students.aspx (accessed Nov. 10, 2018).

UKCISA, “UKCISA Briefing on international students,” no. November, 2017.

London Economics, “The costs and benefits of international students to the UK

economy,” no. September, 2021.

C. Pierson, J. Wienold, and M. Bodart, “Review of Factors Influencing
Discomfort Glare Perception from Daylight,” LEUKOS - J. lllum. Eng. Soc.
North Am., vol. 14, no. 3, pp. 111-148, 2018, doi:
10.1080/15502724.2018.1428617.

I. A. Sakellaris et al., “Perceived indoor environment and occupants’ comfort in
European ‘Modern’ office buildings: The OFFICAIR Study,” Int. J. Environ.
Res. Public Health, vol. 13, no. 5, 2016, doi: 10.3390/ijerph13050444.

246



[20] D. J. Skene and J. Arendt, “Review Article Human circadian rhythms :
physiological and therapeutic relevance of light and melatonin,” 2006.

[21] L. Bellia, F. Bisegna, and G. Spada, “Lighting in indoor environments: Visual
and non-visual effects of light sources with different spectral power
distributions,” Build. Environ., vol. 46, no. 10, pp. 1984-1992, 2011, doi:
10.1016/j.buildenv.2011.04.007.

[22] N.Wang and M. Boubekri, “Design recommendations based on cognitive,
mood and preference assessments in a sunlit workspace,” Light. Res.
Technol., 2011, doi: 10.1177/1477153510370807.

[23] G. Y. Yun, H. Kim, and J. T. Kim, “Effects of occupancy and lighting use
patterns on lighting energy consumption,” Energy Build., vol. 46, pp. 152-158,
2012, doi: 10.1016/j.enbuild.2011.10.034.

[24] M. Frontczak and P. Wargocki, “Literature survey on how different factors
influence human comfort in indoor environments,” Build. Environ., vol. 46, no.
4, pp. 922-937, 2011, doi: 10.1016/j.buildenv.2010.10.021.

[25] C. Alicia, C. Alicia, S. Simon, and G. Isoardi, “Subjective assessments of

lighting quality : a measurement review,” 2019.

[26] J. A. Veitch and G. R. Newsham, “Lighting quality and energy-efficiency effects
on task performance, mood, health, satisfaction, and comfort,” J. lllum. Eng.
Soc., vol. 27, no. 1, pp. 107-129, 2013, doi:
10.1080/00994480.1998.10748216.

[27] R. Krélikova, M. Pifosova, and B. Hricova, “Lighting Quality and its Effects on
Productivity and Human Healts,” Int. J. Interdiscip. Theory Pract., vol. 10, no.
March, pp. 8-12, 2016.

[28] A. Court, “The effects of exposure to natural light in the workplace on the
health and productivity of office workers: a systematic review protocol,” JBI
Libr. Syst. Rev., vol. 8, no. Supplement, pp. 1-19, 2010, doi: 10.11124/jbisrir-
2010-574.

[29] S. Carlucci, F. Causone, F. De Rosa, and L. Pagliano, “A review of indices for

247



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

assessing visual comfort with a view to their use in optimization processes to
support building integrated design,” Renew. Sustain. Energy Rev., vol. 47, pp.
1016-1033, 2015, doi: 10.1016/j.rser.2015.03.062.

W. van Bommel and G. van den Beld, “Lighting for work: a review of visual and
biological effects,” Light. Res. Technol., vol. 36, no. 4, pp. 255-266, 2004, doi:
10.1191/1365782804l1i1220a.

D. M. Berson, “Strange vision: Ganglion cells as circadian photoreceptors,”
Trends Neurosci., vol. 26, no. 6, pp. 314—-320, 2003, doi: 10.1016/S0166-
2236(03)00130-9.

F. Perrin et al., “Nonvisual Responses to Light Exposure in the Human Brain
during the Circadian Night,” vol. 14, pp. 1842-1846, 2004, doi: 10.1016/,.

R. N. Van Gelder, “Non-Visual Photoreception: Sensing Light without Sight,”
Curr. Biol., vol. 18, no. 1, pp. 38-39, 2008, doi: 10.1016/j.cub.2007.11.027.

C. B. Chan and D. A. Ryan, “Assessing the Effects of Weather Conditions on
Physical Activity Participation Using Objective Measures,” pp. 2639-2654,
2009, doi: 10.3390/ijerph6102639.

Donald M. Rattner, “How to Use the Psychology of Light and Lighting to Boost
Your Creativity,” 2017. https://medium.com/s/how-to-design-creative-
workspaces/how-to-use-the-psychology-of-light-and-lighting-to-boost-your-
creativity-b61a574b5751 (accessed Nov. 06, 2018).

S. H. Kim and W. S. Jeong, “Influence of illumination on autonomic
thermoregulation and choice of clothing,” Int. J. Biometeorol., vol. 46, no. 3, pp.
141-144, 2002, doi: 10.1007/s00484-002-0126-2.

N. Guéguen and L. Lamy, “Weather and Helping: Additional Evidence of the
Effect of the Sunshine Samaritan,” vol. 153, no. 2, pp. 123-126, 2013, doi:
10.1080/00224545.2012.720618.

P. Singh-Jagatia, D. Lee, S. Knuckey, and G. Cook, “The sunshine vitamin,”
Pract. Midwife, vol. 15, no. 9, pp. 14-16, 2012, doi: 10.4103/0976-500X.95506.

248



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

M. B. C. Aries, M. P. J. Aarts, and J. Van Hoof, “Daylight and health: A review
of the evidence and consequences for the built environment,” Light. Res.
Technol., vol. 47, no. 1, pp. 6-27, 2015, doi: 10.1177/1477153513509258.

A. D. Veitch, J.A.; Galasiu, “The Physioogical and Psychological Effects of
Windows, Daylight, and View at Home:Review and Research Agenda,” Res.
Report, NRC Inst. Res. Constr. Vol. 325, pp. 1-57, 2012, doi:
doi.org/10.4224/20375039.

R. Kdlller, S. Ballal, T. Laike, and B. Mikellides, “The impact of light and colour
on psychological mood : a cross-cultural study of indoor work environments,”
Ergonomics, vol. 49, no. 14, pp. 1496-1507, 2007, doi:
10.1080/00140130600858142.

P. Boyce, C. Hunter, and O. Howlett, “The Benefits of Daylight through
Windows,” no. January, pp. 1-88, 2003.

M. F. Holick, “Sunlight and vitamin D for bone health and prevention of
autoimmune diseases, cancers, and cardiovascular disease,” vol. 80, no. 6, p.
2004, 2004.

A. Shatnawi and A. Diabat, “Siltation of Wadi Al-Arab reservoir using GIS
techniques,” Jordan J. Civ. Eng., vol. 10, no. 4, pp. 431-441, 2016, doi:
10.1162/jocn.

G. Hoffmann et al., “Effects of variable lighting intensities and colour
temperatures on sulphatoxymelatonin and subjective mood in an experimental
office workplace,” vol. 39, pp. 719-728, 2008, doi:
10.1016/j.apergo.2007.11.005.

T. Eckle and D. Ph, “Potential for Daylight As Therapy,” vol. 122, no. 5, pp.
1170-1175, 2016, doi: 10.1097/ALN.0000000000000596.Health.

A. S. Robertson, M. Mcinnes, D. Glass, G. Dalton, and P. S. Burge, “Building
sickness, are symptoms related to the office lighting?,” Ann. Occup. Hyg., vol.
33, no. 1, pp. 47-59, 1989, doi: 10.1093/annhyg/33.1.47.

C. Cajochen, “Alerting effects of light,” pp. 453—-464, 2007, doi:

249



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

10.1016/j.smrv.2007.07.009.

B. Sander, J. Markvart, L. Kessel, A. Argyraki, and K. Johnsen, “Can sleep
quality and wellbeing be improved by changing the indoor lighting in the homes
of healthy, elderly citizens?,” Chronobiol. Int., vol. 32, no. 8, pp. 1049-1060,
2015, doi: 10.3109/07420528.2015.1056304.

S. L. Chellappa et al., “Photic memory for executive brain responses,” Proc.
Natl. Acad. Sci., vol. 111, no. 16, pp. 6087-6091, 2014, doi:
10.1073/pnas.1320005111.

P. R. Boyce et al., “Lighting quality and office work: Two field simulation
experiments,” Light. Res. Technol., 2006, doi: 10.1191/1365782806Irt1610a.

J. A. Veitch, G. R. Newsham, P. R. Boyce, and C. C. Jones, “Lighting
appraisal, well-being and performance in open-plan offices: A linked
mechanisms approach,” Light. Res. Technol., 2008, doi:
10.1177/1477153507086279.

D. H. Kim and K. P. Mansfield, “A cross-cultural study on perceived lighting
quality and occupants’ well-being between UK and South Korea,” Energy
Build., vol. 119, pp. 211-217, 2016, doi: 10.1016/j.enbuild.2016.03.033.

N. E. Klepeis et al., “The National Human Activity Pattern Survey (NHAPS): A
resource for assessing exposure to environmental pollutants,” J. Expo. Anal.
Environ. Epidemiol., 2001, doi: 10.1038/sj.jea.7500165.

G. Chinazzo, J. Wienold, and M. Andersen, “Cognitive Performance Evaluation
Under Controlled Daylight Levels At Different Indoor Temperatures,” pp. 877—
887, 2019, doi: 10.25039/x46.2019.p0o004.

S. T. Kent, L. A. McClure, W. L. Crosson, D. K. Arnett, V. G. Wadley, and N.
Sathiakumar, “Effect of sunlight exposure on cognitive function among
depressed and non-depressed participants: a REGARDS cross-sectional
study,” Environ. Heal. A Glob. Access Sci. Source, vol. 8, no. 1, 2009, doi:
10.1186/1476-069X-8-34.

L. Heschong, R. L. Wright, and S. Okura, “Daylighting impacts on human

250



[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

performance in school,” J. lllum. Eng. Soc., 2002, doi:
10.1080/00994480.2002.10748396.

A. Taylor, K. Enggass, and A. Pressman, Linking architecture and education:

Sustainable design of learning environments. 2009.

L. Edwards and P. Torcellini, “A Literature Review of the Effects of Natural
Light on Building Occupants,” 2002.

D. Aggio, L. Smith, A. Fisher, and M. Hamer, “Association of light exposure on
physical activity and sedentary time in young people,” Int. J. Environ. Res.
Public Health, 2015, doi: 10.3390/ijerph120302941.

R. Kuller and C. Lindsten, “Health and behavior of children in classrooms with
and without windows,” J. Environ. Psychol., vol. 12, no. 4, pp. 305-317, 1992,
doi: 10.1016/S0272-4944(05)80079-9.

Z. Keskin, “Investigating the effect of daylight on seating preferences in an
open-plan space: A comparison of methods,” Sch. Archit. Univ. Sheff., 2019,
doi: 10.1016/j.surfcoat.2019.125084.

A. Yasukouchi, T. Maeda, K. Hara, and H. Furuune, “Non-visual effects of
diurnal exposure to an artificial skylight, including nocturnal melatonin
suppression,” J. Physiol. Anthropol., vol. 38, no. 1, pp. 1-12, 2019, doi:
10.1186/s40101-019-0203-4.

K. Chamilothori, J. Wienold, and M. Andersen, “Daylight patterns as a means
to influence the spatial ambiance: a preliminary study,” 3rd Int. Congr.
Ambiances, 2016.

M. G. Figueiro, J. A. Brons, B. Plitnick, B. Donlan, R. P. Leslie, and M. S. Rea,
“Measuring circadian light and its impact on adolescents,” Light. Res. Technol.,
vol. 43, no. 2, pp. 201-215, 2011, doi: 10.1177/1477153510382853.

Z. Karami, R. Golmohammadi, A. Heidaripahlavian, J. Poorolajal, and R.
Heidarimoghadam, “Effect of daylight on melatonin and subjective general
health factors in elderly people,” Iran. J. Public Health, vol. 45, no. 5, pp. 636—
643, 2016.

251



[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

R. Arguelles-Prieto, M. A. Bonmati-Carrion, M. A. Rol, and J. A. Madrid,
“Determining light intensity, timing and type of visible and circadian light from
an ambulatory circadian monitoring device,” Front. Physiol., vol. 10, no. JUN,
pp. 1-10, 2019, doi: 10.3389/fphys.2019.00822.

P. Boyce, C. Hunter, and O. Howlett, “The Benefits of Daylight through
Windows,” Light. Reasearch Cent., vol. 1, no. 1, pp. 1-88, 2003, doi: 12180-
3352.

R. Kdller, S. Ballal, T. Laike, B. Mikellides, and G. Tonello, “The impact of light
and colour on psychological mood: A cross-cultural study of indoor work
environments,” Ergonomics, 2006, doi: 10.1080/00140130600858142.

K. Choi, C. Shin, T. Kim, H. J. Chung, and H. J. Suk, “Awakening effects of
blue-enriched morning light exposure on university students’ physiological and
subjective responses,” Sci. Rep., 2019, doi: 10.1038/s41598-018-36791-5.

S. Garbarino, P. Lanteri, V. Prada, M. Falkenstein, and W. G. Sannita,
“Circadian Rhythms, Sleep, and Aging,” J. Psychophysiol., no. September,
2020, doi: 10.1027/0269-8803/a000267.

M. T. B. Shamsul, S. Nur Sajidah, and S. Ashok, “Alertness, Visual Comfort,
Subjective Preference and Task Performance Assessment under Three
Different Light's Colour Temperature among Office Workers,” Adv. Eng.
Forum, vol. 10, pp. 77-82, 2013, doi: 10.4028/www.scientific.net/aef.10.77.

M. Adamsson, T. Laike, and T. Morita, “Seasonal variation in bright daylight
exposure, mood and behavior among a group of office workers in Sweden,” J.
Circadian Rhythms, vol. 16, no. 1, pp. 1-17, 2018, doi: 10.5334/jcr.153.

A. Borisuit and S. M. Jaeggi, “Effects of prior light exposure on early evening
performance, subjective sleepiness and hormonal secretion,” no. December,
2011, doi: 10.1037/a0026702.

K. Chamilothori, G. Chinazzo, J. Rodrigues, E. S. Dan-Glauser, J. Wienold,
and M. Andersen, “Subjective and physiological responses to fagade and

sunlight pattern geometry in virtual reality,” Build. Environ., vol. 150, no.

252



[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

January, pp. 144-155, 2019, doi: 10.1016/j.buildenv.2019.01.009.

G. Chinazzo, K. Chamilothori, J. Wienold, and M. Andersen, “Temperature—
Color Interaction: Subjective Indoor Environmental Perception and
Physiological Responses in Virtual Reality,” Hum. Factors, 2020, doi:
10.1177/0018720819892383.

K. CHAMILOTHORI, “Perceptual effects of daylight patterns in architecture,”
2019.

S. Chung, “How to measure the circadian rhythm in human being?,” J. Korean
Sleep Res. Soc., vol. 6, no. 2, pp. 63—68, 2009, doi: 10.13078/jksrs09013.

L. Bellia, F. Fragliasso, and E. Stefanizzi, “Daylit offices: A comparison
between measured parameters assessing light quality and users’ opinions,”
Build. Environ., vol. 113, pp. 92-106, 2017, doi:
10.1016/j.buildenv.2016.08.014.

A. D. Galasiu and J. A. Veitch, “Occupant preferences and satisfaction with the
luminous environment and control systems in daylit offices: a literature review,”
Energy Build., vol. 38, no. 7, pp. 728-742, 2006, doi:
10.1016/j.enbuild.2006.03.001.

V. R. M. Lo Verso et al., “Questionnaires and simulations to assess daylighting
in Italian university classrooms for IEQ and energy issues,” Energy Build., vol.
252, p. 111433, 2021, doi: 10.1016/j.enbuild.2021.111433.

L. Albertazzi, L. Canal, P. Chisté, R. Micciolo, and D. Zavagno, “Sensual
Light? Subjective Dimensions of Ambient lllumination,” Perception, vol. 47, no.
9, pp. 909-926, 2018, doi: 10.1177/0301006618787737.

H. Jin, X. Li, J. Kang, and Z. Kong, “An evaluation of the lighting environment
in the public space of shopping centres,” Build. Environ., vol. 115, pp. 228
235, 2017, doi: 10.1016/j.buildenv.2017.01.008.

T. Levin, “DAYLIGHTING IN ENVIROMENTALLY CERTIFIED BUILDINGS
Subjective and objective assessment of MKB,” pp. 1-117, 2017.

253



[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

M. S. Rea, M. G. Figueiro, A. Bierman, and J. D. Bullough, “Circadian light,” J.
Circadian Rhythms, vol. 8, pp. 1-10, 2010, doi: 10.1186/1740-3391-8-2.

B. Jung and M. Inanici, “Measuring circadian lighting through high dynamic
range photography,” Light. Res. Technol., vol. 51, no. 5, pp. 742-763, 2019,
doi: 10.1177/1477153518792597.

N. Gentile et al., “Monitoring protocol to assess the overall performance of
lighting and daylighting retrofit projects,” Energy Procedia, vol. 78, pp. 2681—
2686, 2015, doi: 10.1016/j.egypro.2015.11.347.

I. Dianat, A. Sedghi, J. Bagherzade, M. A. Jafarabadi, and A. W. Stedmon,
“Objective and subjective assessments of lighting in a hospital setting:
Implications for health, safety and performance,” Ergonomics, 2013, doi:
10.1080/00140139.2013.820845.

N. Wang and M. Boubekri, “Investigation of declared seating preference and
measured cognitive performance in a sunlit room,” J. Environ. Psychol., 2010,
doi: 10.1016/j.jenvp.2009.12.001.

Z. Keskin, Y. Chen, and S. Fotios, “Daylight And Seating Preference In Open-
Plan Library Spaces,” Int. J. Sustain. Light., 2017, doi: 10.26607/ijsl.v17i0.12.

S. Rockcastle and M. Andersen, “Human perceptions of daylight composition
in architecture: A preliminary study to compare quantitative contrast measures

with subjective user assessments in hdr renderings,” 2015.

G. Izmir Tunahan, “Evaluation of Daylight Perception Assessment Methods,”
Front. Psychol., no. April, 2022, doi: 10.3389/fpsyg.2022.805796.

M. G. Figueiro, S. Nonaka, and M. S. Rea, “Daylight exposure has a positive
carryover effect on nighttime performance and subjective sleepiness,” Light.
Res. Technol., vol. 46, no. 5, pp. 506-519, 2014, doi:
10.1177/1477153513494956.

K. Chamilothori, G. Chinazzo, J. Rodrigues, E. S. Dan-glauser, J. Wienold,
and M. Andersen, “Periced interest and heart rate response to facade and
daylight patterns in Virtual Reality,” Acad. Neurosci. Archit. 2018, pp. 1-2,

254



2018.

[95] K. Chamilothori, J. Wienold, and M. Andersen, “Fagade design and our
experience of space: the joint impact of architecture and daylight on human

perception and physiological responses,” 2018.

[96] L. Tahkamo, T. Partonen, and A. K. Pesonen, “Systematic review of light
exposure impact on human circadian rhythm,” Chronobiol. Int., vol. 36, no. 2,
pp. 151-170, 2015, doi: 10.1080/07420528.2018.1527773.

[97] K. Axarli and A. Meresi, “Objective and subjective criteria regarding the effect

of sunlight and daylight in classrooms,” 2008.

[98] H.D. Cheung and T. M. Chung, “A study on subjective preference to daylit
residential indoor environment using conjoint analysis,” Build. Environ., vol. 43,
no. 12, pp. 2101-2111, 2008, doi: 10.1016/j.buildenv.2007.12.011.

[99] |. Bournas, M. C. Dubois, and T. Laike, “Relation between occupant perception
of brightness and daylight distribution with key geometric characteristics in
multi-family apartments of Malmo, Sweden,” J. Phys. Conf. Ser., vol. 1343, no.
1, 2019, doi: 10.1088/1742-6596/1343/1/012161.

[100] J. A. Jakubiec, G. Quek, and T. Srisamranrungruang, “Towards Subjectivity in
Annual Climate-Based Daylight Metrics,” Build. Simul. Optim. Conf., no.
September, pp. 11-12, 2018.

[101] Y. Bian and T. Luo, “Investigation of visual comfort metrics from subjective
responses in China: A study in offices with daylight,” Build. Environ., vol. 123,
pp. 661-671, 2017, doi: 10.1016/j.buildenv.2017.07.035.

[102] M. Organ and M. Jantti, “Academic library seating: A survey of usage, with
implications for space utilisation,” Aust. Acad. Res. Libr., 1997, doi:
10.1080/00048623.1997.10755015.

[103] J.-J. Kim and J. Wineman, “Are Windows and Views Really Better?,” A Quant.
Anal. Econ. Psychol. Value Views, Daylight Divid. Program, Light. Res. Center,
Rensselaer Polytech. Institute, Troy, NY, 2005.

255



[104] A. R. Othman, M. Aiera, and M. Mazli, “Influences of Daylighting t Satisfaction
at Raja Tun Uda Public Library, Shah Alam,” Procedia-Social Behav. Sci.,
2012, doi: 10.1016/j.sbspro.2012.12.224.

[105] Z. Gou, M. Khoshbakht, and B. Mahdoudi, “The impact of outdoor views on
students’ seat preference in learning environments,” Buildings, 2018, doi:
10.3390/buildings8080096.

[106] A. Handina, N. Mukarromah, R. A. Mangkuto, and R. T. Atmodipoero,
“Prediction of Daylight Availability in a Large Hall with Multiple Facades Using
Computer Simulation and Subjective Perception,” Procedia Eng., vol. 170, pp.
313-319, 2017, doi: 10.1016/j.proeng.2017.03.037.

[107] IEA, “Post occupancy evaluation of daylight in buildings,” no. December, pp.
1-56, 1999.

[108] J. A. Veitch and G. R. Newsham, “Exercised control, lighting choices, and
energy use: An office simulation experiment,” J. Environ. Psychol., vol. 20, no.
3, pp. 219-237, 2000, doi: 10.1006/jevp.1999.0169.

[109] UK Green Building Council, “PINPOINTING : BUS Methodology,” no. August,
pp. 1-6, 2013.

[110] K. Hall and D. Kapa, “Silent and Independent: Student Use of Academic
Library Study Space,” Partnersh. Can. J. Libr. Inf. Pract. Res., vol. 10, no. 1,
pp. 1-38, 2015, doi: 10.21083/partnership.v10i1.3338.

[111] A. A. Adikata and M. A. Anwar, “Student library use: A study of faculty
perceptions in a Malaysian University,” Libr. Rev., vol. 55, no. 2, pp. 106119,
2006, doi: 10.1108/00242530610649602.

[112] A. J. Head, “Planning and Designing Academic Library Learning Spaces:
Expert Perspectives of Architects, Librarians, and Library Consultants,” SSRN
Electron. J., pp. 0-36, 2017, doi: 10.2139/ssrn.2885471.

[113] F. C. Choy and S. N. Goh, “A framework for planning academic library
spaces,” Libr. Manag., vol. 37, no. 1-2, pp. 13-28, 2016, doi: 10.1108/LM-01-
2016-0001.

256



[114] Kathleen M. Webb, Molly A. Schaller, and Sawyer A. Hunley, “Measuring
Library Space Use and Preferences: Charting a Path Toward Increased
Engagement,” portal Libr. Acad., vol. 8, no. 4, pp. 407-422, 2008, doi:
10.1353/pla.0.0014.

[115] R. Beckers, T. van der Voordt, and G. Dewulf, “Learning space preferences of
higher education students,” Build. Environ., vol. 104, pp. 243-252, 2016, doi:
10.1016/j.buildenv.2016.05.013.

[116] N. Ibrahim and N. H. Fadzil, “Informal Setting for Learning on Campus: Usage
and Preference,” Procedia - Soc. Behav. Sci., vol. 105, pp. 344-351, 2013,
doi: 10.1016/j.sbspro.2013.11.036.

[117] R. McGinnis and L. S. Kinder, “The library as a liminal space: Finding a seat of
one’s own,” J. Acad. Librariansh., no. August, p. 102263, 2020, doi:
10.1016/j.acalib.2020.102263.

[118] G. Thangaraj and S. S. Balaji, “A Study on Influences of Lighting on Resource
Usage in an Institution Library,” Int. J. Res. Eng. Technol., vol. 03, no. 23, pp.
222-225, 2014, doi: 10.15623/ijret.2014.0323049.

[119] Z. Gou, M. Khoshbakht, and B. Mahdoudi, “The impact of outdoor views on
students’ seat preference in learning environments,” Buildings, vol. 8, no. 8,
pp. 1-15, 2018, doi: 10.3390/buildings8080096.

[120] A. Sztejnberg, A. Maslej, and J. Hurek, “The Impact of Seat Preference in the

Classroom on Course Performance,” 2008.

[121] A. Paone and J. P. Bacher, “The impact of building occupant behavior on
energy efficiency and methods to influence it: A review of the state of the art,”
Energies, vol. 11, no. 4, 2018, doi: 10.3390/en11040953.

[122] R. V. Andersen, “Occupant Behaviour With Regard To Control of the Indoor
Environment,” no. May, 2009.

[123] V. Fabi, R. V. Andersen, S. P. Corgnati, and F. Venezia, “Influence of User
Behaviour on Indoor Environmental Quality and Heating Energy Consumptions
in Danish Dwellings,” Cobee2012, no. January 2014, 2012.

257



[124] V. W. Y. Tam, L. Aimeida, and K. Le, “Energy-related occupant behaviour and
its implications in energy use: A chronological review,” Sustain., vol. 10, no. 8,
pp. 1-20, 2018, doi: 10.3390/su10082635.

[125] F. Stazi, F. Naspi, and M. D’Orazio, “A literature review on driving factors and
contextual events influencing occupants’ behaviours in buildings,” Build.
Environ., vol. 118, pp. 40-66, 2017, doi: 10.1016/j.buildenv.2017.03.021.

[126] A. R. Othman and M. A. M. Mazli, “Influences of Daylighting towards Readers’
Satisfaction at Raja Tun Uda Public Library, Shah Alam,” Procedia - Soc.
Behav. Sci., vol. 68, pp. 244-257, 2012, doi: 10.1016/j.sbspro.2012.12.224.

[127] C. Dubois, C. Demers, and A. Potvin, “Daylit spaces and comfortable
occupants: A variety of luminous ambiences in support of a diversity of
individuals,” PLEA 2009 - Archit. Energy Occupant’s Perspect. Proc. 26th Int.
Conf. Passiv. Low Energy Archit., no. June, 2009.

[128] N. Kaya and B. Burgess, “Territoriality: Seat preferences in different types of
classroom arrangements,” Environ. Behav., vol. 39, no. 6, pp. 859-876, 2007,
doi: 10.1177/0013916506298798.

[129] Z. Keskin, Y. Chen, and S. Fotios, “Daylight And Seating Preference In Open-
Plan Library Spaces,” Int. J. Sustain. Light., vol. 1, no. 1, p. 12, 2015, doi:
10.17069/ijsl.2015.12.1.1.12.

[130] D. Stone, Policy Paradox: The art of political decision making. 2002.
[131] D. Kahneman, Thinking, Fast and Slow. 2011.
[132] P. R. Boyce, Human Factors in Lighting. Boca Raton, FL: CRC Press., 2014.

[133] C. F. Reinhart and D. A. Weissman, “The daylit area - Correlating architectural
student assessments with current and emerging daylight availability metrics,”
Build. Environ., vol. 50, pp. 155-164, 2012, doi:
10.1016/j.buildenv.2011.10.024.

[134] H. Moztarzadeh, “Sense of Belonging in Research Building Advances in

Environmental Biology Sense of Belonging in Research Building,” no.

258



December, 2014.

[135] C. F. Reinhart and D. A. Weissman, “The daylit area - Correlating architectural
student assessments with current and emerging daylight availability metrics,”
Build. Environ., vol. 50, pp. 155-164, 2012, doi:
10.1016/j.buildenv.2011.10.024.

[136] G. Izmir Tunahan, H. Altamirano, and J. Unwin, “The impact of daylight

availability on seat selection,” no. August, 2021.

[137] J. S. Lee and B. S. Kim, “Development of the nomo-graph for evaluation on
discomfort glare of windows,” Sol. Energy, vol. 81, no. 6, pp. 799-808, 2007,
doi: 10.1016/j.solener.2006.09.006.

[138] M. Hébert, S. K. Martin, C. Lee, and C. |. Eastman, “The effects of prior light
history on the suppression of melatonin by light in humans,” J. Pineal Res., vol.
33, no. 4, pp. 198-203, 2002, doi: 10.1034/j.1600-079X.2002.01885.x.

[139] A. M. Cox, “Space and embodiment in informal learning,” High. Educ., vol. 75,
no. 6, pp. 1077-1090, 2018, doi: 10.1007/s10734-017-0186-1.

[140] G. Walton, “Use of Library space at Loughborough University : results from a
2005 / 2006 user survey July 2006,” no. July, 2006.

[141] E. Delzendeh, S. Wu, A. Lee, and Y. Zhou, “The impact of occupants’
behaviours on building energy analysis: A research review,” Renew. Sustain.
Energy Rev., vol. 80, no. September 2016, pp. 1061-1071, 2017, doi:
10.1016/j.rser.2017.05.264.

[142] L. K. Norford, R. H. Socolow, E. S. Hsieh, and G. V. Spadaro, “Two-to-one
discrepancy between measured and predicted performance of a ‘low-energy’
office building: insights from a reconciliation based on the DOE-2 model,”
Energy Build., vol. 21, no. 2, pp. 121-131, 1994, doi: 10.1016/0378-
7788(94)90005-1.

[143] D. R. G. Hunt, “The use of artificial lighting in relation to daylight levels and
occupancy,” Build. Environ., vol. 14, no. 1, pp. 21-33, 1979, doi:
10.1016/0360-1323(79)90025-8.

259



[144] M. A. Nel and I. Fourie, “Information Behavior and Expectations of Veterinary
Researchers and Their Requirements for Academic Library Services,” J. Acad.
Librariansh., vol. 42, no. 1, pp. 44-54, 2016, doi: 10.1016/j.acalib.2015.10.007.

[145] C. Cuttle, Lighting by Design, 2nd editio. Oxford, Architectural Press, 2008.

[146] G. Flynn, J E; Segil, A W; Steffy, Architectural Interior Systems: Lighting, Air
Conditioning, Acoustics., 2nd editio. New York: Van Nostrand Reinhold., 1988.

[147] M. A. Steane, The Architecture of Light: Recent Approaches to Designing with
Natural Light. Routledge, 2011.

[148] M. A. Jaskowiak, K. Garman, M. Frazier, and T. Spires, “We’re all in this
together: An examination of seating and space usage in a renovated academic
library,” Libr. Philos. Pract., vol. 2019, no. August, 2019.

[149] Y. H. Min and S. Lee, “Space-choice behavior for individual study in a digital
reading room,” J. Acad. Librariansh., vol. 46, no. 2, p. 102131, 2020, doi:
10.1016/j.acalib.2020.102131.

[150] X. Liang, T. Hong, and G. Q. Shen, “Occupancy data analytics and prediction:
A case study,” Build. Environ., vol. 102, pp. 179-192, 2016, doi:
10.1016/j.buildenv.2016.03.027.

[151] J. Xia, “Visualizing occupancy of library study space with GIS maps,” New Libr.
World, vol. 106, no. 5-6, pp. 219-233, 2005, doi:
10.1108/03074800510595832.

[152] N. H. H. Huy, N. Gulati, Y. Lee, and R. K. Balan, “Real-time detection of seat
occupancy and hogging,” 10T-App 2015 - Proc. 2015 Int. Work. Internet Things
Towar. Appl. co-located with SenSys 2015, pp. 29-34, 2015, doi:
10.1145/2820975.2820981.

[153] O. C. Daniel, V. Ramsurrun, and A. K. Seeam, “Smart Library Seat, Occupant
and Occupancy Information System, using Pressure and RFID Sensors,” 2nd
Int. Conf. Next Gener. Comput. Appl. 2019, NextComp 2019 - Proc., no. March
2020, pp. 1-5, 2019, doi: 10.1109/NEXTCOMP.2019.8883610.

260



[154] Z. Pang et al., “Application of mobile positioning occupancy data for building
energy simulation: An engineering case study,” Build. Environ., vol. 141, no.
4800, pp. 1-15, 2018, doi: 10.1016/j.buildenv.2018.05.030.

[155] X. Guo, D. K. Tiller, G. P. Henze, and C. E. Waters, “The performance of
occupancy-based lighting control systems: A review,” Light. Res. Technol., vol.
42, no. 4, pp. 415431, 2010, doi: 10.1177/1477153510376225.

[156] W. K. Chang and T. Hong, “Statistical analysis and modeling of occupancy
patterns in open-plan offices using measured lighting-switch data,” Build.
Simul., vol. 6, no. 1, pp. 23—-32, 2013, doi: 10.1007/s12273-013-0106-y.

[157] S. Wang, “CO2-Based Occupancy Detection for On-Line Outdoor Air Flow,”
Indoor Built Environ., pp. 165-181, 1989.

[158] V. L. Erickson, M. A. Carreira-Perpifian, and A. E. Cerpa, “OBSERVE:
Occupancy-based system for efficient reduction of HVAC energy,” Proc. 10th
ACM/IEEE Int. Conf. Inf. Process. Sens. Networks, IPSN’11, pp. 258-269,
2011.

[159] Y. Wang and L. Shao, “Understanding occupancy pattern and improving
building energy efficiency through Wi-Fi based indoor positioning,” Build.
Environ., vol. 114, pp. 106-117, 2017, doi: 10.1016/j.buildenv.2016.12.015.

[160] UCL, “Study Space Availability FAQs,” 2017.
https://www.ucl.ac.uk/library/libraries-and-study-spaces/available-study-

spaces/study-space-availability-fags.

[161] P. Will, W. F. Bischof, and A. Kingstone, “The impact of classroom seating
location and computer use on student academic performance,” PLoS One, vol.
15, no. 8 August 2020, pp. 1-11, 2020, doi: 10.1371/journal.pone.0236131.

[162] G. Izmir Tunahan, H. Altamirano, and J. Unwin Teji, “The role of daylight in
library users’ seat preferences,” no. November, pp. 213-223, 2021, doi:
10.25039/x48.2021.0p24.

[163] D. Moher, J. Tetzlaff, A. Liberati, and D. G. Altman, “Preferred reporting items

for systematic reviews and meta-analyses: The PRISMA statement,” Int. J.

261



[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

Surg., vol. 8, no. 5, pp. 336-341, 2010, doi: 10.1016/}.ijsu.2010.02.007.

G. Izmir Tunahan, H. Altamirano, and J. Unwin Teji, “Conceptual Framework of
Cultural Background in the Lit Environment,” no. November, pp. 510-518,
2021, doi: 10.25039/x48.2021.0p63.

D. H. Kim and K. P. Mansfield, “A cross-cultural study on perceived lighting
quality and occupants’ well-being between UK and South Korea,” Energy
Build., 2016, doi: 10.1016/j.enbuild.2016.03.033.

T. S. Saraiva, M. de Almeida, L. Braganga, and M. T. Barbosa, “Environmental
comfort indicators for school buildings in sustainability assessment tools,”
Sustain., vol. 10, no. 6, pp. 1-11, 2018, doi: 10.3390/su10061849.

H. Brandl and B. Lachenmayr, “Sensitivity of the central visual field dependent
on hemoglobin-oxygen saturation,” Ophthalmologe, vol. 91, no. 2, pp. 151—-
155, 1994.

M. G. Kent, S. Altomonte, P. R. Tregenza, and R. Wilson, “Temporal variables
and personal factors in glare sensation,” Light. Res. Technol., vol. 48, no. 6,
pp. 689-710, 2016, doi: 10.1177/1477153515578310.

A. Kawasaki et al., “Impact of long-term daylight deprivation on retinal light
sensitivity, circadian rhythms and sleep during the Antarctic winter,” Sci. Rep.,
vol. 8, no. 1, pp. 1-12, 2018, doi: 10.1038/s41598-018-33450-7.

S. Siu-Yu Lau, Z. Gou, and F. M. Li, “Users’ perceptions of domestic windows
in Hong Kong: Challenging daylighting-based design regulations,” J. Build.
Apprais., vol. 6, no. 1, pp. 81-93, 2010, doi: 10.1057/jba.2010.12.

Office for National Statistics, “Ethnic group, national identity and religion -
Office for National Statistics,” 2018.
https://www.ons.gov.uk/methodology/classificationsandstandards/measuringeq

uality/ethnicgroupnationalidentityandreligion (accessed Jan. 01, 2020).

A. et al. Subova, “RESULTS OF AN ONGOING EXPERIMENTS ON
SUBJECTIVE RESPONSE DISCOMFORT GLARE,” J. lllum. Eng. Inst.
JapanJOURNAL lllum. Eng. Inst. JAPAN, 1991, doi:

262



[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

10.2150/jieij1980.75.appendix_129.

T. IWATA, M. SHUKUYA, N. SOMEKAWA, and K. KIMURA,
“‘EXPERIMENTAL STUDY ON DISCOMFORT GLARE CAUSED BY
WINDOWS : Subjective response to glare from a simulated window,” J. Archit.
Plan. Environ. Eng. (Transactions AlJ), 1992, doi: 10.3130/aijax.432.0_21.

C. Pierson, J. Wienold, and M. Bodart, “Discomfort glare perception in
daylighting: Influencing factors,” Energy Procedia, vol. 122, pp. 331-336,
2017, doi: 10.1016/j.egypro.2017.07.332.

T.J. T. P. van den Berg, J. K. ljspeert, and P. W. T. de Waard, “Dependence
of intraocular straylight on pigmentation and light transmission through the
ocular wall,” Vision Res., vol. 31, no. 7-8, pp. 1361-1367, 1991, doi:
10.1016/0042-6989(91)90057-C.

S. Higuchi, Y. Motohashi, K. Ishibashi, and T. Maeda, “Influence of eye colors
of Caucasians and Asians on suppression of melatonin secretion by light,” Am
J Physiol Regul Integr Comp Physiol, vol. 292, pp. 0-000, 2007, doi:
10.1152/ajpregu.00355.2006.-This.

Belcher M., “Cultural aspects of illuminance levels,” Light. Des. Appl., no. 15,
pp. 49-50, 1985.

P. Bodrogi, Y. Lin, X. Xiao, D. Stojanovic, and T. Q. Khanh, “Intercultural
observer preference for perceived illumination chromaticity for different
coloured object scenes,” Light. Res. Technol., 2017, doi:
10.1177/1477153515616435.

S. L. Chellappa, M. C. M. Gordijn, and C. Cajochen, “Can light make us bright?

Effects of light on cognition and sleep,” in Progress in Brain Research, 2011.

K. A. Smith, M. W. Schoen, and C. A. Czeisler, “Adaptation of human pineal
melatonin suppression by recent photic history,” J. Clin. Endocrinol. Metab.,
vol. 89, no. 7, pp. 3610-3614, 2004, doi: 10.1210/jc.2003-032100.

M. Spitschan, “Differences in rod sensitivity due to photic history?,” Pain, vol.
160, no. 10, p. 2409, 2019, doi: 10.1097/j.pain.0000000000001653.

263



[182] A. M. Chang, F. A. J. L. Scheer, and C. A. Czeisler, “The human circadian
system adapts to prior photic history,” J. Physiol., vol. 589, no. 5, pp. 1095-
1102, 2011, doi: 10.1113/jphysiol.2010.201194.

[183] S. K. Martin, M. He, C. Lee, and |. Charmane, “The effects of prior light history
on the suppression of melatonin by light in humans,” pp. 198-203, 2002.

[184] J. S. Lee and B. S. Kim, “Development of the nomo-graph for evaluation on
discomfort glare of windows,” Sol. Energy, 2007, doi:
10.1016/j.solener.2006.09.006.

[185] N. K. Park, J. Y. Pae, and J. Meneely, “Cultural preferences in hotel guestroom
lighting design,” J. Inter. Des., 2010, doi: 10.1111/j.1939-1668.2010.01046.x.

[186] E. M. Quellman and P. R. Boyce, “The light source color preferences of people
of different skin tones,” J. lllum. Eng. Soc., vol. 31, no. 1, pp. 109-118, 2002,
doi: 10.1080/00994480.2002.10748376.

[187] C. Pierson and T. Iwata, “Do people from different socio-environmental
contexts perceive differently discomfort due to glare from daylight ?,” no.
January, 2021, doi: 10.1177/1477153520983530.

264



Appendices

Appendix 1: Details of the rooms and technical properties in the library

Room 1 Room 2 Room 3

Room geometry Depth 6.50 19.30 15.20
(m) Width 4.70 10.30 7.00

Height 2.81 3.75 2.79
Room reflectance | Floor (carpet) 0.03 0.03 0.03

Walls 0.85 and 0.24 0.77 0.85

Ceiling 0.79 0.79 0.79

Window 0.81 0.81 -

frame
Furniture Desk 0.64 0.23 0.67
reflectance Territory 0.06 and 0.10 0.50 0.13

element

Bookshelves - 0.27 -
Opening Number of 2 windows 13 windows 2 skylights
geometry (m) openings

Height x 1.99x1.25 2.58 x 1.25 and -

Width 2.58 x1.68

Width x - - 3.20 x 6 and

Depth 3.20x 1.80
Glazing Visible 0.60 0.60 0.60
characteristics transmission
Blinds No Yes — No

Occupancy
controlled
internal blinds
Orientation N N-E -
Outdoor view Church Church and Only sky view
characteristics back building
facade
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Appendix 2: The questionnaire used for the research project in Chapter 3

/- ™, |
Bartlett School Environment, Energy and Resources I& ‘ I-' N
Upper Woburn Place WC1H ONN London L B \ WA
L £ —

I'm & PhD student under supervision of Dr. Hector Altamirano and Dr. lemima Unwin. | wiould like to invite you to
participate in my research project. I'm locking for studenits coming from different countries and regions, correspondingly,
different dimate conditions.

If you decide to participate, | will ask you to fill this brief questionnaire which should take around 10-15 minutes. Thank
you for taking the time to consider participating in this study. Please do not hesitate to send me questions you may have.
| agree that the research project has been explained to me and | agree to take part in this study.
Gizem lzmir Tunahan
Email: gizem.izmir tunahan.17@ud.ac.uk

1. Gender 2. Age

d Male O Female O Other: [ Prefernottosay <20 0O20-24 02529 23034 0O=35

3. Approximately how long have you been in or around London?

years mionths 1 am a visitor: days

4. How would you describe your ethnicity?
{Please, choose one section and then, select one option to best describe your ethmnic group or background)

[ White: British, English, Northern Irish, Scottish or Welsh, Irish, Gypsy or Irish traveller,
Any other White ethnic group:

[ Mixed/Multiple ethnic groups: Whits and Black Caribbean, White and Black African, White and Asian,
Any other Mixed or Multiple ethnic group:

[ Asian/Asian British: Indian, Pakistani, Bangladeshi, Chinese, Any other Asian:

[ Black/African/Caribbean/Black British: Caribbean, African, Any other Black / African [ Caribbean:

[ Other ethnic groups: Arab, Any other ethnic group:

5. How do you describe your cultural background?

6. Please, fill out the blanks below [Please, indicate the most specific place)

COUNTRY aTy

Where were you born?

Mother Father Mother Father

Where are your parents from?

Where did you live for most of
your life? How long:

Where did you live in the last
year before coming to London? How long:
(If you lived in multiple places

please fill all blanks with specific
time durations) [Please indicate
initially, most current one} How long:
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7. How many days do you have a regular work schedule?
{regular work days are defined as the days you wake up and go to sleep at similar times)

lworkon O1 D02 O3 O4 DO5 O6 DO7 days perweek
8. (Canyou report on your typical sleep behaviour over the past £ weeks?

Please, respond to the guestions according to your perception of a standard week that includes your usual work days
and work-free days and use a 24-hour time scale (e.g. 23:00 instead of 11 pm).

WORKDAYS FREE DAYS
| go to bed at o'clock. | goto bed at o'clock.
[Mote that some people stay awake for [Mote that some people stay awake for
some time when in bed) some time when in bed)
| actually get ready to fall asleep at | actually get ready to fall aslesp at
o’'clock. o'clock.
| need minutes to fall asleep. | need minutes to fall asleep.
| wake up at o'clock. I wake up at o'clock.
After minutes later, | get up. After minutes |ater, | get up.
| use an alarm clock on workdays: | use an alarm clock on free days:
O ¥es 1 Mo [ ¥es [ No
If yes, | regularly wake up before
the alarm rings
O ¥ez O Mo

9, Please, fill the gap describing your exposure to natural light outdoors on average during a typical day in the last 4
weeks. (without a roof above your head) (each cell represents 15 minutes)

For example:
7am Bam 9am 10 am 11 am MNoon 1 pm 2 pm 3 pm 4 pm
NEEE S ENENENSNNENEEESNENEENNNNE N

| spent time outside under the sky at B:00-8:30 and 3:15-3:45 in a typical day of my last 4 weeks."

On workdays:

7 am Eam 9 am 10 am 11 am MNoon 1 pm 2 pm 3 pm 4 pm

(LT PPy TP PP P PT TP 0
I T I T | T 1

On free days.

7 am & am 9 am 10 am 11 am MNoon 1 pm 2 pm 3 pm 4 pm

L L P TP T T PP T T
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10. Please walk through the Bartlett Library rooms and identify three best and three worst places to sit down in the
below plan drawing (Please tick the point describing that individual desk and write down your liking range.
{A,B,C: best and 1,2,3: worst with liking order. A is the most liked one and C is the third. 1 is the least likedand 3 is

the third least liked cne)

|
-
CI t o4e
i PN

TR

|

=
o G186 = ,.
UBRARY COULECTION X
"
9 |
- |

Also, please indicate your reasons for seat preference:

Best places Worst places
A: 1:
The reason B: 2:
35 3

Please, write down current date and time accurately.
DATE:
TIME:
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Please, tick the most representative answers ta reply following questions for your A seat preference
which you defined as the best place in the previous question:

11. How do you describe the amount of daylight at your seat/ on your desk?

Below Above
Very low Low average average Hizh Very high

12. How do you describe the uniformity of daylight in this room?
(The uniformity of daylight represents if daylight varies within the room or not. If it is uniform, it means that you
perceive similar features of daylight amount within all parts of the room)

Below Above
Very low Low average average Hizh Very high

13. How do you describe the degree of glare that you experience when viewing the windows?
|Glare is a wisual sensation caused by excessive and uncontrolled brightness)

Below Above

Very low Low average average Hizh Very high

14. How do you feel about your overall level of visual comfort in this room?

Very Moderately Slightly Slightly Moderately Very
dissatisfied dissatisfied dissatisfied Satisfied satisfied satisfied
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15. Please draw a ‘daylight boundary line’ for each room around the area you perceived as bright whenever you
find a significant change of contrast. (whenever you feel a change from dark to bright)

For example:
o g e Tlﬂ-q!
E%K_“P [ 2 DARK AREA
i m" B L!' 3
| BOUNDARY LINE
'
L8 0 [ tm
B — BRIGHT AREA
Wil

-

= of ool
‘
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Appendix 3: Description of the occupancy data

Appendix 3.1: Utilisation of the Bartlett Library by date between 2018 and 2019

:MII\II\|I|I\| \IH\\IIHH\..M.
I:DV Agil

'H"'H Ll I‘IHIML_IMLMH_IMI.IH“IML o ‘I |||

Appendix 3.2: Utilisation of the desks in the Bartlett Library in different
seasons

Utilisation of the Bartlett library by seasons
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Appendix 3.3: Utilisation of the Bartlett Library in seasons by the time between
2018 and 2019

Occupancy of the library in different time of the day

Occupancy (%)
o
H
o

Morning : Midday : Afternoon

0.00 I I
09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00:00

Time

=@ \\inter e=@umSpring e=@==Summer e=@==Autumn

Appendix 3.4: Utilisation of the Bartlett Library at different times of the day in
different seasons

Time of day Winter Spring Summer Autumn
Morning 0.34 0.46 0.32 0.29
Midday 0.53 0.58 0.48 0.50

Afternoon 0.48 0.53 0.44 0.45
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Appendix 3.5: Utilisation of the desks in the Bartlett Library in different months

Utilisation of the Bartlett library by months
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Appendix 3.6: Utilisation of the Bartlett Library in a week between 2018 and
2019

Utilization of the Bartlett library by Day
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Appendix 3.7: Utilisation of the Bartlett Library by time on a weekday

Summary Utilisation by Time
100 =

eak

Average
. Minimum

50
50
40

Peak time 1 Peak time 2
20 -

T
08:00 10:00 11:00 12:00 12:00

Average Utilisation by Time
100
0.
a0
70
60
50
0
e
20
0

T T T T T T T — T T T T T T T T T T T
08:00 08:10 08:20 0630 02:40 08:50 10:00 10:10 10:20 10:30 10:40 10:50 1100 11:10 11:20 11:30 11:40 11:50 12:00 1210 12:20 12:30 12:40 1250 13:00 13:10 13:20 12:20 13:40 13:50 14:00 14:10 14:20 14:30 14:40 14:50 15:00 15:10 16:20 15:30 15:40 15:50 16:00 16:10 16:20 16:30 16:40 18:50

Avg. Utilisation Peak Utilisation
Total Spaces No. of Spaces No. of Spaces Peak Time

65 49.8% 32 97 1% &7 2018-11-29 15:50:00

Appendix 3.8: Utilisation of the Bartlett Library by time at a weekend

Summary Utilisation by Time
100 4

a0 | [FE
20

Average
70 W inimum
604
504
40
304 T
204
104
o T T
11:00 12:00 13:00

T T T T
14:00 15:00 16:00 1700

Average Utilisation by Time
100
£
0
k)
&0
£
w0
£
20
i

o

100 1E10 1120 11:30 1140 150 1200 1210 1220 1230 1240 1260 1300 1310 1320 1330 1340 1350 1400 1410 1420 1430 1440 14:50 1600 1510 15:20 15:30 1540 15350 16:00 1610 1920 18:30 10:40 15:80 1700 17-10 1720 1T:30 1740 1760

Avg. Utilisation Peak Utilisation
Total Spaces No. of Spaces No. of Spaces Peak Time

65 30.0% 19 90.6% 29 2018-04-21 16:10:00
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Appendix 4: Utilization of the desks on a typical day

Appendix 4.1: Utilization of the desks in Room 1

09:00-09:10
09:10-09:20
09:20-09:30
09:30-09:40
09:40-09:50
09:50-10:00
10:00-10:10
10:10-10:20
10:20-10:30
10:30-10:40
10:40-10:50
10:50-11:00
11:00-11:10
11:10-11:20
11:20-11:30
11:30-11:40
11:40-11:50
11:50-12:00
12:00-12:10
12:10-12:20
12:20-12:30
12:30-12:40
12:40-12:50
12:50-13:00
13:00-13:10
13:10-13:20
13:20-13:30
13:30-13:40
13:40-13:50
13:50-14:00
14:00-14:10
14:10-14:20
14:20-14:30
14:30-14:40
14:40-14:50
14:50-15:00
15:00-15:10
15:10-15:20
15:20-15:30
15:30-15:40
15:40-15:50
15:50-16:00
16:00-16:10
16:10-16:20
16:20-16:30
16:30-16:40
16:40-16:50
16:50-17:00
17:00-17:10
17:10-17:20
17:20-17:30
17:30-17:40
17:40-17:50
17:50-18:00
18:00-18:10
18:10-18:20
18:20-18:30
18:30-18:40
18:40-18:50
18:50-19:00
19:00-19:10
19:10-19:20
19:20-19:30
19:30-19:40
19:40-19:50
19:50-20:00

1
0.13
0.21
0.26
0.31
0.29
0.33
0.34
0.40
0.44
0.47
0.53
0.51
0.55
0.57
0.60
0.57
0.60
0.58
0.59
0.58
0.56
0.54
0.54
0.56
0.56
0.50
0.55
0.54
0.55
0.59
0.57
0.59
0.58
0.61
0.60
0.61
0.63
0.62
0.61
0.60
0.60
0.57
0.59
0.58
0.57
0.60
0.58
0.53
0.52
0.48
0.48
0.44
0.41
0.41
0.35
0.39
0.32
0.29
0.31
0.26
0.24
0.23
0.21
0.20
0.16
0.09

2
0.10
0.12
0.16
0.19
0.24
0.26
0.29
0.34
0.35
0.36
0.40
0.43
0.48
0.48
0.49
0.50
0.51
0.53
0.55
0.54
0.51
0.50
0.50
0.50
0.48
0.50
0.52
0.45
0.51
0.52
0.54
0.55
0.53
0.54
0.58
0.58
0.59
0.59
0.59
0.60
0.61
0.57
0.56
0.56
0.56
0.55
0.56
0.52
0.50
0.43
0.50
0.44
0.40
0.40
0.38
0.34
0.33
0.2
0.27
0.24
0.24
0.21
0.19
0.16
0.15
0.08

. 020%

3
0.07
0.09
0.15
0.16
0.16
0.18
0.27
0.27
0.29
0.32
031
0.37
0.39
0.44
0.44
0.45
0.49
0.50
0.50
0.51
0.51
0.50
0.49
0.45
0.45
0.42
0.42
0.46
0.47
0.51
0.49
0.49
0.51
0.51
0.51
0.55
0.55
0.56
0.51
0.52
053
0.51
0.51
0.48
0.51
0.48
0.51
0.49
0.45
0.45
0.44
0.41
0.36
0.35
0.33
0.31
0.30
0.28
0.22
0.19
0.22
0.20
0.16
0.14
0.11
0.05

a
0.10
0.13
0.21
0.23
0.24
0.3
0.31
0.39
0.42
0.45
0.48
0.48
0.50
0.53
0.54
0.56
0.56
0.55
0.58
0.55
0.58
0.53
0.54
0.55
0.48
0.45
0.47
0.47
0.51
0.53
0.50
0.53
0.54
0.62
0.61
0.63
0.61
0.60
0.63
0.65
0.61
0.61
0.61
0.54
0.58
0.60
0.60
0.54
0.56
0.53
0.49
0.47
0.45
0.42
0.40
0.40
0.35
0.35
0.34
031
0.30
0.27
0.24
0.19
0.16
0.10

20-40%

5
0.03
0.03
Q.05
0.09
0.10
0.12
0.16
0.17
0.22
0.23
0.24
0.28
0.35
0.39
0.38
0.38
0.41
0.41
0.45
0.41
0.41
0.40
0.42
0.40
0.43
0.43
0.44
0.48
0.48
0.46
0.44
0.47
0.46
0.48
0.48
0.53
0.53
0.52
0.51
0.50
0.51
0.52
0.45
0.46
0.42
0.40
0.42
043
0.43
0.37
0.37
037
0.37
0.36
0.34
0.29
0.29
0.27
0.25
0.22
0.18
0.19
0.13
0.14
0.13
0.06

f 40-60%

6
0.03
0.04
0.04
0.07
0.09
0.08
0.07
0.10
0.15
0.15
0.17
0.22
0.27
033
0.33
0.35
0.36
033
0.38
0.36
0.41
0.36
0.37
0.35
0.37
0.40
0.39
0.40
0.38
0.43
0.39
0.39
0.39
0.42
0.44
0.48
0.48
0.49
0.48
0.43
0.44
0.47
0.45
0.43
0.43
0.43
0.39
0.40
0.40
0.37
0.39
0.38
0.35
0.35
0.30
0.26
0.27
0.26
0.26
0.26
0.26
0.28
0.23
0.21
0.17
0.10

7
0.01
0.01
0.11
0.11
0.12
0.12
0.23
0.23
0.34
0.47
0.46
0.50
0.55
0.58
0.61
0.66
0.61
0.62
0.62
0.62
0.61
0.69
0.68
0.66
0.68
0.66
0.68
0.68
0.66
0.59
0.57
0.64
0.65
0.62
0.66
0.69
0.69
0.70
0.73
0.72
0.70
0.72
0.70
0.72
0.70
0.68
0.66
0.65
0.66
0.61
0.62
0.57
0.50
0.51
0.49
0.49
0.48
0.43
0.39
0.34
031
0.28
0.26
0.20
0.14
0.03

| 60-80%

8
0.01
0.05
0.08
0.08
0.11
0.07
0.07
0.08
0.09
0.15
0.18
0.20
0.28
030
0.32
0.38
0.42
0.41
0.45
0.46
0.50
0.50
0.50
0.50
0.53
0.55
0.58
0.58
0.55
0.50
0.47
0.47
0.53
0.58
059
0.59
0.59
0.61
0.64
0.62
0.65
0.61
0.64
0.66
0.66
0.66
0.54
0.55
0.53
0.55
0.49
0.47
0.46
0.47
0.43
0.46
0.39
0.34
0.30
0.27
0.26
0.26
0.24
0.18
0.16
0.08

9
0.10
0.13
0.17
0.20
0.23
0.26
0.29
0.32
0.35
0.38
0.41

0.47
0.50
0.52
0.55
0.56
057
0.57
0.57
0.57
055
0.55
0.55
0.54
0.54
0.55
0.55
0.57
0.58
0.58
0.60
0.61
0.63
0.64
0.64
0.65
0.65
0.65
0.66
0.65
0.64
0.64
0.63
0.63
0.62
0.61
0.60
0.59
0.57
0.55
053
051
0.48
0.45
0.43
0.39
0.37
0.34
031
0.28
0.26
0.23
0.21
0.18
0.13

l:l 80-100%

10
0.07
0.1
0.15
0.19
0.21
0.24
0.27
0.31
0.35
0.39
0.44
0.47
0.46
0.53
0.55
0.57
0.58
0.56
0.56
0.59
0.59
0.58
0.52
0.55
0.58
0.55
)]
0.59
0.61
0.62
0.60
0.63
0.66
0.70
0.68
0.65
0.67
0.67
0.68
0.67
0.65
0.63
0.61
0.59
0.60
0.60
0.59
0.58
0.56
0.55
0.53
0.52
0.50
0.49
0.46
0.41
0.40
0.37
0.32
0.29
0.26
0.23
0.19
0.18
0.11
0.07

11
0.11
0.13
0.17
0.19
0.22
0.25
0.29
0.35
0.35
0.40
0.42
0.47
0.49
0.55
0.60
0.60
0.61
0.63
0.61
0.61
0.60
0.61
0.61
0.61
0.60
0.62
0.61
0.60
0.62
0.60
0.58
0.63
0.64
0.65
0.66
0.65
0.65
0.63
0.65
0.65
0.66
0.66
0.60
0.61
0.61
0.60
0.60
0.58
0.53
0.50
0.51
0.47
0.44
0.40
0.37
0.34
0.32
0.31
0.27
0.23
0.21
0.18
0.17
0.15
0.12
0.08

275

12
0.18
0.25
0.29
0.36
0.39
0.45
0.45
0.47
0.49
0.50
0.51
0.56
0.55
0.56
0.57
0.60
0.60
0.63
0.63
0.60
0.60
0.56
0.62
0.60
0.62
0.66
0.65
0.67
0.67
0.64
0.63
0.60
0.62
0.65
0.65
0.66
0.66
0.67
0.68
0.68
0.66
0.65
0.62
0.63
0.63
0.62
0.61
0.60
0.58
0.56
0.55
0.53
051
0.47
0.44
0.40
0.35
0.33
0.31
0.28
0.26
0.21
0.19
0.16
0.13
0.10



Appendix 4.2: Utilization of the desks in Room 2

09:00-09:10
09:10-09:20
09:20-09:30
09:30-09:40
09:40-09:50
09:50-10:00
10:00-10:10
10:10-10:20
10:20-10:30
10:30-10:40
10:40-10:50
10:50-11:00
11:00-11:10
11:10-11:20
11:20-11:30
11:30-11:40
11:40-11:50
11:50-12:00
12:00-12:10
12:10-12:20
12:20-12:30
12:30-12:40
12:40-12:50
12:50-13:00
13:00-13:10
13:10-13:20
13:20-13:30
13:30-13:40
13:40-13:50
13:50-14:00
14:00-14:10
14:10-14:20
14:20-14:30
14:30-14:40
14:40-14:50
14:50-15:00
15:00-15:10
15:10-15:20
15:20-15:30
15:30-15:40
15:40-15:50
15:50-16:00
16:00-16:10
16:10-16:20
16:20-16:30
16:30-16:40
16:40-16:50
16:50-17:00
17:00-17:10
17:10-17:20
17:20-17:30
17:30-17:40
17:40-17:50
17:50-18:00
18:00-18:10
18:10-18:20
18:20-18:30
18:30-18:40
18:40-18:50
18:50-19:00
19:00-19:10
19:10-19:20
19:20-19:30
19:30-19:40
19:40-19:50
19:50-20:00
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09:00-09:10
09:10-09:20
09:20-09:30
09:30-09:40
09:40-09:50
09:50-10:00
10:00-10:10
10:10-10:20
10:20-10:30
10:30-10:40
10:40-10:50
10:50-11:00
11:00-11:10
11:10-11:20
11:20-11:30
11:30-11:40
11:40-11:50
11:50-12:00
12:00-12:10
12:10-12:20
12:20-12:30
12:30-12:40
12:40-12:50
12:50-13:00
13:00-13:10
13:10-13:20
13:20-13:30
13:30-13:40
13:40-13:50
13:50-14:00
14:00-14:10
14:10-14:20
14:20-14:30
14:30-14:40
14:40-14:50
14:50-15:00
15:00-15:10
15:10-15:20
15:20-15:30
15:30-15:40
15:40-15:50
15:50-16:00
16:00-16:10
16:10-16:20
16:20-16:30
16:30-16:40
16:40-16:50
16:50-17:00
17:00-17:10
17:10-17:20
17:20-17:30
17:30-17:40
17:40-17:50
17:50-18:00
18:00-18:10
18:10-18:20
18:20-18:30
18:30-18:40
18:40-18:50
18:50-19:00
19:00-19:10
19:10-19:20
19:20-15:30
19:30-19:40
19:40-19:50
19:50-20:00

0.54
049

0.40
0.37
0.35
0.32
0.22

26
0.34
0.46

27 28
0.35 0.29
0.43 0.36

0.58 0.55

0.54 0.55
0.49 051
0.48 047
0.45 0.43
0.42 0.43
0.40 041
035 035
0.23 0.24

29
0.24
0.35

0.58
0.57
0.55
0.50
0.44
0.39
0.30
0.19

30
0.32
0.39

32
0.56

15
0.13
Q.15

Q.45
a.4n
0.35
a.37
.33
031
a.32
0.an
a.z4

34
0.143
a.21

.48
.46
Q.45
.42
a.aa
.37
a.34
Q.37
a.24

35
0.3
Q.03
0.4
Q.25
afa .4
014
.12
0.15
.15
.19
0.23
0.2h
.23
.34
0,34
.32
0.34
0.532
037
041
Q.37
a4z
Q.33
QA2
Q.33
Q.37
0.4z
Q.45
0.4z
Q.43
0.34
Q.49
.45
Q.52
0.51
0.51
041
0.51
0.51
0.52
0,52
.47
0,50
.47
Q.45
Q.45
Q.45
043
Q.43
043
0.34
Q.35
Q.39
034
Q.33
0.31
0.25
0.25
0.2
0.23
.21
014
.11
017
0.2
.16
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Appendix 4.3: Utilization of the desks in Room 3

09:00-09:10
09:10-09:20
09:20-09:30
09:30-09:40
09:40-09:50
09:50-10:00
10:00-10:10
10:10-10:20
10:20-10:30
10:30-10:40
10:40-10:50
10:50-11:00
11:00-11:10
11:10-11:20
11:20-11:30
11:30-11:40
11:40-11:50
11:50-12:00
12:00-12:10
12:10-12:20
12:20-12:30
12:30-12:40
12:40-12:50
12:50-13:00
13:00-13:10
13:10-13:20
13:20-13:30
13:30-13:40
13:40-13:50
13:50-14:00
14:00-14:10
14:10-14:20
14:20-14:30
14:30-14:40
14:40-14:50
14:50-15:00
15:00-15:10
15:10-15:20
15:20-15:30
15:30-15:40
15:40-15:50
15:50-16:00
16:00-16:10
16:10-16:20
16:20-16:30
16:30-16:40
16:40-16:50
16:50-17:00
17:00-17:10
17:10-17:20
17:20-17:30
17:30-17:40
17:40-17:50
17:50-18:00
18:00-18:10
18:10-18:20
18:20-18:30
18:30-18:40
18:40-18:50
18:50-19:00
19:00-19:10
19:10-19:20
19:20-19:30
19:30-19:40
19:40-19:50
19:50-20:00

a2
Q03
a4z
a.11
0.16
Q.19
.25
Q.27
.52
.29
.37
.42
048
.51
a,53
71.56
Q.58
.60
Q.42
.50
.60
Q.58
a.58
Q.55
Q.55
Q.55
.57
4.56
.54
Q.56
.54
.58
.53
0.5
.70
Q.71
.70
a.70
.57
a.70
a7
a.7n
0,56
.57
Q.58
(.56
Q.61
.53
a.61
2,51
a.58
Q.53
.51
Q.49
Q.45
.41
.26
d.39
.22
Q.28
0.25
Q.22
.11
a.18
.16
.12

1]
Q.03
Q.05
Q.4
211
a.15
d.18
.14
Q.22
.24
a.31
.36
.38
042
.47
2,51
.53
Q.54
.57
Q.51
.54
a.53
Q2,51
4.5
Q.55
Q.52
Q.55
.56
4.56
.54
Q.58
.53
Q.66
.57
Q.45
{1.5R
.68
.57
.54
a.70
.54
0,58
.57
Q.58
.57
Q.51
a.41
Q.63
.50
.62
Q.50
4.56
Q.51
a.a7
Q.45
a.40
Q.38
.24
a.32
Q.27
Q.24
.21
Q.17
.15
a.12
.18
a7

40
a2
202
3.4
Q.45
.08
Q.10
.14
.14
a.13
a.15
.25
0.28
.31
.57
Q2,39
.44
Q47
047
Q.50
.52
a.51
Q50
a.95
Q.52
Q.50
Q.52
Q.50
a.51
.55
Q.56
.57
Q.62
.61
Q.53
{.RE
Q.65
.57
.55
.68
.54
0,52
71.54
Q.53
.1
Q.60
.60
Q.60
2,52
.58
Q.58
a.56
Q.51
.51
.45
041
Q.38
.25
d.33
a.21
231
.26
.21
.21
Q.18
.18
.18

a2
a.03
Q.03
247
208
a.11
a.14
a.17
a.18
.73
025
037
134
0,30
.45
Q0,50
.54
Q.56
.56
.56
0,57
Q.57
0,56
Q.54
Q.53
.51
Q.62
.64
Q.60
062
a.6a
.54
.65
.63
.65
.5R
0.5B
1L6R
0.5E
(.6R
.5R
0,66
LRS
0,68
AR
Q.66
.68
Q.68
0,66
.61
0,56
a.54
Q.53
951
QA5
2.3
.40
a.40
.3y
a.30
029
a.27
024
a.21
a.18
a5
a.14

&6
aqz
a2
aqz2
203
a5
a0k
a.a07
a8
a0
a.1n
a.11
a1z
a.11
115
017
a1k
217
018
a.1a
018
a.1m
217
a.16
a.18
218
218
a.18
a.17?
a1
a.19
114
221
1.2
a.23
a.21
a.zn
.21
a1
.20
a.zn
.20
a1
218
.20
218
a.1n
2.20
011
a.19
219
01?7
a.18
416
215
a1
213
a1z
a.409
a8
ag?
a5
a5
a0s
a4s
a0
a4
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09:00-09:10
09:10-09:20
09:20-09:30
09:30-09:40
09:40-09:50
09:50-10:00
10:00-10:10
10:10-10:20
10:20-10:30
10:30-10:40
10:40-10:50
10:50-11:00
11:00-11:10
11:10-11:20
11:20-11:30
11:30-11:40
11:40-11:50
11:50-12:00
12:00-12:10
12:10-12:20
12:20-12:30
12:30-12:40
12:40-12:50
12:50-13:00
13:00-13:10
13:10-13:20
13:20-13:30
13:30-13:40
13:40-13:50
13:50-14:00
14:00-14:10
14:10-14:20
14:20-14:30
14:30-14:40
14:40-14:50
14:50-15:00
15:00-15:10
15:10-15:20
15:20-15:30
15:30-15:40
15:40-15:50
15:50-16:00
16:00-16:10
16:10-16:20
16:20-16:30
16:30-16:40
16:40-16:50
16:50-17:00
17:00-17:10
17:10-17:20
17:20-17:30
17:30-17:40
17:40-17:50
17:50-18:00
18:00-18:10
18:10-18:20
18:20-18:30
18:30-18:40
18:40-18:50
18:50-19:00
19:00-19:10
19:10-19:20
19:20-19:30
19:30-19:40
19:40-19:50
19:50-20:00

48
a4
a0
a.10
d.11
.14
018
.14
a.14
.74
0.28
.35
.40
.41
148
.52
.55
.55
.58
.58
Q.58
a.57
.58
.56
Q.57
Q.55
.56
0.55
Q.58
.58
.50
.56
a.58
1.5
.62
.64
.65
.63
LE7?
.67
0.7
a.71
.70
Q.70
a7
Q.67
1.6E
Q.67
.63
Q.61
Q.60
.61
Q.58
0.53
a.52
.44
Q.06
a.41
a.ak
.34
0.3
.31
a.28
0.4
a.20
115
1.15

&4
a3
0.5
0.4
011
0.14
a1
0.z
a.23
0.2R
0.29
034
033
0.43
050
0,52
.55
Q.58
.60
Q.63
Q.60
Q.54
0,61
Q.61
Q.58
0.5y
a.58
0.5e
Q.61
Q.60
062
0.64
0.6k
.58
031
072
032
0.61
032
070
0.70
0,73
0.7n
071
n.3n
0.68
065
(.66
.65
Q.64
Q.60
0.61
Q.57
Q.51
0.4
a4
0.4
041
0.34
0.4
0.3z
0.3n
0.25
0.2
0.1
.
a.14

5
a3
a45
146
A0k
.08
a.10
112
a.12
.15
.18
.71
.23
.27
1.34
A.37
.38
QA2
.45
0245
.45
Q2.1
.44
0.8
Q.50
0.48
.50
0.4
Q.48
a.50
052
1.52
a.52
1.55
0.54
.51
.50
.61
.62
.63
.60
.59
71.51
.60
LGN
Q.56
1.5
.51
.56
.53
Q.43
a.51
Q.47
.40
.40
a.34
Q.35
.30
a.27
a.24
0.22
.20
a.14
1R
1.15
.12
.08

51
a3
006
013
0.1k
a.2n
0.4
.27
031
033
.37
041
0.5
053
.55
0.58
0.61
Q.62
.5k
066
.62
Q.60
0,58
0.54
Q.60
Q.60
Q.54
0.5k
Q.60
Q.60
Q.61
0.53
0.64
.57
032
0.73
0.74
n.73
0.73
.71
0.74
0,71
0.7l
0,70
.31
071
0.61
Q.66
.64
0.62
062
Q.61
Q.55
Q.55
0.4
0.q8
0.45
0.3
Q.35
a.an
0.2k
0.4
a.22
n.zn
017
0.1R
0.1z

5
.05
0,05
.08
0.13
1.14
.17
.20
4.24
1.27
431
1.34
1.36
1.41
1.42
1,45
.51
149
1.52
.55
.54
.52
.52
4.52
.52
4.50
.52
4.52
.53
4.57
AL.60
1.58
4.61
.64
465
1.7
4.63
.65
1.63
LB5
1LET
.69
1.5
162
1L.65
163
LG4
263
161
A60
.61
461
1.56
4.52
.52
4.4
.41
4.40
.37
1.36
4.33
1.29
4.25
1.25
4.21
.20
1.14

L1
a.04
0.05
0.11
0.15
017
0.22
.24
0.28
.31
Q.35
0.31
.42
045
.48
.52
.57
0,58
.61
Q.60
.60
0.62
1.58
Q.60
061
0.58
0.54
0.55
0.55
1.5E
063
0.E3
0.65
0.68
.71
0.0
.74
0.7
0.71
.72
.73
0.69
0.0
0,68
1.6R
(.65
.65
.65
1.63
Q.62
.60
0.58
2,57
0.55
0.52
0.q4
Q.47
1.44
0.d41
138
034
1.3z
441
0.2k
0.24
ain
Q.15

a.04
Q.06
.08
4.10
aq.11
a.13
116
a.14
.21

.23
.27
a1.28
.37
.40
.43
1.4R
.46
.52
a.52
.54
Q.51
.52
a.51
.52
0.4
.50
a.50
Q.52
1.55
0.54
.56
.55
1.55
0.5
11.5%
.60
.64
1LET
L6
1LET
.68
1LER
.66
L.AR
.64
.63
Q.63
.63
Q.63
0,58
a.57
Q.51
a.53
a.52
.50
.45
a.40
a3
.35
0,30
.31

a.25
.23
0.20
1R
.12

55
aa?
Q.08
0.14
0.18
a.24
0.8
0.21
441
n.34
035
0.31
1.43
0.43
Q.50
0.53
057
Q.58
.58
Q.54
.58
Q.56
Q.60
0.56
Q.58
0.58
Q.58
0.58
0.61
0.E3
063
0.E1
0.61
.62
0.k
0.F5
Q.62
.64
0.E3
.64
Q.67
.66
0.F4
Q.61
.62
Q.60
.61
Q.61
0.60
0.50
0,56
0.52
0.53
0.qu
0.45
a.42
Q.40
L
033
a.3n
Q.25
.24
0.3
n.1n
Q.15
014
a.1n

b
.08
a.0%
a.13
a1y
a.1%
0.23
1.25
a3
133
1.35
.38
a1.43
.50
.52
.55
.62
062
.61
A6
.62
a.63
.63
0.54
.63
a.58
.56
.58
Q.56
1.61
P
162
a.LE
.64
.64
1.ET
.68
.74
.69
.71
.72
a7
1.6%
067
AT
2569
.65
a.67
.65
Q.61
0,59
.56
Q.56
0.55
a8
.45
a4
.37
a.35%
137
0.3
a2.30
a.26
.24
a.15
.17
a.15

57
A0k
0.1
011
0.15
.15
Q.18
0.21
0.2k
0.2
033
.37
1.43
0.45
.47
0.53
057
0,58
.67
Q.61
Q.60
Q.60
Q.60
0.61
Q.63
0Bk
Q.63
0Bl
Q.54
0.E0
0.61
0.E2
0.61
0.63
064
0.F5
0.E5
0.6R
0.E5
.65
.67
0,65
0.E1
Q.67
.67
Q.66
.63
Q.62
Q.60
Q.60
0,56
0.53
0.55
Q.50
a.48
0.44
Q.41
PR
Q.35
034
0.24
0.28
4.2k
0.2z
.17
015
0.1z

58
.05
Q.08
.04
d.12
1.1R
a.18
.22
a.22
.27
.30
.34
.38
a.41
.44
.47
.50
Q.50
.52
a.52
.50
Q.48
.47
0.8
.52
0.53
.55
0.549
Q.54
.54
061
.62
0.6k
.64
.65
1.2
1.62
.64
1.4
.67
1L6R
.64
1.2
.61
.61
Q.58
LR
.61
.62
Q.63
0,59
.56
Q.55
a.52
a7
.43
041
a.34
a3
133
0,30
.27
a.24
.11
a.18
17
a.11
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a.08
Q.14
Q.18
0.4
0.28
0.4z
0.38
0.4z
n.432
1.9E
.51
.55
.58
.58
0,61
.64
(.66
.68
Q.67
.64
(.66
0,58
0.50
Q.60
0.61
Q.60
0.54
Q.50
Q.E0
060
.58
0.62
(.EE
0.k
0.Fq
0.E8
.68
0.E?
.6R
Q.67
.66
0.EFR
0,65
.65
Q.65
.65
Q.62
0.62
Q.62
Q.61
Q.60
0.58
0.5e
Q.53
a.q4
Q.47
0.45
0.40
a3y
0.4
0.24
0.3
n.an
Q.18
.13
a.09



09:00-09:10
09:10-09:20
09:20-09:30
09:30-09:40
09:40-09:50
09:50-10:00
10:00-10:10
10:10-10:20
10:20-10:30
10:30-10:40
10:40-10:50
10:50-11:00
11:00-11:10
11:10-11:20
11:20-11:30
11:30-11:40
11:40-11:50
11:50-12:00
12:00-12:10
12:10-12:20
12:20-12:30
12:30-12:40
12:40-12:50
12:50-13:00
13:00-13:10
13:10-13:20
13:20-13:30
13:30-13:40
13:40-13:50
13:50-14:00
14:00-14:10
14:10-14:20
14:20-14:30
14:30-14:40
14:40-14:50
14:50-15:00
15:00-15:10
15:10-15:20
15:20-15:30
15:30-15:40
15:40-15:50
15:50-16:00
16:00-16:10
16:10-16:20
16:20-16:30
16:30-16:40
16:40-16:50
16:50-17:00
17:00-17:10
17:10-17:20
17:20-17:30
17:30-17:40
17:40-17:50
17:50-18:00
18:00-18:10
18:10-18:20
18:20-18:30
18:30-18:40
18:40-18:50
18:50-19:00
19:00-19:10
19:10-19:20
19:20-19:30
19:30-19:40
19:40-19:50
19:50-20:00

.02
LI
.03
1.0
1.05
.06
.07
.10
111

1.15
117
1.24
1.25
130
130
1.37
1,35
1.37
142
143
443
q.44
.42
1,39
a.Aan
142
1.2
L
448
4.5
1.51
4.54
157
158
1.5%
1.51
1.58
1.55
LGN
1.5L
1.59
1LAM
1.55
1.56
1,56
.56
.55
150
450
148
447
147
4.44
141
a.an
1.3
1.32
431
1.29
1.25
1.23
.14
.14
1.1E
1.13
.10

b1

0.03
0.04
.04
IRHE
1.8
.10
.11

4.13
.15
.18
0.21

.26
.26
.31

0,33
.37
a4
.44
aAE
0.4
0.53
0,51
0.51
051
.50
aAE
4.8
.50
.51
151
1.52
0.55
.57
4.58
.60
1.58
.58
1,50
1.5%
1.5
.60
.56
0,56
.56
.58
.57
0,55
1,53
0.54
0,55
0.52
050
.48
0.5
442
.
135
0.32
.32
0.26
.24
.20
.18
116
.14
.10

[

.04
.05
.06
{.08
1.10
0.10
1.12
1.14
.17
1.17
.20
1.22
1.25
1.27
133
.34
.38
.43
145
1.50
.44
149
4.8
150
4.52
1.50
4.94
447
4.4
4.51
1.53
4.59
1.53
457
LA
1.62
.62
1.62
L65
.64
1L65
.63
162
L6
162
L6

.58
1.5
457
1,55
4.52
150
.47
241
441
0.39
1.35
4.3
1.32
4.24
1.27
4.24
.23
.14
1.1R
1.11

20-40%

(2]
a.08
0.10
4.10
.10
1.11
4.14
.18
4.21
.25
.26
1.78
.31
0.3
1.3F
a2
.45
.50
1.53
.56
1,55
0.50
0,56
0.55
.55
0.53
0.4
450
.50
0.53
0.5
.59
0.55
.60
4151
.51
1.E2
.64
1.E4
.65
1.65
.64
.63
062
.63
RULE
.67
.61
.61
AL60
.57
.56
.51
0.52
0.3
.47
0.4
.40
0.3
1.35
0.3z
.29
4.2k
.24
a.23
.18
1.12

.04
.05
1.0e
0.0
1.11
0.13
1.21
4.25
1.33
1.39
1.43
.50
1.56
.51
.63
.65
16a
.68
ILGE
1L6%
166
LGE
1.65
162
4.6l
1.56
157
0.5
1.51
0.6
1.62
4.61
1.63
4.63
1LEE
1.65
.65
1L.EE
LGE
1.65
LG5
1.71
167
1.6R
W67
L6%
266
1L61
i
1.56
456
.54
4.52
148
4.41
0.3%
1.34
0.32
1.30
4.2
1.24
4.22
.20
1.1E
111

.04

E 40-60%

L]
0.05
0.05
1.1
a0
0.08
0.11
1.1F
4.20
.23
1.25
0.21
1.32
1.31
.42
.16
.41
.51
.54
.53
1.54
.56
0,53
0.53
0.5
0.55
0.54
.57
.57
1.0
0.62
1.55
.6
.67
4.71
.54
1.E5
.70
1.71
1.61
1.559
a7
.51
.66
.68
.65
.65
.64
.63
AL60
.57
0.56
.53
0.51
0.8
.47
.42
.43
0.34
1.35
0.3z
1.249
4.24
.21
1.1k
13
0.11

B
.07
i
.07
0.0
.04
{.11
.10
.12
1.13
.14
.16
1.18
.19
1.22
1,29
1.25
121
.27
a.27
1.25
.26
1,27
0.26
127
4.24
.25
1.26
a.23
4.24
0.29
131
4.1
1.32
4.2
1.33
441
1.31
1.34
1.34
1.34
1.33
1.33
131
1.31
1,30
1.30
032
1.31
.27
1,28
.27
.25
4.23
0.d2
d.22
0.18
1.20
0.14
1.17
.16
1.13
.11
1.0
.07
.08
.04

.| 60-80%

7
0.0
0.1z
1.15
0.14
1.23
0.28
.31
1.2
.38
1.92
1.45
1.359
1.53
1.53
0.58
.62
062
.64
.63
.63
.64
0,63
0.61
.58
0.55
.55
4.5k
0.58
0.E0
.60
.62
0.65
1.59
4.4
.73
.70
.71
1.73
.67
0.71
a7
.70
.71
.67
.69
1.6R
.63
.61
.57
0,56
0.53
.52
0.52
0.8
.37
0.4
.38
0.3
.32
0.2
1.23
4.21
.11
a.18
.15
.18

l:l 80-100%
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Appendix 5: The questionnaire used for the research project in Chapter 6

[
Bartlett School Environment, Energy and Resources I.- A
Upper Woburn Place WC1H ONN London A

£ [ S—

I'm a PhD student under supervision of Dr. Hector Altamirano and Dr. Jemima Unwin. | would like to invite you to
participate in my research project. I'm locking for students coming from different countries and regions, correspondingly,
different climate conditions.

If you decide to participate, | will azk you to fill this brief guestionnaire which should take around 5-10 minutes. Thank
you for taking the time to consider participating im this study. Pleaze do not hesitate to send me quastions you may have.

J | agree that the research project has been explained to me and | agree to take part in this study.
Gizem lzmiir Tunahan
Email: gizem.izmir_tunzhan.17 @ucl.zc.uk

1. Gender 2. Age
d Male 'AFemale ' Other: - Prefer not to 53y Jd=20 J20-24 | 125-25 - 30-34 =35
3. Approzimately how long have you been in gr around London?

years manths | am = visitor: days

4. How would you describe your ethnicity?
|Please, choose one section and then, select one option to best describe your ethnic group or background)

1 White: Britizh, English, Morthern Irish, Scottish or Welsh, Irish, Gypsy or Irish traveller,
Any other White ethnic group:
J Mixed/Multiple ethnic groups: White and Black Caribbean, Whitz and Black African, White and Asian,
Any other Mixed or Multiple ethnic group:
 Asian/Asian British: Indizn, Pakistani, Bangladeshi, Chinese, Any other Asian:
 Black/African/Caribbean/Black British: Caribbean, Africzn, Any other Black / African / Caribbean:
- Other ethnic groups: Arzb, Any other ethnic group:

5. How do you describe your cultural background?
{it depends on your ocwn definition of culture as a part of your life style)
6. Flzasze, fill out the blanks below (Flease, indicate the most specific place)

COUNTRY CITy

Where were you born?

Maother Father Mother Father

Where are your parents from?

Where did you live for most of
your life? How long:

Where did you live in the last
year before coming to London? How long:
[If you lived in multiple places

please fill all blanks with specific
time durations) [Flease indicate
initially, most current one) How long:
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7. How many days do you have a regular work schedule?

{regular work days are defined as the days you wake up and go to sleep at similar times)
Iworken A1 A2 a3 d4 Jd5 d& A7 days per week
8. Can you report on your typical sleep behaviour aver the past 4 weeks?

Pleasze, respond to the guestions according to your perception of a standard week that includes your usual work days
and work-free days and use a 24-hour time scale (e.g. 23:00 instead of 11 pm).

WORKDAYS FREE DAYS
| go to bed &t o'clock. | g0 to bed at o'clock.
[Note that some people stay awake for [Mote that some people stay awake for
some time when in bed) some time when in bed)
| actually get ready to fall asleep at | actually get ready to fall asleep at
o'clock. o'clack.
I need minutes to fall aslesp | nesd minutes to fzll aslesp.
| wake up at o'clock. | wake up at o'clock.
After miinutes later, | get up. After minutes |zter, | get up.
| use zn alarm dock on workdays:
Jd Yes

I uze an alarm clock on free days:
- No

- Yes J No

If yes_ | regularly wake up before
the alarm rings

- Yes 1 MNa
9. Pl=aze, fill the gap describing your exposzure to natural light cutdoors on average during a typical day in the last 4
weeks, [without a roof above your head) (2ach cell represents 15 minutes)
For example:
7 am 8am 9 am 10 am 11 am Moon 1 pm 2 pm 3 pm 4 pm
NEEEE SSNEEENSENNEEENNNNNEEEEEEEEE B
I T T T T I I T
“l spent time outside under the sky at 8:00-8:30 and 2:15-3:45 in a typical d=y of my last 4 wesks.”
On workdays:
Tam 8 am 9 am 10 am 11 am Noon 1 pm 2 pm 3 pm 4 pm
IS ESESSESNEEEENEEEEEEENEEE EEEE
I 1 1 T T T T I 1
On free days:
Tam 8 am 9 am 10 am 11 am Noon 1 pm 2 pm 3 pm 4 pm
M e LTI T[T P [T I [T
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10. Why did you select this desk to sit down? [Please indicate at least one reason with importance order. First one is the
miost important reason and third one is the least)

11. Is it your preferred seat?
{If it is not your preferred seat, please indicate your best place in the plan drawing in Question 18 with reason)

- Yes, it iz my preferred seat.
J Mo, | tend to sit here whenever possible. {seat place is not important for me)
d Mo, | sat here because my preferred seat was not available (e gz. someone else was sitting there)

12. How long have you been sitting at this place?
- Less than 30 minutes
- 30 minutes -1 hour
- 1-2 hours
- Mare than twao hours

13. How would you describe the indoor environmental guality in this room?

Indoor air quality

Unsatisfactory O O O O O o O Satisfactory
Dry O O O O O O O Hurnid
Frash O OO O O O O Stuffy
Odourless O OO O O O O Smelly
Light overall Unsatisfactery O 0O O O O o 0O Satisfactory
MNatwral light Taoo litte o O O O O o 0O Too much
Artificial light Too litte O O O O O o O Too much
Temperature Unsatisfactery 0O O O O O o O Satisfactory
Too hot O O O O O o 04 Too cold
Moise owerall Unsatisfactory O O O O O O O Satisfactory
Naise from people Too little O O O O o o 04 Too much
Noise from outside  Too little O O O O O O O Too much

Flzaze, tick the most representative one describing your perceptions in the following questions:
14. How do you describe the amount of daylight at your seat) on your desk?

Below
average

Above

Very low average High Very high
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15. How do you describe the uniformity of daylight in this room?
({The uniformity of daylight represents if daylight varies within the room or not. If it is uniform, it means that you
perceive similar features of daylight amount within 2l parts of the room)

Below Above
Very low Low average average High Very high

o O o o ] m}

16. How do you describe the degree of glare that you experience when viewing the windows?
(Glare is a visual sensation caused by excessive and uncontrolled brightness)

Below Above
Very low Low average average High Very high

o o o o O

u]

17. How do you feel about your overall level of visual comfort in this room?

Very Moderately Slightly Slightly Moderately Very
dissatisfied dissatisfied dissatisfied Satisfied satisfied satisfied
O O O O O O

18. Please, salect the desk which you're currently sitting from below plan drawing and write down current date and
time accurately. (If it is not your preferred seat, please indicate your best place in below plan drawing with reason)

DATE:
TIME: r p— | F3=Y
" -» : '. ‘ Il Tk . My actual desk

-y T 2 B ' 0

ara —
] STV

OO
—_— 9 %
[ LAY
y I pamon . X My preferred

ol
GO STUOY
MREA

desk {0)

i
)
—— i Reasons:
1]
i

e
nECErTON

e o VN
\THE

awn
LERARY COLLECTION
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Appendix 6: The median external diffuse horizontal illuminance of the cities
where participants spent the majority of their lives and last years

COUNTRY CITY Median External | Latitude
Diffuse
llluminance

Indonesia Pekanbaru 23307 0.46
Singapore Singapore 27021 1.36
Malaysia Kuala Lumpur 26243 2.75
Colombia Bogota 29531 4.70
Africa Abidjan 28554 5.26
Malaysia Penang 28987 5.30
Indonesia Jakarta 23472 -6.18
Indonesia Bandung 24497.5 -6.90
Indonesia Denpasar 25985 -8.75
Venezuela Caracas 21408 10.49
Colombia Barranquilla 26685 10.89
Peru Lima 26222.5 -12.02
Thailand Rayong 27409 12.63
Thailand Bangkok 28700 13.92
India Mumbai 24500 19.12
China Zhanjiang 21955 21.15
HongKong HongKong 21840.5 22.31
Chile Antofagasta 19392.5 -22.50
China Shenzen 26309 22.64
India Kolkata 18728 22.66
China Guangzhou 16947.5 23.17
Brazil Sao Paulo 18183 -23.50
Taiwan Taichung 18971 24.15
China Xiamen 24612 24.54
Pakistan Karachi 19399 24.91
Taiwan Taipei 20800 25.07
Paraguay Asuncion 23411 -25.24
China Chenzhou 21037 25.74
Africa Johannesburg 19208 -26.14
Australia Brisbane 17741 -27.48
China Wenzhou 22551 28.02
China Changsha 21096 28.12
India Delhi 18100 28.58
USA Texas 15174 29.11
China Chonggqing 23500 29.52
China Ningbo 21991 29.92
Egypt Cairo 19300 30.13
China Hangzhou 21797 30.23
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China
China
China
China
USA
Israel
Israel
China
China
Argentina
China
Chile
USA
USA
Lebanon
China
Argentina
Japan
Japan
China
China
Syria
Japan
Iran
China
China
Turkey
Turkey
New Zealand
Turkey
China
Korea
Australia
China
Greece
Greece
Turkey
USA
China
China
China
China
China
Turkey

USA

Wuhan
Chengdu
Shanghai
Suzhou
Waco
Jerusalem
Tel-Aviv
Nanjing
Xinyang
Mendoza
Nanyang
Santiago
Atlanta
California-Irvine
Beirut
Xuzhou
Buenos Aires
Osaka
Kyoto
Yuncheng
Anyang
Aleppo
Tokyo
Mashhad
Qingdao
Jinan
Mersin
Gaziantep
Auckland
Mardin
Weihai
Seoul
Melbourne
Taiyuan
Athens
Piraeus
Konya
Chicago
Jinchang
Yinchuan
Tianjin
Tangshan
Beijing
Ankara

New Jersey-
Trenton

25500
24500
23300
20752
14329.5
16989
16569.5
24700
20801
17903
20345
16798
13807
17017
18555
21120
15017
14971
19013
16538
23334
17300
19222
22211.5
15926
21082
19041
20391.5
17715
19036
16739
20581
12258
18600
20082
19543
12460
16642
15848.5
15472
18142
19400
17955

16400

30.62
30.67
31.17
31.27
31.62
31.77
32.00
32.00
32.13
-32.83
33.10
-33.43
33.63
33.66
33.82
34.28
-34.56
34.68
35.02
35.11
36.05
36.18
36.18
36.24
36.27
36.60
36.80
36.95
-37.00
37.30
37.52
37.57
-37.67
37.78
37.90
37.92
37.98
38.05
38.47
38.47
39.10
39.65
39.93
39.95

40.28
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Greece
Italy
USA
USA

China
Spain
Italy
USA
Kazakhstan
France
New Zealand
Canada
China
Italy
Romania
Italy
Switzerland
Switzerland
Switzerland
France
China
Hungary
Kazakhstan
France
Luxembourg
Germany
Czech
Republic
Poland
UK
UK
UK
Belgium
Kazakhstan
UK
UK
Ireland
UK
UK
Poland
UK
Netherlands
UK
Germany
Germany
UK

Thessaloniki
Brindisi
New York City
Long Island
Hohhot
Barcelona
Rome
Boston
Almaty
Marseille
Christchurch
Toronto
Urumgqi
Genoa
Bucharest
Milan
Geneva
Nyon
Lausanne
Nantes
Qigihar
Budapest
Mugalzhar
Paris
Steinsel
Frankfurt

Prague
Katowice
Cornwall

Exeter
Brighton
Brussels

Astana

Bristol

Cardiff

Cork
Cheltenham
London
Warsaw
Cambridge
Amsterdam
Birmingham
Hannover
Berlin
Nottingham

17695.5
17800
18000
12994
17958

19490.5
18100
12141

20073.5
17874
20084

13361.5

9127
17601
17803
17300

17329.5

18529.5

16160.5

17551.5
16002
15325
15564
17484
17253

17797.5

14000
17619
17286
16528
17316
16510
17127
16939
16794
16899.5
16561.5
13300
15694
16490
16020.5
15100
15204
13000
14208

40.52
40.65
40.78
40.79
40.85
41.29
41.80
42.35
43.23
43.44
-43.49
43.62
43.78
44.41
44.51
45.62
46.24
46.40
46.53
47.15
47.24
47.43
48.58
48.78
49.62
49.96

50.10
50.23
50.43
50.73
50.84
50.90
51.02
51.38
51.40
51.84
51.89
51.51
52.17
52.21
52.32
52.45
52.46
52.47
53.00
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UK Liverpool 16008 53.33
UK Manchester 15896 53.35
UK Sheffield 16108 53.48
UK Blackpool 15969 53.77
UK Leeds 15719 53.80
UK Newcastle 14902.5 54.98
Denmark Copenhagen 15654.5 55.61
UK Glasgow 14735 55.87
UK Edinburgh 15378.5 55.95
UK Dundee 15470 56.45
Sweden Stockholm 12349 59.35
Norway Oslo 14187.5 60.21
Norway Roros 13284 62.57
Norway Trondheim 11885 63.41
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Assessment Methods
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Jemima Unwin Teji and Cosmin Ticleanu

Journal title Environmental Psychology, a section of the
journal Frontiers in Psychology
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Access from https://doi.org/10.3389/fpsyq.2022.805796

289



a’ frontiers | Frontiers in Psychology

ORIGINAL RESEARCH
published: 11 Aprl 2027
doi: 10.3330psyg. 2022 30ETIE

OPEN ACCESS

Edited by:

Eugenio Je Greganio,

Uinfversita Link Campers, ftafy
Reviewsd by

Fedarios Caffars,

FRoma Tre Unieersity. ftafy

Liting Ding,

*Comespondence:

Girsym bernir Tunahan
girern_mitunaban, T F@uclac.uk

seotion:

Thiz arficks was submitted io
Erwironymersa! Psychology

a sachion of the jounal

Frontiers n Psyohology
Reoeived: 31 Ociober 2027
Accepted: 71 March 2027
Published: 11 Aprdl 2027
Citation:

[ Tumathan G, Alamirano H,
Limwan Tai J and Ticksanw C 2027
Ewaluztion of Dayight Perception
Aszecomant Methods.

Front. Peyohol. 13806736,

doi 10L32085/ fpsyg 2025 806736

s

Evaluation of Daylight Perception
Assessment Methods

Gizom lzmir Tunahan™, Hector Aftamirano’, Jemima Unwin Teji' and Cosmin Ticleanu™*
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Daylight is an important componant in maintaining human health and wallbeing and plays
a kay role in physiological, peychological, and behavicural reguilation. Understanding the
complexity of daylight parception is vital since the degree of satisfaction with daylight
conditions could greatly impact individual mood, behaviour and cognitive performance.
This paper aims at (1) presanting an overview of current knowledge on methods for
assassing daylight perception and (2) establishing a methodology for assessing daylight
percaption in the context of culiural background. An experment was conducted with 50
studants who weare instructed to select the best and worst seats, describe the best dasks’
daylight conditions and draw boundary lines between perceived daylit and non-daylit
spaces in alibrary. The study showed that subjective rating and seat preferance methods
ware consistent with actual daylight lewels. However, participants’ boundary lines did not
represant the actual daylight availability in the space. The study suggests that individual
daylight percepticn in the context of cultural background can be assassed using the
subjective rating and seat preferance methods.

Eeywords: daylight availabiity, daylight perception, seat preference, drawing, environmental behavicur, method
evaluation

INTRODUCTION

The characteristics of an indoor lighting environment could significantly atfect the comfort, wellbeing
and productivity of building ocowpants (Al horr et al, 2006). The lighting quality assessment
typically includes photometric measurements, which does not provide & complete representation
of an environment’s lighting quality (Allan et al, 2019). The assessment should not only comsider
the links between the lighting levels and the characteristics of the space where light is measured
but, more importantly, how people perceive that environment. As of today, far too kitthe attention
has been paid to daylight perception and its evaluation methods, as highlighted by the Commission
Internationale de Edairage 2013 (CIE 213, 2014) and the Dubois et al. (2016). Understanding its
complexity and potential benefits coubd be crudal, especially in the context of health and wellbeing,
mood, and also cognitive and academic performance. Up to now, several studies have shown that
exposure to different amounts and characteristics of daylight could enhance students” cognitive
performance (Shishegar and Boobekri, 2016; Jamrozk et al, 2019). However, it is still not known
how students’ daylight perceptions and preferences and the level of daylight they are satisfied will
contribute to their academic performance.

Culture, one of the essential components of an individual, delineates the characteristics of
a group with similarities such as language, religion, tradition, and ethnicity Knowing the
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cultural background of a group of people is vital because it
could help understand why a grouwp of people acts similarly
compared to another group. Lighting research to date has
tended to focus on the impact of cultural background on glare
discomfort perception rather than daylight perception and
satisfaction. Most cross-cultural lighting studies have examined
discomfort glare perception and colour temperature preference,
but they did not sufficiently focus on the adequacy of illuminance
levels. Cross-cultural studies aiming to investigate lighting
preferences in interior environments are rare and what is not
yet kmown is the importance of cultural background and its
impact on daylight perception, expectation and satisfaction.

In the field of lighting environment, Pierson et al. (2018)
have used the term of ‘culture’ as “the climatic and indoor
conditions to which the subject has been accustomed during the
major part of histher life, histher behaviour toward this indoor
environment, and histher expectations about if. Subsequently,
a recent study (lzmir Tunahan et al, 2021) has highlighted
the importance of cultural background in daylight perception
and suggested that the cultural background in the lit environment
should be evaluated. considering (1) the ethnicity and/or
physiological characteristics of the individual eyes, (2) the area
(luminance environment) where people uwsed to live, (3) the
luminance environment they were recently exposed to, and
(4) the socio-cultural background of individuals.

In the United Kingdom, students constitute 19% of higher
education (equals to 438010 students) with 136% of
undergraduate, 36.6% of postgraduate (taught} and 43.2% of
postgraduate (research) students. They travel mostly from
countries with a wide range of daylight conditions that differ
from each other and from daylight conditions in the
United Kingdom (eg., China, Malaysia, the United States,
Migeria, India, Germany, France, Italy and Ireland; UKCISA,
2017). Cnutside daylight conditions refer to the amount and
duration of daylight varying with the sun’s position in the sky
depending on latitude and atmospheric conditions that depend
on various factors (e.g., turbidity, climate and pollution). Hence,
students from different parts of the world could be assumed
to have previously experienced different lighting environments
and students from locations with similar daylight conditions
should have comparable daylight expectations. To this end,
students” cultural diversity and the specific lighting environments
they were previously accustomed to could affect their perception
and expectation towards the outdoor and indoor conditions
they found in the United Kingdom (lzmir Tunahan et al., 2021).

Maintaining the students’ satisfaction with the indoor
environment they found in the United Kingdom is considerable
because the indoor environmental quality is highly associated
with the occupants’ health and wellbeing (Sakellaris et al,
I016). The degree of satisfaction, in particular with daylight
conditions, greatly impacts individual mood, behaviour and
cognitive performance (Wang and Boubekri, 2011). Therefore,
gaining a better understanding of students’ daylight perception
and expectations could increase their satisfaction with the
indoor environment and also cognitive and academic
performance. This knowledge can also be utilised by managers
and daily operators of university buildings to help redece the

energy consumption of HVAC (Heating, Ventilation, and Air
Conditioning} and illumination systems. For instance, a study
on Korean office buildings showed that adjusting the indoor
lighting conditions based on occupants’ expectations and
utilisations helps to reduce lighting energy consumption by
up to 43% (Yun et al, 2012). Moreover, it can support architects
and lighting professionals working in the design of educational
and residential buildings.

In order to maintain the satisfaction and academic
performance of the students from different cultural backgrounds
in the indoor environment they found in the United Kingdom,
we needed to develop a methodology for assessing daylight
perception. Therefore, this paper aims to (a) review the methods
previously used to assess daylight perception and (b) establish
a methodology for assessing daylight perception in the context
of cultural background.

THE HUMAN RESPONSE TO DAYLIGHT:
EVALUATION METHODS

In order to create a framework of the methodological approach
to assess daylight perception in the literature, 482 research
articles published in Scopus, Web of Science, and LEUKOS
databases were searched for electronic records. The search was
done in either title, abstract, or keywords of the papers using
the following keywords: (Dayllight perception, (Dayllight
expectation, (Daylight satisfaction, {Day)lighting sensitivity, (Day)
lighting tolerance and (Day)light adaptation. The inclusion criteria
were: (a) including at least one aspect of (day]lighting perception,
(b} published in English, peer-reviewed jowrnals excleding
conference proceedings and books, and (o) published during
any year from 1990 to Movember 2021, Relevant articles were
dlassified depending on their methods and reported in Tables 1-3.

General Methodological Approach in the
Reviewed Studies
Various methods have been developed and used to investigate
how lighting conditions are consistent with human perception
of daylight and daylight expectations. These methods have been
applied in either real-world environments (Keskin, 2019) or
laboratories under specified testing conditions {Chamilothori
et al, 2016; Chinarzo et al, 2019; Yasukouchi et al., 2019).

Even though real-world environments provide an opportunity
to conduct studies in a dynamic social context, people being
observed cannot be tested under diverse environmental
conditions. Conversely, participants in laboratory settings know
they are the subject of study, which may affect their behaviour,
making it challenging to associate results with real-life situations
(Eleskin, 2019). Nevertheless, laboratory studies enable researchers
to investigate changes when daylight conditions are changed
(Figueiro et al, 2011; Karami et al, 2016), which cannot
be tested in real-world environment studies.

Although most methods and tools used in assessing daylight
perception differ, their general methodological approach is
similar; it combines subjective and objective measurements
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TABLE { | The methods for circadian riythm related assessment.

Method

References

Cognitive periormance  n-back test io measure working memony and waorking memony capaciy

CHY test fo massurs work parformanoes with the average responss times of cormect
answers

Arithmetic task 1o reflect work performances with the ratio of cormect answers
Tsai Partington fo svakare the disinbouiad viswas' afention

o2 test fo malate the susaied vighanos Baddeley test o evabuts the bgical

Psychomotor Viglance Test [PVT) including = Simple Haaction Trne (SAT] te=!, a
2-Foroad Choios Reaction Time F0AT) taxt, and a Matohing-to-Sampls (4T5) fest.
Dbservation of Typing speed and accuracy
Eye-tracking for measure numbers of Babion with a devios suoh as Tobe® TED Epe
Tracker

Class attendance as a massure of students' performance

Jeegpi and Jeeggi, 2011
Yasukouchi =t al., 2018

Chinaureo of al, 2018

Figueiro et al., 2011

Shamsul o al., 2013
Shamsul o al., 2013

Edwerds and Torcelin, 2002

Alertness Visual Analogue Scale (VAS) io 2ssess iigue and aleriness Karami et al, 2018
Karolinska Sleepiness Scale iz maaswe botf subjctie skeepiness and aleriness Shamsul = al., 3013; Chinarro ot al, 2018
Slesping pattern Bubjective sleepiness with some sunveys such as the S-iem Karalnga Skepiness Figusira et al., 2011; Jasggi and Jasggi, 2011;
ol (K55 and Sleep Habits Survey Figusiro et al., 2014 Karami ot al, 201E; Choi
ctal., 2018
Sleep-activity behaviowr Adarmeson o al, 2B
A daily sieep-activlty graph duning the experimant
ldentification of momingness-eveningness. Chung, 2008; Janggi and Jaaggi, 3011; Figueio
Hiome and Dstberg Momingness-Eveningress Duestionnare. Monich Chronotyps et al., 2014; Adareson of ol 2018
Questionnare (WCTO) and Composite Scale
Mood Peychoscocial siress assassing with Parceived Stress Scale PS5 Figusira et al., 2011
Mood assessing with the Positve and Negatiee Affect Schadule [PANAS), and the Figusira et al., 2011

Cantre for Epidermiclagic Studies Deprassion Scak (0E5-0)
Subjectve g l | using GHO guestonnars
SBubjective mood and visual comiort using wsual analbogue scales (VASs)

health

Kammi et al, 2016
Chi et al, 2013

and assesses them depending on the existing lighting conditions
collected by either spot measurements or daylighting
simulations. The studies are also often supported by circadian
rhythm parameters, such as cognitive performance, alertness,
sleep quality, and mood. Nevertheless, almost all studies have
used one or more methods to assess the changes occurring
in daylight perception concerning the variation in the
luminous environment.

Methods Regarding Circadian Regulation
Circadian rhythms are approximately 24-h cycles controlled
by an internal master clock in the brain responsible for regulating
many physiological (body temperature and hormones) and
behavioural (sleep, mood, alertness and performance) changes
(5kene and Arendt, 2008). Circadian rhythms are mainly affected
by the intensity and timing of light exposure (Arguelles-Prieto
et al, 2019} and adjusted at regular intervals by receptors
transmitting non-image-forming information of light, which
activate the circadian system (Bellia et al, 2011).
Exposure to a high amount of daylight (for example, spending
a large amount of time outside or sitting indoors by a big
window) has been shown to be related to enhancer effects
in students’ cognitive and academic performance (Shishegar
and Boubekri, 2016). Previous research that examined the
impact of different shading systems on cognitive function
performance, satisfaction, and eyestrain in a living lab has
also established that satisfaction with indoor daylight conditions

could result in higher cognitive performance (Jamrosik et al.,
2019). Most researchers have benefitted from commonly used
tests and technigues such as the Psychomotor Vigilance Test
(PVT), usually used to assess the link between daylight and
cognitive performance. Others have also used class attendance
or typing speed and accuracy as an indicator of cognitive
performance.

On the other hand, several studies have proved that daylight
exposure significantly influences occupants’ mood state (Boyce
et al., 2003). Killer et al. (2006) indicated that the participants
mood reached the lowest level when describing the daylight
conditions as too insufficient. Specified scales (P35, PANAS,
CES-I} and VASs; Figueiro et al, 2011; Choi et al., 2019) and
questionnaires (GHC), Karami et al., 2016) are usually wtilised
to investigate the association between the exposed daylight
conditions and mood states.

Changes in circadian rthythms have also been associated
with sleep guality and alertness in addition to mood and
cognitive performance (Garbarino et al., 2020). The Karolinska
Sleepiness Scale (K58) has been mainly wsed to measure both
subjective sleepiness and alertness (Shamsul et al, 2013%
Chinazzo et al., 2019). Tools sech as the Horne and Ostherg
Morningness-Eveningness (Questionnaire and the Munich
Chronotype Questionnaire have also been used to assess the
sleep quality of participants grouped according to their sleep-
wake behaviour (morningness—eveningness; Jaeggi and Jaeggi,
2011; Adamsson et al., 2018).
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TABLE 2 | The methods for subjective daylight assessment.

Method References
Int= rviews Indormad or semi-siructured Pocrd and Meresi, 2008; Dt ot o,
2013; Genfle ot al, 21 E; Yasukouchi
etal, 2018
o i O based survey Snapshot suljectie assessments such as Paroeieed lighting Cheung and Chung, 2008; Dianat
quafty assessment and cther craated questionnaies manly using @ semantic dfsrential method. & =, 2013 Gentie ot &l 2005
Adnrnszon ot al., 2018; Bownas et al.,
201%; Chamilathori, 2019; Chineeo
etal, 2018
Ouestionnaire-based survey { ong torm subjsctive assassments Jakubiec ot &, 2018
SBubjective evaluations during axpenments within dfiarent kinds of room (Qeometrplonentation’ foerd and Menesi, 2008; Chamiotheri
window typeacads fype), diflsrent looations and diferant contexds [social or working comtexd) et al, 2016, 2018, 2018; Bian and Luc,
2017; Snetal, 2017
Visual comfort evaluation such 25 Veus comion on visus araiogue soales (VAS)], Offce Janggi and Jasggi, 3011; Shamsul
Lighting Survey JOLS), Lighting Gonditions Survey, NAIC Camada Lighting Qualty Scals, 54 ot al., 2013; Bian and Lue, 2017;
retrofit monforing user assessmend sunvey Indoor Environmantal Qually Suneeys Adamszon et al., 2015; Aica et al.,
2018
Indoor Emironmental Quality Surveys suoh as Sxtishction wih Enwonments Fastures and Ao et al, 2079
Subjsctive ratings of disoomdort glare (D Boar scals, Imparoepiible-ntolsmble 4-point soals,
Glare Sersation Vote, Vs comion rating]
Crther subj of lighting Desorptive scales and Lighting prafences, beliefs, Alcmetal, 2019
and bahavioural consequences
Verbal questionnaire Evakation of the impressions of how pleasant, inferesting, and exciting the  Charniothor =t al, 2018
space
Questionnaires distributed by mad to evaluste brighiness and distribution Bowrras et al, 2019
Cuantification of Actigraphy data from wearable biometric devices during the expenmen with aristhands Figusro et al., 20M4; Chamiothon et al.,
daylight exposure such as Empatica B4 wristband 2018, 2019; Chinarzo ot al.,, 2020
conssquently circadian  Actigraphy data from wearsble biometric devicss during the expanimend with the Dapsimefer Hea et al 2070
light exposuns Actigraphy data from wearable biometrio devioss during the expenmen wif the ambulafory  Argusles-Prisio et al, 2018
Actigraphy data from wearable biometrio devioes prior io the study bagining, wittbed and Chung, 2008, Jasggi and Jesggi, 2011;
wake times with wristbands such as Actwaroh-L Yasukouchi et al., 218
Actigraphy data from wearable biometric devioes prior to the study bagining, with bed and Figusso et al, 2071
Asking time spent outdoors such as The Mumioh Chronolype Questionnare (WCTO), te Adamszon etal., 2018
Hanard Light Exposure Assessment questionnan o seli-prepared questions o gel deta about
ight escposune
Logs Weeldy log mtings of pspohological wel-being, dafy sleep-actialy and time spent cutdoors Ademsson etal,, 21B
Daiily slesp log prior to the study baginning. Jasggi and Jasggi, 2011; Yasukouchi
etal, 2018
Seat pref Surveys and observations asking for the recsons for the choice of et locations and direct Organ and Jartti, 1897, Kim and
absermtions of actual seating behaniour ‘Winaman, 2005; Wang and Bouberi,
2010; Othnan of al, 2012; Keskin
etal, 217; Gou et al, 2018
Drawings Dirawing daylight boundary line betwesn deplit and mon-cayl ares Aeinhart and Weissman, 201 2; Hardire
et al, 2017
HDR-High dynamic Jinetal, 2017; Jung and Inanid, 2018;
image techniques Chinarzo ot al., 2020
Daylight 3D renderings  Showing the renderings with e compufer soffwane of the same space io the subjects and ask Hockoastle and Andersen, 2015
o rate dy =
Immersive virtual mmhﬁuMummcwmmmm Charmnicthori of al., 21E, 2018, 2019;
reality (WA} Chamnicthori, 2018

Physiological Biomarkers as a
Consequence of Exposure to Daylight
Physiological measurements (biomarkers) are regarded as
indicators of previous light exposure; in other words, how
much a participant was exposed to light during a specific
time. The duration, timing and intensity of exposed daylight
may affect peoples satisfaction with current daylight conditions
and the regulation of their circadian rhythms. Thus, the
assessment of physiological biomarkers could play a crucial

role in assessing and interpreting an individeals daylight
perception.

The objective measurement of daylight perception considers
the assessment of physiological biomarkers such as heart rate
(Chamilothori et al, 201%; Chinazzo et al, 2020), skin
conductance (Chamilothori, 2019; Chamilothori et al., 2019),
core body temperature (Chung, 2009; Chinarzo et al, 2020),
cortisol level (Jaeggi and Jaeggi, 2011; Choi et al., 2019), and
melatonin secretion (Figueiro et al., 2011; Jaeggi and Jaeggi, 2011).
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TABLE 3 | The methods for objective messurements.

Method

References

Heart rate (HR] using scme devices such 2= Empatica B4 wristband

Bkin conductance [3C) using some devices such as Empatica E4 wristband and
Electrodernal activity (EA) wristband

Core body temperature using some devices such as Butions datz loggens and wristband

Corfisol lewel from salvary
Melatonin seoretion from sakvary, biood, urine

Charnlothorn =t al., 201B; Charmiothon =t al., 2018, Yasukouchi =f al.,
2019; Chinerzo et al., 2020
Charniothar =t al., 2018, 201%; Chinerro et al., 2020

Chung, 2008; Chinarzo ot al, 2020

meagi and Jasggi, 2011; Choi ot al., 2118

Figueio et al., 2011; Janggi and Janggi, 301 1; Tahkams ot al., 2016
Karami et al , 2018; Choi et al,, 2018; Yasukouchi ot al, 2018

Heart rate, skin conductance, and body temperature have been
measured using wristbands, while melatonin secretion is
measured using either salivary, blood, or urine samples.

Subjective Assessment of Daylight

Since individuals are physically and psychologically influenced
by daylight (Chung, 2009), objective measurements should
be complemented with subjective evaluations. However, some
studies (Galasiu and Veitch, 2006 Bellia et al, 2017; Lo Verso
et al, 2021} have shown that correspondence between exposed
daylight conditions and subjective assessment of the occupants
is not always observed because of individual differences. Subjective
assessment methods mainly use guestionnaires to obtain
information through semantic differential techniques, measuring
the participants overall reaction to specific factors sech as
ambient illumination of different light sources or horizontal
illuminance and brightness of a space (Jin et al., 2017; Albertazsi
et al., 2018). Similarly, open-ended guestions are used to gain
deeper and new insights into the feelings towards daylight
conditions, for instance, asking how participants describe the
lighting conditions and how they feel under those conditions.
Information is usually collected concerning the participants
background (age, gender, work schedule, sleep and wake times,
previous daylight exposure etc.), their evaluation of daylight
illuminance and distribution, and their general satisfaction with
the indoor environment (Levin, 2017).

As a method for assessing previous daylight exposure,
questionnaires require participants to estimate the frequency
of exposure to daylight in a particular period (Adamsson et al.,
I018). For instance, the Munich ChronoType Questionnaire
(MCTQ) involves estimating the time spent outdoors on workdays
and free days, assuming regular light exposure patterns. Likewise,
the Harvard Light Exposure Assessment questionnaire (H-LEA)
emphasises the importance of time duration and period of
light exposure during the daytime to various artificial and
natural light sources. Information about previous daylight
exposure is also collected with the use of devices that participants
are asked to wear, for example wristhands, Daysimeter and
ACM (Chamilothori et al., 2019) before (Figueiro et al., 2011)
and/or during the experiment (Rea et al, 2010). The collected
data is often supported by self-written logs (Adamsson et al,
2018). These devices are also wsed to gain insight into the
activity and skeep pattern of the participants and the amount
of daylight they were exposed to.

Few researchers have preferred other subjective methods
such as interviews to test the influence of different daylighting
configurations on participants’ daylight perception (Dianat et al.,
2013%; Gentile et al, 2015). Moreover, the use of evaluation
technigues, such as seat selection, have been applied, where
it has been assumed that daylight perception and expectation
are associated with seat preference and window location (Wang
and Boubekri, 2000; Keskin et al, 2017). In this case, the
selected desk’s illuminance level could be used as an indicator
of daylight perception. Additionally, a unique method was

by Beinhart and Weissman (2012) and also used by
Handina et al (2017), given its potential as a representation
tool of how daylight composition can be perceived in a space.
Handina et al. {2017) have considered the daylight boundary
line method to assess perception through the definition of
daylit and non-daylit areas drawn by participants. In this
methodology, participants have been required to draw a line
whenever they notice a boundary between brightness and
darkness in the experiment room. Their initial results showed
that the percentage of the area enclosed with the contour line
of DAD Ix, 50% (illuminance level of at least 300 lux over
at least 50% of the space) in the observed space (35%) is
cose to the partially daylit area (56%), which is the area
perceived as bright by at least 25% of participants. Furthermore,
high D'namic image techniques (Jung and Inanici, 20019} and
3D daylight renderings (Rockcastle and Andersen, 2015) have
also been used to evaluate the human perception of the daylight
composition found in shown scenes. In the further development
of these techniques, subjective daylight perception under various
computer-generated conditions has been assessed using scenes
displayed with the Immersive virtual reality (VR) technique
(Chamilothori et al., 2016).

METHODOLOGY

Fifty M5c students were brought all together to the Bartlett
Library, asked to complete a questionnaire before the experiment
and undertake a set of tasks while going around the library.
The library was assessed during one of the sunniest days in
December 2019 (between 13:00 and 14:00); a day with a clear
sky was selected to get maximum daylight throughout the
library during the experiment. The day and time of the study
were decided based on both the previows years” daylighting
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data obtained from Public Health England and weather data
from the Met Office. All tasks took between 20 and 25min
to complete. Collected subjective responses from participants
were evaluated depending on the daylight availability of the
room obtained from a lighting simulation tool.

As previously highlighted, the effect of lighting conditions
on human perception and expectations should be investigated
using objective measurements and subjective evaluations.
However, only subjective evaluation methods with different
applications could be wtilised to complement each other for
situations where a considerable amount of data collection from
objective measurements may not be feasible and accessible.
Thus, in this study, only these subjective evaluation methods
were applied; seat preference, subjective ratings and daylight
boundary line drawings.

Participants

An invitation to participate in the study was semt wa email
to 348 postgraduate students enrolled in MSc programs at the
Bartlett School of Architecture, UCL. Seventy-six responded
that they would be happy to be involved in the experiment,
but only 50 students (15 males/35 females) aged 20-34vyears
old were recruited for this study.

In terms of cultural background, the ethnicity of participants
and the time spemt in London were considered. Eleven
participants (22%) described themselves as White, whereas 33
students (66%) stated they have an Asian background. Only
five participants (10%) defined their ethnicity as other ethmic
backgrounds. Most of the students (72%) were overseas students
who had spent less than 3months in London.

Field Site

The study was carried out in the UCL Bartlett library located
on the ground floor of a six-storey building. The library comprises
three main study areas (Figure 1). The group study area (Room 1)
accommodates eight shared desks and four individual cubicles
and has two side windows in the north-facing external wall; the
library collection area (Room 2) has 12 shared desks and 11
individual desks and several side windows facing north and east
orientations; the quiet study room (Room 3) is an open-plan
space with a skylight, and 32 shared desks. Details of the rooms
and technical properties of the surfaces are illustrated in Appendix 1.

Quantification of Daylight Availability in the
Library
Parametric modelling and daylight simulations were used to
get information concerning daylight availability at desks in each
room at the library. Spot illuminance measurements were also
used to calibrate the created model. AutoCAD and Rhino were
used to produce 2D and 3D drawings of the library. Then,
Grasshopper was used to create parametric modelling for lighting
performance analysis with Ladybug and Honeybee plugins.
Previous studies show that computer predictions with
simulation methods demonstrate  higher  accuracy  than
measurements taken in real-world conditions. The simulation
method results involve an acceptable amount of error arising

from either unpredictable sky conditions at that moment or
the incorrect input parameters in the simulation model. Therefore,
it is always more reliable to compare daylight performance
predictions obtained from computer simulations with physical
measurements taken in the real space. Since it demonstrates
how muech simulation results correspond to actual daylight
conditions. Daylight modelling built-in Radiance was validated
against actual illuminance measurements at a specific point,
date and time. & strong association between simulation results
and actual daylight measurements was found (p<0.05, R*=0.89).
In other words, the difference in values between spot
measurements and simulation results are negligible, and
simulation results represent the real daylight illuminances with
an acceptable error range.

Contribution of Electric Light to Total
llluminance

On the day in which the study was performed, students were
exposed to electric light in addition to daylight.

The contribution of electric light to total dluminance was
investigated by measuring the electric light illuminances in
the middle of each desk using a Konica Minolta Illuminance
meter T-10A on the 30 Movember 2019 between 16:45 and
17:15 after sunset. Thereafier, these illuminances were compared
with total illuminance measurements taken during the
experiment. The electric light illuminance values on the work
planes were found highly correlated with the total illuminance
measurements (p=0.001). For this reason, it was assumed that
all desks receive the same amount of electric lighting, and
therefore variations between them would be due to daylight alone.

Subjective Daylight Assessment Methods
Questionnaire Design

A questionnaire was designed to indude the three methods wsed
in this study: seat preference, subjective rating, and daylight
boundary line drawings. The questionnaire contained multiple-
choice, Likert scale, and open-ended questions and was divided
into five sections; the first two sections of the questionnaire
were completed by participants before entering the library and
considered information regarding (1) demographic; gender, and
age, (2) time spent in London (months). The following three
sections considered specific questions and tasks related to the
methods explored to measure participants’ daylight perception;
(3) seating preference and reasons for seat selection, (4) evaluation
of daylight availability at the best seat selected, and (5) differentiation
between daylit and non-daylit spaces (houndary line drawing).
The procedure order was specifically designed to start with open
questions regarding seat preference, and after then daylight specific
questions to lead on to influence the participants’ responses,
thus the latter guestions would not impact the responses to the
former ones. Ethical approval for this study was obtained from
the UCL Research Fthics Committee in NMovember 2019

Task 1: Seat Preference
Seating that meets students” needs and preferences could promote
a longer stay in the libraries and keep students motivated,
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influencing their emotions and learning abilities. Many disciplines
have extensively discussed the influential factors on seat preference
in a learning environment. It has been shown that the affecting
factors arising from the physical environment that govern the
decision of seat selection are daylight (Othman and Mazli,
2012; Keskin et al,, 2017), ambient temperature, type of furniture,
proximity to other occupants (Dubois et al,, 2009), quietness,
oatdoor view, privacy, social interactions such as close to friends,
entrance or circulation (Gou et al, 2018), students’ degree of
territoriality and seat arrangements (Kaya and Burgess, 2007).

Even though the importance of daylight on seat preference
varies from study to study depending on the function of the
room, lime interval, time of the day and year (Keskin, 2019),
some researchers have proved that daylight is the most important
reason for seat selection (Alicia et al, 2019; Izmir Tunahan et al,
2021ab) and the most frequently chosen as a reason for seat
selection (Keskin, 2019). Hence, in this study, it was assumed
that seat preference could be used to understand whether
participants valued the daylight component. The daylight availability
of the selected desk was then considered to be an indicator of
the daylight conditions the participant prefers. For this purpose,
participants were asked to indicate the three best and the three
worst seat locations from the library’s seating plan, and within
those categories, the most and least liked. They were also asked
to specify the reasons for their selection to examine whether

the selected desks (best and worst) coincide with those where
daylight levels were high and low; respectively, hence if the daylight
component is an influential factor when deciding where to sit.

Task 2: Subjective Ratings
The subjective rating method involves asking participants to
describe the daylight conditions on a specific desk surface.
This method has been utilised in many lighting studies, and
many researchers have found participants’ own perceptual
statements compatible with actual daylight conditions. However,
subjective evaluations may not represent daylight availability
completely because of individual differences in some cases.
This method was applied to determine the degree to which
subjective statements represent daylight availability in a space
and investigate whether people perceive daylight conditions in
line with actual measurements. The possible reasons causing
the variation between actual measurements and people’s perceptions
could help identify ways to increase occupant satisfaction in
the built environment. For this purpose, participants were asked
to describe the amount of daylight at the best seat they have
selected wsing a six-option scale derived from the BUS
questionnaire (Leena, 2017; from very low to very high; Figure 2).
Thus, daylight availability at a specific desk was tested depending
on how participants perceived it.
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Task 3: Daylight Boundary Line

This uniquee method proposed by Handina et al. (2017) was
used given its potential to represent how daylight composition
can be perceived in a space. For this purpose, participants
were instructed to draw on a copy of the library floor plan,
‘daylight boundary lines, whenever a sigmificant change of
contrast was found or a bright area was perceived when moving
arpund the library (Figure 3). The drawn boundary lines were
then scanned and overdrawn in AutoCAD to overay the
perceived bright areas, which were assumed to indicate the
perception of adequate daylight in this study. Finally, all drawings
were superimposed on top of each other and evaluated based
on daylight availability at a specific time.

Methods of Analysis

All the statistical analyses were conducted using the software
package 5PSS 20.0. Univariate descriptive statistics (response
frequencies, means, and standard deviations) were calculated
for each variable. Evaluations of the data obtained from three

subjective methods were carried out separately as described below.

Analysis of Seat Preference

Initially, infleential reasons for the best and worst seat selections
and the importance of daylight in the selections were considered.
Secondly, daylight availability at the best seat sdected was evaluated
using ordinal regression. Lastly, the best and worst seat selections
were evaluated on the seating map concerning other influential
factors on seat selections apart from the contribution of daylight.

Analysis of Subjective Ratings

Subjective ratings were evaluated based on the perceived daylight
conditions towards daylight availability at the best seat selection
using an independent-samples {-test.

Analysis of Daylight Boundary Line Dvawings

Daylight boundary line drawings were assessed with the
methodology created by Handina et al. (2017). Initially, the
variation in participants’ perceived bright area was analysed
using descriptive statistic methods. Secondly, the statistical
quartile concept was used to categorise and visualise the areas
agreed by a certain number of participants as bright. Spaces
were differentiated as fully daylit {area agreed as bright by at
least 75% of the participants), partially daplit (area perceived
as bright by at least 25%) and non-dapit (area perceived as

bright by less than 25% of participants). Lastly, categorised
areas representing the participants’ overall daylight perception
were overlapped with daylight availability to investigate if they
correspond with each other.

Analysis of Daylight Simulations

Data obtained from seat preference and subjective rating methods
were evaluated based on point-in-time climate-based calculations
positioned horizontally in the middle of each working desk,
which has been found to have a better association with seating
behaviour than other daylight metrics for predicting daylight
availability in previous studies (Keskin et al., 2015). Daylight
boundary line drawings were assessed using [A3000x,50% (50%
of the occupied time when the target illuminance of 300 Jux
on a horizontal plane is met by davlight) because of a more
robust association with the daylight composition of space than
others (Handina et al, 2017).

RESULTS AND DISCUSSION

Seat Preference

Reason for Seat Selection

Participants were instructed to select the three best and the
three worst seats and indicate the reasons for their selection
in an open-ended question. Each participant stated at least
one reason for their seat selection (Table 4). The number of
reasons stated for the seat selection was greater than the number
of respondents who answered the question. This caused the
total response percentages to exceed 100%.

Daylight was the most dominant reason when selecting the
maost liked desk, followed by privacy, outdoor view and guietness,
respectively. These results align with the findings of Dubois
et al. (2009); daylight was the most significant reason for seat
selection. Keskin (2019) also reported daylight as a highly
mentioned reason for seat selection in their experiment In
other respects, indoor conditions such as temperature and air
quality were other influential parameters for seat selection.
Other reasons mentioned related to specific desk features were
wideness, proximity to the circulation route or entrance, enabling
to study individually or with friends, being at the corner or
the back of the room and access to facilities such as a computer
or plug socket. The worst seats were also associated with
unsatisfactory daylight conditions: and with distractive noise,
lack of or unpleasant outside view and non-private environment.
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Although, in general, participants seem to agree on the
reasons given when selecting the best and worst seats, there
were a few cases where a particular desk was selected as the
worst and the best by participants. Although seat preference
varied from person to person depending on individual needs
and expectancies, the majority of the participants considered
it important to have a satisfactory daylighting level, face the
least people, and have an outdoor view of greenery.

Daylight Availability at the Best Seats Selected

The daylight availability at the best desks selected by participants
showed that 44% of the participants (N=22) described the
amount of daylight on their best desk as very high, 42% (N=21)
stated that the daylight conditions were high, and 6% (N=3)

as above average. In contrast, only 8% characterised the daylight
conditions as low or very low. These results support the idea
that most people prefer desks with a high amount of daylight,
which could be with/without consciousness {Kahneman, 2011).
Since the awareness of our behavioural responses to the physical
environment is limited, and some of our behaviour is not
under our conscious control.

An independent-samples ¢-test was also carried out to check
whether there was a significant difference in daylight illuminance
level of the best seats selected between participants who indicated
daylight as the reason for their selection and those who did
not. The findings showed that people who mentioned daylight
as a reason preferred the desks with much higher daylight
illuminance levels (468.5+437.11x) than those that did not
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TABLE 4 | Parficipants’ rmsporses conoaming the ressons for choosing the best (Jeft) and warst (right} seats in the: lbrang.

Reason for best A B c Reason for 1 2 3

seat selections best (%) second-best (5]  third-best (i)  Worst ssat worst (1) second-worst  third-worst (%)
selections (%) %)

Chstness. 143 40 7 Moisy 18.2 126 13.0

Matural light Matural Bght

Delight ELE 4.0 ETT Lk abfinsufficiant 16 825 E232
danyfigint

Shoyght 10.7 24.0 a3 Shyiight 3B 42 43

Proximity ta 143 12.0 16.4 Mo window oo 42 43

windaw

Curtdoor view 250 40 164 Lack off 16 126 130
unpleasant
outdoor view

Privacy Privacy

Privacy 21 200 115 Mo privascy T a3 a0

Private position LA BD 0o Mon-private oo .o 43
posiion

Feeling isokted a.n 24.0 115 Fesling isclated T a3 a7

Desk Desk

Desk inaturs LA 40 16.4 Dlesshs fenture: oo 42 13.0

Desk looafion A6 BD 16.4 Dlesks location 231 126 a7

Indoor conditions LA 40 a3 Indocr 164 126 217
oonditions

mention daylight as a reason (174.9+1831x), [W48)=2.1,
p=0.052]. It could be explained that daylight availability on
a specific desk that meets an occupant’s needs and preferences,
namely individual daylight expectation, usually influences seat
preference. Therefore, daylight availability of the selected desk
coudd be used as an indicator of an individuals daylight preference.

Other Influential Factors
e 4 presents the seat preference configuration against the
library’s daylight availability when the experiment was conducted.
The categorisation of lighting levels was done based on the
recommended range for library reading rooms (between 300
and 500 lux; Keskin, 2019). It can be seen that most (B6%)
of the seats selected as the best are located in areas with high
illumination, whereas most unpopular desks are located in
places with poor or lack of daylight. Interestingly, two desks
were regarded as both best and worst by different participants.
One of them, located in Foom 1, corresponds to an individual
cubicle that does not have access to outdoor view or acceptable
daylight levels. The desk was selected as the worst seat by a
participant because of the deficient daylight level; however,
another participant preferred it because the desk was at the
corner and more private than others. Another desk, described
as both best and worst by five participants, is located near
the window and in the corner of Room 2. The desk has a
satisfactory level of daylight and owtdoor view of greenery,
which some participants positively appraised; however, others
were negatively affected, given its closeness to an emergency
exit and facing the people passing through the circulation route.
Desks in Room 3 under the skylight had a high level of
daylight when the study was conducted; however, they were
not preferred as expected. The desks near the window in Room
I were more popular than the desks in other rooms. Six

participants stated that they do not feel comfortable in the
open-plan layout of Room 3, even though it has excellent
daylight levels, especially at some desks. They also mentioned
that their screens were visible to other students and that even
if it was a silent room, it was easy to get distracted due to
facing other people. These findings emphasised that seat
preference cannot be examined only in relation to daylight,
and it should be investigated together with other components
reported in the study such as privacy, outdoor view and quietness.

The role of daylight on seat selection may also vary depending
on the context, sample characteristics, and the activities participants
are requested to undertake. For instance, this studys results
could have been different if the participants were in real need
of using the space for their respective studies (eg., reading and
writing for an assignment). In that case, privacy and quietness
could have been more important than natwral environment
components such as temperature, lighting and outdoor view.
Therefore, the study design might have affected the participants’
natural environmental attention and evaluation of the space and
desks. However, although the importance of daylight varies from
study to study, it abways remains an essential factor for seat selection.

Subjective Ratings

After selecting the best and worst seats, participants were asked
to rate the daylight conditions on the work plane at the seat
they had selected as the best in the library. Then, the perceived
daylight conditions of the participants were evaluated towards
daylight availability at the best seat selection using an independent-
samples i-test. Although some individuals described the amount
of daylight different from actual measurements, it was assumed
that the contribution of daylight to horizontal illuminance on
the desk had a significant effect on the subjective assessment of
daylight, p=0.002. The correspondence between subjective ratings
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and daylight measurements proved that subjective rating is a
suitable method for evaluating daylight perception and vice versa.
However, even if the difference between the subjective ratings
and daylight conditions was minimal, inter-individual differences
in perceiving daylight conditions need further investigation.

Daylight Boundary Line

Variation in Perceived Daylight

The library’s indoor daylight conditions were assessed by asking
participants to draw a boundary line when they noticed a
distinction between daylit and non-daylit spaces. A few examples
of participants’ drawings are shown in Figure 3. In this
experiment, some participants described the daylight availability
in certain areas as very high, whereas others found the daylight
in the same areas low or insufficient. The overlapped drawings
gathered from all participants are presented in Figure 5.
Participants’ average perceived bright area in the library varied
from - 16 to - 100 square meters (mean =40.3, SD=24.6, N=50).
Perceived daylight conditions varied over an extensive range
from person to person regardless of actual daylight measurements.
Therefore, aspects that can intervene and cause the discrepancy

between actual daylight measurements and participants’
perceptions from drawings deserve further attention.

Daylight Availability and the Overall Perception

In order to categorise and visualise the areas agreed by a certain
number of participants as bright, the overall perception of daylight
compoasition within each room was evaluated using the statistical
quartile concept. Spaces were differentiated as fully daylit (perceived
as bright by at least 75% of participants), partially daylit (perceived
as bright by at least 25% of participants), and non-daylit (area
perceived as bright by less than 25% of participants; Figure 6).
Despite the inter-individual differences in the participants’
perceived daylight conditions from drawings, there are still
apparent areas in the centre of rooms 2 and 3 that all participants
agreed to be the dimmest and brightest, respectively.

The participants’ overall daylight perception was overlapped
with daylight availability in the library to determine the difference
between perceived daylight availability from drawings and actual
daylight measurements. Handina et al. (Handina et al, 2017)
found that the most compatible metric to evaluate boundary line
drawings concerning daylight availability in a space is DA300Ix,50%.
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Thus, Daylight Autonomy (300kx.50%) was used to evaluate
daylight boundary line drawings as a daylight availability metric
that corresponds to 50% of the occupied time when the target
illuminance of 300 lux on a horizontal plane is met by daylight.

As seen in Figure 6, only in Room 3, the percentage of
the area enclosed with the contour line of DA3001x,50% (41.3%)
to some extent, corresponds to the partially daylit area (45.1%).
However, the percentage of DA300Ix,50%, was not close to
the other two rooms’ fully daylit areas. Therefore, this method
could somewhat explain the tendency in daylight perception
of a group of people, despite the noticeable inter-individual
differences in the daylight boundary line drawings. It could
be useful for comparing daylight perception of a particular
group of people, such as people’s perceptions living in different
latitudes. However, space’s characteristics such as the room’s
size, window type and size, and seat configuration coald explain
the possible difference in participants perception. Also, as seen
in Figure 5, the degree of agreement in the participants’
perceived bright area varied. Even though perceived bright
areas varied from person to person in Room 2 and 3, the
agreed daylit space was more noticeable. Perceived bright areas
in Room 1 varied on a wide range, and there is no agreement
in the participants’ perception. These findings agree with Handina
et al’s (Handina et al, 2017) work, where a noticeable difference
was found in the subjective daylight evaluations between small
and large spaces. Overall, these findings indicate that this
method could be used to compare the overall daylight perception
of a particular group of people; however, it needs further
investigation for the individual assessment of subjective daylight.

Initial Findings From the Developed
Methodology

This paper aims to review the methods previously used to assess
daylight perception and establish a methodology for assessing

daylight perception in the context of cultural background. As
mentioned in the results section, seating preference and subjective
ratings seem as suitzble methods for evaluating daylight perception
of individuals. Therefore, as a part of cultural background in
the lit environment (Izmir Tunahan et al, 2021), the contribution
of ethnic background and time spent in a specific environment
to the participants’ responses was analysed. The results from
the seat preference method showed that when selecting the best
seats, the leading reason for 48.5% of Asian participants was
daylight, followed by privacy (152%), quietness (6.1%) and
indoor conditions (6.1%). On the other hand, 33.4% of White
participants selected their favourite desks considering daylight
as a priority. Subjective rating method results also showed that
Asian participants described daylight conditions on the best-
selected desks as equal or lower than actual measurements. In
contrast, White participants described daylight conditions as
similar or higher than actual daylight conditions. This finding
shows similarity with Lee and Kim's (Lee and Kim, 2007) study,
which showed that Asian people felt more comfortable than
Caucasians towards high glare levels of luminance.

In terms of time spent in London, study findings showed
that participants that had been in London for longer periods
gave less weight to daylight while selecting a seat than students
that arrived a couple of months before the study. Four students
born and grew up in London preferred desks with significantly
less daylight than non-Londoners. In parallel with their seating
preferences, students who spent more time in London described
the daylight conditions at the best desk as more acceptable.
Acclimatisation to daylight conditions over time could affect
subjective daylight evaluations and explain this finding just as
shown by Martin et al. (Hébert et al., 2002). However, participants’
daily routine, how long they are exposed to outdoor daylight
conditions and in which timeframe also matter in addition
to the daylight availability of the city. Together these findings
show that there could be an association between cultural
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background and subjective daylight evaluations; however, it
needs further investigation with a large sample size of participants
considering all cultural background components.

Limitations and Future Work

+ The study was limited to a particular place and a particular
group of people at a given point in time. The small sample
size was another limitation that did not allow to generalise of
the findings.

The role of daylight on seat selection may vary depending on
the context, sample characteristics, and the activities
participants are requested to undertake. Study results could
have been different if the participants were in real need of
using the space for their respective studies (e.g., reading and
writing for an assignment). In that case, privacy and quietness
could have been more important than natural environment
components such as temperature, lighting and outdoor view.
Therefore, the study design might have affected the
participants’ natural environmental attention and evaluation
of the space and desks.

Even if the difference between the subjective ratings and
daylight conditions was minimal, the reasons for perceiving
daylight conditions different from other individuals need
further investigation, and inter-individuwal differences should
be examined deeply in further studies.

+ The use of drawings to measure participants’ perceptions,
such as the daylight boundary line method. has some
limitations because it involves cognitive and motor processing
simultaneously. Therefore, it is suggested (Mitchell et al,
2011) that when a drawing is used as a research method, it
should entail participants’ drawing and talking, or drawing
and writing to interpret the meaning embedded in
their drawings.

The impact of cultural background on daylight perception
was evaluated considering only ethnic background and time
spent in London. However, cultural background in the lit
environment comprises many aspects. Further analysis is
needed as suggested by (UKCISA, 2017) considering the
luminance environment where people used to live, the
luminance environment they were recently exposed to, the
socip-cultural  background, and  individual lifestyle
daily routines.

CONCLUSION

Daylighting is an essential component of the indoor
environment that can greatly influence the occupants’ comfort
and wellbeing. For assessing the daylighting quality, photometric
measurements on their own do not wholly represent the
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subjective aspect of the lighting environment; therefore, more
attention should be paid to how participants perceive the
same daylight conditions and which method can predict the
daylight perception of the participants much better. This
paper has presented a summary of current methods for
assessing daylight perception and established a methodology
for assessing daylight perception in the context of cultural
background. In lighting studies, culture represents the many
aspects from individuals” characteristics and the climatic and
indoor conditions people have experienced. Hence, people
from different cultural backgrounds might have different
expectations of the lit environment. This knowledge could
be used to investigate how users interact with the building
and develop strategies to reduce unnecessary electricity
consumption in addition to the contribution to human health
and wellbeing.

This paper showed that subjective ratings, the amount of
daylight described by participants, coincide with the daylight
availability on specific surfaces. However, there remains a
slight difference between participants’ statements and actual
daylight conditions. The reasons why daylight conditions are
perceived differently by participants need further investigation.
The findings from the seat preference method showed that
daylight was the most dominant reason when selecting the
best desks in the library, followed by privacy, outdoor view
and quietness, respectively. Although the reasons for seat
selection varied, the majority of the participants agreed on
particular reasons; satisfactory daylighting level, facing the
least people, and a greenery outdoor view. This study also
showed that the perceived daylight conditions obtained from
the daylight boundary line method varied extensively from
person to person regardless of actual daylight measurements.
Therefore, aspects that can intervene and cause the discrepancy
between actual daylight measurements and participants’ drawings
deserve further attention. Initial results from the developed
method demonstrated that there could be an association
between cultural background and subjective daylight evaluations;
however, it needs further investigation with a large sample
size of participants considering all cultural background
components.

Together these findings showed that subjective rating and
seat preference methods could be used to evaluate daylight
perception. Although daylight availability corresponds better
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APPENDIX 1
Details of the roome and tedhnical properties of the surfaces.
Room 1 Room 2 Room 3
Room geometry (m]) Dapth E.50 18,30 1620
Wickh 4,70 103 .00
Height 28 376 270
Room reflectance® Floor [carpet) 0.03 a3 0a3
Wals 0.B5and 0.24 o7 0ae
Ceiling a.m o.7e ore
Window frame 0.8 0.8 -
Furriture reflectance Deske 062 023 0&7
Tarmitany elemant 0.08 and 0.10 05D o132
Backsheles - 027 -
Op=ning geometry (m) Mumber of cpenings 2 wairdows 13 windows 2 shoyfight=
Height x Width 189 =125 2581 26and 260 168 -
Width x Depth - - 320 G and 320 = 1.80
‘Glazing characteristics Visbls traremission 0.60 0.8l 0ed
Blinds Mo “¥os — Dooupancy controled Ida
imtemal blinds
Orientation L] H—E -
Outdoor view characteristics Church Church and badk building Onby sky view

facade

THONCA MINOELTA Remermnos mofer T 104 200148652 and! KOACA MINOELTA Laminenos gun maler L5 100 wes used o mensre surbos Suminanos and surisos brinanos,
assuming parfectly difusing surdaces, and s rmulr Luminanoe—- Aeflectance x luminanos's” wes anpliad io caloulfe milectnos of the suraces.
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THE ROLE OF DAYLIGHT ON USERS® SEAT PREFERENCES

Izmir Tunahan G.', Allamirans H.1 and Wiwin Teji J1

1 Institide for Environmental Design and Engineering, University Callege Landan,
Lamndan, United Kingdam

gizem.zmir.lunabhan. 1 TiE@ucl. ac uk

Abstract

SBeating thal mests the needs and preferences of sludents can promabe a longer slay in
ibraries and keep students molivaled, which in turn influences their emations and learning
abiliies. However, axisting knowledge on the interacliion batween daylighting and seating
preferences is limited. This sbudy aims to understand whal lype of spaces are in more
damand and the relaionship bebseen seal occupancy and daylghl availability. Oesupancy
data of the UCL Bartlall library acquired Trom motion sensars located underneath each desk
wirs used bo assess occupancy, which was then compared to characlenstics of space,
including daylght availability. The study revealed thal although daylight has a considerable
impact on sludents’ seal seleclion, the seating preference of the students cannol be explained
by daylight alone. The seats wilh a good combination of daylight, ouldaor view and privacy
are in more demand compared Lo seats that provide only a high level of daylight. Future
research should invelve individual pereeplion in addition be oscupancy monitoring data,
considering daylight conditions logether with other componeants such as privacy, auldoor
wiews, and quisiness.

Keywords: Daylghl, S=al preference, Oscupancy monilofing, Sensars

1 Introduction

The expectation of occupanis and their behaviour in the built environment could vary
depending on the building type, building design features, elimatic condilions, type of activily
(Delzendeh et al., 2017), and people's personalities (Nel and Fourie, 2016). Understanding
accupants behaviour and their inleractions with the indeor anvirenment could provide insights
inla how bo improve occupanis” salisfaction (Paone and Bacher, 2018) and the anergy
efficiency of a building (Andersen, 2009) {Fabi ef al., 2012). For instance, understanding the
reasons behind selecling a particular seal in an envirenment could help inform the siralegies 1o
improve pocupants’ satisfaction and maximise the benefil of an environmenl such as a library
ihal has an essential role in enhancing sludents’ achievemenis.

The seat saleclion process results from the individisals' prior experiences in a space of a
deliberale choice among allernatives while entering the space (Stone, 2002), regardbess af
whether deciding consciously o unconsciously (Kahneman, 2011). Seating seleclion is
different for individuals Tamiliar or unfamiliar with a space’s physical setlings (Keskin, 2018).
The human response 1o the physical environmeni is sirongly subject lo prior experiences
{Bayea, 2014). For example, |ibrary users could repealedly choose the same seal depending
on prior experiences, whereas firsi-comers need lo rely on exiernal sources sush as existing
Eghting conditions, noise level, elc. The availability of seals al a particular time could also
influgnce seal saleciion; individualzs who arrive earlier al the library have more chances o
seleci a seal than those arriving laber. Individual differences, namely arousal, molivation, and
expecialion, also matler in human behaviaur {Boyes, 2014), influencing the decision-making
process. All these lacions considered logether could make a difference in individuals' s=al
preferance behaviour.
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Linking the sealing behaviour of individuals with a particular stimulus in the physical
anviranment s 'qlitt difficull bacause individuals are ﬂpﬂ!l‘.‘ﬂ ] I‘I'Il]'tiﬁlh' gources af
mlarmation 'ﬂll”l'lg e saal salachsn process, The bahaviaural regponse (L physhtal
slimulus in an anvironmeanl is nol ﬂ|rtﬁﬂj‘ aganciated wilh its I"I'llgl"l“Ll'ﬂ-E. Bul wilh the
interaction of the people and the envirenment, they are exposed 1o (Bayee, 2014). According
la Barker et al [1078), human behaviour in & space could be explained by the physical
anwironmenl condilions ﬂ'lt'j' are Hpﬂﬂ&ﬂ 1o rather than individual characlenslics. Barker al
al.[1978) proved thal human behaviour shows simillarity against a s=1 of physical objesl
armngmlu {i.E. chairs and ﬂﬂ!li!b regardleu al the ndividual differences.

The faclons inluencing seating behaviour in the learning environment have been defined
in warious sludies as ambient lemperalure, type of furnilure, proximily 1o elher ccoupants
{Dubois, Demers and Potvin, 2008), guislness, culdoor view, privacy, social interactions such
as cloge o friends, entrance or circulation (Gou, Khoshbakhi and Mahdoudi, 2018), daylight
(Keskin, Chen and Folios, 2017) (Othman and Mazhl, 2012), stedenis” degres of territorialily
and seal arrangements (Kaya and Burgess, 2007). |1 is also known that when choosing &
space, individuals lend lo value & Tew specific variables rather than evaluale sach
enviranmantal variable egually (Keskin, 2018). For example, the impacl of daylghl on seating
behaviour is alse afected by the varialions in olher factors thal influance the decision-making
process, and the role of daylight in seat selection remains hidden behind them (Boyee, Hunter
and Howledt, 2003). The underlying processes of seating behaviour within a specific physical
enviranmant have nol been complelely understood yel.

The sgatial orientalisn of an individual rebes on the inlerprelation of changing retinal
images and the updaling aof this information whilst walking through a space (Cultle, 2008). The
received visual information with auditory and lactile senses iz used 1o decide on location,
position and movement (Keskin, 2019). Therelore, as a parl of the dominanl source of
semsory mlormation (vision), daylghl is regarded as an essential companent for the spalial
arienlation of an ndividual. It gives individuals a sense of place with 1he changing intensity
and direction of iBuminalion over lime (Keskin, 2019) and polentially influencas heir spatial
arientation within an envirenment (Boyee, 2014) (Dubois, Demers and Polvin, 2009).

The lminous envirenment could imgact individuals’ decision-making process in remaining at
the same location of moving somewhere eike. In the case of changing the location and
ullimalely luminous enviconment, individuals may develop a sense of awarenass of the
Wiminous similarily of conirast (higher o lower amount of Alumination) with other spaces. In
olher words, they pul the spaces in luminous order during their seal selection (Flynn, J E;
Segil, A W; Stefly, 1088).

The type of lask lo be also parformed matbers for the imponance of daylight on s=al
selection. For EI!I"I'INE, visual lasks that I'qul-l"f.' gre-al:f.-r altenlson, such as I'Hﬂ-l'lg. may
influence individuals 1o chooss particular locations with mostly higher daylight levels (Flynn, J
E: Segil, A W, Stelly, 1988) (Steane, 2011). However, in some siluations, people may need a
phlbl‘.' 1o Tacus wilh less awareness of Sansory inlarmalion ﬂﬂﬂ-ll'lg Tram theair axtemal
enviranment {Sleane, 2011). For inslance, during exam periods, privacy and guieiness are
more eritical aspects for students (Cox, 2018) (Wallan, 2008) than daylight levels.

This eludy aims to investigate the impact of daylight svailabiity on the sludents’ sealing
selection in order lo understand how Lo |I'|'IFI'-D'|'E the sludents” salETaction with a Space and
reduce enargy consumplion.

2 Methodology

2.1 Field site

The siudy was carried oul in the UCL Barilell library localed on the ground Aoor of a six-
storey building. The Ebrary comprises three main sludy areas (Figure 1) with different layouts
and lighting designs. Room 1 has eighl shared desks and four individual cubstles, Room 2 has
el shared desks and eleven individual desks, and Roaom 3 has thirty-iwo shared desks. In
terms of daylight, Room 1 has twa nodh-facing side windows, and Room 2 has several sida
windows facing narth and easl erenlations. Reom 3 is an open plan space wilh two skylighls.
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Figure 1 - Plan of the Bartlett Library

2.2 Occupancy monitoring

The utilization of seats in each UCL library has been monitored and recorded on & 10-minute
basis since 2017 (UCL, 2017). The purpose of monitoring the occupancy of 4,000 seats is 1o
provide students with real-lime availability of the study space via an app called UCL Go!. The
app aims to help students save lime, enabling them to choose an adequate study space
according to their needs and expeclations, which in turn will have a considerable impact on
students’ academic performance (Will, Bischof and Kingstone, 2020).

Occupancy data was obtained from PIR sensor boxes (infra.red technology) attached to
the base of each desk that detect if the desk is available. The information regarding whether
the particular desk is occupied at a spedfic time is sent to OccupEye Cloud and is plotted using
a range of red and green colours that indicate for what percentage (%) the desks have been
occupied (Figure 2). This study has analysed data recorded from the Bartletl Library between

2018 and 2018.

- LR e —
e

Figure 2 - PIR sensor boxes (left)
Representation of occupancy at each seat in Occupeye Cloud (right)

2.3 Quantification of daylight availability

In order to analyse the role of daylight availability on seating selection, AutloCAD and Rhino

were used o praduce 2D and 3D drawings of the library. Then, Grasshopper was used to create
Eghting performance analysis for the parametric madelling with Ladybug and Honeybee plugins.
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Spol illuminance measuremenis were laken using a KONICA MINOLTA illumnance meter and
luminance gun meler. The measurements were used 1o calibrate the developed maodal.

2.4 Procedure and methods of analysis

The dala ablained fram the UCL library sccupancy monilaring syslem was analysed bo
understand whal lype of spaces were mosl in demand in the library and the role of daylight an
sealing selection. The data used in the analysis considered the ulilisation of desks betwesn
9:00 and 20:00 on weekdays and between 11:00 and 18:00 on Salurdays, beiween the 1 of
January 2018 and 1" of January 2019. The dala were analysed in the following ways:

&  The desks’ rooms in mos! and least demand: The annual GCCupancy ol eaach dask
WAL 3|‘I3|5I!-I‘.'ﬂ ta il'll.IES-l'l;ﬂ1E lhe desks and rocims wilh the mosl and least demand ,
hence, the popularity of the desk and its relationship with daylight availabikty.

= Ovder of preference of desks: The degres of freedom of choice could influencea tha
sealing decision because individuals can choose only available seals. For instance, [hey
could have more chances o select desks aarly in the morning than those who arrive in
the afternoon. Thus, the seleclion of desks in the morning hours was analysed.

The analysis was conducbed for weekdays from 9:00 1o 12:00 at 30 min intervals. The
sealing pallern on a ypical day was defined considering the percenlage of the time a
desk was oscupied between 9:00 and 12:00 for an entire year (Table 1) If a desk was
eccupied al equal of more than B0% of the lime, then thal desk was regarded as
sceupied [Figure T).

OEZKE 1 ‘$-500-9-30 9:50-10:00 10:00. 1030 10:30-1 1500 115001150 11:58-12:00
01.01.2008 1 1 1 1 [+ 1
02.01.20018 1 L] 1 o 1 L]
03.01.2008 [+ o o 1 [+ 1
04.01. 20018 1 1 1 1 [+ 1

1 1 ] ] 1 i 1
i [ i i i I i
1 i ] ] 1 ] 1
1 1 ] ] 1 ] 1
i [ I [ i i i
31 12.2008 1 o 1 1 [+ o
The The The The Thi The The
ukilicati [ [ par ¥ parceflages [ [
of Daik 1on | = | af | af ef o | af |
i Rypical ciriidy’ Total | casin) Total | casedf Tokl | camasd Tetal | caeed’ Toa canin) Total
day [T =TT ETTT Cariag [T =TT

Table 1 = Method of analysis for the occupancy of each desk
at a specific time interval
[1: oecupied, O unaccugied)

= Length of siay af the same desk: This melhod aims lo understand haw long &
desk was ulilized withoul interruplion or becaming vacant on a lypical day. The
analysis was conducied for weekdays from 12:00 to 20:00 with an hour interval.
The sealing pallern on a typical day was defined considering the percentage of
the lime a desk was occupied batwean 12:00 and 20:00 Tor an enlive year. If a

desk was accupied at egual of mone than 30% of the time, then that desk was
regarded as accupied.
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3 Results and Discussion

As seen in Figure 4, the library reaches masimum eecupancy in Springlime (March, April,
May), whereas there is nol much demand in Summer. April and Seplember are the mos! and

least busy limes of the Ebrary, respeclively. Mondays seem 1o be the busiest days, while

Saturdays are the quistesl. On a weekday, the library reaches the first peak occupied lime at

araund I'I'I|ﬂﬂ!j' and then the second one al arsund 15:50. In contrasl, the busies] lme in a
day is around 15:30 al the weekend (Figure 4)
10
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Figure 3 - Dccupancy of the Barthett Library (Jan 2018 to Jan 2019)
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3.1 The desks in most and least demand

Figure 5 shows that the most preferred desks are located in Room 2, which has access lo

daylight and an outdoor view. In this room, the individual desks were in higher demand than
shared desks. Desk 32, an individual desk with both daylight and cutdoor views, is the desk
with the highest demand. The least utilised desk is Desk 35; it lacks access to daylight and
outdoor view and privacy as it is located close o the circulation between Room 2 and 3.
The desks in Room 2 were positively appraised by moslt participants even though they have
lower daylight levels than the desks under the skylights in Room 3. This preference could be
explained due 1o the absence of an cutdoor view of Room 3 and its open-plan layoul, hence the
fack of privacy.

sera Ry B EREGT

asolou nojon welox

Figure § - Utilisation level of each desk and daylight availability

3.2 The rooms in most and least demand

As previously stated, Room 1 and Room 2 have several side windows allowing the
students to have desks with access to daylight and outdoor views in contrast 1o Room 3,
Hluminated by skylights without access to outdoor views bul with high daylight levels,
especially at some desks. As seen in Figure 8a, desks with higher daylight on the horizontal
plane and illuminated by side windows are those with higher utilisation. The highest utikzation
belongs 1o desks near a window followed by desks with access to outdoor view and less
daylight. The least ulilized desks are desks with no outdoor view and the least daylight.
Although daylight does not seem to affect the ulilization of desks |it by the skylights in Room 3
(Figure 6b), desks under the skylight still show the highest ulflisation. It can be concluded that
daylight promoles seal selection in places dayfit by the side windows; however, the
importance of daylight on seat selection under the skylight is minimal.
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Figure & - Daily iluminance against daily utilization of each desk
lit by side windows [a) and skylights (b)

Access 1o ouldoor views and acceplable daylight levels make certain seals more
preferable than seals with only adequate daylight levels, such as those in Room 3. Privacy
could alsa be alfecting the selection of seals in Room 3 (open plan). These findings
emphasize [hal although dayight is one of the mast important faclors for seal selaclion, seal
preference cannol be explained by daylight alone_ It should be invesligaled logether with
alher componants such as privacy, outdosr views, and guislness

3.3 Order of preference of the desks on a typical day

Figure 7 presents the associalion batween the arder ol preferance far the desks belwesn
9:00 and 12:00. Az seen, firs] comens 1o the Bbrary mostly prefer the individoal desks in Room
2. These desks mostlly have a good combination of daylight, autdear view and privacy . but they
are nol necessarily the ones with the highest daylight availability. Following, students sesm lo
prefer the shared desks in Room 2 wilh an ouldoor view and comparatively less daylight
availabilily and less privacy. Alter the desks m Room 2 are fully occupied [betwesn 10:00-
10:30), sludents select desks in other rooms, mostly with the highest daylight levels initially.
After all, desks getling a high ameount of daylight in Reom 3 are fully occupied, siudents begin
1o selech the olher desks in the same room wilh he lack of msuificient daylight levels. Thase
desks are mostly with the least daylighl availability with no privacy and no autdeor view, Carner
desks were more preferable in this period because they are comparatively more private.
Although some desks in Room 1 have access o daylight and cutdoor view |ke Room 2, some
of them are nol prefarred by sludents. It could be explained thal Rasm 1 has a Morth arientation
and is comparalively darker than Room 1, especially in the aarly maming hours. Thass Tndings
show thal a high amount of daylighl promotes people 1o selecl particular places. however, he
rode of daylight should be considerad with the combination of other faciors.
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3.4 Length of stay at a desk

In terms of length of stay at the same desk, as seen in Figure 9, the desks in Room 2 are
utilised most of the day without interruplion or becoming vacant. However, desks in Room 1
and 3 seem to be used for shorter periods, especially after 17:00. As supported by previous
findings, individual desks in Room 2 were continuously used, followed by shared desks in the
same room. The desks in Room 3 used for longer periods were mainly those located under
the skylights and those located in the corners despite the lack or insufficient daylight levels.
Interestingly, individual cubicles in Room 1 showed a continuous utilization against shared
desks in the same room despite the access Lo outdoor view and daylight availability.
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Figure 9 - Length of stay at a desk on a typical day
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1.5 Limitations

Although the data collected through the sensors indicate whelher the space is in use or
available, demonsirating which desks are most preferred, [hese devices do nol collect any
personal data and cannol identily an individual. Therefore, study resulls do mol represent
sludents’ personalities, individual pereceplions and expectations. Another limilation is thal
sludents cccasionally leave their laplops, waler bollles, and backpacks 1o claim a seal while
thay go oulside. PIR sensors can nol delect a claimed seal due to no large heal signatures or
mavemaeanl. Thig siluation could affect the siudents’ fresdom of choice and ulimalaly siody
findings because il assumes that il is available for selection il a desk seems unoccupied.

4 Conclusion

This paper describes a method thal uses seal preference lo undersiand whal peopls
choose 1o do in a space. Data oblained from the UCL library accupancy maoniloring system was
analysed 1o undersiand whal ype of desks were mone in demand during 2018 and 2019. Then,
the ulilisation af the desks was evaluabed specifically using daylighl availability te explore the
rabe of daylight en human seating behaviour. This siudy considered the seating preference af
the studenls in lerms of the requency of selecling a specific desk, ils order of preference and
length of slay at the same desk.

Mozl af the seals selected as the best were localed in areas with high iBumination.
However, the seals with a goad combination of daylighl, culdoor view, and privacy were more
demanded than the seals providing only a high level of daylighl. The siudy lindings also
demansiraled that the increase in the Slumination of the desks is generally followed by higher
utilisation in places daylit by the side windows rather than skylights. It could be argued that
access lo outdoor views and acceplable daylighl levels makes the sealing places mare
prefarable than only dayBghl Privacy seems 1o be anolher eritical component because the area
it by skylight is an apen plan space and comparalively less private than olher rooms.

These findings emphasized thal although daylight has & considerable impacl on students’
seal saleclion, the sealing prefarance of the sudents sannol be explained by daylight alone.
Fulure research should consider daylighl faclor lopether with olher componenis such as
privacy, outdoor views, and guistness, and it should also invalve explosation of haw people

perceive space.
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CONCEPTUAL FRAMEWORK OF CULTURAL BEACKGROUND IN THE
LIT ENVIRONMENT

Izmir Tunahan G.7, Altamirano H.! and Unwin Teji J. !

! Institute for Environmeantal Design and Engineering, University College London,
London, United Kingdom

gizem.izmir.tunahan. 17 @ucl.ac.uk

Abstract

In environmental terms, culture represents the climatic and indoor conditions people have
exparienced during a significant part of their life, Consequently, people exposad o differant
culiures might have differant expactations of the lighting environment. Krowing the lighting
expaciations due to cullural experiences have numarcus advantages; i could help mesl the
cecupants” negds and preferences and provide occupant satisfaction, reducing unnacassary
enargy censumption in the built envirenment, This paper aims (e summarise a systematic
review to create a concepiual framework of cultural background in the lit environment, which
could help understand the impact of cultural background on daylight perception and
expectation. This review highlighted that cultural background in lighting environment should
be evaluated considering (1) the ethnicity andfor physiclogical characteristics of the individual
eyes, (2) the area (luminance environment) where people used to live (3) the luminance
environmant they wara recently axposed to and (4) the socio-cultural background of
indlviduals. Future research should further test thase cempoenents togather and separataly 19
investigate which compenant ar comblination is mara Influential an daylight percepticn,

Keywords: Deylight, Cultural beckground, Deylight perception, Residential ares,

1 Intreduction

"Culture’ is a broad subject, and generally accepted use of culture refers to people’s
general customs and beliefs. Howsver, Pierson, Wienold and Bodart (2018) have put forward
a new dsfinition of culture as "the climatic and indoor conditions which people experienced
during their major part of life." As a result of the cultural experiences, human behaviours
toward the environment and its expectations are shaped. Consequently, people exposed to
diffgrant cultures might have differam expectations of the lighting envirenment, Lighting
research to date has focused on the Impact of cultural background on glare discomfart
parception rather than daylight parception and satisfaction (Piersan, Wisnald and Badan,
2018), Also, researchars’ approaches ta the cultural backgraund concept vary. Tha cultural
components are defined differantly because the cultural background concept in the lighting
environment has not been comprehensively described yet. Knowing people's lighting
expectations due to cultural experiences have numercus advantages; it could help mest the
occcupants’ nesds and preferences and provide occupant satisfaction, which in turn help
reduce UNNeCassary anargy consumption in the bullt anvirenmeant,

This paper discusses the association between cultural background and daylight
perception, expectation, and satisfaction. The paper presents and discusses a systematic
review to create a concepiual framework of cultural background in the lit envircnment, which
coiuld halp undarstand the impact of cultural background on daylight percapticn and
axpaciation,

320



lzrmir Tunahan,G.et al. CONCEPTUAL FRAMEWORK OF CULTURAL BACKGEROUND IN THE LIT ENVIROMMENT

2 Methodology

2.1 Framing questions for a review

The systematic review is reported following the PRISMA (Preferred Reporting lterns for
Systematic Review and Meta-Analysis) Checklist (Moher et al., 2010). Published studies in
this field consist of various guantitative and gualitative studies, designed as correlational,
cross-sectional, longitudinal, or retrospective, often with specific contexts and small sample
sizes. Thus, the range of the reviewed study methodologies includes environments that are

analogous in some ways to the situations that people will encounter.

Inclusion and exclusion criteria

The inclusion criteria were: (@) including at least one aspect of (day)lighting perception,
{b) published in English, peer-reviewed journals excluding conference proceedings and
books, and (¢} published during any year from 1880 to Movember 2018. Scopus, Web of
Spience, and LEUKOS were searched for electronic records using the following keywords and
Boolean search terms. Boolean operators are utilised by defining the main research
guestion’s keywords and their synonyms. They make the search more acesssible by using
AMD to combine the keywords, OR to broaden and NOT to eliminate. The Boolean search was
done in this way: The keywords in Groug 1 (Culture® OR “Prior light history™ OR "Previous
light history®™ ..} AND the keywords in Group 2 (“Daylight perception™ OR “Light
perception™ OR "Daylight expectation™...)

The potentially relevant articles and papers were identified by defining keywords (Table 1)
which were searched within each database using the combination of the keywords from Group
1 and Group 2 (Boolean search terms). The search was done in either fitle, abstract, or
keywords of the papers in the Scopus and Web of Science databases. Keywords were
searched anywhere in the high-gquality Light and Lighting database (LEUKOS) because the
database did not allow to search in abstract or tile. Afler downloading the papers from
LEMKDS, they were eliminated manually so that they met the identified criteria.

Table 1 - Used keywords in the systematic review

Databases

Group 1: Intervention

Group 2: Qutcome

Scopus
In Article title, Abctract
of Keyward

Web of Science
In Article title, Abctract
of Heyward

LEUKOS
In anywhere,
then manually checked
if it applies to criteria

Culture
Prior/Previous light history
Priar! Previous
luminous environment
Previous climatic conditions
Daylight experience
Luminancs history
Long term light experience
Past daylight =xperisnce
Local illuminance
Country of origin
Latitude
Immigrant
Sociocultural
fitamin O

[Day)light perception
{Oay}light expectation
{Day}light satisfaction
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2.2 Identifying relewvant work

In the first stage of the screening phase, the titles and abstracts of the journal articles
were reviewed and manually excluded if they did not meet the criteria mentioned above. The
second stage was the assessment of the full-text articles for eligibility based on the method
outlined in PRISMA. The results of the eligible studies were exported to Mendeley, which
identified 1128 published research arficles. Then the duplicates were removed (n=28). Mext, if
the title or abstract did not provide appropriate information or meet the selection criteria, they
were removed (n=112G). These papers mostly involved Biclogy and Photobiology studies on
animals, especizlly rats and some phytoplankion cells. The considered only included those
where the association between cultural background and daylight perception (insufficiency
{quantity) and inefficiency (quality]), including daylight adequacy and discomfort glare, were
assessed.

Then the remaining full-text articles (n=35) were assessed for eligibility, of which 27
papers were excluded from further inclusion as they were deemed irrelevant (e.g., circadian
rhythm studies). Finally, the exclusion resulted in eight relevant journal papers that were
analysed further for methed and content {Appendix 1}. Figure 1 shows the process of
inclusion of reviewed papers. In addition to the database search, 2 manual search of all
references cited was conducted in relevant articles. This process led to the identification of 38
published articles of potential relevance. These articles weare then considerad for inclusion in
the systematic review according to the inclusion and exclusion criteria described below.

¥
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i=11 \
=
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e .

¥
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Figure 1 — Flow of information through the different phases of the systematic review
The number of studies included in the gualitative synthesis (N=8)
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3 Results and discussion

The selected published articles (Appendiz 1) were analysed according to their approach to
cultural background. Even though all studies focused on the association between cultural
background and daylight perception, they all understand and define “culture” differently. The
definitions given to cultural backgrownd refer to ethnicity and genetic origin, geographic
location of residence, previous luminous environment, and socioculiural contesxdt.

3.1 Ethnicity and genetic origin approach

Up to now, various criteria have been used to assess ethnicity (e.g., country of birth,
naticnality, skin colour, national/geographical origin, and religion and language spoken at
home (Office for National Statistics, 2018). However, it has not been described using only one
criterion, but a combination of them. In the lighting environment, the ethnic background has
been found to affect light perception, specifically discomfort glare perception, assessed
through discomfort glare indices. These indices were developed to compars subjects from
different studies and to account for differences in the visual properties of particular groups.
Indicas such as the DG for British subjects (Hopkinson, 1971), PGSV for Japanaese subjects
{Tokura, lwata and Shukuya, 1886), and OGP for German and Danish subjects (Wienold and
Christoffersen, 2008) were designed for specific groups and, therefore, their thresholds and
the interpretation of findings differ from each other.

Several researchers have assessed subjects from different locations and their discomfort
glare perception. For instance, Subova et al. (1981) highlighted the difference in the
subjective responses to discomfort glare between subjecis in Slovakia and subjects from a
sirnilar study conducted in the USA by MacGowan et al. (18988). Furthermore, WATA et al.
{1882) studied the difference in discomfort glare sensitivity between Japanese and British
subjects. They found that Japanese subjects were less sensitive to higher levels of discomfort
glare than British subjects; although, the compared study procedures were not completely the
same. |n contrast, Pulpitlova and Detkova (18893 found similar discomfort glare level
evaluations from Slovakian subjects compared to American subjects (MacGowan and Emery
188G) by using Hopkinson's discomfort glare scale. Thus, some researchers found either
similarities or differences between discomfort glare perception of people from different
ethnicities. It may be the result of the application of different indices and study designs.

Lee and Kim (2007) found that Caucasians felt more discomfort glare at high lumina nce
{15,000 lux) than Asians. Howewer, they ignored participants’ area of residence and prior light
history and assumed that participants living in the same locations have the same ethnic
background. A glare perception study done by Kent et al. (2018) could not find any correlation
betwesn sthnicity and subjects’ glare assessments. However, they found a significant
difference in discomfort glare perception of people from different ethnicities in their further
studies.

These studies show that ethnicity may be a eritical factor leading to how lighting conditions
are peroeived. Mevertheless, subjects with different ethnic backgrounds may have similar
discomfort glare perceptions as long as they lived in the same province and got used to living
under those conditions. Therefore, which location participants were selected from, in other
words, study design has great importance in interpreting the findings. All of this shows that
ethnicity alone cannot be used to predict discomfort glare perception of subjects. For this
reason, ressarchers began to study the properties and visual characteristics of subjects’ eyes.

“an den Berg et al. {1881} inwvestigated the optical characteristics and iris colour of
Caucasians and Asians and found a wariation in light acceptance, resulting in different
pigmentation densities between subjecis’ eyes. Also, Lee and Kim (2007} supporied the
previous study by showing that Caucasians have less tolerance to high glare levels than
Asians due to the physiclogical properties of the eyes. A remarkable difference was also
found between suppressing the production of the hormone melatonin in light-eyed Caucasians
and that in dark-eyed Asians (Higuchi et al., 2007). This study demonstrated that the
difference in light-based melatonin suppression is associated with eye pigmentation andfor
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ethnicity.

Many studies hawve demonstrated differences in daylight perception and preferences
resulting from ethnicity andfor individual eyes’ physiological properties. However, most cross-
cultural lighting studies examined discomfort glare perception and colowr temperature
preference, but they did not sufficiently focus on the adequacy of illuminance levels.
Monetheless, Belcher {1885) argued that understanding cross-cultural illumination
preferemces are critical since it can affect feelings of well-being and worker productivity.

3.2 The geographic location of residence

Many researchers have shown that subjective lighting assessments of the same
environment are not often consistent. This might result from the acclimatisation of individuals
to specific outdoor daylight conditions. For instance, residents in Tel Aviv, where illuminance
levels are abowve T5,000-lux for around §6% of the time, may not have the same daylight
expectation as people living in Berlin, where similar levels of illuminance barely cccur. Hence,
external illuminance conditions might hawve significant effect on daylight perception,
preference, and expectation. However, the amount of exposed daylight also matters in
addition to outdoor illuminance levels. Hence, the development of a universal index is difficult
due fo the distinct cultural differences in illuminance preferences (Belcher, 1885).

Pierson, YWienaold and Bodart (2018) proposed that ewen if the subjects had different
ethnical backgrounds, their lighting perceptions were similar because they had been
accustomed to the same climatic and environmental conditions resulting frem living in the
same place. Kim and Mansfield (2016) noticed a cultural difference in the appraisal path
between people living in the UK and South Korea. Similarly, Saraiva &t al. {2018) found
several similarities in climate conditions between students from two different cities in Portugal
and Brazil. 30% of the students in Brazil and T&% in Portugal sisted that they were satisfied
with the indoor lighting environment in their classroom. Despite these two cities' cultural
diversity and location, the students’ comfort levels seemed comparable, probably due to
similar climate conditions they were accustomed to.

Another comparative study between Korean and American subjects showed that Horean
immigrants into the US expressed their discomfort with local conditions and how challenging it
was to accustom to such different lighting conditions (Lee, 2007). Likewise, some researchers
found a noticeable difference in the lighting perception of people living at different latitudes or
altitudes. A comprehensive study conducted by Swbova et al. (1881) found that subjects in
Middle Eurgpe, living around 20 degrees, might have higher sensitivity because of their
adaptability to lower luminance conditions. Brandl and Lachenmayr {1884} also showed that
altitude change causes some physiological alieration in the human body, and the participants
in their experiment indicated different light sensitivity at different aliitudes.

Aecclimatisation to outdoor daylight levels might affect subjective evaluations of artificial
light as well as daylight. A cross-cultural study was conducted by Bodrogi et al. (2017) abouwt
the preference for perceived illumination chromaticity among Chinese and European
observers. In the study, participants were divided into Chinese and European origin, living in
Germany and China. Interestingly, they found similarities in participanis’ lighting preferences
varied depending on where they live instead of their ethnic backgrounds. Another
comprehensive field study was conducted to better understand the customers’ lighting
satisfaction in eight shopping malls scross China at four locations (Shanghai, Manjing.
Langfang, and Harbin) with various climatic, economic, and cultural characteristics (Jin et al.,
2017). This study found a strong association between the presence of daylight and occcupant
satisfaction (p < 0.05). It shows that people tend to be more satisfied with the conditions they
are sccustomed to.

Taken together, all these studies demonstrate that peogle living in the same place and
getting used to experiencing under those conditions tend to have similar lighting preferences.
However, these studies only considered the lighting conditions that the participants were
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exposed to and did not involve individual differences resulting from the climatic and culiural
diversity of the locations such as sthnic background, lifestyle {how much daylight the
individual exposed in a typical day}, and sociocultural norms.

3.3 Previousz luminous environment

The term "Zeitgeber" is used as a time giver or synchroniser in the field of chronobiclogy.
It is considered as an extermal cue that synchronises an organism's biclogical rhythms to the
Earth's 24-hour light and dark cycle. The circadian clock features prominently in coordinating
biochemical, physiclogical, and behavioural processes; thus, zeitgebers are vital in human
biological rhythms. There are two types of zeitgebers: photic and non-photic, and these
components are light, atmospherc conditions, medication, temperature, social interactions,
exercise, and eating/drinking patterns. Even though each of these components is linked to
each other, lighting takes the lead as the most potent cue to synchronise the circadian clock
(Chellappa et al., 2014).

Lighting is perceived only from the retina with the aid of different types of photoreceptors:
rods, cones, and recently discovered ipRGCs. Several pieces of research showed that rods
and cones play a crucial role in the image-forming vision, whereas the ipRGCs are
responsible for the non-image-forming vision. This non-image forming photoreceptive system
takes part in the regulation of several functions. However, the impact of lighting depends on
the intensity, duration, wawelength, and timing of light exposure (Chellappa, Gordijn and
Zajochen, 2011). Mevertheless, there has been very little research directly investigating the
effect of the previous luminous environment and its consequent cutcomes (Smith, Schoen and
Czeisler, 2004).

The previous luminous environment represents the lighting conditions a subject
experienced in 3 specific period. This period may wvary from hours and days to weeks and
years. Previous studies prirnarily defined prior photic history as the intemsity and duration of
prior light exposure. They also demonstrated that the amount of exposed daylight while
spending time outside or sitting indoors by 3 window is significant because prior lighting
conditions determine how much melatonin suppressing response to daylight and, ultimately,
how we perceive and evaluate lighting conditions. For instance, an individual who spends
time ouiside most of the day may not evaluate daylight conditions as the same as another
person who generally spends time indoors even if they live in the same place under the same
outdoor illuminance conditions.

Few studies have shown that long-term exposure to low light levels might cause higher
sensitivity in the rods and may increase the time of light adaptation (Spitschan, 2018).
Besides, a study conducted by Chang, Scheer and Czeisler (2011) indicated that exposure o
a very dim light level caused significantly more phase shifting response (60-70%) rather than
a typical room light level exposure. Also, long term daylight deprivation has a remarkable
impact on participants' sleep-wake patterns and retinal sensitivity after seven months without
sunlight {p=0.05) (Kawasaki et al., 2018}. This view was supported by Martin et al. (2002],
who showed that subjects would become less sensitive to light after 3 week of increased
daytime bright-light exposure and that if they are restricted to the dinmer light, they would
become more sensitive. The researchers proved significantly more melstonin suppression
after 3 week of exposure to relatively dim light compared with after a week of exposure to
long durations {about 4 hr per day) of brighter light. In addition to this, they found higher light
sensitivity after the dim week when compared with the bright week. Likewise, in HKawasaki =t
al. {2018}, the exposure time period was extended to seven months to test whether retinal
sensitivity, sleep, and circadian rest-activity cycle change during long-term daylight
deprivation. They evaluated participants’ retinal sensitivity changes towards different lighting
stimuli and measured the rest-activity cycle using activity watches. They found an increase in
retinal sensitivity to blue light, whereas a decrease in circadian rhythm stability and delay of
sleep-wake timing during long-term daylight deprivation.
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These studies hawe shown that the issue of prior light history needs considerable attention
as much as other approaches, and prior light history arising from the previous luminous
environment has an essential impact on light perception as well as sleep-wake patierns,
mood, and cognition.

The study design also matters in the interpretation of the findings because most studies in
the literature have limited ocbservation time (mostly a week). Howeaver, the amount of daylight
exposed for 3 short period of time may not change the participants® lighting evaluations. For
instance, if an individual generally spending time indoors is exposed to high daylight
conditions for a week, his internal clock may not be affected (it takes some time to adjust),
and his lighting perception may be the same as previous regardless of the exposure time and
the outdoor illuminance conditions in the last week. Therefore, prior light history should be
considered under (1) the combination of outdoor daylight availability and (2) the subject's
lifestyle and preferences for (3} 3 sufficient time.

3.4 Sociocultural context

As mentioned earlier, the subjective assessment of the same lighting conditions differs
from person to person. This variation might be based on socio-cultural context, and ultimately
values, customs, and traditions rather than acclimatisation to some kinds of lighting
conditions. Individuals who share the same socio-culiural background might judge the
conditions similarly or have identical behaviour patterns. Hence, they may have common
attitudes and percepiions towards daylight conditions.

Siu-Yu Law, Gou and Li {2010} tested whether daylight helps to increase the satisfaction of
residential buildings in Hong Kong. In contrast to other researchers, they assessed human-
window interaction in terms of culiural norms. The study results showed that daylighting was
not a dominant factor for residents in domestic window design in Hong Kong, but other factors
such as dining habits, views from the living room, and privacy for the bedroom were proved to
be more important in the users” perception because of socio-cultural context. Therefore, in
some cultures, lighting conditions may not be a primary factor because of the socio-cultural
context and lifestyle, so their perception and expectations vary from people living in another
cultural background.

Lee (2007) confirmed that Korean temporary residents in the United States found it difficult
to accustom to interior lighting conditions. This could be linked to their socio-cultural
background and traditions because Koreans value a south-facing house with high daylight
illumination levels (Hong, 1875). Similarly, Park, Pae and Meneesly (2010} found that Koreans
preferred high-intensity light differently from Americans. Koreans also stated that bright
lighting arouses them than dim lighting in contrast to Americans. Furthermore, Quellman and
Boyce (2002) studied light source colour preferences of European, Asian, Indian, African, and
Marth American people, classifying them depending on skin tones. Their results showed a
noticeable between cultural backgrounds. Europeans with the lightest skin type preferred
warm light sources, and Asians generally chose light sources with a white colour temperature
because whiteness symbolises health in their culture. These studies showed that Korean
people specifically value high-intensity lighting, brightness, and white colour temperature.
Besides, even though thess studies were conducted in various locations, Korean people’s
judgementis were similar regardless of their geographic location of residence and previous
light history.

From another point of view, individual lifestyle and daily routines may be related to socio-
cultural background and behavioural factors that are not mostly accounted fior in many
studies, which may affect the perception of lighting quality. For instance, some individuals
tend to spend more time outdoors culturally, and their lighting evaluation could vary from
those spending mostly indoor due to high levels of light exposure.
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Taken together, all these studies indicate that there is an impact of socig-cultural
background and possibly related perceptional and behaviour paiterns on daylight perception
within the individual and contextual wariability. For this reason, further research should be
undertaken, and both socio-cultural and individual vanations should be considered together.

4 Conclugion

This review 3imed to create a conceptual framework of cultural background in lit
environments to investigate an associstion between cultural background and daylight
perception, expectation, and satisfaction. The review showed that factors thought to be
influencing daylight perception in the culiural context have been explored in several ways. It
firstly demeonstrated that ethnicity andfor physiological properties of individual eyes affect
daylight perception and preferences. Secondly, it provided evidence for the importance of the
residential area's impact on the daylight perception of the people living in the same location
and getting used to experiencing those conditions. Thirdly, it remarked the importance of the
previous luminance environment and suggested that the prior light history should be
considered under the combination of outdoor daylight availability and the subject's lifestyle
and preferences for a sufficient time. Lastly, it stated that socio-culiural background and
possibly related behaviour patterns impact daylight perception within the individual and
contextual wariability. Together these results provide valuable insights into daylight perception
in the cultural context.

This review has confirmed the assumption that there are differences in how people
perceive and feel abouwt different lighting conditions due to their cultural background with
various approaches. |t also has remarked the |ack of comprehensive knowledge of this issus
regarding the perceived adequacy of illumination for people from different cultural
backgrounds. A further study with more focus on daylight perception with the combination of
thie four cultural background approaches explained previously is therefore recommended.
Also, more research on which approach is more influential on daylight perception needs to be
undertaken before the association between cultural context and daylight perception is more
clearly understood.
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Abstract

Seating that meels students' needs and preferences could promole a longer stay in the
libraries they use and keep students motivated, influencing their emations and learing
abilities. However, studies regarding seat preference in learning environments have mostly
focused on interior elements, such as colours and furniture. Existing knowledge on the
relationship between daylighting and seating preference is limited. This study aims to
understand the contribution of daylight availability on seating preference.

In this study, participants were asked to select three best and three worst seat locations in a
library and the most and least liked within those categories. Participants were also asked to
indicate the reasons for their selection to examine whether the daylight in the selected desks
(best and worst) coincides with those where daylight levels were high and low in order to
understand whether the daylight component is an influential factor when deciding where to
sit.

This study demanstrated that daylight is the most dominant reason when selecting desks,
followed by privacy, outdoor view, and quietness. Although the reasons for seat selection
varied, the majority of the participants agreed that satisfactory daylighting level, facing the
least people, and a greenery outdoor view are particular reasons for seat selection. Future
research is suggested where other reasons for seating selection are studied further;
quietness, outdoor view, privacy, and their interaction with daylight.

Keywords: daylight; seat preference; library; students; seating behaviour.
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1. Introduction

Academic libraries play a significant rode in the leaming development of students [1].
They should provide a good leaming environment that enhances students’ kearning ability
and confributes to academic and intellectual development [2). Althowgh the framework for
planning and designing leaming spaces such as academic libraries exist [3] [4], there is stil
& need for a better understanding of the specific needs of students to provide emdronmenits
that meet thair reeds and preferences [5].

The concept of leaming environment preference has been explained in environmentsl
paychology using the physical dimensions (comfort, Besthetics, information and
communication technology facilities, and layout), social dimensions (privacy, interaction, and
autonomy), and sociodemographic dimensions (gender, age, study year, and life conditicns)
[6]. In other words, the praference for a learning enviromment is defined by the specific
physical conditions of the emvironment and by human, cultural, and psychological
dimensions. These factors greatly impact the students’ emotions, leaming ability, and
feelings of balonging to a space [T]. hence, the students’ behaviours and seat preferences in
libraries [£] [9].

The seat selection process heas been assarted as & result of the individuals' prior
experencas in that space or deliberate choices among altematives while entering the space
[10], regardless of whether deciding consciously or unconsciously [11]. This assumption has
also been supported, indicating that seating decisions could be different for individuals
familiar and unfamiliar with the physical setings in the space [12] becawse the human
responsa to the physical environment is stronghy subject to prior expeariences [13]. In that
case, users of a library could choose the same seat repeatedly as developing preferencas
depending on previous expeniences, against first comers who need o rely on external
sources of information. The degres of freedom of choice could also influence the seating
decision because individuals can choose only available seats or space. For instance, in the
earty moming hours, individuals coulkd have more chances to select a space than those who
arrive in the aftermmoon. Individual differences, namely arousal, motivation, and expectation,
atso matter in human behaviour [13], influencing the decision-making process.

Seating features that meet the students’ needs and preferences could aid a longer stay
in the library [14]. keaeping students hapgpier and more motivatad [15] [16]. Understanding
occupant behaviour and their interaction with the indoor environment could help improve the
occupants' eatisfaction [17) and the enengy efficiency of buildings [18] [19). Howewer,
occupant behaviour is a complex subject, as are the many external and internal aspects
influencing behaviour (2.9., external environmental conditions, building characteristics, and
imdoor envirenment conditions; and biological, psychological, and social aspects [20]) [21].

Studies regarding seat preferance in the leaming environment have mosthy focused on
interior elements, such as desk partition, colours, and fumiture [14]. Howewver, the existing
knowledge of the association between daylighting and seating behsaviour remains somewhat
limited and nesds further investigation [22]. This study aims to understand the relationship
betwean daylight availsbility and seat preference and hence the spaces with higher demand
in the context of the library. The research guestions addressed in this paper are, therefore,
&5 follows:
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1. What are the underlying factors for choosing a seat in the library?
2. What is the importance of daylight on seat selection?

2. Methodology

21. Experiment

MSc students were asked to choose three best, and three worst seat locations from a
lbrary's seating plan and the most and least liked within those categories. They were also
asked to indicate the reasons for their selection to examine whether the daylight in the
selected desk (best and worst) coincides with those where daylight levels were high and low,
respectively, hence if daylight component is an influential factor when deciding where to sit.
The study took place on a sunny day in December 2019 between 13:00 and 14:00. In this
study, the dayight avadability of the selected desks was assumed to indicate the
participant's daylight perception and expectation [23] [12).

2.2. Fleld site

The study was carmried out in the UCL Bartlett library located in a six-storey buiding on
the ground floor. The library comprises three main study areas (Figure 1). The group study
area (Room 1) accommodates eight shared desks and four individual cubicles and has two
side windows in the north-facing external wall; the fibrary coflection area (Room 2) has
twelve shared desks and eleven individual desks and several side windows facing north and
east onentations; the quiet study room (Room 3) is an open-plan space with a skylight, and
thirty-two shared desks.

Figure 1: The plan of the Bartiett Library
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23,  Ouestionnaire design

A guestionnaire was designed using a mix of multiple-choice, Likert scale, and open-
ended guestions. The questionnaire contains four sections: the first o sections of the
questionnaire were complated by participants before entering the librany and considered
informaticn regarding (1) demographic; gender, and age. and (2 time spent in London
{months). The following sections considered specific tasks to explore the influantial reasons
an students' seat selection and the role of daylight conditions; therefore, section (3) focused
an the salection of the three best and three worst seating places in the library and the
reasons for the selection, and section (4) the subjective evaluation of daylight availability at
the best seate selacted.

24. Quantification of daylight availability

AutcCAD and Rhino were used to create parametric modelling, and an advanced level
of Grasshopper was used to run lighting performance analysis with Ladybug and Honeybee
plugine. Spot measurements were also used to validate the simulation results with real
measuraments.

25. Method of analysis
All the statistical analyses were conducied using the sofiwere peckage SPSS 20.0

Analysiz of seat preference of the parbicipants: Initially, influential reasons for the best
and worst ssat selections and the importance of daylight in the selections were considered.
Secondhy, daylight availability at the best seat selected was evaluated using ordinal
regression. Lasty, the best and worst seat selections were assessed on the seating map
considering other influential factors apart from the contribution of daylight.

Analysiz of daylight simulations: Daylight availability at each seat was calculated using
point-in-time climate-based calculstions, which has been found to have a better association
with predicting daylight evailability than other daylight mefrics [24].
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3. Results and Discussion

3.1, Seating preference in the Bartlett Library

Selection of best seats

The study findings show that daylight was the most dominant reason (36%) of all reasons
given by participants when sslecting the maost liked desk, followed by privacy(18%), outdoor
vien13% ). and quietness] 10%), respectively (Table 1). These resulis ara in line with [23]
and [12] findings that daylight was the most significant reason for seat sslecton. In this
study, ather specific features of the desk selected seem to be influential on seat selecton
{&%:). Some of the specific features mentionad were wideness, preamity to the circulation
route or entranca, enabling to study individually or with friends, being at the cormer or the
back of the room, and access to facilies such as a computer or plug socket. Participants
atso mentioned reasons related to indoor conditions (T%), such as temperature and air
quality of the room. The proximity to windows was also mentioned (8% however, it is
unclear if it could be due to daylight or cutdoor views.

Tabbe 1: Parlicpants’ responses conceming the reasons lor choosmng he besl saals in the librasy

Reason for best Totw! number A B C
s sifectid of mantiewed  Besd place Esvond-bast Thira-hast
‘Ouisiness 2O |22 105 (&) o% [ pi TE
Deylight 36% (81 % (78] 30w (20) 4% (M)
FPresimily fo &% (15 25 (7] 5% jd} 0% 7
wAndaw
Outaesr wew I3% |30 1% {11) IS (II) II% |87
Privocy 1% 42 217 21% {16) 3%
Dewk features i (187 % (5 R[5 11% &)
Indaas condibiovd 5 (15} 75 5] d% (3 BO%E ()
Totnl responses 27 & 5 0
Selection of worst seats

Following the best seat selecton, participants were also aeked to state the three worst
deske and the reasons for their selection. As seen in Table 2, the worst seats were also
associated with unsatisfactory daylight conditions (33%). and with specific desk features
{14%), nonprivate environment (12%), distractive noiss (11%), and lack of or unpleasant
ocutside views (6%). Although daylight remains the most dominant factor in seat selection,
the order of importance in the worst seat sedection is slightly differant from those selected as
best. Also, a8 group of people (11%) stated that some desks were the worst since they made
them feel cramped or found some places daustrophobic (desks facing a wall). They also
mentionad the lack of visual contsct with other students or desks located in the comer of &
room a8 reasons for their selection. These findings are interesting since most of those
reasons were also considered positive features for some participants. For instance, the desk
that made a student 'feel confined” was suitable for another that considered it a place for
‘easy fo concentrate’. Although seat preferance varied from person to person depending on
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individual needs and expectations, most participants agreed that selecting & desk in the
library is influenced by a satisisctory daylighting lewvel, facing the least people, and a
gresnary outdoor view_

Table 2: Parlicipants’ responses concaming lhe ressons for choosing the worsl seals in the library

Rearan for worst Todul pumber 1 i L

Eead pefected of meshoned  Worrt place Second-werst Thived-waprad
Paniry 11% [21) % ) 1% (&) 13% 7]
Lock of Aergfficest  1F% [B2) Aave f24) I (0 2 (18)
dayiight

Mo windoit -ﬂm 4% (3} P TR =% (3
Lock off unplegsant 68 /12) % [4) 5 () 7% ()
outdoor view

Privacy 1% (23) 16N f11) 1% (7 (5]
Dank featurer 14% (26 1% L TR 1% (7]
Indoar condifions % (18] % &) o 6) 108 (5]
.Fidﬁ'lfwﬂ I1% {21) per T 1% 7 1567
Todo! respansss 180 o &3 5F

3.2. The role of daylight on seat selection

Figure 3 presents the seat preference configuration asgainst the librarny's daylight
availabdity when the experiment was conducted. it can be seen that most of the seats
salected as the best are located in areas with high illumination, whereas most unpopular
desks are located in places with poor or lack of daylight. The categornisation of lighting levels
was done based on the recommended range for library reading rooms. (between 300 and
500 lux) [12]. Interestingly, similar to previous findings, two desks were regarded &s both
et and worst by different participants. One of them, located in Room 1, comesponds to an
individual cubicle that does not hawve access to outdoor view or acceptable daylight levels.
The desk was selected as the worst seat by a pariicipant becauss of the deficient daylight
bkevel; howewer, another participant prefemed it because the desk was at the corner and
provided a private ervironment. Another desk described as both best and worst by some
participants is located near the window and in the comer of Rioom 2. The desk has a
safsfactory daylight level and & greenery outdoor view, which some participants positively
asppraised. However, others were negatively affected, given ils closeness fo an emergency
exit and pecple passing through circulation.
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@ Scats selecied as best @ Seats selected as the worst @ Seats selected as best and worst
Figure 2: Best and worst seal selected by participants against daylight avaiabaity

Even though seat selection seems associated with daylight, its role may vary depending
on the context, sample characteristics, and the activities participants are requested to
undertake. For instance, this study’s results could have been different if the participants were
in real need of using the space for their specific academic tasks (e.g., reading and writing for
an assignment). In that case, privacy and quietness would have been more important than
natural environment components such as temperature, lighting, and outdoor view. Therefore,
the study design might have affected the participants’ natural environmental attention and
evaluation of the space and desks. Nevertheless, although the importance of daylight vanes
from study to study, it always remains an essential factor for seat selection.

3.3. Assessment of daylight availability at the best seat selection

Following the best and worst seat selection, participants were required to describe the
daylight conditions at their best seat desk. The daylight availability at the best desks selected
by participants showed that 44% of the participants (N=22) described the amount of daylight
on their best desk as very high, 42% (N=21) stated that the daylight conditions were high,
and 6% (N=3) as above average. In contrast, only 8% characterised the conditions of the
best-selected desks as low or very low. These results support the idea that most people
prefer desks with a high amount of daylight, which could be with or without consciousness
[11].
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3.4. Combination of reasons for seat preference

Although daylight on its own seems to be a critical component for seat selection, its
combination with other factors should also be considered. In this study, participants were
required to state at least one and ideally three reasons for selecting a desk. Table 3 and 4
shows the combination of reasons for choosing the best and worst desks. As supported by
previous findings, the combination of daylight and outdoor view and daylight and privacy are
critical combined reasons for selecting seats. Also, people avoid selecting places with
insufficient daylight and a cramped environment, followed by places with an unacceptable
level of daylight and outdoor views.

Table 3: Frequency of mentioned reasons for the best seals selacted
Desk indoor  Doyfight  Owedoor  Privecy  Quietness

Desk features 2
Indoor conditions 1

Table 4: Frequency of mentioned reasons for the worst seals sefected

Insufficient Desk Indoor No Nolse Unpleosant Privecy
Dayfight  features conditions window outdoor views

Inzufficient daylight 1 1 2 4

Desk fectures 2 1 1
Indoer conditions 1
Feeling cremped 6 1 1

Unpleasant outdoor views
Privacy 2 1 1 1

-
~

3.5. Seat preference in the different rooms

The Bartlett Library was selected due to the different configurations of rooms it provides.
While two of the rooms (Room 1 and 2) have side windows allowing the students to access
daylight and outdoor views, Room 3, an open plan space, is located under a skylight without
outdoor views but sufficient daylight levels, especially at some desks. Therefore, is there any
difference in the seating preference between rooms? If so, a difference in seat preference
between spacas lit by the side windows and skylghts?

Most students (54%) selected as best the desks located in Room 2, given the access to
both daylight and outdoor views. However, the percentage of preferred desks in Room 2 in
one of their three favourite seats is higher for individual desks than shared desks. Desks in
Room 1 were also regarded as good by students (26%). Most of those students preferred to
sit down near the window st the shared desks, while others prefered the individual cubicles
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with mo daylight and outdoor view acoess. On the other hand, only 20% of students selected
the desks in Rioom 3 &s the best, mainly the desks given access to excallent daylight
availabiity. There was a tendency of students in Room 3 to select the desks with higher
flumination. For instance, the desks getting a high amount of daylight under the skylight
were preferable {16%) than the desks with inadequate or lack of daylight (4%:). The prefarmad
desks with low daylight levels are located in the corners of the room.

The room lit by skylight was less praferable than the rooms lit by the side windows
despite the high amownt of daylight. It could be argued that access to outdoor views and
scceptable daylight levels makes the seating places more preferable than only daylight.
Howewer, outdoor views and daylight are not separate things to participants because peopls
do not value each environmental variable equally for seat sedection [11]. Also, privacy could
b= another important component because the place lit by skylight is an open plan space and
comparatively less private than other rooms. These findings emphasised that although
daylight is the most dominant seat selection factor, seat preference cannot be explained by
daylight alone. it should be investigated together with other components such as privacy,
outdoor views, and quistness becauss the seating configurations of the rooms were veny
diffierant from each other.

3.6. Limitations

The study was limited to a particular place and group of people &t a given point in time.
The activities participants were reguested to underiake might have influenced the
participants’ seat selection. Since the order of imporance in seat selection could have bean
different if the participants were in real need of using the space for their respective studies.
In that case, privacy and quietness could hawe been more impaortant than natural
enmvironment components such as temperatura, lighting, and cutdoor view, because 8
degree of privacy [25)] and & quist environment [26] are the most imporant components at
espacially exam perieds helping students improve concentration.

4. Conclusion

Linking the seating behaviour of individuals with a particular stimulus in the physical
enmvironment is guite difficult because individuals are exposed to multiple sourcas of
informaticn during seat selection. The factors influencing seating behaviour in the learming
environment have been defined in various studies as ambient temperature, type of furniure,
procimity o other cccupants [23)], quistness, ouldoor view, privacy, social interactions such
&5 close to friends, entrance or circulation [27), daylight [24] [28], students’ degres of
temitoriality and seat amangements [24]. It i also known that when choosing a space,
individuals tend to value a few speciic variables rather than evaluate each environmental
variabde equally [12]. Underlying processes of seating behaviour within a specific physical
envirenment have not been completely undersiood yet The impact of daylight on seating
salection is also affected by the variations in other factors that influence the decision-making

process.
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In this shudy, we have shown that daylight was the most dominant reasan given for
salacting the best desks in the library, followed by privacy, outdoor view, and quistness,
respectively. Although the reasons for seat selection vaned, the majority of the participants
sgread on; satisfactory daylighting lewel, facing the least people, and a greenery outdoor
ViEW.

The study also revealed that daylight conditions. significanthy influence seating
preferences in places daylit by side windows rather than a skylight. It could be explained that
BCOEES 10 outdoor views and acceptable daylight levels makes certain aress more
preferable. Another finding of the study was that the seats with a good combination of

daylight and privacy are in more demand than the seats providing onby an appropriate
daylight level when all seats have accass to similar culdoor views.

Although daylight has a vital role in seat selection, other factors, such &s guietness,
outdoor wiew, and privacy, need further consideration. Future research should be devoted to
denveloping an analysis method to investigate seating selection with solaly daylight and its
interaction with other components.

Funding
This document has been produced with the financial assistance of the Ministry of Mational
Education of Turkey. The funder had no role in the design of the study; in the collection,

analyses, or interpretation of the data.

References

[11 K- Halland D. Kapa, “Silent and Indepandent Student Use of Academic Library Study
Space.” Parfnersh. Can. J. Libr. Inf. Prect Res., vol. 10, no 1, pp. 1-38, 2015, doi:
10.2108:partnership v 10i1 3338,

2] A A Adikata and M. A Anwar, “Student library use: A study of faculty perceptions in
a Malsysian University,” Libe. Rev., vol. 55, no. 2, pp. 106-118, 2006, doi:
10.1108/0024 25306 10649602,

3] A J. Head, *Planning and Designing Academic Libvary Leaming Spaces: Expert
Perspectives of Architects, Librarians, and Library Consultants,” S5RN Electron. J.,
pp- 036, 2017, doi: 10.2130sem. 2885471,

4] F.C.Choyand 5. M. Goh, “A framework for planning academic library spaces,” Libr.
Manag., vol. 37, no. 1-2, pp. 13-28. 2016, doic 1001 108/LM-01-201 6-0001.

|5] HKathlzen M. Webb, Molly A. Schaller, and Sawyer A Hunley, “Messuring Library
Space Use and Preferencas: Charting a Path Toward Incressed Engagement,” portal

340



[]

|

]

]

[a

1]
[12]

13
4]

3

18]

7

Libr. Acad., vol. 8, no. 4, pp. 407422, 2008, doi- 10.1353pla.0.0014.

R. Beckers, T. van der Vioordt, and G. Dewulf, “Leaming space preferences of highar
education students.” Buwld. Emvron., wol. 104, pp. 243252, 2016, dod:

100101 6. buildenv. 201 6.05.013.

M. lbrahim and M. H. Fadzil, “Informal Setting for Leaming on Campus: Usage and
Preference,” Procedlia - Soc. Behav. Sci, vol. 105, pp. 344-351, 2043, doi:

10,1016 sbspro.2013.11.036.

R. McGinnis and L. 5. Kinder, “The library as a liminal space: Finding a seat of ong's
own,” J Acad. Libraransh., no. August, p. 102263, 2020, doi

10,101 6. ecalib 2020102263,

Thangaraj. “a Study on Influences of Lighting on Resource Usage in an Instibution
Library,” Int. J. Rez. Eng. Technol, vol. 03, mo. 23, pp. 222-225 2014, doi:

10015623 jret. 2014, 0323049,

. Stone, Policy Paradox: The arf of polbcal decizion making. 2002

D. Kahneman, Thinking, Fast and Show. 2011,

Z. Kieskin, “Inwestigating the effect of daylight on seating preferences in an ocpen-plan
space: A comparison of mathods,” Sch. Archif. Liniv. Sheff., 2019, doi:
100101 6. surfcoat 2018, 125084,

P. R. Boyoe, Human Factors in Lighting. Boca Raton, FL: CRC Press., 2014,

Z. Gou, M. Khoshbakht, and B. Mahdoudi, “The impact of outdoor views on students’
seat preference in leaming environmeants.” Buildings, vol &, no. B, pp. 1-15, 201 &,
doiz 10. 3300 buildings8080006.

M. Wang and M. Boubekri, "Investigation of declared seating preference and
measured cognitive performance in & sunlit roeom.” J. Ervron. Psyohal, 2010, doi:
100101 6 jenvp_2009.12.001.

A Sztejnberg. A Maslej, and J. Hurek, “The Impact of Seat Preference in the
Classroom on Course Performance,” 2008

A Paone and J. P. Bacher, "The impact of buikding cccupant behavior on energy

341



18]

9]

[20]

[21]

[22]

23]

[24]

[23]

[2€]

27

efficiency and mathods to influence it: A review of the state of the art.” Energies, wol.
11, mo. 4, 2018, doi: 10.2200/en 11040053,

R. V. Andersen, “Occupant Behaviour With Regard To Control of the Indoor
Environment,” no. May, 2000,

‘. Fabi, R. V. Andersen, 5. P. Congnati, and F. Wenezia. “Influence of User Behaviour
on Indoor Envirenmental Quality and Heating Energy Consumptions in Danish
Crwvelings.” Cobee20 2, no. January 2014, 2012

WoW Y. Tam, L. Almeida, and K. Le, “Energy-related cccupant behaviour and its
implications in energy use: A chronological review,” Susfain., vol. 10, no. 8, pp. 1-20,
2018, doi: 1003300501 DOE2635.

F. Stazi, F. Maspi, and M. O'Orazio, “A iterature review on driving factors and
contextual events influencing cccupants’ behaviours in buildings,” Bwild. Environ., vol.
118, pp. 4066, 2017, doi: 10,1016/ bullder. 2017.03.021.

Z. Keskin, ¥. Chen, and 5. Fotios, *Daylight And Seating Preference In Open-Plan
Library Spaces,” int. J. Sustain. Light., vol. 1, no. 1, p. 12, 2015, doi

1001 TOE9sL 201 5.12.1.1.12

C. Dubois, C. Demers, and A Pobdn, *Daylit spaces and comfortabde ocoupants: &
wariety of luminous ambiences in support of & diversity of individuals,” PLEA 2008 -
Archit. Energy Occupant’s Perspect. Proc. 26th Int Conf. Passiv. Low Energy Archit.,
no. June, 2008,

Z. Keskin, ¥. Chen, and 5. Folios, “Daylight And Seating Preference In Open-Flan
Library Spaces,” int. J Swustain. Light., 2017, doic 1026607 sl TidL12.

A M. Coog, “Space and embodiment in informal keaming,” High. Educ., wol. 75, no. &,
pp. 1077-1090, 2018, doi: 10.1007/s10734-01T-0188-1.

iG. Walton, *lUse of Library space at Loughborough University : resulis from a 2005/
2006 user surday July 2006," no. July, 2006.

Z. Gou, M. Khoshbakht, and B. Mahdoudi, “The impact of outdoor views on students”

seat preference in leaming environments,” Buldings, 2018, dot

342



10.3390/buildings 8080048,

[28] A R. Othman and M. A M. Mazli, “Influences of Daylighting towards Readers'
Satisfaction at Raja Tun Uda Public Library, Shah Alam,” Procedia - Soc. Beshav. Sci,
wol. 68, pp. 244-257, 2012, doic 10,1016/ sbapro. 3012.12.224.

[29] M. Kays and B. Burgess, “Territornislity: Seat preferences in different types of
classroom amangements,” Emaron. Behaw, wol. 39, no. 6, pp. 859876, 2007, doi-

1001177001 3916506208798,

343



Appendix 7.5: Postdoctoral research project in the UCL libraries

Postdoctoral research project:

Developing strategies to increase students’ place attachment to UCL libraries

Introduction

The leaming enyironment constitutes one of te most oritical aspects of siudents” cognitive
and acadermc performance. Thesefore, It 8 crucial 1o understand and consider the factors that
influence sbudents’ neads and expectations In & ibrary because being awarne of el preferences
makes it possible o design functional, comfortable and high-guality spaces.

Why needed?

PhD reseanch project showed that 65% of students spendng time &t the Banlett Library
think that the indoor environment of the lrary should be improved, especially st apecific
places that they cormmonly polrted out as uncomfortable. i s quite impaortant because
satisfacton with the learning environment brings more motivation and easker
concentraton.

Study findings showed that daylight was the most dominant reason for selecting the most
likesd diesk at the library; however, there are many comgoneants that need 1o be
considerad while investigating the students’ seat preferences, such as temperature,
autdoor view, pivacy, nolss, ebe.

The resaarch project showed that cultural background seems important for students’
daylight perception and expectation, and ulimately thelr seat selection. However, it
neads further iInwestigation with a lange number of students not Bmiting with light
conditions only, with also other environmental components. Investigation into the mpact
of cultwral background on the envircnmental parcaption of students could be anly
possible in & multiculiural essdronment like UCL

LML has 16 libranes and special collecions. While Siudent Centre(52 2%, Bartlett
Library48.4%:), and Main Library{37.3%) are some of the most demanded lbraries by
shudents, surpeisingly, & few librafes are not eccupled as much as others. Therefone,
the regson why some libranes are more atiractive than others needs further investigation
to reduce UNNECEESEry energy consumpbon in less demanded Morares as wel as
increase students' satisfacton and leaming performance.

Research guestions

Which ervironmental factors are mone imporant for students’ seat selecions?

What kind of places fAndoor features/! libranes are more and kess in demand at the UCL
libraries? How can we improve less demanded boearies! places?

¥What is the role of cultural background on erdronmental perception and ultimatedy
students” saat salechons?

What [s the contribution of interventons o shudents’ seat selection, satisfaction and
learming perfaormance?
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Alm and objectives

The project's main aim |s o ncrease students’ fesling of belonging 1o librares and mgrove
their satsfaction and leaming performance considering wanous indeor and personal companenis.
Objechives ane:

= D Identify the less demanded places and reasons with students’ staternents and
oCcUpancy data

= [0 develop strategles besed on students' needs and praferences and make interenbons

= D analyse the change in seating behaviour of the students before and afier interventions
with students” statements and occupancy data

= toincrease the number of students visiting to the libranes with less demand
= o reach the highest numiber of students frorm different cultural backgrounds

= to present the research findings inmany conferences and publish research papers as
ruch as poasible

Methodology (all necessary equipment will be provided fram IEDE)

Thia research project ivwolves five malin stages and benefits from sunveys, Interventions,
environmental loggers and ocoupancy data of the selecied libranes.

First stage |s the analysks of the Mbearies considering the fixed features of he spaces and
clemsification of the seat places. These features are the type of furniture, divider panels, seating
arrangements, praximity to other seats, the privacy of the student and laplop screen, outdoor
wiesw froam the sifting polnt and indoor atmosphers.

Sacond stage s conducting a survey at specific libranes with e maximurm number of students_
Prior to surveying, some enviranmantal keggers will have bean installed inbo the specific points of
the libraries to measure indoor temperature, nolse kevel, daylight level and air quality when
students fill the surey. To compare the student's responses with envirenrmental components,
each siwdent will e required o note surveying time on the fiest page of the gquestonnare.

In the survey, students will be asked thelr reasons for selacting that seat, satisfacton kevel with
the indeor conditions and seating space and how that space contributes 1o learning performanca.

Some personal guestions such as age, gender and cultural background will be asked a3 well.

Third stage imobes the dentificaton of the less pleasant places af the Bares from the
pressous stage and making some Interventions at those places. These imventions could be even
munad changes bo get more atention to those places. For example, if a place B not salected
because of lack of actess to daylight, the LED sun that is an arsficial light complately mirmscking
properties of nabural sunlight could be used o Increase the belonging in the space. Also, some
seat places facing walls are found very daustrophoblc by some students. In this case, an intermal
green wall could be bullt on the part of the wall to overcome the poor condiions that students
describe. The inerventons will be dscussed later with the budget.

Fourth stage is the repetiton of the second stage with the same procedure. it only differs with
addiional quesbons about the intersenbon elements. i aims to Investigate the changes n
seating behaviowr of the students before and after intersensons and anatyss if the inErsenbon
helps increase students’ satisfaction with the space.
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In the last stage. we will examine how e inerventions affected students” seat selection,
satisfaction with the space and leaming performance. We hope o incregse the number of
students visiting less demanded places, improve thelr satisfaction with the indoor emaronment,
and see conssderable development i their learming performance.

Each step will be reparted, published in sclentific joumals, snd presented [n prestgious
conferences during all stages.

Contribution of the research project

We know that we cannot bulld the existing librares again, but maybe we can re-amangs the
seating planning. make changes in the interior dasign and improve the indoor envinonmeantal
guality based on shudents” needs and preferences, hanks 1o our research findings. In this way,
we CBN achieve o make students mone satisfied and motivated and thus we can increase the
nurmber of students visiting the Mbrares.

We believe that a university welcomang students from all over the workd like LCL will value
how students percelwe the indoor ervironment difterently frorn each other and how we can
imiprowve the facilibes to enhance their satisfacton and motivaton. In tis way, this research
praject could help incresse UCL's reputation with research and publications and also rse up the
uniwersity rankings by Increasing the students’ salisfacion and keaming performance. Also, siudy
findings could help to design mare funcional and comiortable lbrary buldings in the fubure.
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