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Abstract

Daylight, a critical environmental factor influencing the visual quality of indoor spaces, significantly impacts
human health and well-being. Despite extensive research focusing separately on daylight and thermal comfort,
their relationship and their effects on human behaviour remain insufficiently understood. This study aims to
investigate how daylight conditions affect students' thermal comfort in a classroom setting, using student
observations along with thermal and daylight measurements. This study concludes that while daylight affects
participants' thermal comfort and behaviour, its impact is influenced more by individual perceptions and
adjustments, and other factors, such as activity levels, also play a significant role. The limitations of the study
include a small sample size and the reliance on mobile phones for measuring indoor air quality and comfort levels.
Future studies should improve the reliability and validity of the results by using larger sample sizes and more
specialized measurement instruments.

Keywords: Daylight, thermal comfort, thermal behaviour, indoor environment quality, sustainability.

Sinif Ortamlarinda Giin Isig1 Mevcudiyetinin Termal Konfora Etkisi

0z

Glin 15141, ic mekanlarin gérsel kalitesini etkileyen énemli bir ¢cevresel faktér olmasinin yani sira insan saghgi ve
refahi lzerinde de 6nemli bir etkiye sahiptir. Giin isig1 ve isil konfor (lizerine ayri ayri yapilan kapsamli
arastirmalara ragmen, bu iki faktériin iliskisi ve insan davranislari lizerindeki etkisi yeterince anlasilamamistir. Bu
calisma, giin 1s1g1 kosullarinin sinif ortaminda &grencilerin 1sil konforunu nasil etkiledigini, 6grencilerin
gb6zlemlenmesi ile termal ve giin isi§1 élctimlerinden faydalanilarak arastirmayr amag¢lamaktadir. Bu ¢alisma, giin
i1siginin katihmcilarin 1sil konforu ve davranislarini etkiledigini, ancak bu etkinin daha ¢ok bireysel algilar ve
ayarlamalarla sekillendigini, ayrica etkinlik seviyeleri gibi diger faktérlerin de énemli bir rol oynadigini ortaya
koymaktadir. Calismanin kisitlamalari arasinda kiiglik bir 6rneklem bliylikliigi ve ic mekan hava kalitesi ile konfor
seviyelerini dlgmek icin mobil telefonlarin kullaniimasi yer almaktadir. Gelecek ¢alismalar, bulgularin

glivenilirligini ve gecerliligini artirmak igin daha biiyiik 6rneklem biiylikliikleri ve daha 6zel 6lciim araglar
kullanmalidir.

Anahtar kelimeler: Giin isidi, isil konfor, isil davranis, ic ortam kalitesi, siirdiiriilebilirlik.
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1. Introduction

In reality, light serves the purpose of aiding human vision, and variations in light output and colour
temperature have been shown to alter operator perception, cognition, and mood (izmir Tunahan et
al., 2022). Daylight is important for optimizing natural light in buildings. Due to the awareness of its
effects on human health, it influences many design parameters such as the orientation of the building,
the position and even the colour of the windows, wall colour, interior space dimensions, and ceiling
height (Bellia et al., 2021). The presence of daylight also makes it important to create environmentally
friendly structures as it contributes to the building's energy production. Daylight plays a crucial role in
providing visual comfort conditions to ensure user satisfaction indoors. It is also a factor that stimulates
metabolism, controls bodily functions and affects individuals' health and performance in their daily
lives (Kutlu, 2019). Additionally, the effect of daylight on thermal comfort should not be overlooked.
Thermal comfort is the comfort individuals feel depending on parameters such as environmental
temperature, humidity level, and airflow. Controlling the thermal comfort of an indoor environment
and developing design strategies are essential for ensuring the comfort of building occupants,
enhancing their performance in daily life, and limiting the building's energy consumption (Chinazzo et
al., 2019a).

Daylight utilization in architectural designs has been extensively studied mostly regarding its impact
on health and well-being, and energy efficiency (izmir Tunahan et al., 2022). However, studies focusing
specifically on its effect on thermal comfort are fewer in comparison. In particular, there is a notable
lack of research investigating these effects within the context of daily activity environments in specific
settings. The literature review indicates that while experimental setups have been created for this
purpose, the impact of daylight on thermal comfort under existing normal conditions, along with
environmental influences, has not been measured. Furthermore, most of the studies conducted
involve outdoor measurements, whereas the number of studies focusing on indoor environments is
significantly lower.

Examining the relationship between daylight and the concept of thermal comfort is important to
understand how a well-designed structure contributes to individuals feeling comfortable within indoor
spaces. Researchers have claimed that thermal comfort and behaviour are the initial objective
responses to the physical environment and strongly correlate with physiological reactions. The balance
created in the indoor environment to achieve thermal preference or thermal comfort is seen as a
reflection of the level of acceptability and emotions; this, in turn, makes it possible to form a thermal
assessment (Chinazzo et al., 2019a). It has been found that exposure to intense light at the start of the
day induces a quick increase in body temperature (te Kulve et al., 2016).

Indoor Environmental Quality (IEQ) and Indoor Air Quality (IAQ) encompass many factors such as
lighting, acoustics, and thermal comfort (Ganesh et al., 2021). In recent years, it has been recognized
that Indoor Environmental Quality (IEQ) is important for enhancing comfort and health in all aspects,
and this awareness has led to various studies being conducted (Geng et al., 2017). The connection
between building occupants and the natural landscape around them is primarily established visually
through windows. Studies have shown that the position of windows has positive effects on the comfort
and behaviour of building occupants (Jiang et al., 2022).

There are also PMV values created to measure thermal comfort, similar to IEQ. The Predicted Mean
Vote (PMV) index is designed to determine the average thermal comfort of a group of people using
physical and individual data. PMV values are calculated for each participant, based on environmental
measures, such as air temperature and mean radiant temperature derived from measured globe
temperature, air velocity, and relative humidity. Additionally, factors like clothing insulation and
metabolic rate are taken into account as physical attributes (Chinazzo et al., 2019a). PMV is commonly
utilized in evaluating thermal comfort and building design. The PMV value can serve as a guide to
assess how comfortable or uncomfortable the thermal environment is for individuals. Improving the
accuracy of the PMV index, as proposed in Zhang, Yao and Li's (2024) research, can enhance predictive
advantages and lead to better performance in evaluating thermal conditions in building design (Zhang
et al., 2024).
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It has been found that research has been primarily focused on health and a few basic user satisfactions.
Therefore, investigating the impact of daylight indoors and understanding its relationship with thermal
comfort necessitates exploring behavioural dynamics. In this context, a study focusing on a classroom
environment aims to address this knowledge gap in the literature. The fundamental purpose of the
study is to monitor the behaviour of individuals in a selected classroom at Dokuz Eylil University
Faculty of Architecture and to measure thermal comfort by observing daylight in the classroom
environment.

2. The Role of Daylight in Thermal Comfort

For centuries, the sun, the most important renewable energy source for life on Earth, has been a
natural source of energy. Before the discovery of various sources of energy production, people focused
on the sun, developing designs to maximize its potential. Architects also consider harnessing daylight
in their designs as an important criterion to ensure users can benefit from daylight optimally. The sun
has been considered a natural lighting source and viewed as the ideal light source until the advent of
artificial lighting sources. In indoor environments, especially enclosed spaces, daylight serves to reduce
the building's energy consumption and aims to create visual quality in terms of lighting (Cift¢i &
Arpacioglu, 2021). Especially in private residences, skylights are also utilized in addition to windows to
maximize the use of natural light. Ensuring visual comfort, reducing the need for artificial lighting, and
lowering energy consumption and costs are directly linked to the efficient use of daylight (Erdem et
al., 2023). This situation often results in user dissatisfaction and may imply a deficiency in architectural
design. The proper use of daylight can not only serve as an energy source but also enhance the quality
of the indoor environment, thereby providing the comfort needed for an active lifestyle. This study
aims to investigate how the impact of daylight on thermal comfort is reflected in users' behaviours.
Particularly in work environments, exposure to direct daylight in areas near windows is not conducive
to a healthy working environment (Figure 1). Therefore, it would be preferable to use areas near
windows for circulation or relaxation purposes (Tatar, 2014).
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Figure 1. Daylight and other factors as determinants of human health (Miinch et al., 2020)

The effects of natural light on spatial utilization can be examined in two primary categories: functional
and symbolic. From a functional perspective, natural light should enhance visual comfort for the users
of a space, improve the efficiency of activities carried out within the space, and meet the physical and
psychological needs of users. In this way, the functional effects of natural light support users' daily
activities, providing a healthier and more productive environment.

The Average Daylight Factor expresses the ratio of the total daylight flux incident on a plane to the
area of the plane, relative to the outdoor daylight level under unobstructed overcast sky conditions.
An Average Daylight Factor of 5% or higher indicates sufficient daylight presence within the space,
while an Average Daylight Factor between 2% and 5% signifies situations that may require additional
artificial lighting (Kili¢ & Yener, 2017). In general, illuminance levels between 100 lux and 2000 lux are
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considered beneficial for users within a space. Research conducted on office buildings has determined
the following illuminance ranges to be beneficial for workspaces (Mardaljevic & Nabil, 2005).

e Insufficient daylight illumination (<100 lux),

e Insufficient on its own, additional artificial lighting required daylight illumination (100<x<500
lux),

e Desired daylight illumination (500<x<2000 lux),

e Daylight illumination exceeding desired limits, causing thermal and visual discomfort (>2000
lux).

Architectural space can be perceived by users along with its boundaries and gains meaning by
integrating with the life within it. Spatial elements provide limitations, guidance, and defining features
in the perception of space (Bahar & Yalginkaya, 2021). Outdoor climate comfort is influenced by
microclimate conditions, along with various physical personal factors such as activity level, clothing,
age, and psychological state, which affect the usability and perceptibility of outdoor spaces. Among
these factors, air temperature, humidity, wind speed, and radiation fluxes (especially solar radiation)
play crucial roles (Figure 2) (Mentese & Koca, 2023).
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Figure 2. Thermal comfort factors and their effects (Lala & Hagishima, 2022)

Thermal comfort and the behaviours exhibited according to thermal comfort are of great importance
in observing the satisfaction of users throughout their time in a place. Users achieve comfort when
they achieve thermal balance in the space with the air temperature, globe temperature, and the
temperature they emit to their surroundings. The PMV value, which helps to understand this value,
provides information about how users feel according to specific conditions in which they are located.
Understanding the PMV concept can provide insights into how researchers assess and measure
thermal comfort experiences in indoor environments; this could be valuable for designing spaces that
enhance users' well-being and productivity (Laouadi, 2022). If the PMV value is negative, people are
generally expected to feel cold, while if it is positive, they are typically expected to feel warm. A PMV
value close to 0 indicates an environment where people generally feel comfortable. It has been
understood that besides the criteria necessary to calculate the PMV value, the selection of an external
location is also important, and therefore observation parameters have been established (Toussakoe et
al., 2023).

While daylight has been investigated in the context of energy efficiency and visual comfort, its effect
on thermal comfort remains less understood (Table 1). Previous research has mostly focused on the
effect of artificial lighting or temperature control systems on occupants' thermal comfort. However,
little attention has been given to how daylight influences occupants' thermal perception and
behaviour. This study seeks to address this gap by investigating how variations in daylight availability
influence occupants' thermal comfort. Understanding this link has important consequences for
building design, energy efficiency, and occupant well-being in the indoor environment.
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3. Material and Methods

The study's primary goal is to evaluate daylight's effect on individual thermal comfort in a classroom
setting. To achieve this goal, days with intense classes were initially selected. It was decided to assess
a total of six different days during the last week of March, which has the highest average student
attendance, continuing into April 2024. Additionally, the classroom location was determined by
considering the times when maximum classroom usage was ensured. It was also taken into account
that the selected classroom should be easily accessible. After identifying the classroom, observations
were conducted during afternoon classes between 1:00 PM and 4:00 PM on Mondays, Tuesdays, and
Fridays, when the classroom was most frequently used. The specific observation days were March 25,
26, 29, and April 1, 2, 5. The focus of the study was on behaviours. Therefore, the main approach was
to observe participants during the class sessions to determine whether they were affected by daylight
and to make notes of those moments.

3.1 Development of the Evaluation Process

The methodology of the research was developed through a systematic approach consisting of specific
stages. At the beginning of the study, appropriate environments and users were selected to
understand the impact of daylight on thermal comfort and behaviours. However, sufficient devices
that could be used within the methodology of the study could not be accessed. Instead, a more
accessible systematic method was developed, considering the purpose and progress of the study,
allowing for easier adaptation. For this purpose, improvements were made based on the results of the
pilot study, facilitating further development (Figure 3).

‘ Data Collection \

1
¥ v

Objective measurement

The number of classes was reduced to
one. The location of the class that

received the most optimum daylight was
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v
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Participants’ reactions to sunlight were
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|
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Figure 3. Flowchart of the methodology stages
Stage 1

In the initial stage of the study, two classes were identified, and these two classes were examined on
the same days of the week (Figure 4). Photographs were taken from the classes, and the brightness
levels of the photographs were compared. On days determined to have bright daylight, students were
observed, and at this stage, only the answer to the question "How do you feel in terms of thermal
comfort?" was expected. Additionally, no information was collected from the observed individuals,
and only the colours of the clothing they chose were noted. As a result of the first stage, parameters
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were developed. The thickness of the clothing and any extra jackets they brought with them were
guestioned, and age, height, and weight information were requested.
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Figure 4. Stage 1- Selected classroom locations and plans
Stage 2

At this stage, thanks to improvements made in observations and parameters compared to the pilot
study, more detailed feedback was obtained from the individuals observed. However, the various
locations of the assigned classrooms made it difficult to achieve precise results when measuring and
comparing daylight values (Figure 5). Thus, it was determined that there would be only one class.
Additionally, the number of days was increased, and the number of students was also increased.

Figure 5. Comparison of the daylight availability in different classrooms

Stage 3

In the final stage, efforts were made to find a device for accurately measuring daylight values.
However, due to the institution's limited resources, a measurement device could not be found.
Instead, additional research was conducted to explore daylight measurement methods, and it was
concluded that mobile devices could be used (Figure 6). This enabled the measurement of daylight
values, resulting in a more accurate measurement of the Predicted Mean Vote (PMV) value.
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3.2. Measurements

Since this study takes place in a school environment and involves observing behaviours, daylight
measurements were conducted using a mobile application. During the literature review, it was found
that mobile applications provide measurements of daylight at least as accurately as conventional
daylight measurement tools, with a negligible margin of error (Gutierrez-Martinez et al., 2017). The
conclusion of this study indicates that smartphones can be used in methodological studies where
highly precise measurements are not necessary (Figure 6). Additionally, there is no objection to using
smartphones due to advancements in technology and the improved sensor features of smartphone
cameras during the time frame in which this study was conducted. This is because the PMV (Predicted
Mean Vote) value to be measured in the determined thermal behaviour observational process does
not require high precision.
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Figure 6. External sensor device (Alcalux) vs. luxmeter accuracy (Gutierrez-Martinez et al., 2017)

During daylight measurements, a 2021 model Samsung Galaxy Note 20 Ultra was used. The values at
the measurement points were measured using the three highest-rated applications within smartphone
applications, and then their averages were calculated. Thus, the aim was to obtain the most accurate
data possible and minimize the margin of error. The window that received the most daylight from the
windows in the classroom was selected, and a location marking was made. Each day, the smartphone
was placed in the same location for measurements, and daylight measurement was first taken from
the outdoor environment. Then, the midpoint of the student desks was calculated and determined to
mark the positions of these measurement points inside the classroom. While one of the students faces
the daylight (window), the other students turn their faces away from it. Observations were made
regarding where the students sat in the classroom, and it was taken into consideration because it was
determined to be essential by studies examining the effect of daylight on seat preferences (izmir
Tunahan et al., 2021).

3.3. Details of the Selected Classroom

The selected classroom for measurements is located in the southwest corner of the faculty building.
After the initial stage of the study, the number of classes was reduced to one, and the number of days
was increased. When selecting the chosen classroom, attention was paid not only to the intensity of
light but also to the higher student usage. The other classroom, located northwest of the faculty
building, was not selected by the institution for graduate-level courses (it was understood to be an
additional classroom in case of need), and it was also understood that students did not prefer it for
studying or waiting during breaks. This constitutes an important output of the pilot study. Additionally,
it receives maximum daylight, especially during midday hours. The classroom is located on the ground
floor of the faculty building, which makes it easily accessible (Figure 7).
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O 0 o0Od

. Spots of the Daylight Measurements

Figure 7. The selected classroom's location and plan

Being close to the entrance of the architectural department building, which consists of three floors
including a basement, students entering the classroom can reach it without much fatigue. Its three
large windows allow direct daylight into the interior. The walls of the classroom are painted in light
colours, providing a generally airy environment. The curtains of the classroom are dark red and are
thick enough to almost completely block out daylight when used, especially during presentations.
When these curtains are drawn during presentations, students create a dark environment, resulting in
nearly 80% of the two-hour class being conducted in darkness (Figure 8).
-

Figure 8. The selected classroom

3.4. Participants

After the literature review of “thermal comfort”, “daylight” and “mental health”, a classroom was
determined in the Faculty of Architecture of Dokuz Eylil University Campus. The majority of graduate
students in the class are female, typically characterized by those who are accepted into the graduate
program for that semester. Among the instructors teaching the selected courses, only two are male.
Apart from them, there is only one male student enrolled in the class. Since the ages of the observed
individuals were close to each other, it was understood that there were no noticeable differences in
metabolic rate. The participants were selected from individuals admitted to postgraduate studies
during the period when the educational program was conducted, including both postgraduate
students and the teaching staff. Parameters for understanding thermal comfort were established
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through behaviour-oriented studies, and a mixed method was employed. For the final stage of the
study, participants were asked to provide their age, weight, and height to generate the Predicted Mean
Vote (PMV). This method aimed to achieve a more subjective outcome for the study. Moreover, as the
study progressed from the beginning, the development of the methodology was also taken into
consideration.

The parameter ranges for which the PMV index can be evaluated are as follows (Li-Xin, 2002);

e Metabolic Rate: 0.8 — 4 met

e Clothing Insulation: 0 —2 clo

e Dry Air Temperature: 10 —30°C
e Radiant Temperature: 10 —40°C
e AirVelocity: 0—1m/s

Collecting factors such as age, height, and weight, which are necessary for metabolic rate, is important
for generating the PMV value in the study. The fact that the students in the classroom environment
were young and energetic, and their weights were close to their ideal weights, is also important for
the basal metabolism of a sedentary individual and for the temperature and comfort they felt at that
moment (Table 2).

Table 2. Participant characteristics

Gender Sample size Age (y) Height (m) Weight (kg)
Female 14 32,1 166,5 58,2
Male 3 44 180 70,3

3.5. Methods for Collecting Thermal Responses

On the days when observations were conducted, the classroom environment was pre-ventilated and
curtains were opened to achieve an optimal condition before usage commenced. In this scenario, any
changes made by the individuals in the classroom were noted. After spending a certain amount of time
in the space to establish thermal comfort (typically requiring a short duration like ten minutes),
participants were asked, "How do you feel?" to record their initial impressions (Table 3). Following the
responses from the participants, they were asked about the reasons for their choice of clothing on that
day to understand the diversity of clothing preferences. This question aimed to gauge the thickness of
the clothing worn. Since clothing thickness typically falls between 0 and 2, a value was assigned to
represent the thickness of the clothing.

Table 3. Questions to ask during observation

Questions to Ask During Observation

How do you feel in terms of thermal
comfort? (score)

What should the preferred outfit be like

today? Thick (2) Thin (0)

The basic parameters for observing participants' behaviours were primarily established by drawing
upon findings from other studies. Firstly, the parameter of clothing choice was calculated to generate
a PMV (Predicted Mean Vote) value. Body movements directly related to thermal values were also
deemed significant. For instance, behaviours such as waving hands to create airflow when feeling hot,
swinging legs, or shifting chairs were noted. Additionally, interventions related to lighting were
included as parameters. The opening and closing of curtains determined natural lighting while turning
the classroom lamp on or off indicated behaviours related to artificial lighting. Changes made to door
and window openings for airflow or repositioning were also recorded. At the end of the entire class
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session, participants were asked, "How do you feel in terms of thermal comfort today?" to understand
their clothing choices or behavioural correlations.

4. Findings and Discussion

In daylighting, external environmental factors such as climate, weather conditions, and the latitude of
the location are important. Additionally, the orientation and geometry of the building, daylighting
strategies, the form and material properties of solar control elements, as well as the shape, position,
and light transmittance properties of light-transmitting surfaces are key parameters in determining the
penetration and distribution of daylight within the interior space (Cift¢i & Arpacioglu, 2021). After
measurements and observations in the initial stage of the study, it was decided that there were
deficiencies, and it was accepted as a preliminary study as a result. Subsequently, the methodology
was revised to evolve into a more systematic study based on daylight measurements. As a result of
this preliminary study; in this study, the thermal comfort effects of daylight on users were investigated
on 5 different days in the same locations, ensuring that many variables remained constant. Throughout
the observation period, the temperature balance remained consistent. The temperature fluctuated
approximately 9°C, ranging between 18°C and 27°C. These temperature changes observed at the end
of March and the first week of April resulted in significant fluctuations in outdoor conditions and
daylight balance. It appears that students first check the weather conditions when setting out for
school in the morning, and then decide on their clothing based on whether the sky is cloudy or clear.
The initial data reveals that daylight can alter human subjective thermal perception from a
psychological standpoint, with the effects being linked to the thermal environment in which users are
exposed.

On the days when observations were conducted, the daylight values in the outdoor environment were
as follows:

e The lowest daylight illuminance: 2600 * 50 Ix
e Medium daylight illuminance: 27350 + 50 Ix
e The highest daylight illuminance: 116500 + 50 Ix

The average values of daylight measured in the indoor environment are as follows:

e The lowest daylight illuminance: 33 £ 5 Ix
e Medium daylight illuminance: 100 £ 5 Ix
e The highest daylight illuminance: 140 £ 5 Ix

When these values were measured, average values were taken as they were measured from three
different applications. The presence of plus and minus indicates the quantitative difference between
the applications (Mardaljevic, 2023).

On days when observations were conducted, there were instances of both cloudy skies and clear skies,
as the daylight conditions varied. Although a clear sky is not directly correlated with the brightness of
daylight, it significantly influences it (Dolnikova et al., 2022). Therefore, these days were chosen to
minimize the effects as much as possible. However, it was understood that the presence of clouds did
not necessarily correlate with lower levels of daylight. Additionally, before the observation process in
the classroom began, ventilated curtains were opened, lights were turned off, and the environment
was optimized. Nevertheless, it was observed that users could change these factors in the space
according to their preferences.

4.1. Observations and Analysis of Thermal Comfort and Daylight Interaction

Shortly after exposure to daylight, participants were asked two general comfort questions. Firstly,
similar to the thermal comfort question, participants were asked why they chose their clothing and for
general judgements in terms of thickness, simply asking them to identify it as thick or thin (Table 3).
The participants were then asked to rate their present thermal comfort on a scale of 1 to 5, with 5
meaning "very comfortable" and 1 meaning "very uncomfortable."
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Understanding the impact of buildings on users alone is not sufficient; it is essential to adopt an
approach that aims to improve user health. Therefore, in the design, construction, and evaluation
processes of buildings, structural and spatial characteristics must be considered alongside user health
as a crucial criterion (Sentirk Sipahi & Yamagli, 2021). When observing participants' behaviours, it was
noted that their clothing choices tended to be of moderate thickness relative to the ambient
temperature. However, on some days (for instance, the third day), unexpected rainfall led to rapid
changes in temperature. The interaction between clothing and daylight can influence the overall
aesthetic experience of spaces. Glossy surfaces have the ability to reflect and direct daylight rays in a
specific direction because they maintain a consistent angle of incidence and reflection. These surfaces
exhibit both a shiny and shimmering appearance, and the intensity of the illumination varies depending
on our viewpoint. This indicates that the surfaces in our environment have a significant impact on our
perception of daylight and contribute to shaping our luminous environment (Grgnlund et al., 2024).
Nevertheless, this did not significantly impact participants' thermal comfort levels, as indicated by their
responses to the thermal comfort rating question, where they reported feeling comfortable.
Participants indicated feeling thermally uncomfortable on days when they believed they had chosen
their clothing incorrectly. Furthermore, on days when clothing thicker than level 1,5 was chosen,
temperatures ranged between 25 and 26 °C. On these days, daylight values varied considerably,
indicating a direct relationship between participants' clothing choices and environmental conditions
(Table 4).

Table 4. Behaviour parameters

Parameters Day 1 Day 2 Day 3 Day 4 Day5 Day 6
Outdoor Daylight (Lx) 10770 20446 4741 2667 116570 9018
Indoor Daylight (Avg. Lx) 56,6 110 50 32 129 40
Clothing Choice (Avg.) 1,8 1,5 1,5 1 1,2 1
Body Movements + + + - - -
Behaviour Associated with Natural Light + - - + - +
Behaviour Associated with Artificial Light - + + - + -
Behaviour Related to Airflow + + - - - +
Displacement Process Behaviour + + - - + +
Participants' Thermal Comfort Score (Avg.) 3 2 1 3 4 4

In another study by Chinazzo (2019b), the focus is on investigating the thermal and visual comfort
evaluations of daylight transmitted through spectrally selective glass, as well as its overall impact on
indoor comfort. However, the study primarily discusses the effects of daylight colour and temperature
on comfort perceptions, without specifically addressing the influence of clothing on comfort
assessments. The type of clothing individuals wear can significantly influence how they perceive and
experience thermal conditions in a given environment. Therefore, there is a recognized need to
develop methodologies with a tendency towards observing this aspect, as it is crucial for enhancing
understanding in this area (Chinazzo et al., 2019b). Participants' clothing choices were not only
measured to assess the PMV value but also to observe whether they changed their clothing based on
daylight when exhibiting behaviour to leave the environment. This formed a sub-question of the study.
The importance of participants bringing a jacket with them is significant in this regard.

Participants' hand and foot movements during class were also observed. Some conscious or
unconscious movements, such as swinging legs when feeling warm, moving hands to feel air, or tying
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up hair, were noted. Particularly on the first, second, and third days, intense body movements were
observed, correlating with lower thermal comfort ratings.

e First day, on 25™ March, the daylight value of 10770 is considered acceptable as an average
value for outdoor conditions, but its reflection in the indoor environment is considerably low.
In a classroom setting, an average of 56.6 lux falls below the daylight value that an individual
should ideally receive.

e Second day, on 26" March, compared to the first day, a higher value of 20446 lux was
measured in the outdoor environment on the second day, resulting in an effect indoors that
was twice as much as the outdoor value. However, despite the expected minimum daylight
value of 100 lux on the second day, it was observed that artificial lighting was turned on and
the perceived level of comfort decreased to 2 in terms of thermal comfort compared to the
first day. One of the main reasons for this was that participants wore lighter clothing,
mistakenly assuming the thermal comfort from the previous day.

e Third day, on 29" March, the daylight value outdoors was measured quite low at 4741 lux
compared to previous days. However, due to lighter clothing choices compared to previous
days, the thermal comfort decreased to 1 point. Additionally, since the daylight value indoors
was less than the expected 50 lux, a change in artificial lighting was observed.

e Fourth day, on 1°t April, which recorded the minimum daylight value of 2667 lux, the value
measured indoors naturally was the lowest at 32 lux. Therefore, artificial lighting was turned
on. However, thermal comfort was mostly considered as 3.

e Fifth day, on 2™ April, which had the highest daylight value of 116570 lux, the indoor value
was also the highest on average at 129 lux. It was observed that participants exhibited leaving
the classroom behaviour, with thermal comfort being considered as 4. This behaviour could
be considered as an attempt to balance the outdoor daylight with the indoor environment.

e Sixth day, on 5" April, the daylight value was measured at 9018 lux, similar to the first day. It
was observed that participants exhibited leaving the classroom behaviour, despite the indoor
value being 40 lux.

When evaluating daylight quality and glare sensation indoors, it indirectly emphasizes the importance
of artificial lighting measurements and standards (Garretdn et al., 2016). The relationship established
by participants between natural and artificial light was also examined. This was because presentations
are sometimes given in the classroom environment, leading to the closure of curtains. However, on
days when natural light was not bright, it was observed that the curtains remained open during
presentations. Additionally, it was noteworthy that on the fourth day, for example, when natural light
was at its lowest, curtains were open and artificial lighting was used despite no presentations taking
place. According to IESNA standards, the recommended brightness ratio for optimal lighting conditions
indoors is 1:20. The 1:20 brightness ratio guide serves as a practical criterion for lighting designers and
architects to enhance artificial lighting quality in various indoor spaces, ultimately improving the
overall visual environment for occupants. A direct relationship between the use of natural and artificial
light was identified (Samiou et al., 2022). Additionally, the importance of curtains inside the classroom
is significant due to the shading that will be implemented. The installation of shading devices can
provide solutions to glare issues; however, glare reduction measures may further restrict daylight
penetration into the deeper areas of the room (Cilasun Kunduraci & Kizilérenli, 2024). Furthermore, it
was noticed that participants generally only fully closed one of the two curtains in the classroom while
leaving the other partially open.

Similarly to the direct relationship established with light, some changes related to airflow are among
the parameters affecting the classroom environment. Yang & Shekar (2014) conducted several
experiments in their studies on airflow, investigating both turbulent and stagnant airflow conditions.
According to their study, the behaviour of opening windows provides significant information about
users' thermal comfort (Yang & Sekhar, 2014). On days with intense daylight, compared to other days
when it was measured lower, the preference for opening windows was not observed. However, airflow
was considered important on days with average brightness measured between 9000 and 21000 lux.
One reason for this might be associated with users' tendency to move away from windows on days
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with intense daylight. Additionally, it is understood that participants' desire to go outside decreases
on days with low daylight brightness, leading to a reduced need to move away from windows and
towards artificial light, thereby exhibiting such behaviours.

After observing these parameters, the PMV value was calculated. Firstly, the metabolic rate (M) of the
participants was calculated. For this purpose, participants were asked for their age, height, and weight
values. Upon examining the participants' characteristics, it was found that their physical attributes
were similar, with no extreme differences. However, after calculating the metabolic rates of individual
participants, an average value was obtained. Metabolic rate is a value used to calculate the calories
burned by a person at rest. Taking into account light levels, activity, and food intake, it can be
hypothesized that the higher metabolic rate observed in individuals exposed to light levels above 500
lux during the day may contribute to this result (te Kulve et al., 2016)

Taking into account that participants were exposed to a maximum of 140 lux in the classroom
environment, it is understood that the variability of a metabolic value is not of significant importance
for this study. However, it is still important to gather information about an individual's physical
characteristics to understand changes in their behaviour (Haddad et al., 2013). Therefore, this value
has been considered, but it has not been accepted as a parameter with intense sensitivity. One reason
for the thermal comfort responses given by individuals in the classroom environment being so close to
each other is also that the importance of this variable is less influential compared to other variables.

The clothing insulation value was measured by considering the material of the fabric used in the
garment. If the participant wears a t-shirt without any garment on their arms, it is given a value of 0,
while if they wear a wool sweater providing the highest insulation, it is given a value of 2. The values
found are determined according to these clothing layers. The metabolic rate was measured
electronically using a website (https://www.calculator.net/bmr-calculator.html) that calculates basal
metabolism. PMV (Predicted Mean Vote) measures comfort on a 7-point scale from +3 ("Very Hot") to
-3 ("Very Cold"), with 0 indicating "Neutral."

Table 5. Average predicted mean vote value (Quadco Engineering BV, 2024)

Air Mean Radiant

Days Temperature Temperature Air \(,:X;City Hurt‘ietlzlai:\i/vaH) CI?;:i)ng Metat(;;lli)c Rate PMV
(ta) (tr)
Day1 25 28 0,1 30 1,8 1,3 0,7
Day 2 26 27 0,5 50 1,5 1,3 0,9
Day 3 26 28 0,8 50 1,5 1,3 1,1
Day 4 27 25 0,5 30 1 1,3 0,6
Day 5 24 26 0,5 30 1,2 1,3 0,3
Day 6 24 25 0,5 30 1 1,3 0,2

Considering the temperatures and the value of daylight over the six days, it was observed that the
weather was not excessively hot, which directly influenced thermal comfort (Table 5). The PMV value
did not exceed 2 or fall below 0, indicating that the environment was neither too hot nor too cold. The
proximity of the PMV value to zero corresponds closely with the ratings given by users for each day
(Figure 9).
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Figure 9. Comparing the calculated PMV values across days

Understanding the effects of thermal comfort perception can lead to improved building and
environmental design strategies that enhance occupants' well-being and productivity. (Laouadi, 2022).
In this context, the sixth day, with a daylight level above 9000 lux, was closest to optimum thermal
comfort, with the majority of participants giving a rating of 4 (comfortable) (Figure 10). According to
the results of many studies, it has been determined that the lighting level should not be below 550 lux
and the highest satisfaction level is achieved between 600 and 650 lux (Fakhari et al., 2021). However,
in this study, the light falling on the classroom being below these lux values implies that it could
negatively affect the individuals in the classroom. This indicates that even on days when daylight is not
excessively bright, participants can feel comfortable. In this regard, it was observed that on days when
daylight was not too bright, participants balanced the temperature between the outdoor and indoor
environments. Participants formed a perception of temperature based on the brightness level of
daylight, and they began to feel comfortable as a result of expectations that fell below this perception.
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EDayl mDay2 mDay3 mDay4 Day 5 Day 6
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K16 4 E] 2 2
K15 2 2 1

K14 3 2 1

K13 E] 2 2 2

K12 4 3 il 3
K11 E] 2 1

K10 3 2 1

K9 2 E] 2 3

K8 1 2 il

K7 2 2 1

K6 E] 3 2 2

K5 E] E] 2 E]
K4 2 2 il

K3 3 2 1

K2 E] 2 2 3

K1 2 2 1

Figure 10. Participants' thermal comfort score
4.2, Limitations and Future Research

This study has several limitations regarding occupants' daylight perception and thermal comfort. First,
the measurement of illuminance levels was conducted using a mobile phone's light sensor due to the
lack of access to a lux meter. While mobile phone sensors can generally indicate light levels, they are
not as precise or calibrated as dedicated lux meters, potentially affecting the accuracy and reliability
of the illuminance data collected. This limitation may introduce some degree of variability or error in
the assessment of occupants' daylight perception.

Furthermore, the sample size and diversity of the participants influenced the generalizability of the
findings. Since the study was conducted in a specific type of building or with a particular group of
occupants, the results may not be representative of other settings or populations. Future research
should consider using standardized and calibrated equipment for measuring illuminance, expanding
the participant pool to include a more diverse population, and controlling for external environmental
variables. Despite these limitations, the study provides valuable insights into the interplay between
daylight perception and thermal comfort in building environments.

5. Conclusion

User satisfaction is the most crucial outcome to consider in design. During the design process, an
architect must consider both energy efficiency and the creation of the most functional and comfortable
environment for users. Therefore, attention should be paid to daylight, and careful consideration
should be given to the orientation of the building and the choice of materials. In this study, daylight
was observed to impact user satisfaction regarding thermal comfort, and users' thermal behaviours
were examined according to daylight brightness levels. No experimental environment was created;
instead, a classroom environment was naturally selected, and an experimental methodology was
developed beforehand. During the observation period, while the temperature balance remained
unchanged, daylight values varied between 2000 and 116,000 lux on different days of the study.
Maintaining a similar number of students in the classroom throughout the observation process helped
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achieve more accurate results. Observations revealed that participants checked the weather before
coming to school and made clothing choices based on whether the sky was cloudy or clear.

Initial findings suggest that daylight may alter people's subjective thermal perception from a
psychological standpoint, and these effects are related to the thermal environment they are exposed
to. This behaviour-focused study primarily considers participants' responses, with the diversity of
behaviours observed alongside their responses allowing for an assessment of thermal comfort in terms
of daylight. It was observed that on days with lower daylight values, participants tended to balance
their thermal comfort by adjusting their clothing choices, effectively changing their comfort levels and
almost deactivating the impact of daylight. Consequently, the influence of daylight on thermal comfort
and thermal behaviour varies with participants' perceptions. On bright daylight days, participants
seemed to associate this with warmth, influencing their clothing choices and even classroom
movement levels. Ultimately, it was found that participants’ behaviours were shaped by daylight,
though it’s important to note that behaviour is not solely related to daylight. When participants’
thermal comfort was observed objectively and subjectively, daylight alone was not found to be the
determining factor.

Various factors, such as participants' preparation for presentations and class, as well as their level of
engagement, also contributed to changes in body temperature. Additionally, while daylight does not
have a physiological effect on participants, it appears that there is a psychological desire for warmth
when exposed to bright daylight levels. Among factors affecting thermal comfort, the importance of
daylight is relatively low; however, it should still be taken into consideration. This is mainly due to the
relationship between thermal comfort and behavioural responses based on environmental perception.
Future studies that increase the number of days observed and conduct comparative measurements
across different seasons will allow for a more detailed examination of the effect of daylight on thermal
comfort.
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