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A B S T R A C T   

Lighting is one of the environmental elements that facilitates people to maintain their lives. With light people can 
collect visual cues about their environments in which they can perform visual tasks safely and comfortably. 
Exploring the lighting systems and conditions in residential interiors is important for introducing new concepts 
concerning human visual comfort. The study aimed to collect data and conduct a short-term analysis about 
residential lighting which will be a part of a more comprehensive research. The study focused on day- and 
artificial lighting systems, conditions and people’s assessments in interiors of residential buildings. An internet- 
based survey was distributed in July-August 2020 through Google Survey across Poland, Turkey, the U.K. and 
Sweden in the native languages of each country. 29 adult females and 31 adult males voluntarily participated in 
the present study. The study identified several interconnected factors related to residential lighting and explored 
them in detail. Large percentage of the respondents were satisfied or very satisfied with daylighting quality in 
summer (86.7%) and artificial lighting quality (78.4%) in their living areas. The amount and uniformity of 
lighting were the most effective cues connected with the respondents’ satisfaction. Reasonable and promising 
outcomes that were found can be used in generating new and comprehensive data about lighting quality in 
residential buildings.   

1. Introduction 

Residential buildings are human-made environments where people 
live and belong to (retrieved from https://dictionary.cambridge.org/ 
dictionary/english/home). Basically, residential buildings provide 
spaces for people where they can protect themselves, sleep, prepare food 
and maintain their hygiene. They are also the places where people can 
meet their social, emotional and physical needs. In general, people 
spend a good part of the day in their residential buildings, but during 
COVID-19 period this time has increased significantly due to lockdown 
or other restrictions limiting activity of selected economic sectors. With 
the outbreak of COVID-19, around 30% of the global population has 
been forced to be in (semi)lock-down and/or self-quarantine [1,2] and 
80% of the workplaces have been partly or fully closed all around the 
world [1]. Thus, the residential buildings have become the spaces which 
support people’s private, social, educational and work lives instead of 
being just a living space. Being self-isolated for a long time in residential 
buildings has threatened people’s physical and mental health. The 

residential buildings’ conditions such as interior lighting can be 
enhanced easily in order to diminish the negative effects of self-isolation 
and to support people’s well-being. Many researchers all around the 
world are trying to find solutions and make recommendations for 
reducing the negative effects of this novel crisis from their own per-
spectives [3,4,1,5,6]. Residential lighting has an impact on visual 
comfort and performance and is therefore worth exploring in both the 
COVID-19 and post-pandemic period. Hence, the study is focusing on the 
overall lighting conditions of living areas where people spend most of 
their time while occupying their residential buildings, without limiting 
which type of room it should be. It will be also interesting to obtain basic 
information about the time spent in these places and the activities per-
formed. In this study, we, who are professionals in design, conducted a 
short-term analysis of residential lighting which may pave the path to-
wards future studies. The descriptive results of the study can be used in 
generating new and comprehensive data about residential lighting as 
this study is a pilot study of a bigger and an international research. Even 
though the data of the study was collected during COVID-19 period, its 
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E-mail addresses: rengin.kocaoglu@bilkent.edu.tr (R. Aslanoğlu), piotr.pracki@ien.pw.edu.pl (P. Pracki), jan.kazak@upwr.edu.pl (J.K. Kazak), BUlusoy@lincoln. 

ac.uk (B. Ulusoy), sepideh@bilkent.edu.tr (S. Yekanialibeiglou).  

Contents lists available at ScienceDirect 

Building and Environment 

journal homepage: http://www.elsevier.com/locate/buildenv 

https://doi.org/10.1016/j.buildenv.2021.107781 
Received 21 September 2020; Received in revised form 8 February 2021; Accepted 2 March 2021   

https://dictionary.cambridge.org/dictionary/english/home
https://dictionary.cambridge.org/dictionary/english/home
mailto:rengin.kocaoglu@bilkent.edu.tr
mailto:piotr.pracki@ien.pw.edu.pl
mailto:jan.kazak@upwr.edu.pl
mailto:BUlusoy@lincoln.ac.uk
mailto:BUlusoy@lincoln.ac.uk
mailto:sepideh@bilkent.edu.tr
www.sciencedirect.com/science/journal/03601323
https://http://www.elsevier.com/locate/buildenv
https://doi.org/10.1016/j.buildenv.2021.107781
https://doi.org/10.1016/j.buildenv.2021.107781
https://doi.org/10.1016/j.buildenv.2021.107781
http://crossmark.crossref.org/dialog/?doi=10.1016/j.buildenv.2021.107781&domain=pdf


Building and Environment 196 (2021) 107781

2

findings can be employed for investigating further effects of residential 
lighting. 

Lighting is one of the environmental elements that facilities people to 
maintain their lives. With light, people can collect visual cues about 
their environments in which they can perform visual tasks safely and 
comfortably. Light sets people’s biological clocks, promotes their alert-
ness, has an impact on their emotions and enhances their well-being. 
Most of the residential buildings were designed to fulfil the visual 
needs of people; both natural and artificial lighting in residential 
buildings have been used to sustain visual comfort and visual aesthetic 
appreciation of people while they are performing visual tasks. The res-
idential buildings that are integrated with comfortable lighting condi-
tions enhance safety, health, well-being, moods, emotions, interpersonal 
communication and behavior of people [7,8,9,10]. Besides setting 
people’s biological clocks, residential lighting supports people’s 
well-being via the presence of windows, access to view-out and surface 
colors in the residential building areas. A balanced mixture of natural 
and artificial light in those areas affects light reflected from surfaces 
which determine the color and distribution of lighting [11]. Both surface 
colors and distribution of light create shadows and patterns which evoke 
visual interest and support well-being. Access to views of the outdoors 
may also enhance cognitive function, simultaneously providing infor-
mation, stimulation, and relaxation [12] and is important for general 
eye health [11]. 

Indoor environmental quality, involving thermal, acoustic, air and 
lighting components [13,14], has been studied widely in terms of its role 
in satisfaction, well-being, and productivity of occupants in workplaces, 
schools and various public spaces [15,16]. Governments, national and 
international commissions have developed numerous studies, statistics, 
standards and promising policies about lighting (e.g. EN 16798-1 [17]), 
however, there are few studies concerning residential buildings and 
residents’ subjective assessments. The aim of the study presented in this 
paper is to formulate preliminary conclusions considering lighting sys-
tems and conditions in residential interiors based on the results of a 
survey. This study highlights the important issues which need to be 
examined about residential lighting. Hence, the descriptive results of the 
study are reasonable and promising that can provide a basis for further 
studies. 

2. Method 

Cultural practices in different countries, environmental awareness 
and individual preferences are known factors that can affect behavior in 
terms of lighting use [18,19,20]. In order to obtain international and 
broader data about the lighting conditions which can be a pioneer for 
future studies, 4 countries from different regions were selected: Sweden 
(Latitude: 60.1◦N) from Northern Europe, Poland (Latitude: 51.9◦N) 
from Central Europe, the U.K. (Latitude: 55.3◦N) from Northwestern 
Europe and Turkey (Latitude: 38.9◦N) from Western Asia. An 
internet-based survey was distributed in July–August 2020 through 
Google Survey across these four countries. Respondents were reached 
through e-mail invitations and/or cross-platform messages. The gath-
ered data were analyzed with IBM SPSS 27.0 by applying Spearman’s 
rank correlation coefficient function. 

2.1. Survey 

The survey questions were formed by the authors who are pro-
fessionals in the field of architecture, building design and sustainable 
urbanization, and lighting in order to obtain crosscutting perspective. 
The survey (including the information sheet and consent form) was 
distributed in the native languages of each participant which was 
translated by the authors and scholars from each country. The ques-
tionnaire was available through computers, smartphones and tablets 
and completing it took approximately between 15 and 20 min. 

Before starting the survey, there was a short-consent form that 

provided detailed information about the study. Also, there was another 
brief explanation of the procedure of the survey at the beginning. In this 
information it was clearly stated that each respondent should declare 
their subjective assessments on lighting in their living areas where they 
spend most of their time in day. The respondents were to assess in the 
survey physical characteristics of the living area and lighting system as 
well as lighting conditions and their satisfaction. 

The survey consisted of six parts; demographics, characteristics of 
residential buildings, activity in living area, daylighting and artificial 
lighting conditions in the living area and open-ended questions about 
self-solutions for the lighting conditions. There were open-ended, single 
and multi-choice questions (mostly four-point and five-point scales an-
swers) depending on the issues in the survey. For the demographic 
questions, the respondents were asked to answer questions about their 
age, gender, education level, and approximate monthly household in-
come. The location, type and number of rooms of the residence were 
asked to gather data about the characteristics of residential buildings in 
the second part. On the third part of the survey, information about the 
number of hours spent and the type of activities that respondents mostly 
did in that living area were collected. Respondents were asked to give 
information about the daylight conditions in their living areas with 
answering questions about daylight quantity and its distribution, their 
satisfaction level about daylight, number of hours of direct sunlight 
penetration and shading device’s type and its position and purpose. 
Furthermore, they were asked to provide further information about floor 
area, height, surface colors, color saturation, orientation, number of 
windows and their locations, window areas and view-outs from the 
windows which have effect on daylighting. The next questions gathered 
data about the artificial lighting conditions in the living areas. Artificial 
lighting usage time, its type, system, quantity, uniformity, lamp 
brightness, perceived color of light and color rendering quality were 
asked. Also, there were questions about satisfaction levels of re-
spondents with artificial lighting in their living areas, their artificial 
lighting selection methods, priorities and survey completion date. The 
survey ended with two open-ended questions about the light-related 
adjustments that respondents have done in their living areas and the 
latter question was about the light-related changes that they are plan-
ning to do for having better lighting conditions (See Fig. 1). 

2.2. Respondents 

The respondents of the present study were users of residential 
buildings who could provide a comprehensive insight about lighting 
conditions residing in Poland, Turkey, the U.K. and Sweden. The total 
number of respondents, which was 60 (there were 15 respondents from 
each country), seemed few in number, however all of them were 
competent and provided detailed self-assessments about lighting con-
ditions in their living areas. 29 adult females and 31 adult males 
voluntarily participated in the present study. The respondents were 
mostly between 25 and 34 years old (60% of respondents) and holding a 
university degree or higher (96.7% of respondents) whose monthly in-
come levels were above the national averages of each country (53.3% of 
respondents). 

3. Results 

The data were collected from participants living in 20 different lo-
cations (mainly cities) across 4 countries during July and August 2020. 
The results of the present study are presented under three sub-parts. 
These parts analyze residential lighting conditions based on data gath-
ered which highlights factors that need to be investigated in further 
detail. 

3.1. Residential building characteristics 

The questions about residential building characteristics provided 
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detailed information about buildings’ location, typology and number of 
rooms in the respondents’ homes. There were 20 different locations 
(Poland: Poznań, Jelenia Góra, Wrocław, Kiełczów, Warszawa, 
Pruszków, Kobyłka and Gdańsk; Turkey: Ankara and İstanbul; the U.K.: 
Bradford, Fareham, Wickham, Lincoln, London, Oxford, Portsmouth and 
Sheffield and Sweden: Gothenburg and Malmö) (See Appendix A for 
literature information on average day length and sunshine duration in 
July–August 2020) which enriched the results of the study and allowed 
to present various lighting conditions. 

The second question was about residential building typology. As the 
results of the survey showed the majority (75%) of the respondents were 
living in apartment flats regardless of which city or country they lived in. 
In Turkey and Sweden, 93.3% of the respondents were living in apart-
ment flats. Different residential building typologies affect the amount 
and distribution of daylight inside. Accordingly, it has an effect on 
people’s satisfaction, well-being, health, psychology, and productivity. 

The number of rooms in the residential buildings affects the use of 
space, arrangement of the furniture, room segregation by various task 
and/or combination of functions in a single room which also has an 
effect on residential lighting. The last question of this part was about the 
number of rooms in each residential building. The distribution between 
2 roomed (26.6%), 3 roomed (31.7%) or 4 roomed (28.4%) residential 
buildings was almost even. Only 8.3% of the respondents had 5 or more 
rooms and only 5% had 1 room in their residence. Detailed analysis 
showed that respondents from Turkey had mostly 4 rooms. Respondents 
from the U.K. and Sweden had mostly 2 rooms whereas the distribution 
of respondents from Poland having 2, 3 or 4 rooms was almost equal. 
The results of the survey showed that regardless of country, exactly 50% 
of the respondents lived in buildings constructed after 1990s. 

3.2. Activity in living area 

The COVID-19 has caused unexpected and profound changes in 
people’s lives; production and consumption, transport patterns, working 
conditions, social interaction and many other aspects have changed 
including the interaction of people with their living areas [21]. Most of 
the people used to spend time outside their residential buildings in the 
pre-pandemic period, however with the outbreak of COVID-19 people 
were forced and/or recommended to stay in their homes. In most 
countries, shops, restaurants, bars, offices, sports centers and leisure 
areas, where people used to spend their time have been closed [4]. 

Hence, people started to spend considerable amount of time in their 
residential buildings that had to undertake different functions of all 
these public spaces. Buildings exist to aid our needs [11] and one of the 
important roles of the residential buildings was sustaining the 
well-being of its occupants which can be obtained by place satisfaction, 
emotional attachment, sense of belonging and place identity [22,23]. 
Especially, during the (semi)lock-downs and/or self-quarantine periods, 
the importance of well-being and place satisfaction has become more 
critical. Place attachment is the “positive affective bond or association 
between individuals and their residential environment” [24] (p. 233) 
that has a significant role in enhancing and sustaining well-being and 
place satisfaction in residential areas. Thus, people tend to assign and 
attach to a place in their residential buildings to sustain their well-being. 
In this study, the attached place was identified as the living area in the 
residential buildings where people spend most of their time in a day. 

During the pre-pandemic period, people spent a significant amount 
of time in a working day, approximately 8 h, in their offices [25] or 
outside their residential buildings. With the new dynamics that 
COVID-19 brought to people’s lives, daily routines were forced to be 
practiced in the living areas. The results of our survey showed that 
regardless of country, during July–August 2020, 51.7% of the re-
spondents spent 3–8 h, 43.3% spent more than 8 h and only 5% spent 
less than 3 h in their living areas. The most common activity within this 
living area was working with a computer (60%) while the second type of 
activity was resting and watching TV (28.3%). All in all, people are 
spending approximately 8 h in a single area where its characteristics and 
lighting conditions has a salient role in their well-being. 

3.2.1. Daylighting 
Lighting has an important effect on people’s lives. Visual comfort is 

as important as thermal and acoustic comfort [26]. Hence, among 
thermal and acoustic comfort, better luminous environments improve 
well-being, health, psychology, and productivity. A high-quality 
daylighting improves visual performance and comfort which enhance 
people’s living conditions relatively. Also, lighting facilitates vision, 
which is the most important source for gathering information about the 
world. It affects people’s “basic biological functioning through its effect 
on the body clocks” [27] which can be called as the circadian rhythm. 
The circadian rhythm is mainly governed by daylight which keeps 
people awake during the day and makes them sleepy at night [3] and can 
be affected by several conditions. Since the beginning of COVID-19 

Fig. 1. Six parts of the survey and questions.  
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outbreak, a stressful situation has developed for many across the globe, 
this includes being trapped inside residential buildings for a long period 
of time. Home working, doing home-schooling with children, mini-
mizing social interactions drastically caused stressful circumstances and 
altered the way people did their daily routines [3]. A good luminous 
environment provides motivation for people, supports eye health, visual 
comfort, cognitive performance, and overall circadian well-being [11] 
(p. 5). Thus, the role of daylight in the living areas for maintaining daily 
routine became more important. 

Living area characteristics such as floor area, height, surface colors 
and their saturation, geographic orientation, etc. provide important cues 
about the existing lighting conditions since they have multi-dimensional 
relationships that improve well-being. Floor area and height, two of the 
basic characteristics of the living area, affect the lighting conditions. 
According to the results, there is a moderately significant positive cor-
relation between the floor area and total number of windows (r = 0.383, 
p = 0.003). As the floor area increases, the number of windows in the 
living area increases too. As our survey results shows, 45% of the living 
areas’ floor area was 10–20 square meters (See Fig. 2a) and 53.3% of the 
living areas have a height of less than 3 m (See Fig. 2b). 

Another effective characteristic of the living area is the number of 
windows. Windows are transparent building elements that allow visual 
connection between the inside and outside of the living area. As the 
number of windows increase in an interior space, the openness 
perception of the space increases too. However, sense of visual comfort 
and privacy may be negatively affected [28]. Thus, the quantity, size 
and location of the windows in the living area affects human perception 
and satisfaction. According to our results, 35% of the living areas had 
one window, 31.6% had two windows, 13.4% had three windows, 
11.6% had four windows, 5% had five and 3.4% had 6 or more windows. 
30% of the living areas, regardless of country of residence, have one 
sidelight window (2–4 m squares as most common window area) on one 
wall, followed by 13.3% having two sidelight windows on one wall. 
South oriented windows are considered as the optimum choice for 
annual daylight availability at the northern hemisphere [18,29] and as 
the survey results show, most of the living areas, regardless of country, 
are south oriented. Overall, windows are regarded as one of the most 
important building components and are acknowledged for their positive 
influence on health and well-being [30,31,32,33] however, they can 
also be the source of glare and excessive heat that can negatively affect 
satisfaction. The average day length and sunshine duration recorded in 
July–August 2020 showed variety among countries (See Appendix A), 
however a significant difference could not be found between partici-
pants’ assessments about daylight quantity (See Fig. 3a) and daylight 
distribution (See Fig. 3b). The amount of daylighting was declared as 
sufficient in most of the cases regardless of country (See Fig. 3a). The 
distribution of daylighting was mostly declared as uniform by the 

participants from Turkey and Poland whereas 60% from the U.K. and 
53.3% of participants from Sweden declared having uniform daylighting 
in their living areas (See Fig. 3b). 

The view from the windows alters the perception of living areas 
which affects user’s mental health and satisfaction [28]. When people 
stay in an indoor space without windows for a long time, they may 
experience “lack of focus, lack of stimulation, negative emotions, and 
other forms of minor psychological dissatisfaction, and may even suffer 
from severe symptoms like depression, insomnia, and loss of a sense of 
reality, among others” [28]. It is very important to have visual access to 
the outdoors in order to enhance psychological satisfaction. Most of the 
respondents from Turkey, the U.K. and Sweden stated that there were 
“some obstructions, but mostly skylight can be seen through the win-
dows” whereas respondents from Poland stated that “buildings and 
objects such as trees obstruct skylight view”. According to the results, 
there is a moderately significant positive correlation between the 
view-out and daylight amount (r = 0.339, p = 0.009); as the obstruc-
tions decrease, the amount of daylight becomes more sufficient. Stan-
dard EN 17037 [34] considers the access to sunlight at least one 
habitable space in residential areas and states its contribution to human 
well-being. As Yeom, Kim, Hong, Park and Lee [28] (p. 1) highlighted 
the importance of the presence of view-out as; 

“Humans require various types of directed attention, and their 
mental fatigue can be alleviated by looking at the external environ-
ment through the windows. On the other hand, the aesthetic affec-
tive theory explains the importance of the outdoor view from the 
viewpoint of evolutionary psychology [35]. That is, humans gener-
ally prefer to look at an outdoor view from an interior space based on 
human evolution from the experience of the prehistoric humans, 
who looked at nature outside from the mouths of caves to protect 
themselves from wildlife threats. Thus, the people in the modern age, 
who spend much time indoors, satisfy their subconscious desire 
while watching the external environment, including nature, which 
may lead to the alleviation of their stress. Furthermore, the outdoor 
view can resolve boredom, mundanity, and claustrophobia.” 

Among various shading device types; respondents from Poland, the 
U.K. and Sweden mostly used curtains. Blinds were the mostly used 
shading device type in Turkey. The main aim of the shading devices was 
obtaining privacy and preventing direct sunlight regardless of country of 
residence (for average sunshine duration recorded in July–August 2020 
for each country, please see Appendix A). However, most of the re-
spondents from Poland and Turkey stated that they did not draw their 
shading devices. Respondents from Sweden drew their shading devices 
half mostly, whereas the shading devices in the U.K. were all drawn in 
most cases. 

Another important characteristic of the living area that provides 

Fig. 2. Living areas’ a) floor area, b) height distributions.  
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important cues about the existing lighting conditions was surface colors 
and their saturations. As the results of the survey show, most of the 
living areas’ ceilings and vertical surfaces such as walls and furniture 
located on the vertical surfaces had white colors, whereas horizontal 
surfaces such as floors and furniture located on the horizontal surfaces 
had moderate saturated browns in majority of cases. Surfaces, their 
colors and saturations have an effect on the luminous environment of the 
living area which has a direct effect on the perceived spaciousness [36]. 

Daylighting quality satisfaction is determined by the physical design 
of the living environment [26]. In general, the respondents in our survey 
who were mostly spending time working with computer were satisfied 
with daylighting quality in their living areas. They were satisfied or very 
satisfied with daylighting quality in summer period in 86.7% of the cases 
and in winter period in 58.4% of the cases, see Fig. 4, a) for summer and 

b) for winter period. The amount and uniformity of daylighting were the 
most effective cues in providing respondents’ satisfaction in their living 
areas in daytime period. Sufficient amount of daylight (r = 0.522, p =
0.000) and uniformly distributed daylight (r = 0.348, p = 0.008) were 
both positively correlated with daylight quality satisfaction. 

In our analysis we assumed that satisfaction with daylighting quality 
depends on amount and uniformity of daylighting in the living areas and 
studied these correlations. As it was demonstrated these two aspects did 
not explain fully satisfaction with daylighting in the living areas. We also 
realized that it was necessary to check the intercorrelations between 
satisfaction with daylighting quality – amount of daylighting – unifor-
mity of daylighting and windows size, window orientation, view-out, 
sunlight exposure. We decided to analyze these issues in detail in 
further investigations for bigger respondent groups. 

Fig. 3. a) Sufficiency and b) uniformity of daylighting in the living areas in summer period by country.  

Fig. 4. Satisfaction with daylighting quality in the respondents living areas, a) in summer, b) in winter.  
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3.2.2. Artificial lighting 
The usage of artificial lighting is dependent on room volume, win-

dow quantity, size and orientation, and the reflectance of surfaces. 
Artificial lighting becomes a necessity when daylight level in interiors is 
not sufficient and/or is used as supplementary to daylight to sustain 
performance of visual tasks [18] (p. 1). As in most interior spaces, 
artificial lighting sources are frequently used in residential buildings. 
The respondents of our survey declared that artificial lighting was used 
in their living areas for a long time in winter but also for quite a long 
time in summer. As expected, as much as 78.3% of the respondents 
declared that they used artificial lighting longer in winter than in 
summer. In summer, artificial lighting was used less than 1 h in 10% of 
the cases, 1–3 h in 48.3% of the cases and 4–6 h in 31.7% of the cases. 
Only in 3 cases it was used 7–9 h and in 2 cases it was used longer than 9 
h per day. In winter, artificial lighting was used 1–3 h in 10% of the 
cases, 4–6 h in 43.3% of the cases, 7–9 h in 31.7% of the cases and longer 
than 9 h in 13.3% of the cases. 

Regardless of country of residence, a large group of the respondents 
(65%) declared that they had LED lamps in their living areas. Moreover, 
almost 50% of the respondents had LED lamps as the only source of 
artificial lighting. Among the other lamps, fluorescent lamps were used 
in 31.7% of the cases, and incandescent or halogen lamps were used in 
31.7% of the cases either. It should be noticed that 25% of the re-
spondents had more than one lamp type in their living areas. 

The respondents also indicated various forms of illuminating their 
interiors. A large group of the respondents (55%) declared that they had 
ceiling general lighting in their living areas; moreover, in 23.3% of the 
cases it was the only form of illumination. 30% of the participants 
indicated the use of ceiling localized (task) lighting. In 18.3% of the 
cases luminaires were not located on the ceiling in the respondents 
living areas. Desk or floor portable luminaires were often (60%) 
mentioned for illumination; in 10% of the cases, they were the only 
luminaire(s) in the living area. Wall or cove lighting were rarely indi-
cated as forms of illumination. 

The amount of artificial lighting was declared as sufficient in 93.3% 
of the cases and distributed uniformly in 63.3% cases. Considering 
lamps, 40% of the respondents indicated their brightness as “Very 
bright” but only in 2 cases the answer “Too bright” was chosen. In terms 
of lamp spectral characteristics, the most dominant color of light was 
warm white (50% cases), closely followed by, neutral white (41.7%) as 
the other dominant color of light. Interestingly, cool white light was 
selected in only 4 cases (including 3 cases in Turkey and 1 case in 
Sweden). Surprisingly, in Sweden warm white light was indicated only 
in 2 of the cases, the least chosen among the four countries. It is quite 
possible that the respondents in Sweden were declaring their lamp color 
of light as neutral white rather than warm white, which needs to be 
taken under consideration. Although 60% of the respondents declared 
proper color rendering of objects under artificial lighting in their living 
areas, 23.3% answered that “Some colors do not seem natural” and 
11.7% declared that colors of objects were not properly rendered. 

A large number of the respondents, whose the most often activity was 
working with computer, declared satisfaction with artificial lighting 
quality in their living areas. In 51.7% of the cases the respondents 
answered that they were “Satisfied” and in 26.7% of the cases they chose 
“Very satisfied” option. Only in 3 of the cases the respondents were 
dissatisfied with artificial lighting quality, see Fig. 5. A lack of sufficient 
amount of artificial lighting or uniform distribution or proper color 
rendering were potential causes of these negative assessments. 

It is worth mentioning that 86.7% of the respondents completed the 
survey during daytime and assessed artificial lighting accordingly. The 
selected findings related to artificial lighting in the respondents living 
areas are presented in Fig. 6. 

Besides the descriptive findings of the study, promising correlations 
between satisfaction-amount of artificial lighting sufficiency; 
satisfaction-artificial lighting uniformity and satisfaction-color 
rendering can be presented. The satisfaction with artificial lighting 

quality in the living area had a strong and significantly positive corre-
lation with the amount of artificial lighting (r = 0.428, p = 0.001) and 
the artificial lighting uniformity (r = 0.415, p = 0.001). CRI had a 
moderate and significantly positive correlation with the satisfaction 
about artificial lighting’s quality (r = 0.335, p = 0.010). The mentioned 
correlations show that the basic features of lighting (the amount and 
uniformity of lighting, and color rendering) can have high potential to 
improve artificial lighting quality according to the users’ needs. These 
findings need to be explored in detail. 

3.3. Self-solutions 

In addition to providing information about their current residential 
lighting conditions, respondents were also asked to answer two open- 
ended questions where they could reflect their own ideas and solu-
tions. Regarding the question about “light-related adjustments (both 
artificial light and daylight) that respondents have done and still effec-
tively use in their living areas”, their solutions varied a lot. Some of the 
self-solutions that had been done and effectively used were locating 
more artificial light sources or adding a dimmer to their light control 
switches. Also installing additional shading devices to reduce over-
heating was one of the common self-solutions. Overall, the aforemen-
tioned solutions were only superficial adjustments mostly done 
intuitively without getting a professional help from an architect, interior 
designer and/or lighting designer. The self-solutions that respondents 
would apply in their living areas if they could design it from scratch 
were mostly about getting a more uniform artificial and natural lighting 
system. Most of the respondents would either prefer to increase the 
number of windows or increase the size of their present window(s). The 
proposed self-solutions were about an architectural element of the living 
area; window which should be considered by designers at the beginning 
of the design process. The self-solutions of the respondents should be 
carefully considered by the designers to provide visual comfort in indoor 
environments. Also, further studies can be developed from the re-
spondents’ ideas. All these above-mentioned self-solutions that were 
made or planned to be made in the living areas were aimed to increase 
well-being. 

4. Conclusions 

An issue that has been widely investigated from the past to the 
present time is the importance of daylight and artificial lighting and its 
role in providing visual comfort in indoor environments, enhancing 
well-being and improving productivity. Before COVID-19 outbreak, we 
were spending time indoors, but with this pandemic, we understood the 
importance of being visually comfortable in our homes. As always, it is 
very important to provide visual comfort and understand the factors that 
cause it. Thus, this study aimed to collect promising data, which can 

Fig. 5. Satisfaction with artificial lighting quality in the respondents 
living areas. 
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guide future studies related to residential lighting and highlight the 
problematic areas for introducing new concepts about day- and artificial 
lighting. 

With an internet-based survey, international data were collected 
from Poland, Turkey, the U.K. and Sweden. The study identified several 
interconnected factors related to residential lighting and explored them 
in detail. The findings are summarized and presented below;  

• Most of the living areas, regardless of country, were south oriented.  
• Large amount of the living areas’ floor area was 10–20 square meters 

and had a height of less than 3 m.  
• Most of the living areas had either one window or two windows 

regardless of country.  
• The view-out from the living areas were mostly unobstructed.  
• Curtains were mostly used in the respondents living areas in Poland, 

the U.K. and Sweden. Blinds were the most used shading device type 
in Turkey. The main aim of the shading devices was obtaining pri-
vacy and preventing direct sunlight regardless of country.  

• Most of the living areas’ ceilings and vertical surfaces had white 
color, whereas horizontal surfaces had moderate saturated browns.  

• Daylight’s sufficiency and uniformity, were the most effective cues in 
daylight quality satisfaction of the respondents.  

• LED lamps were mostly used in the respondents living areas, 
although fluorescent and incandescent lamps were also used.  

• Ceiling luminaires were mostly used in the respondents living areas. 
Portable luminaires significantly supported interior illumination. 

• The amount of artificial lighting was very satisfactory in the re-
spondents living areas. Also uniform distribution and proper color 
rendering got high scores. 

• A large number of the respondents assessed artificial lighting con-
ditions in their living areas positively. In 51.7% of the cases they 
were satisfied and in 26.7% of the cases they were very satisfied with 
artificial lighting quality. 

The main objective of the study was to investigate and present the 

residential lighting conditions for providing a basis for future lighting 
studies. We are aware that many aspects that were included in our pilot 
study need to be investigated in-depth to confirm some suppositions and 
present fully reliable recommendations. Our analyzes show the need to 
better examine the impact of the type of activities performed, factors 
characterizing the rooms and other lighting parameters on the satis-
faction with lighting conditions. 

Based on the findings of the pilot study, we are planning to slightly 
revise the survey and conduct a study on a more comprehensive sample 
of respondents in the near future. With in-depth interviews in a follow- 
up study, other aspects of pandemic will be investigated about the living 
area layout and artificial lighting alterations specifically done during 
COVID-19 period. The findings of the study highlight the potential 
factors that affect visual comfort in residencies which is worth studying. 
The study depicted the most impactful results about day- and artificial 
lighting. Each of the potential causes can be examined and broader 
research can be done about residential lighting. Also, the results can be 
used for building transdisciplinary collaborations for providing visually 
comfortable residential buildings. 
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Appendix A. Geographical coordinates for each location, average day length and sunshine duration records in July–August 2020  

Countries Cities Average day length and sunshine duration records according to each capital city* Latitudes and longitudes of centroids of each city/ 
town 

Poland Poznań Average day length; 52◦24′N 16◦55′E 
Jelenia Góra 16.2 h in July and 14.6 h in August 50◦54′N 15◦44′E 
Wrocław Average sunshine duration; 8 h in July and 7 h in August 51◦06′N 17◦01′E 
Kiełczów  51◦08′N 17◦10′E 
Warszawa  52◦13′N 21◦00′E 
Pruszków  52◦10′N 20◦48′E 
Kobyłka  52◦20′N 21◦12′E 
Gdańsk  54◦22′N 18◦38′E 

Turkey Ankara Average day length; 39◦55′N 32◦51′E 
İstanbul 14.7 h in July and 13.7 h in August Average sunshine duration; 11.3 h in July and 11.6 h in 

August 
41◦00′N 28◦57′E 

the U.K. Bradford Average day length; 53◦48′N 1◦45′W 

(continued on next page) 

Fig. 6. Figure showing the artificial lighting conditions’ finding summaries.  
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(continued ) 

Countries Cities Average day length and sunshine duration records according to each capital city* Latitudes and longitudes of centroids of each city/ 
town 

Fareham 16.1 h in July and 14.5 h in August 50◦51′N 1◦11′W 
Wickham Average sunshine duration; 6.8 h in July and 6.6 h in August 50◦53′N 1◦11′W 
Lincoln  53◦14′N 0◦32′W 
London  51◦30′N 0◦7′W 
Oxford  51◦45′N 1◦15′W 
Portsmouth  50◦48′N 1◦05′W 
Sheffield  53◦23′N 1◦28′W 

Sweden Gothenburg Average day length; 57◦42′N 11◦58′E 
Malmö 17.7 h in July and 15.5 h in August Average sunshine duration; 8.4 h in July and 7.1 h in August 55◦36′N 13◦02′E 

* https://www.weather-atlas.com/. 
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