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Abstract

In interior architecture, one of the main purposes of light is to create comfort-
able and functional spaces according to user needs. Light provides individuals to
understand, get information for visual tasks and it affects how they experience
and behave in the environment. Desired illuminance levels are required for visual
comfort and task efficiency. This study analyzes the eftects of different illuminance
levels of light emitting diode (LED) and organic light emitting diodie (OLED)
lights on user visual comfort and reading performance. An experiment was con-
ducted with eighty interior architecture students at Cankaya University. Six light-
ing scenarios were created with LED and OLED lighting sources that assessed
six visual comfort criteria. The experimental setting consisted of three different
illuminance levels, as 200, 500 and 800 Ix. The results revealed that different illu-
minance levels were found more comfortable for different visual comfort criteria,
but the illuminance level of 500 Ix was visually more comfortable than the other il-
luminance levels. The illuminance level of LED 200 Ix was visually more comfort-
able than LED 800 Ix. OLED light was found visually more comfortable than LED
light. In addition, participants read slower under the illuminance level of LED
200 Ix. It was concluded that illuminance levels of light effect user’s visual comfort
and reading performance. This study provides a basis to recommend the preferred
illuminance level for LED and OLED light during a reading performance.
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1. Introduction

Light is the application and energy
that supports user — environment in-
teraction through natural and artificial
light sources. It is an essential require-
ment for users that affect their motiva-
tion of work-related tasks, health and
well-being. In interior spaces, one of
the main purposes of light is to create
comfortable and functional spaces for
users to do their daily activities. Op-
timal levels of light increase the per-
formance, comfort, motivation and
interpersonal communication of us-
ers (Borisuit, Linhart, Scartezzini &
Miinch, 2015).

Since 1990s, a good qualified light-
ing has been a fundamental criterion
for interior spaces; it has been provid-
ed for users and evaluated during tasks
as naturally and/or artificially. Optimal
levels of light for visual performance
have been investigated (Bellia, Bisegna
& Spada, 2011). When natural light is
insufficient in a space, artificial light
systems are additionally used in order
to obtain the comfortable levels. With
the technological developments, light
has been researched with respect to its
qualitative and quantitative character-
istics (Shen, Shieh, Chao & Lee, 2009).
These studies have increased the real-
ization and the usage of artificial light
systems. By changing the colour tem-
perature, colour rendering, luminous
flux of light, or lamp type, various light
fixtures have been manifactured that
offer diversity to satisfy user needs.
However, some researches have con-
sidered the effects of illuminances on
visual comfort and user performance.
Boyce et al. (2006a) found no effects
and Veitch and Gifford (1996) found
that giving personal control over light-
ing conditions led to slower working
and lower productivity. Aries (2005)
found that higher illuminance, espe-
cially a high vertical illuminance (at
the eye), have a positive effect on these
aspects and are associated with less fa-
tigue. In the work of Smolders, de Kort
and Cluitmans (2012), higher illumi-
nance at eye level can induce vitality
and improve performance on a task.

According to European standards
(TS EN 12464-1), a convenient illu-
minance for a reading task is 500 Ix;
however, illuminance can be adjust-

ed according to user needs (Europe-
an Standards, 2002). Several studies
showed that illuminance have an effect
on user’s performance, speed and com-
fort (Avcr & Memikoglu, 2016; Boyce
et al., 2006b; Dubois et al., 2016). Var-
ious studies indicated that users gen-
erally prefer illuminance that is lower
than recommended by the standards
(Boyce et al., 2006b; Newsham, Manci-
ni & Marchand, 2008). According to
Smolders et al. (2012), one of the most
important quantitative features of light
is the illuminance that effects visual
comfort and performance of users.
With the development of light tech-
nology, several lighting fixtures have
been produced. While fluorescent
and other lamp types are widely used,
newer technologies such as LED lamps
and OLED panels have become more
advantageous. In comparison to LED,
OLED has a flexible shape, low power
consumption, flexibility in usage and
long-life span (Hawes et al., 2012).
OLED, as the next step of the Solid
State Light (SSL) technology that is
environmentally friendly lighting tech-
nology, has mainly been used in digital
cameras, aircraft instruments, automo-
biles, mobile phones and television in-
dustry. Only very recently has the mar-
ket began to offer OLEDs useful for
lighting and not as systems for screens
in electronic applications. It is import-
ant to investigate their performance in
this kind of application. It is necessary
to remember that the visual comfort of
a lighting system consisting of artificial
light sources that is linked to the lu-
minance distribution, illuminance, di-
rectionality of light, variability of light,
colour rendering and colour tempera-
ture, glare, and flicker in the work envi-
ronment (BSI Standards, 2015).
Emphasis is given to SSL sources
especially LED and OLED as the new
research area of artificial light sourc-
es. This study considers OLED as an
element in an interior environment
affecting user visual comfort and task
performance and compares it with
LED. It aims to analyze the effects of
different illuminances of LED and
OLED lights on user visual comfort
and reading performance. It also tar-
gets to research whether LED light or
OLED light is comfortable, since there

ITU A|Z « Vol 18 No 2 « July 2021 « A.N. Avci, I. Memikoglu



is insufficient research on the relation-
ship between illuminances, user visual
comfort and reading performance. In
addition, there is insufficient research
on the correlation of illuminances of
LED and OLED lights. Thus, this study
intends to analyze these research topics.
Visual comfort plays an important
role in the quality of users in an envi-
ronment (Xu et al., 2017). In order to
guarantee an appropriate visual com-
fort in an environment, discomfort
glare should be avoided, the position of
the light source should be considered
and a convenient illuminance should
be provided. Avci & Memikoglu (2016)
analyzed the effects of different illumi-
nances on visual comfort. LED and hal-
ogen lamps with illuminances of 150,
300 and 450 Ix were used in the exper-
iment. They found that 150 Ix was gen-
erally uncomfortable for both LED and
halogen lamps; however, 300 and 450
Ix were visually comfortable for both
types of artificial light sources. Studies
have been conducted to analyze the
productivity and performance of users
in working environments (de Korte et
al,, 2015; Chang, Chou, & Shieh, 2013).
Evaluation of the working environment
is directly related to job satisfaction.
As a result, visual comfort and task
performance are fundamental crite-
ria in working environments. Lighting
conditions in reading environments
promote a diversity of effects related
to visual comfort, work satisfaction,
reading performance and productivity
(Borisuit et al., 2015). The light quality
in reading environments is not only de-
termined by the light on the visual task,
but also the amount of light entering
the eye that makes users feel healthy,
causes sufficient work performance,
fewer absenteeism and fewer accidents
(van Bommel & van den Beld, 2004).
In reading environments, satisfac-
tion of lighting is related to work plane
illuminance, ratio of horizontal and
vertical illumination, and direct glare
(Borisuit et al., 2015). Visual comfort
parameters are identified by the stan-
dards, but they are reluctant to change
with respect to user requirements and
their environments. Interpersonal pref-
erences of illuminances have been re-
searched and it has been reported that
no more than 50% of users feel com-
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fortable within 100 Ix of illuminance on
a reading plane (Newsham & Veitch,
2001). Fotios and Cheal (2010) found
that preferred illuminances are close to
the mean of available illuminance rang-
es that affects the overall illuminances
preferred by users.

2. Methodology
2.1. Research questions

1. Is there a statistically significant
difference between illuminances on
users’ visual comfort?

2. Is there a statistically significant
difference between the illuminances of
LED and OLED lights on users’ visual
comfort?

3. Is there a statistically significant
correlation between illuminances on
reading performance?

2.2. Hypotheses

1. The difference between the illu-
minances is statistically significant. For
both types of light sources, 200 Ix is
more comfortable than 500 Ix and 800
Ix.

2. There is a statistically significant
difference between LED and OLED
lights. OLED light is more comfortable
than LED light for all illuminances.

3. There is a statistically significant
correlation between the effects of dif-
ferent illuminances on reading perfor-
mance. The participants read under the
illuminance of 200 Ix faster than other
illuminances for both types of artificial
light.

2.3. Participants

The sample group consisted of the
senior students of the Department of
Interior Architecture at Cankaya Uni-
versity. Eighty students were chosen
randomly among all students. As se-
nior students they were familiar with
physical and psychological properties
of natural and artificial lights due to
the course “INAR 209 Natural and Ar-
tificial Lighting” that they took during
the second year of their education.
The participants had normal or cor-
rected to normal vision with glasses or
contact lenses. There were 40 females
and 40 males that were aged between
19 to 30 years (mean age was 22.74)
in order to avoid the influences of
age-related effects.
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2.4. Experimental setting

The experiment was conducted in an
office located on the first floor of block
B building that faced North. The test
cabin was located on the left corner of
the office (see Figure 1) and measured
1.60 m x 2.60 m x 2.80 m. White cur-
tain was used around the cabin to elim-
inate the effects of coloured light in the
room. Except for the flooring, all the
surfaces and furnishings (dimensions
of white table: 1.20 m x 0.80 m x 0.80
m) in the cabin were white. A white ta-
ble and a stool were used in the cabin
during the test. The test cabin is shown
in Figure 2.

In order to understand the effects
of different illuminances of LED and
OLED lights on user visual comfort,
the illuminances were determined
for each light source. The lower and
higher illuminances were investigated.
According to the European standard
EN 12464-1, which is also accepted
as Turkish standard (TS EN 12464-1),
the standard illuminance for reading,
writing and data processing in an of-
fice environment is 500 Ix. The lowest
illuminance is stated as 200 Ix for ar-
chives and the upper level for offices is
stated as 750 Ix for technical drawings.
Although the upper illuminance is 750
Ix for offices, 800 Ix was identified in
order to have an equal increment of
illuminances as above and below the
standard. So, three illuminances were
identified as 200 Ix (below standards),
500 Ix (as standards), 800 Ix (above
standards). After contacting with the
suppliers about the characteristics of
the products and analyzing their IES
(Iluminating  Engineering Society)
files, DIALux Evo 6.1, which is the
lighting design program used in order
to decide the number of LED lamps
and OLED panels. Five LED lamps
and ten white OLED (WOLED) panels
were utilized to obtain the mentioned
three illuminances (200, 500 and 800
Ix). The light setting was designed ac-
cordingly. It consisted of a white frame
that was installed to carry the suspend-
ed five LED lamps, ten WOLED panels
and their drivers. The illuminance level
depends on luminous flux as specified
by the product manufacturer and their
position with respect to the surround-
ing environment. The light setting was
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Figure 1. Plan of the office.

Figure 2. Test cabin (LED lamps and white OLED panels) (Avct, 2017).

suspended from four points by chains
and the height from the floor was 2.20
m. All artificial light sources were
placed at the ceiling level. According to
the research of Ferlazzo et al., (2014),
they were also placed over the center
of the desk to avoid glare or reflections
on the paper. Three electrical systems
that were connected in series were
used to turn on the lamps. LED lamps
and WOLED panels were controlled
by a dimmable switch separately. Two
adaptors were used for the WOLED
panels and their drivers. The proper-
ties of LED lamp, WOLED panel and
WOLED panel driver are shown in Ta-
ble 1. The WOLED has different types
of materials that can adjust the emit-
ting peak wavelength enabling it to be
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Table 1. Properties of LED lamp, WOLED panel and WOLED panel

driver.

Brand/Model

Dimension Lumen CCT CRI

Product

Osram LED Star
Classic A 60

11cmx6cm 806 Im 27100K =80

Philips Lumiblade 248cmx7cm 300 Im 2900 K 80

OLED Panel Brite
FL300 L Ww

Philips Driver
D024V 10W/0.1-
0.4A/28V D/A

58cmx5cm

a good and eco-friendly product for
users (Zhang, Xia & Yan, 2016). LED
lamps and OLED panels have the same
technical properties. lluminance levels
inside the cabin were measured on the
four corners of the table with the TES
1332A Illuminance Meter (range of
0.01 to 200.000 Ix).

2.5. Procedure

The experiment was conducted be-
tween 3rd and 21st of October, 2016.
Before each experiment, the partici-
pants were informed about the setting
and the procedure. The experiment
was conducted in the morning due to
the cortisol (stress hormone) and mel-
atonin hormones (sleep hormone) that
play an important role on alertness and
sleepiness. The cortisol hormone level
increases in the morning to prepare
the body for daily tasks (van Bommel
& van den Beld, 2004). It remains in a
high level over in the morning hours.
However, there was no daylight pene-
tration during the experiments; since
it was blocked by blinds. Several stud-
ies indicated that time awake, hours
of sleep, time spent outside, travelling
across time zones, drinking coffee and
smoking cigarettes are very important
factors that affect task performance
(Fortunati & Vincent, 2014; Hawes et
al., 2012). Before the experiment, all
participants declared that they had
adequate sleep, did not travel across
time zones nor spend time outside nor
drank coftee or smoked cigarette.

2.6. Questionnaire

The questionnaire consisted of sev-
enteen questions that were taken from
“Office Lighting Survey” questions
generated by Eklund and Boyce in 1996
(Sivaji et al., 2013). The reliability of
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these questions was determined statis-
tically (Cronbach Alpha = 0.928). The
questionnaire was divided into three
parts. The first part consisted of four
questions that aimed to obtain general
information about the participants.

Before starting the test, participants
were told that they should pay atten-
tion to the punctuations when reading
the texts. The second part was divided
into six sub-parts. All the sub-parts
had the same questions, but the read-
ing texts that the participants were giv-
en to read were different. Since reading
on paper is more comfortable than
reading on screen-keyboard for users,
this method is useful for speed read-
ing (Fortunati & Vincent, 2014). Thus,
participants read six reading texts on
white A4 papers that were the abstracts
of six books. The books were “Little
Prince”, “My Left Foot”, “Pomegranate
Tree”, “Of Mice and Men”, “My Sweet
Orange Tree” and “Madonna in a Fur
Coat”. These were chosen due to their
popularity. In order to reduce the risk
of memorization, abstracts of different
books were selected. The word count of
the reading texts was 380. In the sub-
parts, familiarity with the books from
which the reading texts were selected
from were indicated. A seven-point
Likert scale was used to evaluate the
visual comfort criteria while reading
the texts (see Appendix A). These cri-
teria were indicated as visual distrac-
tion, visual clarity, visual fatigue, eye
burning, focusing problem and glare.
The questionnaire was approved by the
university ethics board. The last part of
the questionnaire aimed to get general
information about all the illuminance
levels.

Some studies have concluded that
font character effects the visual per-
formance and 12-point Times New
Roman font style is comfortable (For-
tunati & Vincent, 2014; Shen et al.,
2009). Thus, the questionnaire and
reading texts were printed in black ink
on white A4 papers with the 12-point
Times New Roman font style.

There were six lighting scenarios in
the experiment that consisted of differ-
ent illuminance levels (LED 200 - 500
- 800 Ix and OLED 200 - 500 - 800 Ix)
and reading texts. Lighting scenarios
were carried out in random to avoid the
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adaption of the eye. When the partici-
pants started to read the reading text,
their reading speeds were timed. After
the reading, participants answered the
questions related to each scenario and
got out of the test cabin. In between
each lighting scenario, participants
had time to rest about five minutes and
they continued with the next scenario
in the same way. The duration time for
a participant was about forty minutes.
The average reading speed for each text
was between 150 and 190 seconds. All
of the participants answered the ques-
tions in the same order.

3. Results

In the analysis of the data Statistical
Package for the Social Sciences (IBM
Corp. SPSS) 20.0 program was used.
Results from the statistical analysis
were given with respect to the stated
research questions. According to the
results, the participants mostly rated
their current physical condition on a
seven-point Likert scale as being “little
tired” (33.8%) and “normal” (28.8%).
The second part of the questionnaire
was divided into six sub-parts. The
reading texts were different, but the
questions were the same. The partici-
pants were familiar with the first read-
ing text more than others, but they
read the fourth and sixth reading texts
slightly quicker than the others. The re-
sults of the second part of the question-
naire are presented in Table 2.

According to the second part of the
questionnaire, six visual comfort crite-
ria were evaluated with respect to the
illuminances of LEDs and OLEDs (200
- 500 - 800 Ix). In order to find out the
effects of illuminances on users’ visual
comfort, ANOVA was conducted. Vi-
sual comfort criteria correlated with
each three illuminances and evaluated
separately by statistical data.

3.1. Related to the illuminances of
OLED light

Visual Distraction: The mean of par-
ticipants for OLED 500 Ix (M = 6.03,
SD = 1.28) was slightly higher than
that of the OLED 200 Ix (M = 5.66, SD
= 1.68) and 800 Ix (M = 5.16, SD =
1.90). There was a statistically no con-
siderable difference between 200 and
500 Ix on users’ visual comfort in this

Table 2. Details of the second part of the questionnaire.

Reading Text Familiarity Light  llluminance Mean Reading
Source Level Speed

Little Prince 71 (88.8%) LED 200 Ix 1.90 (SD = 0.56)
Pomegranate 9 (11.3%) LED 800 Ix 1.83 (SD = 0.50)
Tree
My Left Food 38 (47.5%) LED 500 Ix 1.61(SD =0.42)
Of Mice and 45 (60.0%) OLED 200 Ix 1.50 (SD = 0.45)
Men
Madonna In a 69 (86.3%) OLED 800 Ix 1.69 (SD = 0.49)
Fur Coat
My Sweet 62 (77.5%) OLED 500 Ix 1.50 (SD = 0.43)

Orange Tree

criterion (Wilks A = 0.78, F(3,80) =
10.76, p = 0.040 < 0.05). However, there
was a statistically significant difference
between 500 and 800 Ix on users’ visual
comfort in this criterion (p = 0.000 <
0.05). According to these results, 500 1x
is visually more comfortable than 800
Ix in terms of visual distraction. Results
are shown in Table 3.

Visual Clarity: The mean of partici-
pants for OLED 500 Ix (M = 5.98, SD =
1.38) was slightly higher than that of the
OLED 200 (M = 5.80, SD = 1.53) and
800 Ix (M = 5.14, SD = 1.78). There was
a statistically no significant difference
between 200 and 500 Ix on users’ visu-
al comfort in this criterion (Wilks' A =
0.83, F(3,80) = 8.06, p = 0.335 > 0.05).
However, there were a statistically sig-
nificant difference between 200 - 800 Ix
and 500 - 800 Ix on users’ visual comfort
in this criterion (p = 0.005 < 0.05, p =
0.000 < 0.05). According to these results,
200 Ix is visually more comfortable than
800 Ix; 500 Ix is visually more comfort-
able than 800 Ix in terms of visual clari-
ty. Results are shown in Table 3.

Table 3. Results of visual distraction and visual clarity.

Visual Distraction

200-500 Ix 500-800 Ix
No Sig. Dif.
Sig. Dif. p=0.040 <0.05 p=0.000 < 0.05
Visual Clarity
200-500 Ix 200-800 Ix 500-800 Ix
No Sig. Dif. p=0.335=0.05
Sig. Dif. p=0005<005 p=0.000<005
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Visual Fatigue: The mean of partic-
ipants for OLED 500 Ix (M = 5.50, SD
= 1.59) was slightly higher than that of
the OLED 200 (M = 5.38, SD = 1.71)
and 800 Ix (M =4.51,SD = 1.89). There
was a statistically no significant differ-
ence between 200 and 500 Ix on users’
visual comfort in this criterion (Wilks’
A =0.78, F(3,80) = 10.76, p = 0.517 >
0.05). However, there were a statistical-
ly significant difference between 200 -
800 Ix and 500 - 800 Ix on users’ visual
comfort in this criterion (p = 0.001 <
0.05, p = 0.000 < 0.05). According to
these results, 200 Ix is visually more
comfortable than 800 lx; 500 Ix is vi-
sually more comfortable than 800 Ix
in terms of visual fatigue. Results are
shown in Table 4.

Burning Eye: The mean of partici-
pants for OLED 500 Ix (M = 5.98, SD
= 1.47) was slightly higher than that of
the 200 (M = 5.95, SD = 1.52) and 800
Ix (M = 5.14, SD = 1.91). There was a
statistically no significant difference
between 200 and 500 Ix on users’ vi-
sual comfort in this criterion (Wilks’
A = 0.80, F(3,80) = 10.00, p = 0.893 >
0.05). However, there were a statistical-
ly significant difference between 200 -
800 Ix and 500 - 800 Ix on users’ visual

Table 4. Results of visual fatigue and burning eye.

Visual Fatigue

200-500 Ix 200-800 Ix 500-800 Ix
No Sig. Dif. p=0517 =0.05
Sig. Dif. p=0000<005 p=0.000<005
Burning Eye
200-500 Ix 200-800 Ix 500-800 Ix
No Sig. Dif. p=10.893 =0.05
Sig. Dif. p=0000<005 p=0.000<005

Table 5. Results of Focusing Problem and Glare.

Focusing Problem

200-500 Ix

200-800 Ix 500-800 Ix

No Sig. Dif.

Sig. Dif.

p=0.026<005 p=0005<0.05 p=0.000<0.05

Glare
200-500 Ix 200-800 Ix
No Sig. Dif. p=0.074=0.05
Sig. Dif. p=0000<0.05
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comfort in this criterion (p = 0.000 <
0.05). According to these results, 200 1x
is visually more comfortable than 800
Ix; 500 Ix is visually more comfortable
than 800 Ix in terms of burning eye.
Results are shown in Table 4.

Focusing Problem: The mean of
participants for OLED 500 Ix (M =
5.90, SD = 1.37) was slightly higher
than that of the 200 (M = 5.46, SD =
1.79) and 800 Ix (M = 4.76, SD = 1.92).
There was a statistically significant
difference between 200 and 500 Ix in
this criterion (Wilks’ A = 0.77, F(3,80)
=12.00, p = 0.026 < 0.05). There were
a statistically significant difference
between 200 and 800 Ix (p = 0.005 <
0.05) and 500 and 800 Ix in this crite-
rion (p = 0.000 < 0.05). According to
these results, 200 Ix is visually more
comfortable than 800 lx; 500 Ix is vi-
sually more comfortable than 800 Ix in
terms of focusing problem. Results are
shown in Table 5.

Glare: The mean of participants for
OLED 200 Ix (M = 6.35, SD = 1.19)
was slightly higher than 500 (M =
6.07, SD = 1.41) and 800 Ix (M = 4.72,
SD = 2.03). OLED 200 Ix was more
comfortable than others. There was a
statistically no significant difference
between 200 and 500 Ix on users’ vi-
sual comfort in this criterion (Wilks’
A =0.61, F(3,80) = 25.17, p = 0.074 >
0.05). However, there was a statistical-
ly significant difference between 200
and 800 lx on users’ visual comfort in
this criterion (p = 0.000 < 0.05). Ac-
cording to these results, 200 Ix is vi-
sually more comfortable than 800 Ix.
Results are shown in Table 5.

All Criteria: The mean of partic-
ipants for OLED 500 lx (M = 35.46,
SD = 6.40) was slightly higher than
200 (M = 34.60, SD = 7.24) and 800
Ix (M = 29.44, SD = 9.02). There was
a statistically no significant differ-
ence between 200 and 500 Ix on us-
ers’ visual comfort generally (Wilks’
A =0.65, F(3,80) = 20.62, p =0.234 <
0.05). However, there was a statistical-
ly significant difference between 200
Ix - 800 Ix and 500 Ix - 800 Ix on users’
visual comfort in general (p = 0.000
< 0.05). As a result, 200 Ix is visually
more comfortable than 800 Ix; 500 Ix
is visually more comfortable than 800
Ix in general.
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3.2. Correlations of the three
illuminances of LED and OLED
lights

The different illuminances were an-
alyzed within themselves. The number
of the participants who found OLED
light comfortable were slightly more
than LED light for all of the visual
comfort criteria. To determine if there
was a significant relationship between
all visual comfort criteria in LED and
OLED lights, paired-samples t-test
was conducted.

For the 200 Ix of LED and OLED
lights, there was a statistically signif-
icant correlation between LED and
OLED lights with respect to the cri-
terion of visual distraction (t = -2.89,
df = 79, two-tailed p = 0.005). There
were statistically no significant cor-
relations between LED and OLED
lights with respect to the criteria of
visual clarity, visual fatigue, burning
eye and focusing problem (t = -1.75,
-1.55, -0.76, -1.64, df = 79, two-tailed
p = 0.08, 0.12, 0.45, 0.11; respective-
ly). There was a statistically significant
correlation between LED and OLED
lights with respect to the criterion of
glare (t = -3.78, df = 79, two-tailed p
= 0.000). There was a statistically sig-
nificant correlation between LED and
OLED lights with respect to all of the
visual comfort criteria (t = -3.07, df =
79, two-tailed p = 0.003). The results
indicated that LED and OLED lights
differ with respect to criteria of visual
distraction and glare but not respect
to other criteria. Results are shown in
Table 6.

For the 500 Ix of LED and OLED
lights, the participants who found
OLED light comfortable were slight-
ly more than LED light for all of the
visual comfort crtieria. To determine
if there was a significant relationship
between all visual comfort criteria on
LED and OLED lights, paired-sam-
ples t-test was conducted. There was
statistically no significant correlation
between LED and OLED lights with
respect to all visual comfort criteria
(two tailed p values = 0.15, 0.43, 0.08,
0.30, 0.16, 0.07, 0.07; respectively)
According to these results, LED and
OLED lights didn’t differ for all visual
comfort criteria. Results are shown in
Table 7.

Table 6. Correlation results for LED and
OLED 200 Lx.

Visual Comfort  No Sig. Cor. Sig. Cor.
Criteria

Visual p=0000=<0.05
Distraction

Visual Clarity p=008=005

Visual Fatigue p=012=005

Burning Eye p=045=005

Focusing p=0.11>0.05

Problem

Glare p=0000<005
All Criteria p=0.003 <0.05

Table 7. Correlation results for LED and
OLED 500 Lx.

Visual Comfort  No Sig. Cor. Sig. Cor.
Criteria

Visual p=015=005
Distraction

Visual Clanty p=042=005
Visual Fatigue p=0.08 =005
Burning Eye p=030=005
Focusing p=016=005
Problem

Glare p=0.07 =005
All Criteria p=0.07 =005

Table 8. Correlation results for LED and
OLED 800 Lx.

Visual Comfort  No Sig. Cor. Sig. Cor.
Criteria

Visual p=0.027 <0.05
Distraction

Visual Clanty p=0.80=0.05

Visual Fatigue p=018=005

Burning Eye p=017>0.05

Focusing p=091=0.05

Problem

Glare p=0.77=005

All Criteria p=0.19=>0.05

For the 800 Ix of LED and OLED
lights, number of the participants who
found OLED light comfortable were
slightly more than LED light for all
visual comfort criteria. To determine
if there was a significant relationship
between all visual comfort criteria on
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LED and OLED lights, paired-sam-
ples t-test was conducted. There was
a statistically significant correlation
between LED and OLED lights with
respect to visual distraction (t = -2.25,
df = 79, two-tailed p = 0.027). There
was a statistically no significant cor-
relation between LED and OLED
lights with respect to visual clarity,
visual fatigue, burning eye, focusing
problem and glare (two tailed p val-
ues = 0.80, 0.18, 0.17, 0.91, 0.77; re-
spectively). According to all criteria,
there was no statistically significant
correlation between LED and OLED
lights (t = -1.32, df = 79, two-tailed =
0.192). The results indicated that LED
and OLED lights differ with respect to
criterion of visual distraction but not
respect to other criteria. Results are
shown in Table 8.

3.3. Correlations of LED and OLED
lights with respect to reading speed

Seven physical condition types were
evaluated together in all of the lighting
scenarios from the point of reading
speed. Correlation analysis was con-
ducted to search the relationship be-
tween different illuminance and read-
ing speeds.

In the first lighting scenario, there
was no statistically significant correla-
tion between LED 200 Ix and reading
speed (R = 0.053, p = 0.641 > 0.05). In
the second lighting scenario, there was
also no statistically significant correla-
tion between LED 500 Ix and reading
speed (R = 0.093, p = 0.411 > 0.05).
However, in the third lighting scenario,
there was a statistically low significant
correlation between LED 800 Ix and
reading speed (R = -0.240, p = 0.032).
In the fourth lighting scenario, there
was no statistically significant correla-
tion between OLED 200 Ix and reading
speed (R =-0.127, p = 0.260 > 0.05). In
the fifth lighting scenario, there was no
statistically significant correlation be-
tween OLED 500 Ix and reading speed
(R =-0.064, p = 0.571 > 0.05). In the
sixth lighting scenario, there was also
no statistically significant correlation
between OLED 800 Ix and reading
speed (R = -0.156, p=0.168 >
0.05) The results show that only OLED
500 Ix had a positive effect on the read-
ing speed of the participants.

405

3.4. Other results related to LED and
OLED lights with respect to physical
condition

Seven physical condition types that
were used in the questionnaire was di-
vided into three groups as “felt tired”
(very tired, tired and little tired),
“felt normal” and “felt good” (very
good, good and little good). ANOVA
was conducted to compare the three
groups from the point of illuminances
of LED and OLED lights.

In the LED 200 Ix scenario,
the mean of the “felt good” group
(M = 34.17, SD = 7.15) was slightly
higher than the “felt normal” group
(M = 32.91, SD = 8.64) and the “felt
tired” group (M = 29.40, SD = 8.89).
There was no statistically signifi-
cant difference between the physical
conditions and this lighting scenario
(p=0.191 > 0.05). However, there was
a statistically low significant differ-
ence between the “felt tired” and the
“felt good” groups (p = 0.036 < 0.05).

In the LED 500 lx scenario, the
mean of the “felt normal” group (M =
34.87, SD = 8.13) was slightly higher
than the “felt good” group (M = 34.25,
SD = 8.62) and the “felt tired group
(M = 32.55, SD = 8.36). There was
no statistically significant difference
between physical conditions and this
lighting scenario (p = 0.951 > 0.05).

In the LED 800 Ix scenario, the
mean of the “felt normal” group (M =
30.83, SD = 8.58) was slightly higher
than the “felt good” group (M = 29.17,
SD = 9.43) and the “felt tired” group
(M = 25.70, SD = 9.84). There was no
statistically significant difference be-
tween physical conditions and this
lighting scenario (p = 0.432 > 0.05).

In the OLED 200 Ilx scenario, the
mean of the “felt good” group (M =
36.67, SD = 6.34) was slightly higher
than the felt normal group (M = 36.26,
SD = 6.14) and felt tired group (M =
31.94, SD = 7.89). There was no statis-
tically significant difference between
physical conditions and this lighting
scenario (p = 0.241 > 0.05). Howev-
er, there was a statistically significant
difference between the “felt tired” and
the “felt normal” groups (p = 0.025 <
0.05) and the “felt tired” and the “felt
good” groups (p = 0.014 < 0.05).
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In the OLED 500 lx scenario, the
mean of the “felt normal” group (M =
36.65, SD = 6.09) slightly was higher
than the “felt good” group (M = 35.88,
SD = 6.82) and the “felt tired” group
(M = 34.33, SD = 6.30). There was
no statistically significant difference
between physical conditions and this
lighting scenario (p = 0.851 > 0.05).

In the OLED 800 lx scenario, the
mean of the “felt good” group (M =
30.71, SD = 8.59) was higher than the
“felt normal” group (M = 29.87, SD =
9.00) and the “felt tired” group (M =
28.21, SD = 9.45). There was no statis-
tically significant difference between
physical conditions and this lighting
scenario (p = 0.655 > 0.05). As can be
seen in all LED lighting scenarios, due
to their physical conditions, they were
not positively or negatively affected
by illuminances. However, 200 Ix of
OLED light affected their task perfor-
mance within this research.

4. Discussion

The aim of this study was to analyze
the effects of different illuminances
of LED and OLED lights on user vi-
sual comfort during a reading task. It
also aimed to research whether LED
or OLED lights were visually more
comfortable and identify which illu-
minances of LED and OLED lights
were visually more comfortable than
the others. Therefore, the effects of il-
luminances of LED and OLED lights
on visual comfort were compared ac-
cording to lighting scenarios that con-
sisted of six reading texts and three
different illuminances (200 - 500 - 800
Ix).

In the first hypothesis, it was sup-
posed that there would be a statisti-
cally significant difference between
the illuminances that 200 Ix would be
visually more comfortable than 500 Ix
and 800 Ix. For OLED light, the results
indicated that 500 Ix was found visu-
ally slightly more comfortable than
the other illuminances with respect
to visual distraction, visual clarity,
visual fatigue, burning eye and focus-
ing problem. In addition, OLED 200
Ix was found visually slightly more
comfortable than others with respect
to glare. According to Kim and Kim
(2007), as the illuminance increases

above 500 lx, brightness and glare neg-
atively affect visual comfort. The pre-
ferred illuminances of work plane are
either above or below 500 Ix, but the
resulting visual criteria may be differ-
ent (Borisuit et al., 2015).

The results revealed that there was
a statistically significant correlation
between the 200 1x of LED and OLED
lights according to visual distraction
and glare. There was also a statistically
significant correlation between them
in total. Although there was no statis-
tically significant correlation between
these two light sources according to
other visual comfort criteria, due to
the mean scores, it can be said that the
OLED 200 Ix was slightly more com-
fortable than LED 200 Ix. There was
no statistically significant correlation
between 500 Ix of LED and OLED
lights according to all the visual com-
fort criteria. Due to the mean scores, it
can be concluded that the illuminance
of OLED 500 Ix was visually slightly
more comfortable than LED 500 Ix. For
800 Ix, there was a statistically signif-
icant correlation in the visual distrac-
tion. Through the mean scores, it can
be said that the illuminance of OLED
800 Ix was visually slightly more com-
fortable than LED 800 Ix. In the work
of Smolders et al. (2012), it was stated
that the type of light source affected us-
ers task performance. As stated in the
second hypothesis, the illuminances of
OLED light is accepted more comfort-
able than LED light. There is not any
research about the differences between
LED and OLED lights with respect to
the illuminances in the literature. The
reason for finding the OLED light
slightly more comfortable than LED
light can be the features of OLED light
that they are producing a pleasing visu-
al effect and low light pollution (Eley,
2015; Kar & Kar, 2014).

There was no statistically significant
difference between the 200 and 800 Ix
of LED light from the point of visual
distraction and visual clarity. However,
there was a statistically significant dif-
ference between them from the point
of other visual comfort criteria. Due
to the mean scores, LED 200 Ix was
visually more comfortable than 800
Ix. For OLED light, there was a statis-
tically significant difference between
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200 and 800 Ix from the point of all
visual comfort criteria. According to
all mean scores and p values, 200 Ix of
LED and OLED lights were found vi-
sually more comfortable than 800 lx.
Shen et al. (2009) stated a different re-
sult that an illuminance of 300 Ix was
uncomfortable than 700 Ix. Ricciardi
and Buratti (2018) found a strong re-
lationship between illuminances and
visual comfort. The relationship is ob-
served between increased illuminances
and glare, which resulted in a decrease
user visual comfort levels.A study con-
ducted by Castaldo et al., (2017) also
observed a correlation between illumi-
nances and performance, where users
were satisfied with levels less than the
suggested minimum of 500 Ix.

For LED light, there were statistical-
ly no correlations between the illumi-
nances and reading speed except in 800
Ix. There was no statistically significant
correlation that as the illuminance in-
creases, reading speed decreases. The
mean scores of the reading speeds of
800 Ix were more slower than the oth-
er illuminances. For OLED light, there
were no statistically significant cor-
relation between all illuminances and
reading speeds. The mean score of the
reading speed of OLED 200 Ix and 500
Ix was faster than other illuminances.
In addition, participants found 500 1x
visually more comfortable than oth-
ers. It can be stated that illuminances
of the light source have an effect on
visual comfort and reading perfor-
mance. The results are not in line with
many studies (Chang et al., 2013; Lee,
Shieh, Jeng & Shen, 2008; Smolders et
al., 2012; Wang, Haisong, Gong & Cai,
2015). Lee and colleagues (2008) indi-
cated that reading speeds increased as
the illuminances increased from 300,
700 to 1500 lx. According to Smol-
ders et al. (2012), higher illuminances
could result in better performance for
fluorescent tubes. Chang et al. (2013)
proposed that illuminances of 1000
and 1500 Ix supported faster read-
ing than did those of 200 and 500 Ix.
Moreover, in the work of Wang et al.
(2015), in the lighting scenario of the
illuminance level of LED 1000 Ix, par-
ticipants read faster than the illumi-
nances of LED 300 and 500 Ix. How-
ever, except the technical information,
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there is not any sufficient information
about OLED light related to the read-
ing task in the literature.

The results revealed that the par-
ticipants read the text of first lighting
scenario slower than other texts (M =
1.90). The illuminance of this lighting
scenario was LED 200 Ix. LED light was
found visually slightly uncomfortable
than OLED light and 200 Ix was also
found slightly uncomfortable than 500
Ix. On the other hand, the familiarity
ratio of this text was the highest ratio
(88.8%). Therefore, it can be stated that
the illuminances of light source has an
effect on reading speed, but familiarity
does not have an effect on it.

There was a statistically significant
difference between the “felt tired” and
the “felt good” groups in OLED 200
Ix scenario. According to the mean
scores and p values, the “felt tired”
group found visually uncomfortable
than the “felt good” group for these
lighting scenarios. It can be stated that
when the user felt tired, they are af-
fected from the illuminances that are
below the standards more than users
who felt good, and the physical con-
dition and the illuminance are in a re-
lationship between each other. In the
LED 800 Ix and OLED 200 Ix lighting
scenarios, there was a statistically sig-
nificant difference between the “felt
tired” group and the “felt normal”
group. Due to the mean scores and
p values, the “felt tired” group found
visually uncomfortable than the “felt
normal” group for these lighting sce-
narios in terms of all visual comfort
criteria. There is not any sufficient in-
formation about OLED light related
to the relationship between reading
performance and physical condition
in the literature.

5. Conclusion

The study aimed to analyze the ef-
fects of different illuminances of LED
and OLED light on users’ visual com-
fort and reading performance, and
compare LED and OLED lights with
respect to the different illuminances.
The result of this study revealed that
illuminances have a significant effect
on users’ visual comfort. The illumi-
nance of LED 500 Ix was generally
found visually more comfortable than
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the rest of LEDs; on the other hand, the
illuminance of LED 200 Ix was found vi-
sually more comfortable than the other
illuminances with respect to the criteri-
on of burning eye. Likewise, OLED 500
Ix was generally found visually more
comfortable; on the other hand, OLED
200 Ix was visually more comfortable
than the other illuminances with re-
spect to the criterion of glare. Generally,
OLED light was accepted visually more
comfortable than LED light.

There has been no research on the ef-
fects of OLED with respect to the users’
visual comfort and task performance.
OLED, as the next step of the Solid-State
Light (SSL) technology, has mainly been
used in automobiles, mobile phones
and television industry, but this study
has considered OLED as an element of
an interior environment affecting user
visual comfort and task performance
and compared it with LED. The results
of this study might shed light to interior
architects, psychologists, lighting de-
signers and manifacturers. They might
use the results of this study in order to
create visually comfortable and innova-
tive interiors and decide how the good
qualified lighting should be manufac-
tured. Unlike LEDs, OLEDs are flexi-
ble, transparent, sustainable, durable,
produce very little heat, have a long
life span and consume less energy than
traditional lighting technologies. In ad-
dition, OLEDs emit the same apparent
radiance when viewed from various an-
gles and reduce the space required for
light installations (Eley, 2015). It is pos-
sible that OLED will begin to be used
more than other artificial light sources
in indoor environment due to these ad-
vantages.
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Appendix
Appendix A

MNumber of Fespondent: Tima:

1, Ape:

2, Gender:  Female [0 Male [

3, Uzape of Eye Glass or Contaer Lens: Yee [ Me [
4, Hew do vou feel now? Plense cheose one of them.

Very Tired Tired Little Tored  Wormal — Lirtle Good Good Very Goeod

O (| (| O (| O O
LITTLE PRINCE FReading Time: Lamp Tvpe: LED [nminamece Lewel: 2001x
5. Have you ever heard this book which was mentioned halone? Yee 0 Wo O

. Plewse specily the rates of visual com o eriterias what you Teal while reading a part.

Comapr, Agree Mentral Comp, Thaagres
Wisual Thatlraction -3 -2 1 0 i 2 3
Wisual Clanly -3 -2 1 0 i 2 3
Wisual Fatigue -3 2 1 0 | 2 3
Fuvie RBurning -3 2 1 0 i Pl 3
Fucusing problein -3 2 1 0 i 2 3
Cilare -3 2 1 0 i 2 3
Cithers, (please spesily) -3 2 1 0 | 2 3
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