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Abstract

Objectives: The aim of the study was to analyze discomfort glare sensation in subjects aged 50 years and more in compari-
son with younger subjects (i.e. younger than 35 years of age). Material and Methods: The experiments were performed
on a computer workstation placed in controlled lighting environment where 2 discomfort glare conditions were modeled.
Each participant performed for about 1 h specially designed visual tasks, including the tests with Landolt’s rings pre-
sented on the screen by a computer program. The glare evaluation method consisted of subjective evaluation of discomfort
glare on the semantic glare rating scale, tests of mesopic contrast and glare sensitivity, subjective assessment of lighting
quality and asthenopic symptoms. The time needed to perform the task and the number of mistakes were also recorded.
The subjective evaluation of glare was compared with the Unified Glare Rating (UGR) index calculated by the DIALux
simulation program. Results: A higher percentage of the younger group subjects assessed glare after the experimental
session as uncomfortable and intolerable than in the 50+ group, who more often assessed glare as acceptable. The assess-
ment of discomfort glare in the younger group corresponded to higher UGR value compared to UGR value calculated
by DIALux. In the 50+ group, such correlation was found only for lower discomfort glare (UGR = 19). The results showed
that younger participants more frequently suffered from visual fatigue and assessed lighting as less comfortable. However,
the mesopic glare sensitivity increased significantly after the experiments only in the 50+ group under both glare condi-
tions. Conclusions: The obtained results showed that discomfort glare sensation changes with age. The younger population
seems to be more sensitive and demanding than the older one in relation to discomfort glare limiting, in spite of the lack of
significant objective measures of fatigue. The exposure of the elderly to bigger discomfort glare could adversely affect the
objective measures of fatigue like mesopic glare sensitivity and visual performance.
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INTRODUCTION

According to the WHO definition, “Health is a state of
complete physical, mental and social well-being and not
merely the absence of disease or infirmity” [1]. This defi-
nition highlights the important aspects of well-being and
disorders, which could be caused also by different envi-
ronmental agents. A very important physical agent which
exists in all workplaces is lighting.
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Vision depends on light and, consequently, lighting instal-
lations can contribute both positive and negative effects in
humans. Lighting influences the individual well-being. In
the lighting quality model, individual well-being is under-
stood as human needs related to lighting that is appropriate
to maintain good health, as well as lighting for visibility, task
performance, visual comfort, esthetic judgment, and also
interpersonal communication [2,3]. This model confirms
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systemic effects of light on humans. Light through the eye
can influence human physiology, mood and behavior [3,4].
This is why lighting should provide an environment in which
people, through the sense of vision can work effectively, ef-
ficiently and comfortably [5]. The role of lighting designers
is to optimize the visual environment taking into account:
visual performance, comfort and appearance.

Glare is one of the parameters which decide about the
quality of lighting. It is “the sensation produced by lu-
minance within the visual field that is sufficiently greater
than the luminance to which the eyes are adapted to cause
annoyance, discomfort or loss in visual performance and
visibility” [5]. There are 2 main forms of glare: disability
glare and discomfort glare. Disability glare is a visual per-
formance effect, and discomfort glare is a comfort and
health effect. Each one is associated with particular glare
sources [6]. Disability glare impairs the vision of objects as
a result of stray light in the eye, which produces veiling lu-
minance on the retinal image and that way reduces its con-
trast. As a consequence, the visual performance and vis-
ibility are reduced. Discomfort glare produces discomfort
due to an unsuitable distribution or range of luminance or
to extreme contrasts in space or time [7]. However, this
form of glare does not necessarily interfere with visual
performance or visibility [5].

The results of many studies have suggested a physiological
basis for discomfort glare complaints [8], and although the
precise mechanism is unknown [6], discomfort glare refers
to a subjective impression of discomfort. Nevertheless,
both forms of glare influence human well-being and also
could be the risk factor in the working environment [9].
The limitation of this phenomenon is the goal of research-
ers and lighting designers.

Disability glare is relatively easier to investigate by assessing
the visual performance with and without the presence of
the glare source, but the quantification of discomfort glare
is much more difficult. In ordinary interior lighting installa-
tions, the control of discomfort glare is much more important

than the control of disability glare, because if discomfort
glare is adequately limited, disability glare will not exist [7].
However, as known from the lighting practice, the adequate
limitation of discomfort glare is often hard to obtain.
Numerous studies dedicated to discomfort glare have
been conducted, but the psycho-physiological origin of
that phenomenon is still not very well understood. The
methods of objective assessment of discomfort glare have
been investigated. On the one hand, the activity of fronta-
lis muscle and the diameter of the pupil did not correlate
with subjective evaluation of discomfort [10], but on the
other hand, the results of EMG measurement of electrical
activity associated with facial muscles correlated with the
subjective assessment of discomfort glare [8]. There may
be multiple factors contributing to these results, including
the procedural ones. Both the explanation of glare sensa-
tion to the subjects and the used scale of glare sensation
may affect the results of subjective evaluation [11-14].

In spite of the above, the subjective evaluation of discom-
fort glare is still the main measure and the results of many
studies have given the grounds to establish the correlation
between sensation of glare and factors controlling dis-
comfort glare. Discomfort glare depends mainly on glare
source luminance, but also on background luminance
(which controls the adaptation level of the observer’s eye),
solid angle subtended by the source at the observer’s eye
and angular displacement of the source from the observ-
er’s line of sight [7].

There are different predictive models of glare evalua-
tion, which calculate the glare constant value (numeri-
cal value) based on lighting installation parameters. The
numerical values of glare correspond with subjective sen-
sation of glare on a semantic scale. The most often used
scale of glare sensation is the multi-criterion Hopkinson
system [7,15]. This way, the semantic glare scale is trans-
formed into the numerical scale [7]. Currently, the Unified
Glare Rating (UGR) formula predictive model is domi-
nant and recommended by the CIE standard for lighting
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of interior workplaces [16] and it was implemented in the
European Standard EN 12464-1 [17]:

0.25 « Lo,
UGR=8log(L—2 > ) (1)

u i

where:

L, - background luminance (cd/m?),

L. - luminance of glare source i in the direction of the observer’s
eye (cd/m?),

, — solid angle of the glare source i seen from the observer’s
eye (sr),

P.— position index (Guth’s index) for the glare source i accord-

ing to Guth’s analysis.

The UGR factor is a psychological parameter intended
to assess any adverse subjective discomfort response to
lighting environment containing glare sources.

In practice, it is difficult to calculate the UGR value ac-
cording to formula 1. There are 2 known effective meth-
ods: simulation of the luminance distribution using proper
computer software or measurement of the luminance with
an array photometer [18]. In the presented study, the sim-
ulation program was used.

The glare rating scale is an interval. The differences
between the numbers represent the perceptible differ-
ences in sensation of glare. One glare rating unit is the
least detectable step and 3 units make an acceptable step
in glare criteria [19]. The theoretical range of the UGR
scale is from 10 to 30 [19], but the practical range used in
the European standard EN 12464-1 [17] is from 16 to 28
(16, 19, 22, 25, 28). High values of UGR correspond to
significant discomfort glare, while a low value indicates
little discomfort glare. There are no official relationships
between the UGR value and the point on the semantic
discomfort glare scale. For example, UGR = 19, which
is the maximum permissible value for office work, could
be related to just acceptable glare sensation [14], to unac-
ceptable glare [13] and, in the opinion of the Authors of
this article, also, to acceptable glare.

[JOMEH 2014;27(3)

The European lighting standard EN 12464-1 [17] pres-
ents the requirements and recommendations for lighting
parameters for different workstations and activities. The
requirements for glare limitations are based on UGR
values, which should not be exceeded for particular work
task/activity. There are no requirements distinctions be-
tween UGR values for young and older workers, however
age-related changes in vision are well known. Especially
the lens thickens and is becoming more opaque with age.
This is the reason of a decrease in spectral transmission
through the human lens and a reduction in accommoda-
tive power. Light entering the eye of the elderly is more
scattered as a result of optical imperfections in the eye
and less light reaches the retina [3,5]. These age-related
changes have not been taken into account in the recom-
mendations of lighting standards [17] yet. Despite the
general statement of increasing the level of illuminance
for people of vision below normal, there are no recom-
mendations for the lighting parameters adequate for the
older population.

It is well known that the world population is rapidly
ageing. This also brings new changes resulting in extended
working years. However, the physical capacities and needs
of the elderly are not the same as those of the younger
population, so many studies have been focused on how to
make up for such differences. The key aspect is adapta-
tion on all levels: individual, organizational and societal
and it is associated, among other things, with the adjust-
ment of the working environment (including lighting) to
the psycho-physiological capacities of the elderly.

The studies dedicated to the lighting for older people con-
cerned mainly many aspects of local lighting [20-22], and
aspects of increasing the level of illuminance [20,23,24] or
the color of light [25]. Taking into account that some stud-
ies pointed out that elderly people are more sensitive to
disability glare [24-26], it would be worth taking into con-
sideration discomfort glare and determining the possible
changes in lighting recommendations for the UGR value.
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The aim of the article is to present the results of a study on
discomfort glare sensation in subjects aged 50 years and
more in comparison with younger subjects (i.e. 35 years
old and younger) carried out in a laboratory room under
controlled lighting environment for 2 modeled discomfort
glare conditions.

MATERIAL AND METHODS

Study design

The study was performed in a lighting modeling laborato-
ry situated in the Central Institute for Labour Protection —
National Research Institute in Poland. It was conducted
under 2 modeled discomfort glare conditions from lighting
installation. Working at the computer, as an example of
typical office work where discomfort glare should be espe-
cially controlled, was chosen for the experiments. On the
basis of the UGR calculations by a lighting simulation pro-
gram — DIALux [27], 2 different observer’s positions in the
room in relation to the glare sources were chosen. First, at

Unified glare rating: a) 19, b) 22.

which UGR = 19 (i.e., the limit value of UGR for office
work), and second for higher discomfort glare conditions
at which UGR = 22 (i.e., higher by 3 units, which corre-
sponded to the acceptable step in glare criteria [19]). In the
visual field of the observer, there were 3 luminaires, which
constituted the glare sources (Photo 1). One luminaire:
matt mirror ribbed lamellae louver TCS 260 2Xx54W M2,
manufactured by Philips Lighting. Two luminaires: dark
light louver TECTON-D-ID 2x35W, manufactured by
Zumtobel.

Fifty participants took a part in the experiments. Before the
experiments the participants were trained in performing
the visual tasks. They were also provided with explanations
concerning the semantic glare rating scale and trained in
glare assessment according to that scale. Each participant
took part in 2 experiments for both glare conditions, but
the experimental sessions were carried out on 2 different
days. The subjects in both groups were randomly divi-
ded into 2 subgroups. Each subgroup started performing

the 1st experiment in different discomfort glare conditions.

Photo 1. View of glare sources in the observer’s visual field for the modeled discomfort glare conditions
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The aim was to eliminate the memorization effect on the
results. The procedure for the experiment was developed
on the basis of a pilot study. The glare evaluation method
consisted of subjective evaluation of discomfort glare on the
semantic glare rating scale, tests of mesopic contrast and
glare sensitivity, subjective assessment of lighting quality
and visual fatigue. Additionally, visual performance was
evaluated by recording the time needed to perform the task
and number of mistakes.

The visual task was designed for the typical office work
activities taking into consideration the main locations of
the visual line of sight directed on the screen, document
and keyboard. Computer screen was the main object of
observation and the visual task made the observers fix
their eyesight on the screen throughout most of the time
of the experimental session, because in that position the
glare sources were in the visual field of the observers. Dur-
ing keyboard or document observation, glare sources were
out of the visual field, but these tasks were implemented
mainly for the sake of differentiation of the subject’s acti-
vity and changing the position.

Subjects

The subjects were selected according to the criteria of age
(50+ group - subjects above 50 years old, control group —
subjects 19-35 years old) and the eyes state. The volunteers

Table 1. Group characteristics

had to undergo the ophthalmological examinations before
classification to experimental groups. The aim of these
examinations was to exclude subjects with potential visual
disabilities or illnesses, which could influence the results
of glare evaluation. The subjects selection criteria were as
follows: myopia (< 8 Dsph), hyperopia (< 5 Dsph), astig-
matism (< 2.5 Dcyl), refractive errors corrected by glasses
or contact lenses, appropriate color vision, no abnormali-
ties in the examination of the anterior segment or the fun-
dus of the eyes, no coexisting diseases of the sight organ
(e.g. systemic diseases like diabetes, arterial hypertension)
and no eye surgeries. As a result of ophthalmologic exami-
nations, 50 participants were qualified to this study. The
characteristics of both groups are presented in Table 1.

Visual task

The visual task consisted of 3 types of office work, i.e.:
comparison of the printed text with the text presented on
the screen, rewriting the printed text into computer word
editor, and performing the tests with Landolt’s rings pre-
sented on the screen by a specially prepared computer
program.

The visual task on the screen was simulated by a com-
puter program. Such method was successfully used in pre-
vious studies [28,29]. That task consisted of 5 Landolt’s
tests (3 with negative polarity and 2 with positive polarity).

Feature 50+ group Control group

Participants (n) 29 21

women 26 13

men 3 8
Age (years)

M=SD 57.9+4.64 24.9+3.95

min.—max 51-69 19-34
Participants wearing correction glasses/lenses (n) 27 10

M - mean; SD - standard deviation.
min. - minimal value; max — maximal value.

[JOMEH 2014;27(3)
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Each test consisted of 396 white or black rings in eight po-
sitions of the gap.

There were 3 kinds of Landolt’s tests: a “step by step”
test (the gap of each displayed ring had to be identified
and marked), an “option” test (only 3 selected gap posi-
tions had to be fond, identified and marked), and a “per-
ceptivity” test (a ring, randomly highlighted for 2 s, had
to be noticed, identified and marked). The gap locali-
zation was indicated by clicking an arrow related to its
position. Each of these tests had a different distribution
of the rings’ gaps on the screen. The computer program
registered the number of mistakes and the time needed
to perform the visual task, which could be the measure of
visual performance.

Subjective evaluation

The subjective evaluation concerned: discomfort glare,
lighting quality and visual fatigue. The evaluation of dis-
comfort glare was carried out before the visual tests and
just after finishing the tasks using the visual analog scale.
The semantic discomfort glare scale was elaborated for
the purpose of this study on the basis of the Hopkinson
scale [10], with 3 demarcations positioned to signify the
borders between just acceptable, just uncomfortable, and
just intolerable discomfort (presented in Figure 1). A few
days before the experimental session, the subjects were
explained and trained in the use of the glare sensation
rating scale. The position on the Hopkinson’s scale [10]
that is related to just perceptible discomfort was omitted,
because of the pilot study results (subjective assessment
of glare started from just acceptable) and DIALux calcu-
lations of UGR in the examined observer’s locations (no
stated UGR values, which are related to the sensation of
lower glare than just acceptable).

The subjective evaluation of the lighting quality was per-
formed by a specially prepared questionnaire which con-
sisted of 5 questions. The answers were marked on the or-
dinal scale from 1 to 5, where 1 referred to the assessment

Just intolerable glare
Just uncomfortable glare

Just acceptable glare

Fig. 1. Discomfort glare rating scale used in the experiments

of lighting as poor and 5 - as very good. The questions
concerned the following aspects: the illumination level on
the working plane, visual comfort related to lighting, ex-
perienced annoyance related to bright elements of glare
sources, declaration of how frequent the participant could
work in the modeled lighting conditions and acceptance of
that lighting for permanent work. The questionnaire was
filled in after the experimental session.

Visual fatigue manifests itself in the weakening of a variety
of visual functions and in the form of specific complaints
reported by persons who perform a strenuous visual task.
The subjective evaluation of visual fatigue was established
by an asthenopic symptoms questionnaire, which con-
sisted of questions on the following symptoms: itching,
tearing, oversensitivity to light, blurring, visual tiredness,
headache, heaviness of eyelids, redness, shooting pain.
The answers were marked on the ordinal scale from 1 to 5,
where 1 meant “no complaint” of a particular disorder
and 5 - very intensive complaints.

Mesopic contrast and glare sensitivity tests

Mesopic contrast sensitivity was measured in the absence of
glare and in the present of glare (i.e., glare sensitivity) us-
ing the apparatus Mesotest II (Oculus Germany). The sub-
jects were allowed to have dark adaptation for at least 5 min
before the examination [30]. The tests were conducted
binocularly: 4 mesopic contrast sensitivity tests with differ-
ent contrast levels (background luminance: 0.032 cd/m?)
and 4 glare sensitivity tests (glare source at the visual angle
of 3°, background luminance: 0.1 cd/m?). Four contrast lev-
els (1:23, 1:5, 1:2.7, 1:2) of the Landolt’s ring in 6 positions

[JOMEH 2014;27(3)
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of the gap could be presented. The ring was displayed in
a random position, and 5 rings were presented for each of
the 8 tests. The presentation started from the higher con-
trast. The more correctly recognized rings, the better meso-
pic contrast sensitivity and the lower glare sensitivity.

The tests of mesopic contrast and glare sensitivity were
carried out before the experimental session and just after
the session. It was assumed that the significant difference
between the correctly recognized rings before and after
the experiment can be the evidence of bigger visual fatigue
related to work performed under the modeled discomfort
glare conditions.

Statistical analysis

The statistical analysis was performed using the SPSS 11.5
program. The nonparametric tests were used for the ana-
lysis of variables which represented the ordinal scale or
for ratio variables which did not represent the normal
distribution (according to the Kolmogorov-Smirnov test).
Then, the median was the measure of the central ten-
dency and 2 samples of related variables were estimated
by the Wilcoxon Signed Ranks test, and of independent
variables — by the Mann-Whitney U test. Statistical depen-
dence between 2 variables was calculated by the Spear-
man’s rank correlation coefficient.

The central tendency for the variables which represen-
ted the ratio scale (age, mistakes, time) was estimated

by mean and standard deviation. In addition to this, the
comparison between 2 samples of the ratio scale variables
(independent) was done by the Mann-Whitney U test or
the t-test, adequately to the results of the normality of the
distribution tested by the Kolmogorov-Smirnov test. In
this case, statistical dependence between 2 variables was
calculated by the Pearson’s rank correlation coefficient.

RESULTS AND DISCUSSION

Discomfort glare evaluation

For the purpose of analyzing the subjective evaluation
of discomfort glare on the elaborated scale in relation to
the UGR value, one of 13 UGR values (range: 16-30) for
each mark on the scale was assigned (see Table 2).

The results of subjective discomfort glare assessment in
both groups under the modeled glare conditions are pre-
sented in Figure 3 and Table 3. The tendency of bigger
sensitivity to discomfort glare could be observed in the
control group compared to the 50+ group, which was
manifested by a higher level of perceived discomfort on
the glare rating scale (and higher UGR value).

Under both modeled glare conditions, bigger percenta-
ge of the control group subjects assessed glare after the
experimental session as uncomfortable and intolerable
than in the 50+ group, in which the subjects more often
assessed glare as acceptable (Figure 2).

Table 2. Semantic discomfort glare scale and unified glare rating (UGR) values!

Semantic discomfort glare scale UGR
Intolerable 29-30
Just intolerable 28
Between just uncomfortable and just intolerable (uncomfortable)* 23-27
Just uncomfortable 22
Between just acceptable and just uncomfortable (acceptable)** 1721
Just acceptable 16

"Based on Berman et al. [10].

* Depending on the location of the mark on the visual analogue scale (VAS), more or less uncomfortable.
** Depending on the location of the mark on the VAS, more or less acceptable.

[JOMEH 2014;27(3)
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Fig. 2. lllustration of spread in discomfort glare assessment on
the semantic scale under both modeled glare conditions:
a) in the control group, b) in the 50+ group

It seems important to point out the median shift of
the UGR assessment before and after the experiment
(Table 3). In both groups and under both UGR conditions,
there was observed significant lower perceived discomfort
glare before the experiments. These results confirmed that
the perception of discomfort glare depends on the expo-
sure time and grows with time [7].

The control group glare assessment after the experiments
under both glare conditions showed bigger glare sensa-
tion on the semantic scale. There can be observed a shift
of 1 “semantic unit” for UGR = 19 (from acceptable to just
uncomfortable) and of 3 “semantic units” for UGR = 22
(from acceptable to uncomfortable). At the same time,
in the 50+ group, there was no shift for UGR = 19 (ac-
ceptable level on the semantic scale before and after the
experiments) and a shift of 1 “semantic unit” was noted
for UGR = 22 (from acceptable to just uncomfortable).
However, significantly bigger discomfort glare perceived
by younger subjects (the control group) was stated only
for the experiment of lower modeled discomfort glare,
i.e. UGR = 19 (Mann-Whitney test: U = 196, p = 0.032).
In the experiment for UGR = 22, the same tendency could
be observed, but not statistically significant yet (U = 221,
p = 0.097).

It is worth pointing out that the subjective assessment
of discomfort glare (on the semantic glare rating scale)

Table 3. Subjective evaluation of discomfort glare and corresponding unified glare rating (UGR) values according to the discomfort

glare rating scale

Median Wilcoxon Signed Ranks test
for UGR assessment of the
Group  Modeled discomfort glare . ) differences between before
before session after session and after the session
Z (2-tailed p)
50+ 19 (acceptable) 17 (acceptable) 21 (acceptable) -3.282(0.001)
22 (just uncomfortable) 17 (acceptable) 22 (just uncomfortable) -3.679 (< 0.001)
Control 19 (acceptable) 19 (acceptable) 22 (just uncomfortable) -3.901 (< 0.001)
22 (just uncomfortable) 21 (acceptable) 24 (uncomfortable) -2.656 (0.008)

Z - Wilcoxon Signed Ranks test statistics.

IJOMEH 2014;27(3)
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in the younger (control) group after both experiments cor-
responded to a higher UGR value compared to the UGR
value calculated by DIALux. In the 50+ group, higher
subjective glare assessment compared to the calcula-
ted UGR value was found only for the lower modeled dis-
comfort glare conditions.

Subjective lighting quality assessment

The results of the subjective assessment of the lighting
showed that most participants (80%) in both groups,
under both glare conditions, assessed the illuminance
level on the working plane (question 1) as sufficient
or good.

Visual comfort related to lighting needed to perform
a visual task (question 2) was assessed as uncom-
fortable by about half of the control group subjects
(47.6%) under both glare conditions, however, un-
der UGR = 22, the bigger percentage of subjects as-
sessed it as definitely uncomfortable (19%) compared
to UGR = 19 (4.8%). At the same time, in the 50+
group, lighting was assessed as uncomfortable by 24.2%
of the subjects in glare conditions of UGR = 19, and
by 34.4% in UGR = 22 conditions.

The declaration of working under the modeled lighting
conditions (question 3) showed that about half of the
subjects in both groups declared “sometimes”, and the re-
maining participants in the control group declared “rarely/
occasionally” or “never”, while in the 50+ group - “often”
or “always”.

The assessment of glare sources appearance (question 4)
showed that about half of the subjects in the control group
under both glare conditions assessed them as “medium
bright and of big size” and 28.5% as “very bright and of big
size” (which was related to number 1 on the ordinal scale)
and “very bright and of medium size” (number 2 on the
ordinal scale). Simultaneously, 17.2% of the subjects in
the 50+ group under both glare conditions assessed glare
sources as “medium bright and of big size” and 10.2% as

[JOMEH 2014;27(3)

“very bright and of big size” and “very bright and of me-
dium size”.

The question concerning permanent work under the
modeled lighting (question 5) showed that most subjects
from the control group in both glare conditions (71.4%
for UGR = 19, 85.6% for UGR = 22) would not have
liked to work under these conditions all the time.

The medians of answers to particular questions in both
groups are presented in Table 4. There were noted statisti-
cal differences of the lighting quality assessment between
the groups for both glare conditions in the answers to ques-
tions: 2, 3,4 and 5 (Mann-Whitney U test). The significant
difference of answers to question 4 in the 50+ group be-
tween both glare conditions was found. The older (50+)
group perceived the glare source to be of a smaller size
than the younger (control) group.

The assessment of lighting quality did not depend on the
modeled discomfort glare, but on the subjects’ age.

Subjective visual fatigue assessment

The results of the subjective assessment of visual fatigue
showed that younger participants (control group) more
frequently suffered from asthenopic symptoms. Most
subjects reported: tiredness (100% subjects in the con-
trol group, 62-82% - in the 50+ group), oversensitivity to
light (81-91% subjects in the control group, 70-83% - in
the 50+ group), redness (33-52% subjects in the control
group, 81-83% - in the 50+ group), blurring (71-81%
subjects in the control group, 41-69% - in the 50+
group), eyelids heaviness (86-91% subjects in the control
group, 38-70% - in the 50+ group). The medians of in-
tensity of particular asthenopic symptoms in both groups
under the modeled discomfort glare conditions are pre-
sented in Table 5.

There were no statistical differences of visual fatigue
symptoms complaints between experiments for both
groups. Nevertheless, there were found significant dif-
ferences (Mann-Whitney U test) between both groups
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Table 4. Subjective evaluation of the lighting quality in both groups under the modeled discomfort glare conditions (ordinal scale: 1-5)

Median / related assessment

Feature of lighting

Question 50+ group control group

assessment

UGR =19

UGR =22

UGR =19

UGR =22

illuminance of the
working plane

visual comfort related

to lighting
declaration of
working under the

modeled lighting
conditions

assessment of glare
sources appearance

possibility of

4 (good)
3 (sufficient)

3 (sometimes)

4 (medium bright
and of small size)

3 (no matter)

3 (sufficient)
3 (sufficient)

3 (sometimes)

4 (medium bright
and of small size)

2 (rather no)

3 (sufficient)
2 (uncomfortable)

3 (sometimes)

3 (medium bright
and of big size)

2 (rather no)

3 (sufficient)
2 (uncomfortable)

2 (rarely/occasionally)

3 (medium bright
and of big size)

2 (rather no)

permanent work
under the modeled
lighting

UGR - unified glare rating.

Table 5. Subjective evaluation of visual fatigue in both groups under the modeled discomfort glare conditions

Median / intensity of complaint

Symptom 50+ group control group

UGR =19 UGR =22 UGR=19 UGR =22

Itching

Tearing

Shooting pain

Gritty eyes
Oversensitivity to light
Heaviness of eyelids
Blurring

Visual tiredness
Headache

Redness

[N I e O R S R T T N
N /) W N =, NN RN
L IO T FC R FU R NG T NG R
N = B W W W = N

UGR - unified glare rating. Ordinal scale: 1 - no complaint; 2 - little; 3 — medium; 4 - big.

under the studied discomfort conditions for the following
symptoms: heaviness of eyelids (UGR = 19: U = 145.5,
p =0.002; UGR = 22: U = 129, p < 0.001), visual tired-
ness (UGR = 22: U = 204.5, p = 0.041), and redness

(UGR =19: U = 196.5, p = 0.016; UGR = 22: U = 203,
p = 0.027).

Visual fatigue manifested by different asthenopic symp-
toms did not depend on the modeled discomfort glare, but
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on the subjects’ age. The younger (control) group report-
ed bigger visual fatigue than the older (50+) group and
more frequently.

Mesopic contrast and glare sensitivity

The numbers of correctly recognized Landolt’s rings both
in mesopic contrast sensitivity tests and glare sensitivity
tests before and after the experiments for both groups
and under both modeled glare conditions are presented
in Table 6.

Significant differences for mesopic contrast sensitivity be-
fore and after the experimental session were found for the
younger (control) group in the experiment of higher dis-
comfort glare (UGR = 22) and for the older (50+) group
in the experiment of lower discomfort glare (UGR = 19).
Significant differences of glare sensitivity before and af-
ter the experimental session were stated only for the older
group in both glare conditions. However, there were no
statistically significant differences between mesopic con-
trast sensitivity and glare sensitivity between the experi-
ments under different discomfort glare conditions among
both groups.

The results of the Mann-Whitney U test pointed out the sig-
nificant differences of both mesopic parameters (measured
after the experimental session) between the groups: contrast

sensitivity (UGR = 22: U = 180.5, p = 0.014), glare sensi-
tivity (UGR = 19: U = 134.5,p = 0.001; UGR = 21: 1555,
p = 0.003). The mesopic glare sensitivity significantly in-
creased after the experiments (lower number of correctly
recognized rings) only in the 50+ group under both glare
conditions. The smaller the number of correctly recognized
rings, the bigger discomfort glare.

Visual performance

Visual performance was evaluated on the basis of the
number of mistakes and the time needed to perform the
visual task. The results of visual performance obtained for
both groups and under both modeled glare conditions are
presented in Table 7.

No significant differences in the time needed to perform
the visual task and the number of mistakes between the ex-
periments of different glare conditions were found in both
groups. The results of the Mann-Whitney U test pointed
out the significant differences of visual performance pa-
rameters between the groups: the time needed to per-
form the visual task: (UGR = 19: U = 101, p < 0.001;
UGR = 22: U = 160.5, p = 0.005), the number of mis-
takes (UGR =19: U = 42, p < 0.001; UGR = 21: U = 6,
p < 0.001). The participants from the 50+ group per-
formed the visual task significantly longer and made

Table 6. Correctly recognized Landolt’s rings in mesopic contrast sensitivity tests and glare sensitivity tests before and after
the experiments in both groups under the modeled discomfort glare conditions

Correctly recognized Landolt’s rings

Group dli\;[;)(ifllfi)(i . mesopic contrast sensitivity tests glare sensitivity tests
before after - . before after statistics
glare i
(M=SD)  (Mxspy ~ Ststes(Atailedp) o peny g (2-tailed p)
50+ UGR =19 142465 13.0+7.1 t =3.123 (p = 0.004) 10.0+3.4 84+75 t =2.539 (p =0.017)
UGR=22 141+63 123+65  t=1509 (p =0.142) 9.4+73 78+6.7  t=3.053(p = 0.005)
Control UGR=19 16556 163+59 Z=-0.951(p=10342) 15268 15270 Z=-0.032(p = 0.975)
UGR =22 182434 162+52 Z=-2747(p = 0.006) 153+63  13.8+75 t=1.418 (p = 0.172)

Analysis of differences between before and after the measurements was made using the Wilcoxon Signed Ranks test (Z) or t-test (t),

depending on the normality of distribution.
Abbreviations as in Tables 1 and 4.
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Table 7. Visual performance in both groups of participants under the modeled discomfort glare conditions

Parameters of visual performance

Feature 50+ group control group

UGR =19 UGR =22 UGR =19 UGR =122

Time needed to perform
the visual task (min)

M+SD 67.17£8.7 65.1+8.77 574+6.77 57.95+6.7

min.—max 55-87 50-84 44-71 45-69
Mistakes (n)

M=SD 143.8+71.15 128+28.34 56245 51.71+18.66

min.—max 60-321 68-198 25-116 19-99

Abbreviations as in Table 1 and 4.

Table 8. Correlations between age and visual fatigue assessment, visual performance, lighting quality assessment and mesopic
sensitivities (N = 100)

Variable Age vs. variable

r (2-tailed p)

Heaviness of eyelids -0.440 (< 0.001)*
Redness 0.432 (< 0.001)*
Time needed to perform the visual task 0.499 (< 0.001)**
Number of mistakes 0.743 (< 0.001)**
Comfortable lighting 0.257 (0.010)*
Working under the modeled lighting conditions 0.368 (< 0.001)*
Annoyance related to bright light sources 0.295 (0.003)*
Lighting acceptance for permanent work 0.248 (0.013)*
Mesopic contrast sensitivity

before -0.277 (0.005)**

after -0.288 (0.004)**
Glare sensitivity

before -0.396 (< 0.001)**

after -0.448 (< 0.001)**

1 - correlation coefficient: * Spearman’s rank correlation; ** Pearson’s correlation.

significantly more mistakes than the younger subjects viness of eyelids, redness), answers to questions 2-5 rela-

from the control group. ted to lighting quality assessment, mesopic contrast sen-
sitivity and glare sensitivity. The results are presented in

Correlations Table 8.

There were found correlations between the age of partici- The biggest correlations were found between age and vi-

pants and: visual performance, 2 asthenopic symptoms (hea- sual performance parameters, which showed that visual
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performance decreases with age. The correlation between
age and asthenopic symptoms and lighting quality assess-
ment revealed that older participants assessed lighting as
more comfortable, complained of heaviness of eyelids less
often, but had bigger redness.

It is noteworthy that the obtained results of lower mesopic
contrast sensitivity and bigger glare sensitivity measured
before the experiment among the older (50+) group (see
Table 6) and theirs correlations with age (see Table 8)
are consistent with other studies which found mesopic
contrast and glare sensitivity deteriorated in an age-
dependent way [30,31]. The mesopic contrast sensitivity
decreased gradually from 51 to 60 years of age onwards,
whereas glare sensitivity started to decline at an earlier
age (41-50 years) [30].

Small or medium correlations were found between visual
performance and mesopic contrast sensitivity and glare
sensitivity (Table 9). The longer the time needed to per-
form the task and the bigger the number of mistakes, the
lower the number of correctly recognized rings for both
mesopic sensitivities.

No correlations were found for discomfort glare assess-
ment after the experiment and visual performance pa-
rameters or the age of the participants. However, there
were correlations between discomfort glare assessment
after the experiment and some asthenopic symptoms:
oversensitivity to light: r = 0.656, p < 0.001, visual tired-
ness: r = (0.545, p < 0.001, blurring: r = 0.474, p < 0.001,
shooting pain: r = 0.268, p = 0.007, heaviness of eyelids:

r =0.268, p = 0.007, gritty eyes: r = 0.257, p = 0.010, and
headache: r = 0.212, p = 0.034.

There were also noted correlations between discom-
fort glare assessment after the experiment and answers
to questions concerned the lighting quality assessment:
question 1: r = -0.417, p < 0.001, question 2: r = -0.576,
p < 0.001, question 3: r = -0.570, p < 0.001, question 4:
r = -0.458, p < 0.001, question 5: r = -0.567, p < 0.001.
These results show that higher perceived discomfort
glare sensation increased with bigger visual complaints
(especially oversensitivity to light) and worse lighting
assessment.

CONCLUSIONS

The obtained results for the modeled glare of UGR = 19
and UGR = 22 showed that discomfort glare sensation
changes with age.

In the subjective assessment, the level of discomfort glare
one a computer work station was higher in the control
group compared with the 50+ group, which suggests that
from the psychological point of view, younger people are
more sensitive to discomfort glare than older people.
However, the difference of discomfort glare sensation be-
tween both groups seems to be of less significance with the
increasing modeled glare.

Although subjective assessments of 50+ participants (re-
garding discomfort glare on the semantic scale, visual
fatigue and lighting quality) demonstrated less negative

Table 9. Correlations between visual performance parameters and mesopic contrast sensitivity and glare sensitivity before and after

the experiment (N = 100)

r (2-tailed p)
Feature mesopic contrast sensitivity glare sensitivity
before before after
Time needed to perform -0.223 (0.026) not significant -0.254 (0.011) -0.229 (0.022)
the visual task
Number of mistakes -0.248 (0.013) -0.332 (0.001) -0.324 (0.001) -0.395 (< 0.001)

r — Pearson’s correlation coefficient.
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psychological sensation related to glare impact, compared
with control group, the exposure for about 65 minutes to
bigger modeled discomfort glare caused the decrease of
theirs visual performance and increase of mesopic glare
sensitivity. It means that exposure of the elderly to big-
ger discomfort glare could adversely affect the objective
measures of fatigue like mesopic glare sensitivity (i.e., dis-
ability glare sensitivity) and visual performance.

On the other hand, subjective evaluations of participants in
the control group indicated higher, than in the 50+ group,
sensitivity to discomfort glare on the semantic scale, big-
ger visual fatigue and worse lighting quality assessment af-
ter about 58-minute exposure to both modeled discomfort
glare conditions. Nevertheless, the adverse effect of the
modeled discomfort glare on theirs mesopic glare sensitiv-
ity and visual performance was not noted. From the psy-
chological point of view, the younger population seems to
be more sensitive and demanding than the older one in
relation to discomfort glare limiting, in spite of the lack of
significant changes in objective measures of fatigue.

The obtained results confirmed the importance of discom-
fort glare limitation, regardless of the age of the users.
Although the 50+ group complained less on the light-
ing quality and discomfort glare than the control group,
exposure to glare had a greater effect on their fatigue
manifested by bigger mesopic glare sensitivity and lower
work efficiency. It means that discomfort glare for both
user groups should be limited more at the designing stage.
The UGR values calculated by DIALux should be lower
by 1 to 3 UGR units than the glare limit value required
by the lighting standard [17]. It is advisable both for the
well-being or health of employees and for the employers’
interest related to better work performance and job satis-
faction.

On the other hand, the differences between subjective
discomfort glare assessment and UGR values calcu-
lated by DIALux raise questions. Could the reason for
these differences be the accuracy of UGR calculations

by DIALux? It is an important aspect both for lighting
designing and assessment. Will discomfort glare be re-
ally limited if the UGR value calculated by DIALux for
particular lighting installation fulfills the standard’s re-
quirements for UGR limit value? This suggests that an-
other objective method of discomfort glare assessment or
measurement is needed. One of the currently developed
approaches to objective evaluation of UGR is measure-
ment of luminance distribution in the visual field using the
matrix system where a digital camera is used [32].

Further studies are needed to establish the border of dis-
comfort glare and the related UGR value at which there
are no differences of glare sensation between the young
and the elderly. It is assumed that at higher levels of dis-
comfort glare of UGR = 25, the existing glare could be
annoying to such an extent that regardless of age it would
be assessed very similar.
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