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Abstract
Background and aims: The development of new technology has transformed Keywords
today’s work environments, compelling workers in these settings to endure Ilumination
more visual and cognitive demands compared to physical ones. This study

. L. . o Visual Fatigue
sought to examine the quantitative and qualitative state of workplace lighting

and its correlation with mental and psychological aspects, such as visual fatigue, Workload
workload, and drowsiness, among computer operators. Sleepiness
Methods: A cross-sectional investigation was carried out on 120 computer Office work

operators from industries in Tehran between October and December 2022.

The HAGNER ECI lux meter model was employed to gauge the quantity

and intensity of local lighting at the distance between the operator and the

monitor screen and on the surface of the desks of individuals, while taking

into account the quality attributes of the monitor and office rooms. A four-part

questionnaire, encompassing demographic data and visual fatigue inventory,

NASA Task Load Index (NASA-TLX), and Karolinska Sleepiness Scale (KSS),

was devised to assess visual fatigue, workload, and drowsiness of individuals

from the light conditions of the workplace, respectively. Data analysis was Received: 2023/03/4
conducted using SPSS software version 26 with a significance level of P <0.05. Accepted : 2023/11/23

Results: The mean local lighting intensity at the level of the examined
workstation and computer were 199.80 + 15.22 and 45.12 * 5.85, respectively.
Significant correlations were found between display screen lighting (p= 0.025),
localized lighting level at work (p= 0.014), and type of light source (p<0.001)
with visual fatigue, workload, and drowsiness, respectively. Furthermore, the
outcomes of the Pearson correlation test revealed that the visual fatigue scale
had a significant and positive correlation with workload (r = 0.397, p = 0.002)
and drowsiness (r = 0.295, p= 0.024).
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Conclusion: Optimizing workplace lighting and computer levels can significantly
enhance psychological health by mitigating visual fatigue, workload, and
drowsiness risk factors. These findings underscore the importance of offering
optimal lighting conditions in the office workplace in terms of quality and
quantity to boost the psychological health and well-being of office workers.
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EXTENDED ABSTRACT

INTRODUCTION

The development of new technology has
transformed work environments, leading to workers
tolerating more visual and cognitive requirements
compared to physical demands. Optimal lighting
is crucial in providing physical conditions in work
environments, particularly in places like offices where
workers spend extended hours engaged in activities
that require high accuracy. However, suboptimal
lighting can cause several problems such as
intraocular pressure, headache, dizziness, fatigue, and
musculoskeletal disorders. Visual fatigue is one of the
most common problems associated with inadequate
lighting and can lead to limited concentration and
attention among office employees, adversely affecting
their health.

Quantitative and qualitative characteristics of
illumination are important and modifiable physical
factors of the workplace that play a role in maintaining
the health of human resources, preventing accidents,
increasing work efficiency, and improving the economy.
Despite the importance of workplace illumination,
few studies have investigated the relationship between
workplace lighting and mental and psychological
factors such as visual fatigue, workload, and sleepiness
among computer operators in office work. Therefore,
the effects of workplace lighting on the mental and
psychological health of office workers are an issue that
warrants more attention.

Hence, the present study evaluated workplace
illumination both quantitatively and qualitatively
and its relationship with visual fatigue, workload,
and sleepiness of individuals from the light
conditions in office workplaces across different
industries. The findings of this study will provide
valuable insights into the manifestation of visual
fatigue, workload, and sleepiness risk factors among
office workers and underscore the importance
of optimizing workplace illumination levels to
improve psychological health.

Research Hypotheses

1. A significant relationship exists between
workplace illumination and visual fatigue among
computer operators in office work.

2. A significant relationship exists between
workplace illumination and workload among
computer operators in office work.

3. A significant relationship exists between
workplace illumination and sleepiness among
computer operators in office work.

4. By optimizing workplace illumination levels,
the psychological health of office workers can be
improved by reducing risk factors such as visual
fatigue, workload, and sleepiness.
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METHODOLOGY
Study design and participants

A cross-sectional study was carried out on
computer operators of Tehran industries from October
through December 2022. The sampling method of
office workplaces was conducted by simple random
sampling. The minimum sample size of the study was
estimated to be 170 based on Cochran’s formula for
proportion and considering a 95% confidence level,
5% margin error, and 10% non-response proportion.
Therefore, 170 questionnaires were disseminated
among the administrative units of various industries.
After collection and review, 120 of the questionnaires
were fully answered and examined, and incomplete
questionnaires were excluded from the study. The
inclusion criteria were having a work experience of at
least 1 year, having no history of eye surgery, vision
problems (cataract, astigmatism, etc.), and signing an
informed consent in the present study.

Study instruments and implementation

The present study was conducted in two stages, and
employees with a history of hereditary eye disease or
visual injuries caused by accidents were excluded from
the study. In the first step, the measurement of local
illuminance and luminance of the work environment
was quantitatively performed based on the models
proposed by the North American Society of Lighting
Engineers (IESNA) using the Hagner Model EC1
lux meter. Lighting intensity was measured in office
workplaces of each industry according to the work
levels and the range of vision on the relevant work
surface. Also, to evaluate the lighting quality of each
hall, the specifications related to the type of monitor
screen (LED, LCD), as well as the category of lamps in
each environment in terms of color (white, solar) and
their type (inflammatory, LED), and the number and
arrangement of lights were examined. In this study,
due to the importance of the effect of natural light
(parameters such as dimensions, size, and number of
doors and windows, weather conditions, measuring
hours, etc.) on the amount of artificial lighting inside
each room, all information related to the specifications
listed for different office workplaces was recorded at
the beginning of measuring each section.

In the second step, a paper survey was conducted
with participants briefed in advance about the
project and sought informed consent for voluntary
participation. Two students involved in the study
distributed questionnaires and collected data. The
first part of the questionnaire was demographic
information on workers age, gender, marital and
employment status, use of prescription glasses and
duration to use them (before/after employment),
and visual disturbance (astigmatism, hyperopia,
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myopia, etc.). The second part applied a Persian
language revision of the Visual Fatigue Inventory for
video terminal users, which consists of background
information and specialized questions. The specialized
section includes 15 questions in the field of visual
strain domain (4 sub-domains), visual impairment
(5 sub-domains), eye surface impairment (3 sub-
domains), and extraocular problems (3 sub-domains).
The questions in this questionnaire consist of an
11-point Likert scale from zero to 10, with higher and
lower scores indicating more and less visual fatigue
respectively. The validity and reliability of the Persian
version of this questionnaire were assessed by Habibi
etal.

Workload assessment was conducted using
a NASA-TLX questionnaire. NASA-TLX is a
multifaceted tool for individually assessing the mental
workload. In this questionnaire, each scale is defined
by a 10 cm line, and a bipolar description (high/low)
is expressed at both ends of the line. Numerical values
are not used in this scale, but in data analysis, the
resulting scale is assumed to range from 1 to 100. In
the second part, the axes are compared pairwise, and
the subject identifies the axis that had more impact
and importance for them. In general, the evaluation
process consists of three stages: in the first stage, the
weighting is determined, and in the second stage, the
rating of each of the 6 scales is determined. Average
scores below 50 and scores above 50 are considered
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high level.

The fourth part of the questionnaire assessed
the Karolinska Sleepiness Scale (KSS) perceived by
operators in the office workplaces during work periods.
The KSS scale is a self-reported method for measuring
sleepiness. This method includes a 9-point Likert scale
from 1 (very alert) to 9 (very sleepy and trying to stay
awake). In 2006, Kadia et al. demonstrated that this
method has good validity and reliability.

Statistical analysis

Data analysis of the results was conducted using
SPSS version 26. Statistical tests such as percentage,
frequency, mean, and standard deviation (SD) were
utilized to describe personal and occupational
factors, including age, work experience, sex, marital
status, education level, employment status, years of
computer use, taking a regular break, length of the
break, glasses use, and length of use of eyeglasses.
To measure the relationship between the dimensions
of visual fatigue, workload, sleepiness, and personal
factors such as age, marital status, and education level,
the Chi-Square test was used. The Pearson correlation
test was performed to assess the dimensions of visual
fatigue, workload, and sleepiness with one another,
and the frequency percentage of the office workplace
was used to compare the severity of visual fatigue.
A p-value below 0.05 was considered statistically
significant.

Table 1. Mean (SD), frequency (%), and the relationship between visual fatigue, workload, and sleepiness with demographic and occupational
variables among office staff

Visual Fatigue Workload Sleepiness (Freq (%))
Variables Mean (SD) p-value Mean (SD) p-value Desirable Undesirable p-value
Age 0.132 0.019" 0.108
21-29 1.31 (0.30) 118.47 (29.3) 38 (100) 0(0)
30-39 2.08 (0.3) 155.23 (26.5) 37(83.3) 21(16.7)
40-49 1.37 (0.6) 300.71 (37.4) 24 (100) 0(0)
Work Experience 0.137 0.001" 0.501
1-5 1.38(0.2) 110.7 (19.4) 48 (92.1) 15 (7.9)
6-15 2.07 (0.4) 209.55 (46.4) 23(83.3) 14 (16.7)
16-25 2.75(1.1) 315.63 (37.5) 20 (100) 0(0)
Sex 0.477 0.419 0.596
Male 1.79 (0.2) 170.92 (23.1) 56 (93) 19 (7)
Female 1.48 (0.4) 126.6 (32.3) 29 (86.7) 17 (13.3)
Marital Status 0.169 0.069 0.650
Singe 1.34 (0.3) 109.86 (28.3) 27 (95) 22(10.5)
Married 1.91(0.3) 185.58 (24.2) 52(89.5) 19 (5)
Educational Status 0.039" 0.020 1
Not academic 0.87 (0.2) 261.82 (38.0) 26 (92.3) 17(7.7)
Academic 1.96 (0.2) 160.33 (50.8) 20(8.9) 57 (91.1)
Employment Status 0.058 0.058 0.483
Temporary 1.56 (0.2) 165.8 (23.0) 49 (82.7) 20 (12.8)
Permanent 3.53 (1.06) 272.7 (40.7) 24 (100) 0(0)
Informal 0.93 (0.3) 24.29 (4.8) 27 (100) 0(0)
Years of computer use 0.902 0.026" 1
<9 1.75(0.2) 141.39 (20.5) 59 (91.7) 20(8.3)
>9 1.53 (0.4) 246.27 (42.4) 25 (90) 16 (10)

*P-Value < 0.05
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Ethical considerations

This study was conducted in accordance with the
principles of the Declaration of Helsinki. The research
protocol received approval from the Research Ethics
Committee of Semnan University of Medical Sciences
(IR.SEMUMS.REC.1400.060). After the necessary
coordination with those in charge of the industries,
eligible workers were enrolled. The office workers
were briefed about the study and asked to answer all
the questions in the questionnaires. Participation in
the study was voluntary and with informed consent.
Furthermore, the employees were assured of the
confidentiality of the data and the relevant ethical
aspects.

RESULTS

The study involved participants with a mean age of
32.34 + 5.71 years (range: 21-49 years). The majority
of the participants were male (74.1%), aged 30-39
(51.7%), married (65.6%), and had bachelor’s degrees
or higher (77.6%). Most participants had temporary
employment status (67.2%). Only 41 participants
(17.2%) reported using eyeglasses and computers for
more than nine years. The average local illumination
intensity of the studied workstation was 199.80 + 15.22,
while the average computer illumination intensity was
45.12 £ 5.85. The intensity of illumination at local and
computer levels at work and perpendicular was 33.4%
and 69.92% lower than the national occupational

health limits, respectively. Regarding lighting sources,
53.4% of room lighting was Compact Fluorescent
Lamps (CFL), while 75.9% of monitors were of Light
Emitting Diode (LED) type.

Table 1 presents the relationship between the
independent variables studied, including individual
and occupational factors, with the visual fatigue,
workload, and sleepiness of participants. The Kruskal-
Wallis statistical test results showed a significant
difference between the total mean score of task load
only in age (p = 0.019) and work experience (p =
0.001). Participants with high work experience (16-
25 years) showed more symptoms of work strain.
Educational level was also significantly associated
with staff visual fatigue and workload (p < 0.05).

A statistically significant relationship was found
between visual fatigue, workload, sleepiness, and the
illumination intensity of the computer (p = 0.025),
the local level at work (p = 0.014), and the type of
light source (p < 0.001), respectively. Additionally,
the relationship between mental demand, physical
demand, temporal demand, performance, effort,
failure, and characteristics of quantitative and
qualitative office rooms revealed that the type of
illuminance and the level of illumination of the
monitor had a significant association with the
total task load score. Further data related to other
characteristics with a dimension of workload in this
study are presented in Table 2.

Table 2. Mean (SD) and the relationship between characteristics of quantitative and qualitative illumination and dimension of workload among

office staff
Workload (Mean (SD))

Variables Mental Physical Temporal Efficiency Effort Disappointment Total
Type of Illuminance
LED 59.8 (6.6) 38.6 (5.3) 56.1 (4.8) 57.04 (4.8) 40.23 (4.7) 43.6 (5.6) 295.5(20.8)
CFL 7.73 (1.5) 2.47 (0.6) 10.41 (1.3) 6.67 (1.4) 7.12 (1.5) 5.33 (1.6) 39.97 (5.0)
FPL 55 (14.6) 40.8 (8.4) 65.8 (6.5) 55.83 (15.6) 27.50 (4.6) 56.6 (13.2) 301.67 (40.4)
p-value <0.001" <0.001" <0.001" <0.001" <0.001" <0.001" <0.001"
Illuminance Status
Combined 29.19 (4.9) 16.86 (3.4) 31.99 (4.4) 27.47 (4.7) 18.46 (2.7) 23.16 (4.2) 147.38 (21.7)
Artificial 38.68 (9.6) 27.98 (7.3) 34.86 (6.6) 37.97 (8.2) 29.54 (7.5) 28.40 (8.4) 197.47 (39.7)
p-value 0.418 0.068 0.611 0.321 0.340 0.617 0.519
Type of Monitor
LED 30.86 (5.2) 20.52 (3.6) 32.20 (4.3) 28.30 (4.6) 19.75 (2.5) 25.16 (4.6) 156.82 (22.1)
LCD 33.26 (8.4) 16.74 (6.5) 34.07 (7.6) 31.67 (8.4) 25.5 (8.1) 21.78 (6.5) 148.99 (37.4)
p-value 0.477 0.159 0.804 0.965 0.477 0.749 0.429
Monitor Illuminance
Level
< 150 lux 65.0 (6.1) 41.57 (5.3) 21.59 (4.7) 27.41 (2.7) 19.05 (2.6) 20.90 (3.9) 142.97 (19.61)
150-200 lux 3.83(1.3) 2.31(0.4) 9.83 (1.5) 4.32(0.9) 523 (1.1) 4.93(1.2) 27.94 (4.2)
> 200 lux 24.87 (6.0) 14.38 (4.5) 28.29 (5.8) 14.25(3.2) 11.52 (3.9) 12.01 (2.7) 94.32 (12.5)
p-value <0.001" <0.001" <0.001" <0.001" <0.001" <0.001" <0.001"
Local Illuminance Level
300-500 lux 22.54 (5.8) 11.69 (4.7) 25.23 (6.1) 19.22 (6.4) 15.82 (3.2) 18.64 (6.1) 113.16 (23.8)
<300 lux or >500 lux 34.33 (5.5) 22.04 (3.8) 35.06 (4.5) 33.43 (4.9) 23.05 (3.5) 26.27 (4.5) 174.21 (23.7)
p-value 0.971 0.041" 0.501 0.656 0.256 0.457 0.978

*P-Value < 0.05
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Table 3. Correlation between visual fatigue, workload, and sleepiness of the studied office staff

Variables Visual Fatigue Workload Sleepiness
Visual Fatigue Correlation 1
p-value -
Workload Correlation 0.397 1
p-value 0.002 -
Sleepiness Correlation 0.295 0.236 1
p-value 0.024 0.074

*P-Value < 0.05

Table 3 illustrates the correlation between Visual
Fatigue, Workload, and Sleepiness among industrial
office workers. A significant correlation was found
between visual fatigue and workload (r = 0.397, p <
0.01), as well as between visual fatigue and sleepiness
(r=0.295, p < 0.05). However, there was no significant
correlation between the workload score and sleepiness
(r=0.236, p = 0.074).

CONCLUSION

The study discovered that inadequate lighting of the
workplace and computers in office work environments
can result in visual fatigue and an increased workload
among office workers. The findings of this study
indicated that the incompatibility of lighting sources
with the nature of the work can impact the workload.
Additionally, the results of this study underscore the
correlation of visual fatigue with other psychological
factors such as workload and sleepiness. The study

also found that optimizing workplace illumination
and computer levels in terms of quality and quantity
can significantly enhance psychological health by
reducing visual fatigue, workload, and sleepiness
risk factors. The study emphasizes the importance of
providing optimal lighting conditions in the office
workplace to improve the psychological health and
well-being of office workers. These findings have
significant implications for workplace lighting design
and can guide future research in this area.
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