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ABSTRACT

Introduction: Nowadays, excessive computer use in the workplace has raised concerns about the health status
of VDT workers, particularly complaints about eye discomforts. Due to the importance of the eyelids and eye
closure parameters on eye health during computer works and the direct effect of monitor height on these
parameters, this study was aimed to examine the effect of different monitor heights adjustment on the eye
indicators and eye discomfort among participants.

Material and Methods: In this study, any changes in the eye indicators including blink rate, the eye blink
opening and closing time, the blink opening rate in three different monitor heights (standard, low, and high)
were examined among 11 participants. The blink rate and the eye blink opening and closing time were measured
and evaluated using videotaping and analyzing by an image processing software, developed in this study.
Participants were also asked to complete a questionnaire for eye fatigue assessment due to daily computer uses.

Results: Results showed that the highest rate of eye blink was at the standard height of the monitor, and this
rate was significantly different at three different heights of monitors (high, standard, and low) (p<0.05). The
lowest blink rate was observed at low and high heights with an average of 7.3 and 7.8 and the highest blink
rate at standard height with an average of 8.9 blink per minute, respectively. Meanwhile, image processing and
analyzing of eye surface showed, in average, 16% decrease in the opening rate of the eye surface by decreasing
the height of the monitor, and 15% increase by increasing it, relative to the standard mode of monitor.

Conclusion: To protect users from computer-related eye strain, it is recommended to correct monitors height to
the standard height along with typing and data entry training for keyboarding skill development and minimizing
working times as a result. What is more, a proper work-rest schedule when working with computer can be
considered as an effective countermeasure to prevent from eye strain.
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1. INTRODUCTION

Progress in technology affects different aspects
of working life including clerical works, designing,
medical facilities, and day-to-day work. During last
decades, working with Video Display Terminals
(VDT) has become widespread and popular in
daily life. Major complaints of VDT users usually
include musculoskeletal disorders, stress, mental
disorders, and eye fatigue. In a review of CVS,
Computer-aided vision syndrome, Reddy found
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that more than 90% of computer users may
experience symptoms such as eye strain, headache,
eye dryness, diplopia, and blurred vision.

One of the main functions of eye blinking, as
a completely involuntary action, is to keep the eye
wet and prevent moisture evaporation from the
eye’s outer surface. Also, blinking protects the eye
against injury, removes particles that may drop in
the eye and also helps to remove cellular debris.
Previous researches have shown that the blinking
rate is reduced when working with computers.
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Dry eye is highly associated with ocular
symptoms and disorders. It has a negative
impact on the people’s quality of life in various
functional aspects including physical, social, and
psychological. Also, dry eye has a negative effect on
the performance of office workers and may cause a
significant reduction in productivity in industries,
too. One of the aspects of workstation design that
can lead to discomfort is the height of electronic
screens. This study aimed to examine the effect of
different monitor heights adjustment on ocular
indicators and eye discomfort among computer
users.

2. MATERIAL AND METHODS

This experimental study was conducted among
11 participants to determine any changes in the
eye indicators including blink rate, the eye blink
opening and closing time, the blink opening rate of
them in three different monitor heights.

The predetermined three heights of monitor
included A) standard height (10 cm below the line
of sight) B) below the standard height (10 cm below
the standard height of the monitor in standard
mode), C) above the standard height (10 cm higher
than the height of the monitor in the standard
position). The number of participants was based
on the previous similar studies and the conditions
existed for this controlled laboratory study.

Inclusion criteria included working with a
computer for at least 3 hours per day, no history
of a disease, eye disorder, or eye surgery, not
taking drugs that affect vision, not using glasses or

contact lenses, and not smoking. At the beginning
of the experiment, the subjects were given a
demographic questionnaire, and they started
the experiment after being fully informed of the
study’s subject and purpose. Also, the participants
completed the eye fatigue questionnaire related to
their daily computer work.

In this study, the number of blinks and the
time of opening and closing of the eyelids were
calculated through videotaping and analyzing
videos using a special image processing software,
developed in this study. To determine eye
indicators, participants read the pre-prepared
text continuously for 10 minutes at three:
standard height, below the standard, and above
the monitor’s standard heights. The text on the
monitor was same for all of the participants.
Likewise, other parameters including eye distance
from the monitor (75 cm), angle and brightness of
the monitor, test time, and ambient light (500 Lux)
all were kept the same among all participants. Each
participant started reading the text on the monitor
and in the meantime, the participants face and
eyes images were recorded. The recorded images
were then uploaded in the software and relevant
analyses were performed independently for each
conditions.

3. RESULTS AND DISCUSSION

Tables 1 and 2 show demographic characteristics
of the participants, with an average age of 25+1
years. The results showed no significant relationship
between eye fatigue and gender (p> 0.05) for three

Table 1. Demographic characteristics of the participants

Age (year)

Hours of computer use per day

Hours of mobile use per day

Average hours of sleep per night

Last night's sleep hours

24 27 25.25
4.58
3.92
7.33
6.42

N O o N

3
1
6
5

Table 2. Findings related to eye fatigue of computer users

Eye strain 0
Visual impairment 50
Eye surface disorder 33.33
Extraocular problems 8.34
Final score 22.92
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41.66
25.01
41.66

25.01
33.33

8.34 50
16.67 8.34
8.34 16.67
33.32 33.32
16.66 27.09
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Table 3. Complete and incomplete blink rate and eye surface opening at three different monitor heights

Right Right Right
Complete  Incomplete ;ge Lefteye =~ Complete Incomplete ;ge Lefteye =~ Complete Incomplete elge Left eye
Blink rate  Blink rate A surface  Blinkrate  Blink rate A surface = Blinkrate  Blink rate A surface
( in) | ( in) surface i ( n) in) surface i ( n) | ( in) surface i
er min er min openin er min er min openin er min er min openin
17 P opening P ERE 14 opening P g P opening P J
Mean 7.31 5.97 36.03 36.14 8.9 42.84 42.65 7.8 6.3 49.28 49.93
Standard | 0 62 8.67 8.63 6.9 7.58 8.32 67 62 10.1 7.98
deviation

different monitor heights (Table 3).

4. CONCLUSIONS

Findings in the present study showed that
the highest rate of blinking was related to the
standard height of the monitor and blinking rate
was significantly different at three different heights
of the high, standard, and low levels. The lowest
rate of blinking was belong to the low and high
height with an average of 7.3 and 7.8 times per
minute, respectively, and the highest number of
blinking was for standard height with an average
of 8.9 times per minute. The results also showed
that with decreasing the height of the monitor
compared to the standard mode, the amount of
eye surface opening decreased by an average of
16% and with increasing the height of the monitor
compared to the standard mode, the amount of eye
surface opening increased by an average of 15%.
Previous researches showed that adults blink on
average once every 4 seconds, but when they are
concentrating on a subject or performing a task
that requires high concentration, the number of
blinks drops to 3 to 4 times per minute. This change
causes stress on the eyes which leads to dry eyes.
In this study, no relationship was observed between
gender and blink rate at the three different heights.
A study by Yolton et al. found no difference in
the number of blinks between men and women.
According to the study results, it was observed
that there was no significant relationship between
gender and eye fatigue (p>0.05). Also, in a study

[ DORI00112251807140112144]
v
o)

conducted by Darsanj et al. to evaluate eye fatigue
in bank employees, it was found that eye fatigue
was not significantly associated with gender. In
the present study, no remarkable difference was
observed between the opening and closing times
of the eyelids at three different heights of monitor.
Reading electronic texts increases the percentage of
incomplete blinking. Previous studies have reported
that experiencing eye problems in computer users
is associated with an increase in incomplete blink
rate.

It is recommended that the screen should be
located below the line of sight, i.e., the center of
the screen should be 15 to 20 degrees (10 to 15 cm)
below the line of sight. The 20-20-20 rule can relax
the eyes by looking at a distant point (20 feet away)
after 20 minutes of working with the computer for
20 seconds.

Excessive focus on the screen reduces the
blinking rate and results in dry eyes. The number
of blinks decreases to 5 to 9 times per minute
while working with a computer, however, the
average blink rate when you are not working with
a computer is 20 to 24 times per minute. In this
regard, to prevent dryness of the eye’s surface, blink
voluntarily. Studies have shown that the voluntarily
blinking rate can be increased up to 14 times per
minute.
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