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Abstract

Objectives: Blind working (BW) time (time during which vision is not required), the
interblink interval (IBI), and subjective symptoms were investigated in workers
using visual display terminals (VDTs).

Subjects and Methods: To investigate BW time, 10 VDT users were instructed to
close their eyes when this did not interfere with their work. They were video re-
corded for 60 minutes using a webcam attached to the display on which they were
engaged in regular data input tasks, and BW time was measured. The values of the
IBI during the final 20 minutes of the BW experiment and during the final 20 min-
utes of normal working without BW were compared. A questionnaire was adminis-
tered to investigate subjective symptoms using a visual analogue scale.

Results: The total BW time during the final 20-minute period was 20.6-121.0 sec-
onds (1.7%-10.1%). The mean IBI of 5.5 + 4.5 seconds during the BW experiment
was not significantly different from that of 6.2 + 5.6 seconds during normal work-
ing, and the mean of three IBIs immediately after BW during the BW experiment
was 2.7 + 1.0 seconds, significantly shorter than the 6.2 + 5.6 seconds during nor-
mal working. Dry eye, ocular fatigue, and blurred vision during normal working
improved when subjects were engaged in BW.

Conclusions: VDT users could engage in BW during VDT work, the IBI was shorter
immediately after BW, and subjective symptoms improved. These results suggest
that BW may provide a more effective measure for the management of VDT working

time.

KEYWORDS

blind working, eye closure, interblink interval, subjective symptoms, visual display terminals

actual workplace, however, reasons such as being too busy
or actually being hesitant to take breaks often make it dif-

Workers using visual display terminals (VDT) often com-
plain of dry eye,l‘2 ocular fatigue,3’4 and other ophthalmic
symptoms. Visual health surveillance has therefore been
considered a key element for the protection of VDT users.’
VDT working time and the management of breaks during
VDT work are a major issue in occupational health. In the

ficult to take breaks during VDT work. Therefore Anshel®
mentioned the “20-20-20 Rule” idea in the 1990's, suggest-
ing taking a 20 seconds break every 20 minutes by looking
20 feet away for preventing and relieving digital eye strain.
Nowadays many academic societies such as the American
Optometric Association’ and the American Academy of
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TABLE 1 VDT break time guidelines in different countries
Country Title Editor Last review Reference
Japan Guidelines for Industrial Health Controls of Ministry of Health, Labour 2002 9
VDT Operations and Welfare

For operators who are involved in operations applicable to “simple input type” and “binding type” of “operation

type”; in attachment, one continuous operation time must not exceed 1 hour and a break of 10-15 min must be

established before subsequent continuous operation. In addition, short breaks must be established once or twice
within 1 continuous operation time. “Short breaks” are breaks of 1-2 min during one continuous operation time.

United States

Working Safely with Video Display Terminals

Department of Labor 1997 10

We recommend a 10-min rest break after 2 h of continuous VDT work for operators under moderate visual demands;
and a 15-min rest break after 1 h of continuous VDT work where there is a high visual demand or repetitive work

task.

United Kingdom
Regulations

Health and Safety (Display Screen Equipment)

Health and Safety Executive 1992 11

It is not appropriate to lay down requirements for breaks which apply to all types of work. Short, frequent breaks are

more satisfactory than occasional, longer breaks: for example, a 5- to 10-min break after 50-60 min continuous

screen and/or keyboard work is likely to be better than a 15-min break every 2 h.

Ophthalmology8 have referred and recommend it for preven-
tion of eye strain. The rule has already been applied in the
advanced enterprises of occupational health. The guidelines
on VDT work including break times have also been drawn
up in many countries’'! (Table 1). A long time has passed
since these guidelines were formulated, and the past decade
has seen a continuous increase in the level of dependency on
VDT work in many different professions. VDT working time
and the management of breaks during VDT work are thus
becoming ever more important, and current measures cannot
be described as adequate.

However, there should be periods during VDT work in
which workers can perform tasks that do not require the use
of sight, such as during intervals between tasks, when switch-
ing between screens, or when thinking about the contents of
tasks, and thus at various times they may be simply staring
into space without actually looking at the screen or using
their eyes. We therefore devised a new method of resting just
the eyes during VDT work and reducing eye strain by closing
the eyes even for short periods at times when this does not in-
terfere with the task at hand, which we named “blind working
(BW).” In this study, a webcam was used to video record the
anterior part of the eyes during regular VDT work, and BW
time, the interblink interval (IBI), and subjective symptoms
were investigated.

2 | SUBJECTS AND METHODS

2.1 | Subjects

The subjects who consented to participate in the study
were 10 office staff in the General Affairs Department of
our hospital who had never been examined in the hospital's
Department of Ophthalmology. None of the subjects came

into contact with the authors in the course of their work in
the hospital, which involved at least 3 h a day of VDT work.
They included 5 men and 5 women, with a mean age of
40.6 + 8.6 years (range 28-52 years). None of them suffered
from any eye conditions other than ametropia, and all were
systemically healthy. No subject had a history of refractive
surgery or other ophthalmic surgery, and none was using eye
drops. Subjects with a tear film breakup time (BUT) < 5 sec-
onds, those with chronic subjective ocular symptoms at times
other than during VDT work, and those who wore contact
lenses during VDT work were excluded.

22 |

To investigate BW time, the subjects were told before the
experiment that its objective was to investigate the extent
to which they were using their eyes, and that they should
close their eyes as often as possible when their use was not
required. They were asked to close their eyes when they
were just staring vaguely at the screen while thinking or
engaged in another activity that did not require the use of
their eyes even for short periods, whenever closing their
eyes did not interfere with their work, and they agreed to
do so.

The computer used was the regular desktop computer with
a 20-inch monitor (Vostro®, Dell, TX, USA) that the subjects
typically used for work. The positions of the monitor and
keyboard were adjusted to the regular position used by each
subject while working, with the screen fixed at a distance of
40-50 cm from the subject's eyes. Room temperature was
23°C-24°C, humidity was 51%-55%, and room illumination
was 485-558 lux. The subjects engaged in their usual office
tasks of text and number input, using the refractive correction
method they typically used while working (the unaided eye

Study design



FUJITA ET AL.

for eight subjects and glasses for two) and using their regular
keyboard.

23 |

The anterior parts of the subjects’ eyes were each video re-
corded with a webcam (UCAM—DLISO()TNBK®, Elecom,
Osaka, Japan) attached to the top of the monitor. The subjects
were video recorded for two periods of 1 hour, the limit for
continuous work according to Japanese guidelines: one while
working normally and one while performing BW on the fol-
lowing day. On both days, the subjects worked according to
their regular schedule from the morning, but they refrained
from VDT work from 3 hours before the start of the experi-
ment, took a full break before the start of the experiment, and
confirmed that they were experiencing no subjective ocular
symptoms whatsoever and that their VAS scores for fatigue,
dry eye, and blurred vision were all zero. Video recording
was started between 15:00 and 17:00 each day in line with
the schedule of the individual concerned, in order to carry out
all the day's VDT tasks in a single batch in the late afternoon.
Video recordings of normal working and of the BW experi-
ment were started at the same time of day for each subject.
Although all subjects were engaged in the same type of work,
the types of tasks they performed were the same when this
video was taken, but the contents of the tasks were not identi-
cal to those carried out during the BW experiment.

To prevent subject awareness from affecting IBI measure-
ment results, the subjects were video recorded without being
informed that the IBI would be measured. Since previous
studies have used 10- to 15-minutes periods of VDT work to
analyze the IBI and blink rate,lz'14 and because the subjects
may have been distracted at the start of video recording by
having the camera immediately in front of their eyes, poten-
tially making the data from this period unreliable,'? the 20-
minute period from 40 minutes to 60 minutes after the start
of VDT work was used for the IBI study. The number of times
subjects engaged in BW, the duration of each period of BW,
and the total BW time were also measured during the final
20-minute period. The IBI during normal working and that
during the BW experiment were measured during the final
20-minute period, and the two were compared. The mean of
three IBIs immediately after each period of BW during the
entire 20 minutes of the BW experiment was also calculated
and compared with the mean IBI during normal working.

Measurement

24 | Subjective symptoms evaluation

A questionnaire was administered to investigate subjective
symptoms using a visual analogue scale (VAS). Ocular fa-
tigue, dry eye, and blurred vision immediately after 1 hour
of normal working and immediately after the 1-hour BW ex-
periment were compared. Whether there was a dose-response
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relationship between the VAS scores during the BW experi-
ment and the total BW time was also investigated.

2.5 | Ethics statement

This study complied with the Helsinki Declaration, and writ-
ten, informed consent for voluntary participation was ob-
tained from the subjects on the basis that every effort would
be made to ensure that there was no external leakage of per-
sonal information, and that the results would be statistically
analyzed and published. This study was approved by the
Ethics Committee of Kuwano Kyoritsu Hospital (approval
number 160201).

2.6 | Statistical analysis

The results are expressed as means + standard deviation.
Wilcoxon's signed-rank test was used to evaluate the IBI
during BW and subjective symptoms after BW. Spearman's
partial rank correlation coefficients controlling for the VAS
scores during normal working were calculated to evaluate
the correlations between the VAS scores during the BW
experiment and total BW time. All statistical analyses were
performed using SPSS version 22.0 for Windows (IBM
Japan, Tokyo, Japan). P < 0.05 was considered significant.

3 | RESULTS

Table 2 shows the data for each subject from the final
20 minutes of the BW experiment. They engaged in BW
7.4 + 4.7 times (range 4-19 times), and the duration of
each BW was 8.6 +4.8 seconds (range 2.7-17.3 sec-
onds). The total BW time was 57.6 + 36.5 seconds (range
20.6-121.0 seconds), comprising 4.8% + 3.0% (range
1.7%-10.1%) of total working time.

The IBI was 6.2 + 5.6 seconds during normal work-
ing and 5.5 + 4.5 seconds during the BW experiment, a
difference that was not significant (P = 0.245). However,
the mean of three IBIs immediately after each BW during
the 20-minute BW experiment was 2.7 + 1.0 seconds,
significantly shorter than the IBI during normal working
(P =0.042) (Figure 1).

The VAS scores for dry eye, ocular fatigue, and blurred
vision were 49.7 + 27.8, 54.3 +25.9, and 39.6 + 27.0,
respectively, during normal working and 29.1 + 20.7,
29.1 +24.1, and 26.5 +2 0.6, respectively, during the BW
experiment. The scores for all three symptoms were sig-
nificantly lower during the BW experiment than during
normal working (P =0.003, 0.004, and 0.024, respec-
tively) (Figure 2). The VAS scores for ocular fatigue were
significantly correlated with total BW time (p = —0.694,
P =0.038), but there was no significant correlation with
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TABLE 2 Blind working time during a 20-min period

Subject number Age (y) Frequency
1 40 9
2 40 10
3 28
4 52 4
5 51 5
6 38 19
7 30 4
8 48 9
9 33 4
10 46 4
*
N.S.
12
11 4
104
LIy
> 81
£ 71
x 64
=
25T
@
E ¥
3 -
2 -
1 -
0 -
During normal working During BW experiment Immediately after BW
FIGURE 1 Interblink interval (IBI) during blind working (BW).

There is no significant difference between the IBI during a 20-min
period of normal working and that during a 20-min period of the BW
experiment, but the mean of three IBIs immediately after BW during
the BW experiment is significantly shorter than that during normal
working. N.S.: Not significant. *P < 0.05

either dry eye (p =-0.512, P =0.159) or blurred vision
(p=-0.121, P = 0.757).

4 | DISCUSSION

Guidelines on VDT work are inconsistent, varying from
country to country.15 Measures for the management of breaks
during VDT work (Table 1) also vary, with no actual figures
stipulated by the United Kingdom, but included in the guide-
lines used in the United States and Japan. In the US, these
figures are only recommendations, but in Japan, the Ministry
of Health, Labour and Welfare has issued guidance that they
are to be complied with. Breaks during VDT work are de-
fined as follows: “Time in which VDT work is temporarily
interrupted, exercises such as stretching different parts of the

Proportion of

Mean duration (s) Total duration (s) total time (%)
123 +8.0 110.8 9.2
72+8.1 71.9 6.0
36+14 21.7 1.8
52+24 20.6 1.7
11.8 +£8.1 58.8 49
2.7+0.9 51.1 4.3
17.3 +16.5 69.3 5.8
134 +52 121.0 10.1
74+5.0 29.3 24
55+1.0 22.0 1.8
100 1 * *
90 ,7 ’7 * %
80 ’7
70
¢« 601
§ 50 4
40 -
30
20
10
0+ . .
Dry eye Ocular fatigue Blurred vision
FIGURE 2  Subjective symptoms after blind working (BW).

Dry eye, ocular fatigue, and blurred vision improve after the BW
experiment. [ll: Normal working. []: BW experiment. *P < 0.01.
**P < 0.05

body are performed, or other tasks are carried out,” meaning
that work is included in breaks as long as it is non-VDT re-
lated. It is assumed that breaks need not be stipulated during
non-VDT work, as this does not involve looking at a screen,
but they are required during VDT work because this entails
continuously looking at a screen. This is because the various
ophthalmic symptoms caused by VDT work are considered
to result directly from the action of looking at the screen.
Based on the above reasons, in this study, the Japanese guide-
lines were followed by defining “breaks during VDT work”
as “breaks from looking at the screen.” It should be noted
that VDT users in this study could engage in BW during
VDT work. During BW, the subjects were not looking at the
screen, and this therefore corresponded to a break. None of
the countries mentioned above has formulated new measures
for breaks in VDT work guidelines, but BW may provide a
new method of taking breaks during VDT work. We there-
fore discuss the length, frequency, and timing of BW in a
comparison of guidelines and studies of breaks during VDT
work.
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In terms of the length of BW, this study showed that
4.8% + 3.0% of working time could be occupied by BW,
and the longer the duration of BW, the lower was the level
of ocular fatigue. For example, if a shift of VDT work lasts
4 hours, Japanese guidelines state that breaks should account
for 13.8%-21.3% of total working time, and US guidelines
state that they should account for 4.2%-18.8%. For the subject
in this study with the shortest total BW time, it accounted
for 1.7% of total working time, which means that BW time
was about the same length of time as a short break accord-
ing to the Japanese guidelines. For the subject with the lon-
gest total BW time, it accounted for 10.1% of total working
time. In terms of the US guidelines, the tasks undertaken by
the subjects corresponded to “repetitive work tasks,”'” and
BW time did not fully cover the entire break time required
during VDT work. However, the present results suggest that
BW may shorten the time spent looking at the screen and the
required break time. According to the Japanese guidelines,
VDT work may be divided into six different categories, com-
prising simple input, binding work, surveillance, writing/edi-
torial work, technical work, and other types, and the subjects
of this study were engaged in simple input type VDT tasks.
It may be envisaged that variations in BW time will be even
greater depending on the different professions, types of busi-
ness, and individual abilities of VDT workers, as well as the
nature of their work and the time when they perform it. For
example, traffic monitoring and other surveillance type tasks
that require constant watching of a screen will not offer much
time for BW. Conversely, technical VDT workers engaged in
tasks such as programming or technical drawing may be able
to take more time for BW. We do not believe that BW time
can fully cover the entire break time required for all VDT
workers. We consider that once individuals have established
the optimum frequency and duration of BW for themselves,
they can combine BW with other break times in order to man-
age VDT working time appropriately.

With respect to the frequency of BW, subjects engaged in
BW 7.4 + 4.7 times (range 4-19 times) in a 20-minute period,
which is a greater number of breaks than those stipulated in ei-
ther the Japanese or US guidelines. The UK guidelines state that
“Short, frequent breaks are more satisfactory than occasional,
longer breaks,”'! and Balci et al'® reported that among the three
work-rest schedules (60-minute work/10-minute rest, 30-min-
ute work/5-minute rest, and 15-minute work/micro breaks), the
15/micro schedule resulted in the lowest eyestrain and blurred
vision, and the highest speed, accuracy, and performance, sug-
gesting that BW may also help improve work productivity.

The timing of BW is also extremely important. The UK
guidelines state that “The timing of the break is more im-
portant than its length,” and that “Informal breaks appear
from study evidence to be more effective in relieving ocular
fatigue than formal rest breaks.”'! As VDT users may feel
some resistance to taking the sort of enforced, passive breaks
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stipulated by the Japanese guidelines, they may also not be
effective. Although the subjects in this study were able to use
BW as many times as they liked while working, in reality,
VDT users will probably not take every opportunity to en-
gage in BW. Individual VDT users should choose to engage
in BW appropriately when required and for as long as they are
able to do so, and one advantage of BW is that the timing of
actively taking informal breaks can be controlled.

As blinking is heavily influenced by external factors,'” the
IBI should be measured under conditions as near to natural
as possible. As an IBI method, we also investigated meth-
ods of regularly closing the eyes during a work-rest sched-
ule comprising a 15-minute work period and micro breaks.'®
In this method, however, even if blinking was not directly
mentioned in the explanation prior to the experiment, sub-
jects would still be aware that they were being video recorded
when their eyes were open, and this would risk affecting the
IBI. In the method used in this study, it was explained be-
fore the experiment that it concerned BW, so that the subjects
primarily paid attention to closing their eyes, and they were
unaware that their blinking while their eyes were open would
be analyzed. In this study, the subjects were also faced with a
camera immediately in front of their eyes, placing them under
stress, and they were asked to close their eyes, something
they did not usually do. To measure blinking under these
circumstances, intervention involving eye closure should be
minimized. Compared with the method of regularly closing
the eyes mentioned above, which entails engaging in an un-
familiar task while compulsorily closing the eyes regularly
in response to an external sound or words, the method used
in this study enabled the subjects to work as usual in their
regular workplace in an extremely relaxed environment, en-
gaging irregularly in BW with no external elements, and thus
enabled the IBI to be measured with greater accuracy.

The mechanism whereby the IBI became shorter imme-
diately after BW might have involved reactive blinking due
to light stimulation, the induction of voluntary blinking from
the psychological perspective after the temporary cutoff in
Vision,17 or the stagnation of tear circulation as a result of
BW, causing diminished tear stability that would be improved
by blinking.l&19 Concentrating on looking at a screen also
reduces blinking,zo’21 and conversely, paying attention to the
act of closing the eyes in BW may induce blinking, which is
also the act of closing the eyes and increase its frequency.

In 2016, the diagnostic criteria for dry eye were revised to
“BUT < 5 seconds with subjective symptoms (eye discom-
fort or abnormal visual function),”22
viewed as clinically important in dry eye. In this study, sub-
jective symptoms of dry eye and ocular fatigue were improved
by BW. BUT has been reported to be <5 seconds in 78.6% of
VDT users,23 and another study found that BUT is shortened in
VDT users because of a decreased frequency of blinking and an
increased rate of tear evaporation.l’24 If the time spent looking

and these two factors are
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at the screen could be reduced by BW, this would decrease the
time during which the cornea was exposed, diminishing tear
evaporation. The finding in this study that the IBI is shorter im-
mediately after BW also suggests that improved tear exchange
as aresult of BW may help improve the reduction in BUT. These
findings indicate that BW may contribute to decreasing dry eye
among VDT users. Ocular fatigue and blurred vision were also
improved by BW. The improvement in dry eye described above
may also have improved these symptoms. Another reason may
be that, although the sympathetic nervous system predominates
under light stimulation, when the eyes are closed, 100% of ex-
ternal light is blocked, and the iris sphincter and ciliary muscle
relax, reducing the strain on adjustment function.

Neither the US nor the UK guidelines mention closing
the eyes during breaks in VDT work. The UK guidelines for
breaks do state that “focusing eyes on distant objects can be
helpful,”"! but this may not be possible in a small room or if
sitting facing a wall. Not only does closing the eyes have the
advantages of BW described above, but the accommodative
resting position is also maintained,” and blocking out infor-
mation from the outside world may help improve concentra-
tion after the break, meaning that it may also be useful during
breaks in VDT work.

The time spent on close work by not only the VDT users
but also people in general has increased dramatically in re-
cent years, and an advantage of the use of BW is that it is not
limited to VDT users or dry-eye patients. The use of BW is
premised on ensuring both the safety of the individual con-
cerned and the understanding in the workplace, and that it
must be performed with caution goes without saying. In our
contemporary world, it is hoped that, in this age of intense
close work, people will soon be able to selectively receive
visual information from the outside world through new ways
of using the eyes, such as blind learning and blind listening,
in addition to BW, and to benefit greatly from these methods.

This study had a number of limitations. The first was its
nature as a short, small-scale study with only 10 subjects.
However, there was individual variation in BW between the
subjects depending on their ability, judgment, and level of fa-
miliarization. It may also be envisaged that BW time will vary
greatly among VDT users overall depending on their profes-
sion and the contents of the task involved. For this reason,
measuring the BW time on a large scale would not be par-
ticularly meaningful. In relation to breaks while working, the
UK guidelines also state “it is the nature and mix of demands
made by the job which determine the length of break neces-
sary to prevent fatigue,”'! and they do not indicate a specific
optimum break length. Rather, the significant point in this
study is the focus on the performance of several episodes of
BW by all subjects in the short period of 20 minutes, which
has not been attempted in previous studies, to the best of our
knowledge. Second, IBI evaluation was performed for 10
subjects over a 20-minute period. Previous studies of the IBI

and blinking rate evaluated these parameters using 7,13 10,%
and 12 subjects; thus, this study was not inferior to previous
ones on this point. Third, in this study, it was shown in 1 hour
using a VAS that BW improved subjective symptoms. In their
study of 10 VDT users, Balci et al*? also reported that the
work-rest schedule consisting of a 15-minute work period and
micro breaks was useful for improving ocular fatigue, with the
assessment performed over the short period of 1 hour. VAS
evaluation is widely used in the ophthalmologic field,””* and
Ren et al”’ also found that VAS scores of ocular fatigue im-
proved with applications of a new warm moist air device to
the eyes of the subjects, which was evaluated over a 1-hour
period as well. Fourth, as the subjects were not all performing
the same task, the results may have been affected. The focus
of this study was on BW and the IBI, and it was therefore
carried out under conditions close to those of actual clinical
situations. However, studies are also required to investigate
the use of BW in standardized tasks under consistent condi-
tions, particularly using a VAS to assess subjective symptoms.
Because the study was carried out in an actual workplace, tests
for dry eye, such as BUT and tear meniscus height, could not
be carried out immediately after video recording. We intend to
continue to carry out studies of the IBI when BW is performed
for a specified time, of subjective symptoms, and of dry-eye
tests after the performance of BW, using more subjects and
over a longer time period, and with the subjects performing
standardized tasks under consistent conditions.

S | CONCLUSION

In this study, it was shown that, in VDT users engaged in
BW during VDT work, the IBI was shorter immediately after
BW, and BW improved subjective symptoms. These results
suggest that BW may provide a more effective measure for
the management of VDT working time, and that it may be
possible to add BW as a new decision-making criterion in
VDT work guidelines.
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