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ABSTRACT
Objective: To compare the ocular symptoms following sustained near vision between laptop computer and iPad®.
Methods: Forty normal subjects read text from a laptop computer screen and an iPad® screen for a continuous
20 min period. Similar text was used in both sessions, which was matched for size and contrast. After finishing
viewing text, subjects immediately completed a written questionnaire categorizing symptom scores into three groups:
Dry eye, Pain and Blurred vision score. The accommodative amplitude and fusional convergence amplitude at near
vision were also assessed before and after reading.
Results: In both conditions, mean symptom scores were higher during iPad use. When comparing the computer
and iPad conditions, mean scores were statistically significant different in Pain score (6.30 vs 8.70; p=0.025) and
Blurred vision score (10.13 vs 12.03; p=0.041) but no statistically significant difference in Dry eye score (6.30 vs
6.60; p=0.71). There were significant change in accommodative amplitude and fusional convergence amplitude
with near vision when compared before and after near-vision tasks in both cases.
Conclusion: Pain and Blurred vision symptoms following sustained iPad use were significantly worse than those
reported after computer use under similar viewing conditions. However, both computer screen and iPad cause
ocular symptoms having an impact on quality of life.
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INTRODUCTION
Computers and modern electronic devices such as
smartphones, and tablets are extensively used for many
purposes including email, entertainment and internet
access is now in modern daily life. Recently, estimation
of internet usage ranged from 49.6% of Asia to 8.8% of
North America with an estimated 3,611,375,813 users
worldwide (or 49.5% of the world’s population).1 Several
investigators have indicated that as many as 90% of
people working on computer tasks encounter both ocular
and non-ocular computer-related symptoms.2,3 These
symptoms may be associated with non-ocular problems
including setup of equipment or ocular problems such
as refractive error, accommodation to the computer
screen,4-8 or convergence fatigue.4,8

Nowadays design of digital electronic devices is not
only limited to desktop computers, but probably includes
laptop computers, tablets and smartphones which can
operate in any location. Various ocular symptoms from
increased use of computers have been termed computer
vision syndrome (CVS). CVS is defined by the American
Optometric Association as the combination of eye and
vision problems associated with the use of computers
such as eyestrain, ocular discomfort, headache, dry eye
sensation, and blurring at near and double vision.4,7,9
This condition has a significant impact not only on visual
symptoms, but also occupational productivity.10
Currently, iPad®, a new technology tablet computer,
has become one of the most essential parts of daily life
and more popular than a computer among the normal
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population. Advantages of iPad® over computer are
lightweight, portabile, less expensive and other functions.
Although iPad® has less functions than a computer, it
seems likely that iPad® usage is more convenient because
of flexibility and other functions such as internet access,
GPS navigation, social networking, etc. However, both
machines can cause ocular symptoms and reduce capability.
Therefore, the aim of this present study is to compare
the ocular symptoms after near-vision task between
desktop computer and iPad® as well as accommodative
and convergence ability at near vision.
MATERIALS AND METHODS
This study was carried out as experimental clinical
research and was approved by the Committee for the
Protection of Human Participants in Research at the
Faculty of Medicine Siriraj Hospital, Mahidol University,
Bangkok, Thailand (Si. 530/2011). All informed consents
were obtained before initiating the study.
Forty visually-normal subjects having a range age
of 18-30 years were enrolled in this study. All subjects
had habitual visual acuity of at least 6/6 in each eye.
Demographic data including sex, age, underlying diseases,
and ocular problems were recorded. Subject with history
of strabismus, amblyopia, and other ocular diseases such
as cataract, glaucoma, retinal diseases or previous ocular
surgery were excluded from this study. Visual acuity
testing of each eye was performed by using ETDRS4
chart.
Before starting to read the text, accommodative
amplitude was measured by one eye looking at a near

chart from 50 cm then slowly moving the near chart close
to the eye until the subject saw blur. This distance from
eye to near chart was converted to diopters. Fusional
convergence amplitude at near vision was performed
by placing base-out prism in front of either eye while
subject was looking at near chart and then the amount of
prism was gradually increased until subject saw double.
The amount of prism that was just less than one before
subject saw double was defined as fusional convergence
amplitude at near vision.
Each subject was required to read text either from
a computer screen (Dell computer with 17” flat panel
monitor) or an iPad® screen in random order at a viewing
distance of 50 cm for a continuous 20-min period. The
computer text was displayed using Microsoft Word
Software with the monitor set at a pixel setting of 1,024
by 768 the text was Angsana UPC font of 14 point
size with a contrast of approximately 60%. Identical
passages were used in both sessions, which was matched
for size and contrast. The order of the conditions was
counterbalanced (with alternate subjects performing
either the computer or iPad® condition first), and the
two sessions for each subject were separated by a period
of at least 24 hours. After each reading session, subjects
immediately completed a questionnaire. The 10-symptom
questions score were categorized into three groups: Dry
eye, Pain and Blurred vision score as shown in Fig 1.
Visual acuity, accommodative amplitude and fusional
convergence amplitude at near vision were measured
after completing the questionnaire.
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Fig 1. Questionnaire administered to subjects immediately following the reading task.
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Statistical computations were performed with
Statistical Package for the Social Sciences software,
version 11.0 (SPSS Inc., Chicago, IL, USA). Continuous
data were expressed as mean and standard deviation,
and median, minimum and maximum. Number and
percentage were described for categorical data. Wilcoxon
Signed Ranks test was used to compare continuous data
between two groups.
RESULTS
Forty subjects, 31 female and 9 male with mean
age 25.9 years old, were enrolled in this study. There

was no dropout subject. Table 1 shows mean symptom
scores immediately following a near vision viewed either
on a computer or an iPad® screen. Symptom of pain
score in iPad® was statistically significant higher than
computer screen (iPad® 8.7 ± 8.19, computer 6.30 ± 6.93,
p = 0.025). Also, symptom of blurred vision score was
statistically significant higher in iPad® than computer
screen (iPad® 12.03 ± 8.93, computer 10.13 ± 9.61, p =
0.041). However, symptom in dry eye score in iPad®
was higher than computer screen but not statistically
significant (iPad® 6.6 ± 7.09, computer 6.33 ± 6.90,
p = 0.71).

TABLE 1. Mean symptom scores immediately following a near task viewed either on a computer or an iPad® screen.
		

iPad®

Computer

p value

Dry eye score (mean ± SD )

6.6 ± 7.09

6.33 ± 6.90

0.71

Pain score (mean ± SD )

8.7 ± 8.19

6.30 ± 6.93

0.025

Blurred vision score (mean ± SD )

12.03 ± 8.93

10.13 ± 9.61

0.041

Both accommodative amplitude and fusional
convergence amplitude at near decreased after sustained
reading text in both devices. However, when comparing
accommodative amplitude before and after viewing
the text, there was no statistically significant change
between the two devices as shown in Table 2 ( p = 0.248
in right eye, p = 0.342 in left eye). Also, there was no
statistically significant change in fusional convergence

amplitude at near vision when comparing both screen types
(-4.13 ± 6.12 computer vs -5.10 ± 6.20 iPad®, p = 0.372).
Significant change in accommodative amplitude and
fusional convergence amplitude at near vision compared
before and after near-vision task in both screens was
demonstrated in Table 3 (p = 0.000). Changes in visual
acuity after reading was not found in this study.

TABLE 2. Changes in accommodative amplitude and fusional convergence amplitude at near before and after
viewing text between iPad® and computer.
		

iPad®

Computer

p value

Right eye (mean ± SD )

-3.22 ± 2.53

-2.80 ± 4.26

0.248

Left eye (mean ± SD )

-2.87 ± 2.86

-2.58 ± 3.84

0.342

-5.10 ± 6.20

-4.13 ± 6.12

0.372

Accommodative amplitude

Fusional convergence amplitude at near (mean + SD)

TABLE 3. Mean accommodative amplitude and fusional convergence amplitude at near before and after viewing text.
		

Pre reading

Post reading

p value

iPad®

19.35 ± 8.43

16.13 ± 6.90

0.000

     Computer

19.41 ± 7.95

16.61 ± 6.96

0.000

Accommodative amplitude RE

Accommodative amplitude LE
iPad®

18.98 ± 8.20

16.11 ± 7.29

0.000

     Computer

19.12 ± 7.58

16.54 ± 6.95

0.000

iPad®

35.98 ± 8.99

30.88 ± 10.65

0.000

     Computer

36.35 ± 9.73

32.23 ± 10.77

0.000

Fusional convergence amplitude at near (Prism diopter)
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DISCUSSION
The present study compared ocular symptoms
after viewing text on computer screen to iPad® screen
and the result showed that all 3 ocular symptom scores
following sustained iPad® use were significantly higher
than those reported after computer use under similar
viewing conditions especially Pain and Blurred vision
scores. Several previous researches5,9,11-12 have demonstrated
various ocular symptoms resulting from use of computers
and modern electronic devices. Rosenfield concluded that
64-90% of computer users experience visual symptoms
such as eyestrain, dry eye, diplopia, and/or blurred vision
after prolonged computer use.2 Also, the prevalence of
dry eye symptoms is greater during computer operation.
Chu et al reported that symptoms following sustained
computer use were significantly worse than those reported
after hard copy fixation especially blurred vision during
the task.12 To the author’s knowledge, no previous study
reported the effect of iPad® use on ocular symptoms
and also compared the symptoms after prolonged use
between computer and iPad®.
Computer vision syndrome (CVS) has many
symptoms including eye and vision problems; for example,
eyestrain, headaches, ocular discomfort, dry eye, diplopia
and blurred vision after prolonged computer use.13 To
simplify the analysis of ocular symptom scores, this
study categorized these into 3 ocular symptom scores:
Dry eye, Pain and Blurred vision score. All 3-symptom
scores in iPad® group were higher than in computer
group, although only Pain and Blurred vision score were
statistically significant higher during iPad® operation. The
latter is probably due to screen size and reflection from
iPad® screen. Although identical text was used in the two
sessions, which was matched for size and contrast, screen
size of computer was larger than of iPad® so subjects were
able to see text more comfortably. Two reasons that iPad®
screen had much more reflection than computer screen
were more bright light from iPad® screen and glass used
as material for iPad monitor has more reflection than
computer monitor. Dry eye symptom was not statistically
significantly different between two groups due to similar
reading position to the screen in primary gaze resulting
in corneal exposure; whereas other investigators showed
significant difference in symptom scores following neartask viewed either on a computer monitor or in hard
copy format.12 Another reason was the relatively short
duration of viewing text in this study (20 min) probably
not enough to create dry eye symptoms. Additionally,
young healthy subjects may have experienced a lower
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effect of dry eyes. Thus, other eye examinations such as
blink rate, completeness of blinks and examination of
the tear film would also be useful in evaluating dry eye,
but were beyond the scope of the present study.
The finding of this study indicated no statistically
significant change in accommodative amplitude and
fusion convergence amplitude at near vision between
iPad® and desktop computer. This is consistent with
previous reports noting only minimal differences in either
accommodation or convergence responses between hard
copy and computer viewing.14-18 Accommodative amplitude
and fusional convergence amplitude at near vision after
reading text in both iPad® and computer significantly
decreased compared to before reading in this current
study because of sustained near-task viewing of text for a
long period of time. This is contrary to several previous
investigators, who have reported no significant change in
near point of convergence and accommodation during
computer task.16-19 Even though all subjects had normal
accommodation and fusional convergence amplitude,
it was not possible to rule out other computer vision
syndrome etiologies that might result from eye movement
disorders or tear layer abnormalities. Therefore, visionrelated symptoms can be caused by multiple etiologies
rather than a single underlying cause.20
There are some limitations in our current study.
First, small subject size were recruited in the study.
Second, environmental factors influencing near-task
reading were quite different in each individual such as
brightness or external light from environment probably
disturbed computer or iPad® screen while reading text. Some
subject conditions, for example, fatigue before viewing
text might have affected not only ocular symptoms, but
also accommodation and convergence responses. Lastly,
there were some uncontrolled factors influencing ocular
symptoms such as position of iPad® or computer screen
and reading position of subjects while viewing the text.
In conclusion, ocular symptoms from prolonged viewing
of an iPad® screen is rather identical to those of a computer
monitor under similar viewing conditions. Pain and
Blurred vision symptoms following sustained iPad® use
were significantly worse than those reported after computer
use. Nevertheless, both computer screen and iPad® can
cause ocular symptoms having an impact on quality of life
in daily living. Hence, further investigations or researches
to obtain an advanced knowledge of computer vision
syndrome are essential to understand the pathophysiology
of computer vision syndrome as well as improve the
quality of life in the future.
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