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Purpose: The present study was conducted to investigate whether near work with smartphone could induce the
change of accommodative function. Methods: Total 63 subjects(26 male and 37 female) in their 20s were firstly
examined their visual functions related to accommodation and uncorrected spherical equivalent power as the
control. After that, the subjects were asked to read a book for 30 min and sequentially watch a movie on
smartphone for the same time after 30 min-break under the indoor light or as it was in the reverse order to avoid
time-ordered effect. Their accommodative functions, 1) accommodative amplitude, 2) accommodative facility, 3)
relative positive/negative accommodation, and 4) accommodative lag and their uncorrected spherical equivalent
power were examined again following each task and compared with the control values. Results: The monocular
accommodative amplitude was significantly decreased after smartphone watching compared with it after reading.
The monocular and binocular accommodative facilities were tended to reduce after smartphone watching and
book reading but were not significantly different. Neither significant change in positive relative accommodation
was determined after smartphone watching nor book reading. Negative relative accommodation after smartphone
watching was almost unchanged unlike reading a book. The accommodative lag after smartphone work was
significantly higher than after book reading. Conclusions: The near work with a smartphone for 30 min induced
the change of some accommodative functions, which was significantly greater than when reading under the same
working environment.
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INTRODUCTION

In recent years, the use of small electronic devices such
as tablet computers, PDAs, and smartphones has increased
worldwide as easier and faster execution of various tasks
such as information retrieval by internet access and sched-
ule management is possible without any restrictions by
time or place. An estimated 32.7% of the world's popula-
tion are now internet users, ranging from 78.4% of the
population of North America to 13.5% of that of Africa,
which is a 4% increase from 2010.?! The rapid expan-
sion of internet usage has been facilitated by the increased
penetration rates of mobile phones, including smartphones.
The world's top mobile phone markets are in Europe,

America, and Asia and the Pacific’?) The number of

smartphone users in the US reached 38% of mobile phone
users and 28.8% of the US population in 2011.1*! Further-
more, in the US, more than 60% of mobile users are
expected to use the mobile internet by 2015.*1 According
to recent ICT(Information & Communication Technology)
facts and figures, mobile-broadband penetration exceeds
90% in the Republic of Korea,”! where 65.2% of the pop-
ulation aged 12~59 are mobile internet users who access
internet services by notebook computers and mobile
phones, including smartphones. Thirty-nine percent of the
population aged 12~59 in Korea are smartphone users,
which represents a 30.9% increase from 8.3% in 2010, and
they report spending an average of 1.5~2.5 h daily using
their smartphones.>*!

Recently, Bababekova et al. reported that the font size of
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hand-held smartphones was the same or smaller than newspa-
per print and the working distance with smartphones was
closer than the typical distance of 40 cm for reading hard-
copy text. They hypothesized that the closer distance and
smaller font size could exacerbate eyestrain, discomfort,
dry eye, diplopia, and blurred vision after prolonged smart-
phone use.”! Thus, near work with smartphone use that
requires greater accommodation than other types of near
work, such as reading books and viewing computer moni-
tors, might induce changes of visual function. However,
most recent research on smartphones has focused on medi-
cal or physical applications for efficiently managing patients in
public health and medicine departments.®1”' To date, stud-
ies about subjective symptoms and visual functions have
mainly been conducted to investigate computer vision syn-
dromes associated with computer use and not smart-
phones.""3! In fact, changes of visual function related to
accommodation and convergence after smartphone use and/
or during the course of smartphone use have not been
examined until recently, when Park et al reported that sus-
tained smartphone work for 20 min induced a greater exo-
phoric shift and recession of near-point of convergence
(NPC) than were recorded after viewing a computer moni-
tor."*! However, changes in visual function other than near
lateral phoria and NPC induced by smartphone use were
not investigated. Only the study related to visual acuity
and refractive error after smartphone use were conducted
by the other research groups.!">!®! Thus, the present study
was conducted to investigate how smartphone use affects
accommodation. Accordingly, changes in accommodative
function after sustained smartphone work were compared with
those induced by near work with reading a book for the same

period.
SUBJECTS AND METHODS

1. Subject

Sixty three healthy volunteers aged between 20 and 28
years (male 26, female 37; averaged 22.5+3.7 years) with-
out ocular disease, ocular surgery history, or accommoda-
tive dysfunction as evidenced from eye examination by an
ophthalmologist were participated into the study from June
2012 to May 2013. All subjects had a decimal visual acu-
ity of at least 0.8 with their habitual refractive corrections. The
study protocol adhered to the tenets of the Declaration of
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Helsinki and was approved by the ethics committee of
Seoul National University of Science and Technology. Written

informed consent was obtained from all participants.

2. Working environment for book reading and smartphone
use

Sixty three subjects were firstly examined their accom-
modative function as control value and then asked to
sequentially conduct a book reading and smartphone use
for 30 minutes with the 30 minute-break between two
works in a room sized 8 x 7 m. illuminated with 370 lux
to avoid the subjects’ distraction due to other cues during
each work. The order of book reading and smartphone use
was randomly determined in order to avoid time-ordered
effect. When the subjects were asked to read a book,
“Harry Potter and the Sorcerer’s Stone” (book size,
15 x 23 cm; font size, 3.5 mm as the height of a Korean
letter) was given at a distance of 40 cm in the same room.
When asked to use a smartphone, the 63 subjects were
asked to watch the movie “Iron Man” (SF Film, Para-
mount Pictures) with subtitles in Korean (font size, 3.5
mm as the height of a Korean letter) for 30 min at a
viewing distance of 40 cm (smartphone screen size 10.2
cm in diagonal, resolution of monitor 480 x 800, lumi-
nance of monitor 290 cd/m?) in the same room illuminated
with 370 lux. The viewing distance for reading and smart-
phone watching was determined to be a visual angle of
~30 arcminutes when the subjects read the Korean font
during each task. The lighting condition was determined
based on results of a survey conducted by the Korea Inter-
net and Security Agency in 2011.5% Based on data from a
previous study!”! and the recommendation from the Korea
Ministry of Employment and Labor,!'”! the working angle
for reading a book or viewing a smartphone was fixed at
20~25° below the eye by using a holder. All tasks were
performed in the same room under indoor lighting of 370

lux and monitored by an examiner.

3. Questionnaire

After each task, the subjects were asked to answer a
simple questionnaire to evaluate any subjective symptom
noted during reading or watching. Each question was fully
explained to ensure understanding. The symptoms were:
(1) watery eye, (2) dry eye, (3) burning eye, (4) eyestrain,
(5) headache, (6) blurred vision, and (7) diplopia. The sub-
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jects were asked to answer either yes or no to each symp-
tom on the list, and they were allowed to choose as many
symptoms as they experienced during reading or watch-
ing. A symptom that was marked as at least two times and

more present was also considered a positive response.

4. Subjective evaluation of accommodative function!'81?!

Each subject’s accommodative function was evaluated
prior to doing book reading or smarphone use. The accom-
modative amplitude, accommodative facility, relative accommo-
dation and accommodative lag with habitual refractive
correction by using a trial frame were recorded as control
values. For examining the subjects with emmetropia and
contact lens wear, the trial frame was used as the refer-
ence plane. Afterwards, the subjects were asked to do
book reading or smartphone use and the accommodative
functions listed above were re-examined and compared
with the control values. The examinations of visual func-
tion were performed in the same 8 x 7 m. room illumi-
nated with 370 lux, except for the accommodative lag

examination (50 lux).

1) Accommodative amplitude

The accommodative amplitude (AA) was determined by
the push-up method of Donders. For measuring monocu-
lar AA, a small letter (corresponding to decimal visual
acuity of 0.7) from a card was placed in front of an open
eye while covering the other eye. The card was gradually
moved closer to the subject by an examiner until the first
sustained blur point was notified by the subject. The AA
(in diopters) was recorded as the reciprocal of the dis-
tance (in m) from the card to the subject at the first sus-
tained blur. The examination was repeated 3 times and

averaged.

2) Accommodative facility

The subjects were asked to hold a +2.00 D flipper in
front of their trial frame with their habitual refractive cor-
rection. When the subjects clearly read a small letter corre-
sponding to 0.7 visual acuity in decimal from a high
contrast black and white card at a distance of 40 cm, they
were asked to notify to an examiner and invert their flip-
per to —2.00 D and then to read the letter clearly again.
When the subject clearly read the letter through both sides

of the flipper, it was regarded as 1 cycle. The total num-
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ber of cycles per min was recorded as accommodative
facility. Both monocular and binocular (with no suppres-

sion) examinations were repeated 3 times and averaged.

3) Relative accommodation

Relative accommodation was examined with the ver-
gence stimulus held constant by placing a card at a dis-
tance of 40 cm from the eyes. Accommodative stimulus
was binocularly decreased by adding (+) lenses in +0.25 D
steps over a trial frame with the habitual refractive correc-
tion until the subject was unable to read. The total amount
of the (+) lenses at this point was referred to as the nega-
tive relative accommodation (NRA) value. For examining
positive relative accommodation (PRA), the accommoda-
tive stimulus was binocularly increased by adding (-) lenses in
—0.25 D steps until the first illegible point was noticed by
the subject. The total amount of (-) lenses added at this

point was referred to as the PRA value.

4) Accommodative lag

A cross-cylinder with 0.50 D was placed in the phoropter
(JP/RT-600, NIDEK) with the minus axes in the 90 degree
position, and the subject viewed a cross-grid chart (white
background; Topcon NEAR-POINT CARD NC-3) at a dis-
tance of 40 cm from the eyes in a room illuminated with
50 lux. Then, an additional +2.00 D was placed to sup-
press some possible over-accommodation in front of the
subject’s eyes. The subject was asked to state which lines
were darker or more distinct. The addition was then reduced
binocularly in 0.25 D steps until the subject answered that the
vertical and horizontal lines were equally distinct. The dif-
ference between accommodative stimuli and response was

regarded as the accommodative lag.

5. Objective examination of spherical equivalent refractive
error

The uncorrected refractive errors (spherical and cylindri-
cal) of subjects were measured 3 times before each task
without cycloplegia by an auto-refractometer (SHIN-NIP-
PON JP/SR-7000, JAPAN), averaged, and calculated as
spherical equivalent diopters. After each task, the subjects
were asked to remove the habitual correction with the trial
frame and their refractive errors were measured 3 times
and compared with the uncorrected spherical equivalent

diopter measured before the task to investigate whether
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some myopic shift occurred.

6. Statistical analysis

All results were expressed as mean =+ standard deviation.
Their statistical significance between before and after each
task was determined by one-way ANOVA test using Graph-
Pad Prism 5 (GraphPad Software, Inc., San Diego) and if
significant (p<0.05), group means were compared by post
hoc analysis using Newman-Keuls Multiple Comparison

test.

RESULTS

1. Subjective symptoms

After each task, the subjects answered the simple ques-
tionnaire described above, which comprised a series of
subjective symptoms that they might have experienced
during each task. After each work, 11.2% and 18.4% of
the subjects responded that they occasionally felt some
symptoms at last 10 min during reading and watching sus-
tained for 30 min, respectively. The most frequently reported
symptoms were dryness (43.4%) and eyestrain (24.2%)
among the symptoms surveyed. However, the symptoms were
not severe enough to cause any of the subjects to stop

their tasks before 30 min.

2. Accommodative amplitude

The monocular accommodative amplitude (AA) of 63
subjects was measured as 9.30£1.21 D. The monocular
AA was not significantly changed by the 30 minute-book
reading (Table 1) under the indoor lighting. The monocu-
lar AA after watching a dynamic movie on the smart-
phone significantly decreased, to 8.16+2.43 D under the
illumination of 370 lux (Table 1). When comparing the
changes of monocular AA between book reading and smar-
phone use, the change of monocular AA after smartphone
work was significantly greater than the change after book
reading under same working environment (p<0.05 by one-
way ANOVA and Newman-Keuls Multiple Comparison).
Meanwhile, the binocular AA was 10.62 +1.66 D before
either book reading or smarphone use (Table 1). The bin-
ocular AA was significantly changed only after smart-
phone use not by book reading. There was no significant
difference in binocular AA between smartphone use and
book reading (Table 1).
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Table 1. The change of monocular and binocular accommodative
amplitude after book reading or smartphone use for
sustained 30 minutes

Working group After After
Accommoda- Control reading watchir?g
tive amplitude (D) a book amovie

Monocular 9.30+1.21 | 8.90+2.27 | 8.16+2.43"

Binocular 10.62£1.66 | 10.06£1.71 | 9.45+2.20"

Values are expressed as Mean = SD (n=126, monocular AA; n=63,

binocular AA).

*, Significantly different from the control value at p<0.05; #, Sig-
nificantly different from the value of book reading at p<0.05 (one-
way ANOVA AND Newman-Keuls Multiple Comparison Test)

Table 2. The change of monocular and binocular accommodative
facility after book reading or smartphone use for
sustained 30 minutes

Working group After After
Accommoda- Control reading watching
tive facility (cpm®) a book amovie

Monocular 13.57+3.11 12.45+3.48 | 13.10+4.98

Binocular 12.9843.93 | 11.31£3.31 | 12.09+4.34

dcpm stands for ‘cycles per a minute’.
Values are expressed as Mean+ SD (n=126, monocular AF; n=63,
binocular AF).

3. Accommodative facility

The accommodative facility (AF) was examined in
monocular and binocular vision. The monocular AF after
reading for 30 min was tented to reduce from 13.57 £3.11
cpm to 12.45+3.48 cpm. It was slightly larger than the
0.47 D-decrease after smartphone use however, (Table 2)
however, the change of monocular AF was not signifi-
cantly different.

There was no significant change of binocular AF observed
in neither book reading nor smarphone use even though
the tendency of decrease in binocular AF was shown boh
in book reading and smarphone use (Table 2) like shown

in monocular AF.

4. Relative accommodation

The maximum ability of the ciliary muscle to stimulate
or relax accommodation during clear single binocular
vision was examined binocularly by measuring positive or
negative relative accommodation (PRA or NRA). The PRA
and NRA of the subjects were —3.38 £0.51 D and 2.18 £0.32

D, respectively, before conducting book reading and smar-
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Table 3. The change of binocular relative accommodation after
book reading or smartphone use for sustained 30
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Table 4. The change of binocular accommodative lag after book
reading and smartphone use for sustained 30 minutes

Working group After After
Accommoda- Control reading watchipg
tive lag(D) a book a movie

Binocular 0.25+0.21 0.30+0.16 | 0.49+0.28"*

minutes
Working group After After
Relative Control readinga | watching a
Accommodation book movie
PRA (D) -3.38+0.51 | —3.19+1.60 | —3.10+1.75
NRA (D) 2.18+0.32 | 2.36+0.43" | 2.04+0.58"

Values are expressed as Mean + SD (n=63 for each group).

*, Significantly different from the control value at p<0.05; #, Sig-
nificantly different from the value of book reading at p<0.05
(one-way ANOVA AND Newman-Keuls Multiple Comparison Test)

phone use (Table 3). PRA after reading was slightly reduced
from -3.38+£0.51 D to -3.19+1.60 D, but not signifi-
cantly different (Table 3). PRA values after watching a
movie on the smartphone was changed from —3.38 £0.51 D to
-3.10£1.75 D however, the decrease was not significant.
However, NRA values after reading a book showed a some-
what different result, as NRA of the reading group increased
significantly from 2.18 £0.32 D to 2.36£0.43 D (p<0.05 by
one-way ANOVA and Newman-Keuls Multiple Comparison)
while NRA values were slightly reduced from 2.18 £0.32 D to
2.04£0.58 D after watching a movie on the smartphone
(Table 3). The changes in NRA after book reading and smart-
phone watching were significantly different (p<0.05 by one-
way ANOVA and Newman-Keuls Multiple Comparison).

5. Accommodative lag

The difference between the accommodative stimulus and
the response was binocularly evaluated by measuring the
accommodative lag (AL) using a fused cross-cylinder. AL
was initially determined as 0.25+0.21 D and no change
was observed after book reading for 30 min (Table 4).
However, AL after watching a movie on the smartphone
for 30 min changed significantly from 0.25+0.21 D to
0.49+£0.28 D (p<0.05 by one-way ANOVA and Newman-
Keuls Multiple Comparison). Furthermore, greater delay in
AL was observed when the subjects were conducting the
smartphone work rather than when they were reading
under the same working environment (p<0.05 by one-way
ANOVA and Newman-Keuls Multiple Comparison, Table
4).

6. Spherical equivalent refractive error

The uncorrected spherical equivalent refractive errors
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Values are expressed as Mean £ SD (n=63).

*, Significantly different from the control value at p<0.05; *, Sig-
nificantly different from the value of book reading at p<0.05 (one-
way ANOVA AND Newman-Keuls Multiple Comparison Test)

Table 5. The change of spherical equivalent power after book
reading and smartphone use for sustained 30 minutes

Working gro After After
& group Control reading a watching
book a movie
Spherical equivalent| 3 )0\ ) g5 | 3361108 | —3.45£2.19
power (D)

Values are expressed as Mean + SD (n=63 for each group).

was —3.28 £ 1.85 D before their tasks (Table 5). Slight
myopic change was observed after reading a book (—0.12 D-
shift) and watching a movie on smartphone (—0.17 D-shift),
but not significantly different (Table 5).

DISCUSSION

The present study was conducted to investigate whether
short-term smartphone use could induce changes in accom-
modative function. According to a previous study, the
mean working distance for smartphones was closer than
the near working distance of 40 cm when compared with
reading books.I”! The closer distance will increase demands
on both ocular accommodation and convergence, espe-
cially if maintained for an extended period of time, which
could exacerbate symptoms when compared with longer
viewing distances.*")

Smartphones can be classified among video display ter-
minals (VDT) since they display their screen content by
either liquid crystal display or organic light emitting diodes
and radiate electromagnetic waves.*!! It has been well doc-
umented that VDT workers suffer from eyestrain and
visual stress such as tired eyes, irritation, redness, blurred
vision, and double vision during or after work.*>?* Yoo et
al reported that less blinking during computer work for 90
min caused prolonged near-point distance of accommodation

(NPA), reduced AA and an elongated period of accommoda-

J Korean Ophthalmic Opt Soc.



258 Mijung Park, Young Joo Ahn, Soo Jung Kim, Jiyoung You, Kyung Eun Park, and So Ra Kim

tive tension in Korean adults immediately after computer
work.””! Some decrease of AA and AF after computer
work for 2 h was also reported by Saito et al.”*! In addi-
tion, it was found that a shorter interval of computer work,
such as 20 min, induced dry eye, which can lead to severe
asthenopia.””! However, findings obtained after a VDT work
such as a CRT monitor may not be directly applied for
suggesting the change of accommodative function after
smartphone use because ergonomic workstation and video
display technology have been continuously improved since
these earlier studies.

Even though some subjects reported a few subjective symp-
toms during or after smartphone watching or reading, none
of the subjects abandoned any task before 30 min because
of the symptoms in our present study. Monocular AA was
significantly reduced immediately after smartphone watch-
ing. The change of monocular AA after smartphone watch-
ing was significantly greater than by reading a book.
Smartphone work for 30 min also induced higher AL and
slight lower relative accommodation in binocular evalua-
tion compared with reading. However, the changes in
monocular and binocular AFs after smartphone use were
slightly smaller than by the reading. Uncorrected spherical
equivalent powers were not significantly changed by watching
the smartphone for 30 min at the distance of 40 cm.

Altogether, our results regarding monocular AA changes
after watching a smartphone for 30 min was well corre-
lated with a previous report demonstrating that smart-
phone watching for 20 min induced prolonged NPC and
exophoric shift."*! Furthermore, our results indicate that
the change in some accommodative functions is more spe-
cific to smartphone use than other near work such as read-
ing a hard copy or watching a computer monitor under the
same working environment. The significant change of AA
in our study was also comparable to the results with com-
puter work cited above, possibly since near work with the
smartphone could cause ongoing tension of the lens fol-
lowed by excessive accommodation.

Seo and Choe previously reported that computer work
induced the decrease of both PRA and NRA in Korean
adults.*”" However, in our study, a PRA (-3.38 £0.51 D) higher
than the expected value of Morgan’s norms (-2.37+1.00 D)
was recorded before the tasks and was slightly changed as
0.28 D of PRA decrease after smartphone use. NRA also
showed only slight decrease of 0.14 D after smartphone
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use. In our study, the subjects had relatively high AA
(9.30 £ 1.21 D) when considering their average age, and
showed some reduced ability to accommodation of stimuli
showing reduced monocular AA and PRA after sustained
smartphone watching for 30 min under indoor light. How-
ever, their ability to relax accommodation, NRA value,
was less affected by smartphone work for 30 min. This
may partially explain why monocular and binocular AFs
were affected only to a minimum by the smartphone use
in our study. Indeed, some subjects showed non-equiva-
lent ability to adjust their lenses to the +2.00/-2.00 D flip-
per during the examination of AFs in monocular and
binocular after smartphone use. On the other hand, read-
ing a book for a sustained 30 min induced a significant
increase in the ability to relax accommodation compared
with the effect of smartphone watching under the same
working environment. These results propose that the abil-
ity to stimulate and relax accommodation is more affected
by smartphone use than by reading a book. However, the
possibility can not be fully excluded that effect of smart-
phone use on relative accommodation may be changeable
according to the increasing working time and/or working
environment since the previous research with CRT moni-
tor showed that longer near work could induce greater
change in PRA and NRA.['!!

In another recent study, Tosha et al. noted an increased
AL in subjects reporting more discomfort, which became
manifest with extended viewing, typically after at least 30
seconds of sustained fixation.””! Accordingly, closer dis-
tance and smaller screen when watching smartphone for
sustained 30 min might induce a larger AL and greater eye
fatigue. Indeed, the increase of AL was significantly
greater after smartphone use than after reading a book,
even though participants conducted each task with the
same posture in the same room for the same duration in
our study.

Insignificant change of uncorrected spherical equivalent
powers following smartphone watching for 30 min was
comparable to a recent report showing that smartphone
viewing at a distance of 40 cm for 30 min didn't change

aided distance visual acuity and refractive error.!'®!

CONCLUSIONS

The short-term work using a smartphone induced the
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following changes of accommodative function: 1) reduced
accommodative amplitude in monocular and binocular, 2)
reduced positive relative accommodation, and 3) higher
accommodative lag when compared with measurements
after reading a book. Therefore, most change of accommo-
dative function was greater after smartphone use than after
reading a book in a similar workstation. However, the rela-
tionship between surrounding illuminations and visual
functions during smartphone work was not clearly deter-
mined by our present results. Even though the change of
accommodative convergence can be indirectly assumed by
the result of relative accommodation, it should be sepa-
rately examined to determine the visual function during
synkinetic eye movement. Thus, further studies about visual
functions in binocular viewing such as positive/negative
fusional vergences, fusional vergence amplitude, relative
vergence and vertical phoria, etc., are necessary to fully
understand the correlation between subjective/objective
symptoms and effects on visual function caused by use of

smartphones for extended periods.
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