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study. The accommodative response was measured using a Grand Seiko WAM
5500 autorefractor. In the TV experiment, three conditions were used initially:
the film was viewed in 2D mode (TV2D without glasses), the same sequence
was watched in 2D whilst shutter-glasses were worn (TV2D with glasses) and
the sequence was viewed in 3D mode (TV3D). Measurements were taken for
5 min in each condition, and these sections were sub-divided into ten 30-s seg-
ments to examine changes within the film. In addition, the accommodative
response to three points of different disparity of one 3D frame was assessed for
30 s. In the Nintendo experiment, two conditions were employed — 2D viewing
and stereoscopic 3D viewing.

Results: In the TV experiment no statistically significant differences were found
between the accommodative response with TV2D without glasses
(=0.38 £ 0.32D, mean * S.D.) and TV3D (-0.37 £ 0.34D). Also, no differences
were found between the various segments of the film, or between the accom-
modative response to different points of one frame (p > 0.05). A significant
difference (p = 0.015) was found, however, between the TV2D with
(=0.32 + 0.32D) and without glasses (—0.38 £ 0.32D). In the Nintendo experi-
ment the accommodative responses obtained in modes 2D (-2.57 + 0.30D)
and 3D (—2.49 * 0.28D) were significantly different (paired t-test p = 0.03).
Conclusions: The need to use shutter-glasses may affect the accommodative
response during the viewing of displays, and the accommodative response
when playing Nintendo 3DS in 3D mode is lower than when it is viewed in

2D.
. to the movies, but can be appreciated at home by usin
Introduction . PP Y 8
3D televisions, computers or game consoles.
The interest in devices that provide a stereoscopic percept Previous studies report that the viewing of 3D contents
has grown dramatically in the last years. This 3D experi- may cause some visual symptoms like blurred and double

ence can be enjoyed almost everywhere and is not limited vision and motion sickness-like symptoms including
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headaches, nausea, and dizziness.'™ Being aware of this
possibility, device manufacturers advise against their use
for prolonged periods by people with personal or family
history of epilepsy or migraines, and children under the
age of 6 years.”” Some people only report the presence of
symptoms during the viewing of 3D contents, whilst for oth-
ers the symptoms persists after the viewing.* In August 2010
the National Consumer Affairs Center of Japan reported five
cases of consumers that experienced severe headaches and
double vision for a few days after viewing 3D movies.®
Although we live in a three-dimensional world, there
are differences between a natural 3D stimulus and the one
recreated by using a flat screen. In the first situation, the
‘real’ world, objects at different distances provide a differ-
ent stimulus to both the accommodative system and the
vergence system, which are determined by the location of
the objects. When looking at a real object, the image will
generally be in focus, whereas other objects located in
front or behind it will be out of focus and diplopic.” The
amount of defocus could provide a clue to the distance
between objects regarding the plane of fixation. In the sec-
ond situation, the stereoscopic images are produced on a
flat screen, and consequently the accommodative stimulus
is fixed, and independent of the geometrical location of
the object, be it nearer or further than the plane of the
screen. In addition, the relationship between the amount
of defocus and the amount of diplopia may be unnatural.”
In order to experience stereopsis the image that reaches
the right eye must be slightly different from that which
reaches the left eye. For most film and television set-ups
this is achieved by using anaglyph filters, polarizing filters
or active glasses (shutter-glasses). For other devices, such
as the Nintendo 3DS, an auto-stereoscopic system is used.
For these, there are two types of technology used (1) lenticu-
lar and (2) parallax barrier. The latter works better for smal-
ler screens,” and this is the system used in the 3DS consoles.
The cause of the onset of symptoms has been attrib-
uted to several factors such as the quality of the 3D
images,”'®"" the distance at what they are viewed'> and
the accommodation and vergence conflicts that may hap-
pen when viewing 3D contents.”>'*'* These two systems
interact; the stimulation of one induces a response in the
other."” The aim of the current study was to compare the
accommodative response when viewing a TV film in 2D
and 3D modes and when players viewed the Nintendo
3DS in 2D and 3D mode. In the TV experiment, three
conditions were used initially: the film was viewed in 2D
mode (TV2D without glasses), the same sequence was
watched in 2D whilst shutter-glasses were worn (TV2D
with glasses) and the sequence was viewed in 3D mode
(TV3D). Measurements were taken for 5 min in each
condition, and these sections were sub-divided into ten
30-s segments to examine changes within the film. Such
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changes could be expected because different portions of
the film will contain images at different depths. In addi-
tion, the accommodative response to three points of dif-
ferent disparity of one 3D frame was assessed for 30 s. In
the Nintendo experiment, two conditions were employed
— 2D viewing and 3D viewing.

Methods

Six sets of recordings were obtained; four using a TV as
the display device and two using the Nintendo 3DS. First,
we measured the accommodative response to the 2D film;
second, the accommodative response to the same
sequence of the 2D film was measured whilst the observ-
ers wore 3D shutter glasses; third, we measured the
response to the same sequence when the film was shown
in stereoscopic 3D. The fourth set of measurements were
taken when the observers fixated three different points
from a single frame, one located in front of the TV
screen, one on the screen and one behind it. The remain-
ing two sets of measurements were taken when the Nint-
endo 3DS was used in 2D and in 3D stereoscopic mode.

Participants

Twenty-two university students (six male, 16 female),
with ages ranging from 17 to 25 years (20.3 + 2.0 years,
mean + S.D.) participated in the TV experiment. Fifteen
university students (11 females, four males), with ages
ranging from 17 to 23 years (20.1 £ 1.5 years), partici-
pated in the 3DS console experiment.

All optometric tests were made by an experienced
optometrist. The participants were required to have good
uncorrected visual acuity of at least 0.0 logMAR ((Snellen
6/7.5 or 20/25) in each eye for distance vision and the
equivalent of 0.0 logMAR (Snellen 6/6 or 20/20) for near
vision). Their phorias were all compensated by fusional
reserves, all had normal near point of convergence
(5 £ 2 cm)'® and an AC/A ratio and binocular accommo-
dative amplitude both of which were normal for their
age. All had stereopsis of 50 s of arc or better, assessed by
Titmus Stereo Test (http://www.stereooptical.com). None
had a personal or familiar history of epilepsy or migraine.
Following the tenets of the Helsinki Declaration, after all
of the procedures were explained the subjects signed an
informed consent form and were then enrolled onto the
study.

Equipment

TV experiment.
The 4th part of the film ‘Monsters vs Aliens’ (www.
dreamworksanimation.com) was used to compare the
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accommodative response when watching the film on TV
in 2D (LCD TV 32LG2100 LG, www.lg.com) and in 3D
(LCD TV LE40C75 Samsung, www.samsung.com). The
accommodation response was measured using a Grand
Seiko WAM 5500 autorefractor'”'® (Grand Seiko, http://
www.grandseiko.com) in the continuous acquisition mode
attached to a custom software to record the refractive power
of the eye at 3 Hz with a resolution of +0.01D.

Console experiment.

The accommodative response while playing Nintendo
3DS in a 2D (two dimensions) mode with the one that
occurs when playing in 3D (three dimensions) mode was
measured while using the sequence ‘Landing at Sea’ of
the PilotWing Resort game for Nintendo 3DS. Accommo-
dation was again measured using the Grand Seiko auto-
refractor.

Procedure

Subjects sat behind the autorefractor and the chair height
and chin rest were adjusted for individual comfort whilst
they were viewing the TV or the console. Ambient light-
ing was kept constant at 20 lux for all experiments. All
measures were taken in the observer’s dominant eye
(determined by the Dolman method'). The TV experi-
ment and the Console experiment were performed on
different days.

TV experiment.

The accommodative response was first measured in 2D
mode (TV2D without glasses) for a period of 5 min. Next,
shutter-glasses were used for viewing the same scene in 2D
(TV2D with glasses) and the accommodative response was
measured for the same length of time. Participants then
viewed the same scene on the 3D TV for 5 min, using the
same shutter glasses. The distance between the television
and the corneal plane of the observers was kept constant
at 2 m for all experiments. At the end of each sequence of
measures, subjects took a break of at least 5 min, and
avoided doing any near vision tasks.

To evaluate the sensitivity of the accommodative system
to the location of virtual 3D points with different dispari-
ties, a frame found 10 min and 54 s into the movie was
used (Figure 1). The participants were instructed to fixate a
point ‘A’, virtually located at 33 cm in front of the screen,
a point ‘B’ in the screen and a point ‘C’ virtually located at
49 cm behind the screen. Measures were collected for 30 s
for each point. The geometric locations of images formed
in front and behind the screen were calculated for an inter-
pupillary distance of 60 mm?® (mean of all subjects).

All measures for the TV experiment were taken on the
same day. The sequence of presentations was not ran-
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Figure 1. 'Monsters vs Aliens’ movie (frame corresponding to 10 min
and 54 s). (a) Point in front of the screen. (b) Point in the screen. (c)
Point behind the screen.
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Figure 2. ‘Pilotwing Resort’ game — sequence ‘Land at the Sea’ for
Nintendo 3DS.

domised because of difficulties in changing the experi-
mental setups.

Console experiment.

The console game Nintendo 3DS was positioned at 33 cm
from the corneal plane of the observer. The observer kept
an airplane flying by using the circle pad button and by
keeping their attention on the helix plane (arrowed in
Figure 2), for a period of 5 min, during which time their
accommodation was monitored. The order of presenta-
tion was randomised. The two measurements were taken
on the same day with an interval of 5 min at least
between each one.

Statistical analysis

To analyze the data, the periods of 5 min were divided in
10 intervals of 30 s. The accommodative response of each
subject was filtered offline to remove measurement arte-
facts due to blinks and fixations losses: values above or
below three standard deviations from the mean were elim-
inated before the data were analysed further.”' The mean
of each interval was computed from the means of all

Ophthalmic & Physiological Optics 32 (2012) 383-389 © 2012 The College of Optometrists 385



Accommodative response to 2D and 3D stimuli

subjects for that interval. The SPSS statistical package v.18
(http://www.ibm.com/software/analytics/spss) was used to
conduct the statistical analysis. The Shapiro-Wilk test was
applied to evaluate the normality of data distribution, and
because none of the variables had a non-normal distribu-
tion, parametric tests were then used. ANOvVA was per-
formed to evaluate the stability of the accommodative
response for the period of 5 min and to compare the
accommodative response to points with different dispari-
ties in the same frame. The comparison between the
experiments TV2D without glasses, TV2D with glasses and
TV3D as well as between 2D ad 3D for the Nintendo exper-
iment were performed by using paired-sample ¢-tests.

Results

TV experiment

For each of the three conditions tested (watching the film
in 2D with and without the shutter glasses and in 3D
mode) the average accommodative response appeared to
be constant over the period of 5 min. The three panels of
Figure 3 display the results obtained when subjects viewed
a film in 2D without shutter-glasses, in 2D with shutter-
glasses and in 3D for a period of 5 min split into 30 s
intervals, respectively. To evaluate the stability of the
response, an ANOvA was performed and no statistical dif-
ferences were found for the 10 intervals in any condition
(TV2D without glasses p = 0.99; TV2D with glasses
p =1.0; TV3D p = 1.0).

Figure 4 displays the average accommodative response
over the 5 min interval for the experiment TV2D without
glasses (—0.38 + 0.32D, mean * S.D.) TV2D with glasses
(=0.32 £ 0.32D) and TV3D (—0.37 £ 0.34D). Statistically
significant differences were found when comparing the
accommodative response when using, and not using, the
shutter-glasses while viewing the film (p = 0.015). Differ-
ences were not statistically significant between viewing the
same sequence of film in 2D (without shutter-glasses) or
in 3D mode (p = 0.43).

Figure 5 displays the results when observers were asked
to fixate a point virtually located in front of the screen
(—0.42 + 0.34D, mean * S.D.), one in the screen (—0.41
+ 0.39D) and a point virtually located behind the screen
(—=0.34 + 0.42D). Although the rank order of these results is
as expected, the differences are small and did not reach statis-
tical significance (p = 0.74).

Console experiment

Figure 6 shows the average accommodative response for
the 5 min trial while playing for 5 min with the Nintendo
3DS in 2D (-2.57 + 0.30D, mean *+ S.D.) and in 3D
(=2.49 £ 0.28D) modes. The accommodative response
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Figure 3. Accommodative response for a period of 5 min while view-
ing: (@) 2D movie without shutter-glasses; (b) 2D movie with shutter-
glasses; (c) 3D movie (Negative values represent a myopic shift in
refraction as measured with the Grand Seiko WAMS5500 as the
patient accommodates for near targets).

was higher when playing in 2D mode, and this difference
was statistically significant (p = 0.03). The difference was
consistent over the whole 5 min period, as shown in
Table 1.

386 Ophthalmic & Physiological Optics 32 (2012) 383-389 © 2012 The College of Optometrists



S Oliveira et al.

0.40+

0.20 4

0.00 - T

=0,20 -

=0.40

=0.60

Accommodative response (D)

=0.80-

—

=-1.004

2D without 2D with 3D
glasses glasses

Figure 4. Accommodative responses for the 2D film (without and
with shutter-glasses) and 3D film (Negative values represent a myopic
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1.00
0.50
0.00

unl&u 1 I

-1.00 9

Accommodative response (D)

-1.50 4

| I |
In front In the screen Behind

Figure 5. Accommodative responses for the three points shown in
Figure 1 which have different disparities (Negative values represent an
increase in accommodation).

Discussion

The primary aim of the experiment was to compare the
accommodative response when participants viewed a
moving visual image presented in 2D and stereoscopic 3D
forms. Both forms were presented in two different ways,
on television and using a Nintendo 3DS.

Considering the TV stimulus first, it was necessary to
use shutter-glasses when using the 3D TV and so the
influence of these glasses on the accommodative response
was investigated. When comparing the film in 2D mode,
there were statistically significant differences (p = 0.015)
between the two conditions of wearing/not wearing the
shutter glasses, with a lower accommodative response

Accommodative response to 2D and 3D stimuli
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Figure 6. Accommodative responses for the 2D and 3D playing
modes (Negative values show an increase in accommodation).

Table 1. The mean, standard deviation and the level of statistical sig-
nificance of the accommodative response measurement in 10 differ-
ent time periods, for 2D and 3D stereoscopic mode in the Nintendo
3DS experiment

Nintendo 2D Nintendo 3D
Time intervals Mean + S.D. Mean = S.D.  Significance (p)
1 (0-30 seq) -2.58+0.30 -249+029 0.083
2 (31-60 seg) -258+0.32 -251+027 0.12
3 (61-90 seg) -2.59+031 -248+027 0.006*
4 (91-120 seq) -259+031 -248+0.31 0.012*
5(121-150 seg) -2.59 £0.31 -2.48+0.30 0.011*
6 (151-180 seg) -2.56 +0.30 -2.46+0.28 0.020*
7 (181-210 seg) -2.55+0.30 -2.49+0.31 0.10
8(211-240seg) -2.55+0.32 -2.50+0.30 0.19
9 (241-270 seg) —-2.57 £0.33 -2.48 +£0.32 0.036*
10 (271-300 seg) -2.56 +0.30 -2.48 +0.32 0.012*
p=1.0% p=1.0%

Values in dioptres — *anova post-hoc bonferroni.

when they were worn. The results found in the 3D stereo-
scopic mode, with the glasses worn, were between these
two values, but were not statistically significantly different
from either (and were almost identical to the 2D without
glasses average). The use of shutter-glasses reduces the
amount of light that reaches the eyes but it does so in
different ways in the two conditions we ran. In the 3D
condition the shutter glasses were synchronised with the
TV and so each eye only saw the one image. In the 2D
condition the glasses were triggered by the infra-red signal
from an adjacent 3D TV and so were not in synchrony
with the 2D TV display, and this could have affected the
accommodation response.
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It is well known that watching film in 3D may lead to
the manifestations of symptoms that are of concern to
the users. In the next part of the study we aimed to eval-
uate how the accommodative system responds when the
images are not always at the same geometric distance
from the observer. We found that the accommodative
response to the 3D film was not significantly different
from that measured when the film was viewed in 2D
mode (p = 0.43) at least for the sequence tested, in which
the most of the images were located in the screen or
behind it, for the period of 5 min. Yang et al.,” conducted
a similar experiment, but during a different time period,
they measured the accommodative response for a period
of 90 min and divided the period into five intervals, and
found statistically significant differences in the accommo-
dative response for some intervals tested. In the present
study no statistical differences were found when compari-
sons were made over 30 s intervals, and this was true for
every interval.

With respect to the points viewed which had different
disparities, no significant differences were found for the
accommodative response for the three different points
evaluated in the same 3D fixed scene (p = 0.74). Having
said this, it is worth noting that the rank order of the
three is as one would expect on the basis of the accom-
modation produced by convergence-accommodation.
Considering this, the results might not be surprising as all
of them might be within the depth of focus of the obser-
ver and thus no conflicts between the accommodation
and vergence systems are expected. It is also worth noting
that all three points are located in the zone of comfort-
able vision.'?

Turning now to the results found when the images
were displayed on a Nintendo 3DS. This device was
launched in March 2011, and was the first portable con-
sole game that allowed users to play in 3D without the
need of special glasses. When playing in 3D mode the ste-
reoscopic images which are at a different depth are all
virtually located behind the screen: the game console only
allows images in uncrossed disparity. In this experiment
we aimed to compare the accommodative response in
two extreme situations: when playing in 2D mode in
which the images are located in the screen (33 cm from
observers corneal plane), and in 3D stereoscopic mode. In
both situations subjects were asked to keep their attention
in the helix plane, which was located geometrically 3.1cm
behind the screen in the 3D stereoscopic mode.*® Consis-
tent with the expectation on the basis of the stimulus, the
3D stereoscopic mode produced less accommodation than
the 2D mode, and the difference was statistically signifi-
cant (p = 0.03). The difference between the two situations
is 0.08D, and in clinical terms this difference has no great
significance and would be the equivalent of playing at
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1 cm further away from the initial position. If we take
into account the virtual location of the helix plane in 3D
mode one might have expected a larger effect. We might
bear in mind that users tend to play for more than just
5 min, so it could be useful to see if the results remain
the same when playing for longer periods of time.

Previous studies have shown that people with binocular
dysfunction may be more susceptible to having symptoms
associated with viewing 3D contents.”>*> Mainos**
reported that accommodative and vergence dysfunctions
can lead to the manifestation of symptoms in users when
watching 3D contents and that the improvement in bin-
ocular vision by visual therapy may reduce its manifesta-
tion. Kim et al.,”> demonstrated that the use of binocular
vision corrective spectacles can reduce the manifestation
of symptoms when viewing 3D contents. The results
found in our experiments may have been different had
the sample included people with binocular vision prob-
lems. Another aspect that may have limited our results in
both of the viewing types (TV and 3DS) is the short per-
iod tested. People tend to spend more than just 5 min
watching films or playing with console games.

In summary, our results suggest that potential com-
plaints from 3D users either with TV displays or console
gaming cannot be explained solely on the basis of abnor-
mal accommodative responses.
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