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A B S T R A C T

Increasing popularity of virtual reality (VR) gaming is causing increased concern, as prolonged use induces
visual adaptation effects which disturbs normal vision. Effects of VR gaming on accommodation and con-
vergence of young adults by measuring accommodative response and phoria before and after experiencing
virtual reality were measured. An increase in accommodative response and a decrease in convergence was
observed after immersion in VR games. It was found that visual symptoms were apparent among the subjects
post VR exposure.

1. Introduction

Virtual reality (VR) is a simulated environment where the visual
content and alternatively different senses are entirely computer-gen-
erated and the participant's performance alters the appearance of the
environmental status. The visual stimulus and other sensory channels
such as touch, smell, sound, and taste are presented by a combination of
virtual and augmented reality systems (Rebenitsch and Owen, 2016).

Virtual reality has been rapidly developmental in the recent years,
particularly the VR headsets, which are used by attaching a smartphone
that contain the VR game and mounting it on the head, thus providing
users with a virtually immersive experience (Desai et al., 2014).

The current study uses a VR game as the stimulus as it is perceived
to be more appealing to the user, enhancing maximum immersion;
furthermore players show a higher anxiety level which would enhance
their post VR-gaming response (Pallavicini et al., 2018). VR gaming
blocks out the external environment whilst promoting sensory immer-
sion due to the enlarged field of view (FOV) of the VR headset, pro-
viding users with a greater immersion experience (Martel and Muldner,
2017).

The accommodation and vergence systems are reflexively linked,
interacting with each other through accommodative vergence and
vergence accommodation; where accommodation is stimulated by ret-
inal blur whereas vergence is stimulated by depth (Hung, 2001). Ac-
commodation and convergence are simultaneously occurring ocular
systems that enable normal binocular vision. A disruption in one system

could affect the other (Shiomi et al., 2013). The demand exerted on the
accommodation and vergence systems by VR results to a reduction in
visual performance due to the ocular discomfort experienced (Barnes,
2016). Moreover, discomfort in stereoscopic viewing is caused by the
need of quick adaptation from the vergence system, despite the con-
flicting accommodation system (Hoffman et al., 2008; Lambooij et al.,
2009).

Studies have found a significant effect of VR on accommodation and
convergence (Mon-Williams et al., 1993; Kooi and Toet, 2004;
Rebenitsch and Owen, 2016), caused by a disruption in how these two
systems work together. Shiomi and his colleagues found the incidence
of mismatch between accommodation and convergence which resulted
to complaints of visual fatigue after users were immersed in the VR
world for a period of time (Shiomi et al., 2013).

This paper presents investigations on how the accommodative and
convergence systems are affected after using the VR headset for a
period of time.

2. Methods and materials

2.1. Subjects

Thirty four subjects participated in this study, out of which 21 were
male and 13 were female, with age ranging 18–28 years and mean age
of 23. All the subjects had distance visual acuity of 6/6 or better, of
which 21 were spectacle wearers; normal color vision (correct
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identification of all plates using the Ishihara 24 Plates Edition©); stereo
acuity of 50 seconds of arc or better with The Netherland Observation
(TNO) plates; near point of accommodation within estimated range of
at least 12.5 cm and near point of convergence with break (5–7 cm) and
recovery (7–9 cm); horizontal phoria ranged from 1Δ esophoria to 3Δ

exophoria at distance and 0 to 6Δ exophoria at near.

2.2. Instrumentation

The accessory used during this research was the VR Shinecon®

headset with adjustable inter-pupillary distance as shown in Fig. 1. The
headset provided a field of view of 90–110⸰ with a 360⸰ panoramic view
to the user. The VR Shinecon® focal power of the lenses for both sides
were approx. 16D, and the disparity was achieved by the offset of the
display on the phone (Fig. 2). The focal distance of the VR setup were at
a given range of approx. 55–75 cm.

A smart phone, Lenovo K6 Power with dimensions
141.9× 70.3× 9.3mm and screen size 5.0 inches was attached to the
headset which was then mounted on the subject's head. The screen was
set to 50% brightness.

The VR game Galaxy Wars, available on Google PlayStore, was the
game simulator used as it offers an intense and continuous motion
gaming experience in combat. The content varies significantly from the
nearest virtual plane to be at 3m up to 500m. The sky box (larger
content) had the furthest virtual plane at about 3000m. The illumina-
tion of the game in its display was in the range of 0.4–3.9 lux.

2.3. Procedure

All the subjects played the game Galaxy Wars, for 30min. The lights

in the test room were switched off (approx. 2.5 lux) to avoid reflections
and the subjects were seated on a rotating stool to aid movement.

Prior to the VR simulation, accommodative response, horizontal and
vertical phoria measurements at distance and near were taken. A
phoropter, under good illumination (approx. 572 lux), was used to
conduct the Fused Cross Cylinder (FCC) test to measure accommodative
response. The target was a cross-hatch chart set at 40 cm. Cross cylinder
lenses of ± 0.50 D with the minus axis set at the vertical meridian
were presented binocularly in front of the subject's eyes. Initially, if
horizontal lines were reported clearer, spherical lenses of +0.25 D were
added binocularly until the vertical lines became clearer or the lines in
both meridians were equally clear. This is an indication of lag in ac-
commodation. However, if vertical lines were reported clearer when
first presented with the FCC, spherical lenses of −0.25 D were added
binocularly until horizontal lines became clearer or both meridional
lines were equally clear. A lead of accommodation is indicated in this
case.

The vergence stability was measured using the horizontal and ver-
tical phoria test at 6m and at 40 cm. The test was carried out using a
Maddox rod, a high-powered cylindrical lens that prevents fusion of the
eyes as a point source of white light creates a thin red line. Subjects had
to report esophoria for convergent visual axes and exophoria for di-
vergent. The test was carried out in darkness whereby the Maddox rod
was situated in front of the right eye and the white point source light
shone on the left eye at 40 cm. Distance phoria was measured by pla-
cing the Maddox rod in front of the right eye and shining the point
source light on the mirror situated at 3m. Subjects were expected to
report the position of the red line with reference to the white point
source light. If the line and dot of light coincide, there is no phoria, if
the line is reported to be on the right of the dot, it is esophoria, and
when the line is to the left of the dot, it is exophoria. Prism bar would be
added in front of the eye until the line and the dot coincided, giving the
phoria value. The test compared the pre and post phoria values to de-
termine any changes in convergence. The sequence of measuring ac-
commodative response and phoria was randomized to avoid bias.
Accommodative-Convergence to Accommodation (AC/A) ratio was
then calculated to observe the relationship between the two systems
(accommodation and vergence).

Immediately after the 30min of VR exposure, the accommodative
response and change in vergence status were re-measured using the
same method of FCC and Maddox rod; maintaining the same measuring
procedure. It took approx. 5min to take the accommodative response
and the phoria measurements after the VR immersion. The AC/A ratio
was also recalculated for each subject. Subjects were also asked to re-
port any feelings of discomfort, such as nausea, headache and dizziness.

3. Results and discussion

Paired t-test was used to independently analyze the mean pre and
post accommodative response and horizontal and vertical phoria at
distance and near as well as AC/A ratio. There was significant differ-
ence between the pre and post mean values of accommodative response
[t (33)= 2.72, p < 0.05] (Table 1). The pre and post mean values of
horizontal phoria at near [t (33)= 4.42, p < 0.05] were significantly
greater compared to distance [t (33)= 5.17, p < 0.05] (Table 2).
Wilcoxon Signed-Rank test revealed no statistically significant differ-
ence in median errors of vertical phoria at distance [z=−1.73,
p > 0.05] and near [z= 0.81, p > 0.05] (Table 3). There was

Fig. 1. VR Shinecon® headset was used as the simulator during the research.

Fig. 2. Virtual reality game: Galaxy Wars screenshot.

Table 1
Mean and SD of changes in accommodative response.

Mean (D) SD p

Pre accommodative response −0.06 0.05 < 0.05
Post accommodative response −0.22 0.06
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significant increase in the mean of AC/A ratio of pre and post VR
gaming session [t (33)= 2.489, p < 0.05] (Table 4). Fig. 3 shows the
frequency of participants having visual symptoms after playing VR for
30min.

This paper investigated the mean errors in accommodative response
and the status of vergence through phoria and AC/A ratio after using
the VR headset for 30min. The findings demonstrate an increase in
accommodation and changes in vergence status. The accommodative
response values indicate an increase in lead of accommodation after VR
exposure, suggesting that, after a short period of VR gaming, the re-
sponse of accommodation of the eyes to accommodative targets was
greater. Accommodative response in humans is more prevalent of ac-
commodative lag at near, indicating that the eyes do not accommodate
fully to a stimulus presented at a near distance. However, as found in
this study, the disparity of stereoscopic images on the VR unit has in-
creased binocular disparity, inducing accommodative convergence
which exceeds physiological accommodation lag, resulting to accom-
modation lead, similar to the findings by Iwasaki et al. (2009).

Turnbull and Phillips (2017) reveal minimal effect to the binocular
vision system after 40min exposure to VR HMD as compared to the real
world equivalent task; the dissociated position of the eyes was not af-
fected by the accommodative demand at both distance and near, im-
plying no accommodative fatigue. This could be due to the stimulus; an
outdoor island environment where participants were required to find

treasures around the island and an indoor cabin with a documentary
playing on a television mounted on the wall. Both of these tasks are less
intense as compared to the combat game used in the current study.
However, a thought-provoking finding of Turnbull and Phillips (2017)
could indirectly be in agreement with the current study i.e. choroidal
thickness changes. The significant increase in choroidal thickness after
VR exposure suggests that a lead of accommodation did occur even with
non-intense VR experience, however, not to the point of visual dis-
comfort, since accommodative errors were not their major findings to
suggest direct effect on VR immersion.

Our results are in agreement with a study by Roberts et al. (2018) in
which they have shown that accommodative lag decreases (increase in
accommodative lead) during near viewing tasks that require more
cognitive effort. Notwithstanding, our VR gaming task primarily in-
volved distances that are further than normal near viewing tasks, with
the presence of accommodative stimulus approx. at 3–6m, cannot be
discounted. However, their findings suggested a significant difference
in accommodative response among children population but not among
adult population. This raises a question about the susceptibility of the
accommodative system to visual cognitive demands.

One plausible explanation for our findings might be due to accom-
modation hysteresis. The sustained exposure of near tasks via VR
headset may trigger the accommodative hysteresis. The constant
changes of apparent viewing distance through the VR may evoke the
level of accommodation response to be altered according to the ap-
parent stimulus distance. This will lead to adaptive accommodative
hysteresis, which will provoke the negative shift (lead) of the accom-
modative response (Hasebe et al., 2001).

The first notable vergence change seen in this study was exo-shift of
the horizontal phoria. The horizontal phoria values indicated a shift
towards exophoria at both far and near distances. Previous research
reported a shift towards exophoria when playing games in 3D sug-
gesting that it is due to the cross-link between accommodation and
convergence; accommodation lead induces exodeviation (Pölönen
et al., 2013). This dynamic relationship between accommodation and
vergence systems is represented by the AC/A ratio. Our study showed
that the AC/A ratio reduced significantly after VR exposure of 30min.
The decrement of the cross-links gain between accommodation and
vergence may be contributed by the fact that while the exposure to VR
games happened, the subjects were viewing images that were moving
backwards and forwards in depth. This type of viewing has been found
to decrease the gains of the cross-links (Mon-Williams and Wann,
1998), leading to an exo-shift of the horizontal phoria.

This study also indicated that the phoria at near was affected more
than at distance. A probable explanation is that near responses are
dominated by vergence movements due to the short latency period and
smaller fixation disparity. The measurement of binocular disparity
ought to be constrained to certain esteems to enable comfortable ste-
reoscopic viewing (Bando et al., 2012).

Table 2
Mean and SD of changes in horizontal phoria.

Mean (Δ) SD p

Distance Pre horizontal phoria −0.41 0.36 < 0.05
Post horizontal phoria −1.65 0.32

Near Pre horizontal phoria −3.62 0.72 < 0.05
Post horizontal phoria −6.56 0.98

Table 3
Median and range of changes in vertical phoria.

Median (Δ) Range (Δ) p

Distance Pre vertical phoria 0.00 −2 to 1 0.86
Post vertical phoria 0.00 −2 to 2

Near Pre vertical phoria 0.00 −3 to 1 0.41
Post vertical phoria 0.00 −3 to 1

Table 4
Mean and SD of changes in AC/A ratio.

Mean (Δ/D) SD p

Pre AC/A ratio 4.76 1.51 < 0.05
Post AC/A ratio 3.91 2.39

Fig. 3. Frequency of subjects with visual symptoms.
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As for the vertical phoria, there was no indication of change at both
distances, as there was no misalignment in the vertical plane during the
use of VR headsets (Kalich et al., 2004). Vertical vergence adaptation is
usually the result of a convergence-dependent gain alteration of the
extraocular muscles of the vertical plane without respect to the position
of the eye in the globe. The shift of vertical phoria requires a prolonged
period of adaptation as experimented by Schor (2009). It was found
that after 1 h of exposure of alternate fixation of targets separated
horizontally as well as vertically, the vertical phoria only changed by
0.5Δ. Thus showing an underlying adaptive vertical vergence me-
chanism that maintains the degree of disconjugacy of vertical saccades,
and the change may only be observable if a longer period of adaptation
is allowed (Ygge and Zee, 1996).

These accommodation and vergence changes found in this study
raise an interesting discussion on the vergence-accommodation con-
flicts (VAC) while using virtual reality devices. VAC caused by VR
gaming is due to the conflict of depth cues, in which the depth cues for
both accommodation and vergence systems do not match (Reichelt
et al., 2010). As explained by Takatalo et al. (2011), user experiences
during 3D gaming are different compared to normal stereoscopic dis-
plays. The concepts of immersion, fun, presence, involvement, en-
gagement and flow are accumulated during the experience. Presence,
also referred to as spatial presence (IJsselsteijn et al., 2000), which
results in perceived realness and the attention aspects; keeps on chan-
ging during the gaming experience. Thus, the virtual image plane dis-
tance cannot be measured in a straightforward manner. Instead, one
must recognize that during stereoscopic gaming, the stimulus’ apparent
position will keep on changing, hence leading to possible VAC conflicts.
Apparent distances deem to be comfortable in the context of virtual
reality display when the content zone of the apparent images falls
within 0.5m–20m in a 70° field of view (Alger, 2015). However,
Shibata et al. (2011) assumed that the maximum and minimum relative
widths of the comfort zone were 0.8D (1.28m) and 0.3D (3.33m).
Presumably, VR games are utilizing different distances compared to the
assumed comfortable distance for viewing, in our case ranging from 3m
to 3000m. Thus, VAC conflicts might have been aggravated by VR
gaming compared to other VR tasks. In addition, the VAC conflict seems
to be more aggravated by the nature of the viewing, in our case, the
gaming experience. VAC caused more difficulty for visual performance
when the conflicts changed rapidly, according to Kim et al. (2014).
When the fixation distance changes rapidly, especially in the case of
gaming, the offset between the vergence and accommodation stimuli
constantly changes, presumably due to stimulation of the phasic com-
ponent when the step change occurs.

While the acommodation depth cue remains static (constant dis-
tance to the screen), the vergence depth cues change. The change in
angular distance and different convergence demands (moving images)
create a difference in cues for vergence depth, contributing to the
conflict between accommodation and vergence systems. Our results
show that both of the systems did change after the use of VR headset,
indicating that there is a conflicting depth stimulus to both systems to
maintain single and sharp binocular vision. However, as observed in
our study, this conflict appeared to be resolved by the dynamic re-
lationship between accommodation and vergence systems (AC/A ratio),
counter-acting the cross-links that attempt to drive vergence to be
consistent with accommodation and vice versa (Kim et al., 2014). As
the response of accommodation changes (increase in accommodation
lead), the vergence system reduces in its response (by about 1 prism
diopter).

The amplitude of relative accommodation and vergence cannot act
independently, however, each system can be slightly out of phase under
normal conditions (Rushton and Riddell, 1999). The mismatch in bi-
nocular fusion cues contributes to the perceived quality of the VR ex-
perience. Inconsistent accommodation and vergence cues are known to
cause visual discomfort to VR headset users (Bando et al., 2012). In our
study, majority of the subjects complained of symptoms of motion

sickness such as nausea, headache and dizziness after the experiment.
As explained by Kennedy and his colleagues, such symptoms arise from
visually perceived motion in the absence of inertial motion, further-
more the diversity in symptoms to VR use come about as a result of
variations in individual responses to motion environments (Kennedy
et al., 2010). These results correspond with a study on motion sickness
measurement index where nausea was the least common complaint,
whereas disorientation was the most common visual symptom experi-
enced by the subjects based on the Virtual Reality Sickness Ques-
tionnaire which was modified from the Simulator Sickness Ques-
tionnaire (Kim et al., 2018).

The sensory conflict theory states that motion sickness can occur
when there are paradoxical cues from the vestibular and visual systems
(Hasegawa et al., 2009). Furthermore, these symptoms occur due to
conflict caused by the impression that the world is moving visually,
whereas there is minimal physical movement of the body and the time
lag for the virtual scene to be updated after head movement (Falahee
et al., 2000). Visual fatigue can be caused by the large amount of mo-
tion and parallax during stereoscopic viewing as there is constant mo-
tion thus exerting an increasing demand on accommodative and ver-
gence systems to maintain a clear and single image, as well as when the
stereoscopic images were perceived outside the range of depth of focus
(Yano et al., 2002, 2004).

4. Conclusion

The results illustrated that exposure to virtual reality gaming did
affect accommodation and convergence systems. After immersion in
virtual reality, subjects exhibited a lead in accommodation, where they
tend to focus more than required, whereas convergence is receded as
there is a shift towards exophoria, due to the loss gains in AC/A ratio.
These errors in accommodation and convergence in turn lead to visual
symptoms and discomfort among young adults. Due to these adverse
effects from the VAC, it is important to have a correct setup of VR
headsets for comfortable and more pleasurable experiences.

Investigations to measure the effect of VR gaming on accommoda-
tion and convergence when it is used over a period of time and not
limiting the duration to 30min. Modifications could be done by in-
volving a wider range of stimuli instead of only one game each time to
measure the extent of changes in accommodation and convergence
errors. Further investigations could be conducted on children popula-
tion to observe the effect of VR gaming on accommodation and con-
vergence.

Conflicts of interest

The authors have no conflicts of interest to declare.

Acknowledgements

This research was conducted in SEGi University and did not receive
any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

References

Alger, M., 2015. Visual Design Methods for Virtual Reality. Ravensbourne. http://
aperturesciencellc.com/vr/VisualDesignMethodsforVR_MikeAlger.pdf.

Bando, T., Iijima, A., Yano, S., 2012. Visual fatigue caused by stereoscopic images and the
search for the requirement to prevent them: a review. Displays 33, 76–83. https://
doi.org/10.1016/j.displa.2011.09.001.

Barnes, S., 2016. Understanding virtual reality in marketing: nature, implications and
potential. SSRN Electron. J. 1–50. https://dx.doi.org/10.2139/ssrn.2909100.

Desai, P.R., Desai, P.N., Ajmera, K.D., Mehta, K., 2014. A review paper on oculus rift-A
virtual reality headset. Int. J. Eng. Trends Technol. 13, 175–179.

Falahee, M., Latham, K., Geelhoed, E., 2000. Safety and comfort of eyeglass displays. In:
Handheld and Ubiquitous Computing. Springer, Berlin, Heidelberg, pp. 236–247.
https://doi.org/10.1007/3-540-39959-3_18.

Z. Mohamed Elias, et al. Applied Ergonomics 81 (2019) 102879

4

http://aperturesciencellc.com/vr/VisualDesignMethodsforVR_MikeAlger.pdf
http://aperturesciencellc.com/vr/VisualDesignMethodsforVR_MikeAlger.pdf
https://doi.org/10.1016/j.displa.2011.09.001
https://doi.org/10.1016/j.displa.2011.09.001
https://dx.doi.org/10.2139/ssrn.2909100
http://refhub.elsevier.com/S0003-6870(19)30108-5/sref3
http://refhub.elsevier.com/S0003-6870(19)30108-5/sref3
https://doi.org/10.1007/3-540-39959-3_18


Hasebe, S., Graf, E.W., Schor, C.M., 2001. Fatigue reduces tonic accommodation.
Ophthalmic Physiol. Optic. 21, 151–160. https://doi.org/10.1046/j.1475-1313.
2001.00558.x.

Hasegawa, S., Omori, M., Watanabe, T., Fujikake, K., Miyao, M., 2009. Lens accom-
modation to the stereoscopic vision on HMD. In: Virtual and Mixed Reality. Springer,
Berlin, Heidelberg, pp. 439–444. https://doi.org/10.1007/978-3-642-02771-0_49.

Hoffman, D.M., Girshick, A.R., Akeley, K., Banks, M.S., 2008. Vergence–accommodation
conflicts hinder visual performance and cause visual fatigue. J. Vis. 8, 33. https://doi.
org/10.1167/8.3.33.

Hung, G.K., 2001. Introduction. In: Models of Oculomotor Control. WORLD SCIENTIFIC,
pp. 1–21. https://doi.org/10.1142/9789812811486_0001.

IJsselsteijn, W.A., de Ridder, H., Freeman, J., Avons, S.E., 2000. Presence: concept, de-
terminants, and measurement. In: Rogowitz, B.E., Pappas, T.N. (Eds.), pp. 520–529.
https://doi.org/10.1117/12.387188.

Iwasaki, T., Kubota, T., Tawara, A., 2009. The tolerance range of binocular disparity on a
3D display based on the physiological characteristics of ocular accommodation.
Displays 30, 44–48. https://doi.org/10.1016/j.displa.2008.11.001.

Kalich, M.E., Lont, L.M., van de Pol, C., Rash, C.E., 2004. Partial-overlap biocular image
misalignment tolerance. Security 261. https://doi.org/10.1117/12.542411.

Kennedy, R.S., Drexler, J., Kennedy, R.C., 2010. Research in visually induced motion
sickness. Appl. Ergon. 41, 494–503. https://doi.org/10.1016/j.apergo.2009.11.006.

Kim, J., Kane, D., Banks, M.S., 2014. The rate of change of vergence–accommodation
conflict affects visual discomfort. Vis. Resour. 105, 159–165. https://doi.org/10.
1016/j.visres.2014.10.021.

Kim, H.K., Park, J., Choi, Y., Choe, M., 2018. Virtual reality sickness questionnaire
(VRSQ): motion sickness measurement index in a virtual reality environment. Appl.
Ergon. 69, 66–73. https://doi.org/10.1016/j.apergo.2017.12.016.

Kooi, F.L., Toet, A., 2004. Visual comfort of binocular and 3D displays. Displays 25,
99–108. https://doi.org/10.1016/j.displa.2004.07.004.

Lambooij, M., IJsselsteijn, W., Fortuin, M., Heynderickx, I., 2009. Visual discomfort and
visual fatigue of stereoscopic displays: a review. J. Imaging Sci. Technol. 53, 030201.
https://doi.org/10.2352/J.ImagingSci.Technol.2009.53.3.030201.

Martel, E., Muldner, K., 2017. Controlling VR games: control schemes and the player
experience. Entertain. Comput. 21, 19–31. https://doi.org/10.1016/j.entcom.2017.
04.004.

Mon-Williams, M., Wann, J.P., 1998. Binocular virtual reality displays: when problems do
and don't occur. Hum. Factors J. Hum. Factors Ergon. Soc. 40, 42–49. https://doi.
org/10.1518/001872098779480622.

Mon-Williams, M., Warm, J.P., Rushton, S., 1993. Binocular vision in a virtual world:
visual deficits following the wearing of a head-mounted display. Ophthalmic Physiol.
Optic. 13, 387–391. https://doi.org/10.1111/j.1475-1313.1993.tb00496.x.

Pallavicini, F., Ferrari, A., Zini, A., Garcea, G., Zanacchi, A., Barone, G., Barone, G., 2018.
What distinguishes a traditional gaming experience from one in virtual reality? An
exploratory study. In: Advances in Human Factors in Wearable Technologies and
Game Design. Springer, Cham, pp. 225–231. https://doi.org/10.1007/978-3-319-
60639-2_23.

Pölönen, M., Järvenpää, T., Bilcu, B., 2013. Stereoscopic 3D entertainment and its effect
on viewing comfort: comparison of children and adults. Appl. Ergon. 44, 151–160.
https://doi.org/10.1016/j.apergo.2012.06.006.

Rebenitsch, L., Owen, C., 2016. Review on cybersickness in applications and visual dis-
plays. Virtual Real. 20, 101–125. https://doi.org/10.1007/s10055-016-0285-9.

Reichelt, S., Häussler, R., Fütterer, G., Leister, N., 2010. Depth cues in human visual
perception and their realization in 3D displays. In: Javidi, B., Son, J.-Y., Thomas, J.T.,
Desjardins, D.D. (Eds.), pp. 76900B. https://doi.org/10.1117/12.850094.

Roberts, T.L., Manny, R.E., Benoit, J.S., Anderson, H.A., 2018. Impact of cognitive de-
mand during sustained near tasks in children and adults. Optom. Vis. Sci. 95,
223–233. https://doi.org/10.1097/OPX.0000000000001186.

Rushton, S.K., Riddell, P.M., 1999. Developing visual systems and exposure to virtual
reality and stereo displays: some concerns and speculations about the demands on
accommodation and vergence. Appl. Ergon. 30, 69–78. https://doi.org/10.1016/
S0003-6870(98)00044-1.

Schor, C.M., 2009. Neuromuscular plasticity and rehabilitation of the ocular near re-
sponse. Optom. Vis. Sci. 86, E788–E802. https://doi.org/10.1097/OPX.
0b013e3181ae00a5.

Shibata, T., Kim, J., Hoffman, D.M., Banks, M.S., 2011. The zone of comfort: predicting

visual discomfort with stereo displays. J. Vis. 11 11–11. https://doi.org/10.1167/11.
8.11.

Shiomi, T., Uemoto, K., Kojima, T., Sano, S., Ishio, H., Takada, H., Omori, M., Watanabe,
T., Miyao, M., 2013. Simultaneous measurement of lens accommodation and con-
vergence in natural and artificial 3D vision. J. Soc. Inf. Disp. 21, 120–128.

Takatalo, J., Kawai, T., Kaistinen, J., Nyman, G., Häkkinen, J., 2011. User experience in
3D stereoscopic games. Media Psychol. 14, 387–414. https://doi.org/10.1080/
15213269.2011.620538.

Turnbull, P.R.K., Phillips, J.R., 2017. Ocular effects of virtual reality headset wear in
young adults. Sci. Rep. 7, 16172. https://doi.org/10.1038/s41598-017-16320-6.

Yano, S., Ide, S., Mitsuhashi, T., Thwaites, H., 2002. A study of visual fatigue and visual
comfort for 3D HDTV/HDTV images. Displays 23, 191–201. https://doi.org/10.
1016/S0141-9382(02)00038-0.

Yano, S., Emoto, M., Mitsuhashi, T., 2004. Two factors in visual fatigue caused by ste-
reoscopic HDTV images. Displays 25, 141–150. https://doi.org/10.1016/j.displa.
2004.09.002.

Ygge, J., Zee, D.S., 1996. Control of vertical eye alignment in three-dimensional space.
Ophthalmic Lit. 49, 113.

Zulekha Mohamed Elias, a student from Kenya, completed
her undergraduate studies in Bachelor of Optometry in SEGi
University, Malaysia. She has an interest in virtual reality
and its effect on the eye which inspired her to conduct her
final year project, it investigated the effect of virtual reality
on accommodation and convergence. She has been actively
participating in vision screenings for children and adults
arranged by the university. She aspires to work in a chal-
lenging environment where she is exposed to various visual
problems.

Uma Mageswari Batumalai received the MHSc degree in
Optometry from Universiti Kebangsaan Malaysia (UKM) in
2015. Since then she has been with SEGi University,
Malaysia, where she is currently a lecturer. Her research
interest covers myopia and children, accommodation and
the anterior eye. Her recent publications include the per-
ipheral refraction among myopic children (Batumalai UM,
2015), Interobserver reliability of meibography grading
scale on dry eye subject (Lai LY & Batumalai UM, 2016),
Effects of hues on accommodation in high myopes
(Ramlugun and Batumalai UM, 2017) and Prevalence of
Myopia Among Indian School Children in Kuala Lumpur

(Madhavan I, Batumalai UM, Barodawala FS, Ariffin AE. 2018).

Azam Nur Hazman currently works at the Faculty of
Optometry and Vision Sciences, SEGi University. He re-
ceived his MHSc Clinical Optometry from University
Kebangsaan Malaysia (UKM) in 2010. His clinical expertise
includes Binocular Vision, Pediatric Optometry, Special
Populations' Vision and Ophthalmic Dispensing. He had
presented in international conferences including EAOO
Budapest 2015 and WCO Hyderabad 2017. His recent
publication was on the effect of monocular push-up therapy
on binocular vision functions (Hazman and AbManan,
2015). His current project is ‘Correlation between Visual
Efficacy and Visual Information Processing Abilities among

Children with Learning Difficulties'.

Z. Mohamed Elias, et al. Applied Ergonomics 81 (2019) 102879

5

https://doi.org/10.1046/j.1475-1313.2001.00558.x
https://doi.org/10.1046/j.1475-1313.2001.00558.x
https://doi.org/10.1007/978-3-642-02771-0_49
https://doi.org/10.1167/8.3.33
https://doi.org/10.1167/8.3.33
https://doi.org/10.1142/9789812811486_0001
https://doi.org/10.1117/12.387188
https://doi.org/10.1016/j.displa.2008.11.001
https://doi.org/10.1117/12.542411
https://doi.org/10.1016/j.apergo.2009.11.006
https://doi.org/10.1016/j.visres.2014.10.021
https://doi.org/10.1016/j.visres.2014.10.021
https://doi.org/10.1016/j.apergo.2017.12.016
https://doi.org/10.1016/j.displa.2004.07.004
https://doi.org/10.2352/J.ImagingSci.Technol.2009.53.3.030201
https://doi.org/10.1016/j.entcom.2017.04.004
https://doi.org/10.1016/j.entcom.2017.04.004
https://doi.org/10.1518/001872098779480622
https://doi.org/10.1518/001872098779480622
https://doi.org/10.1111/j.1475-1313.1993.tb00496.x
https://doi.org/10.1007/978-3-319-60639-2_23
https://doi.org/10.1007/978-3-319-60639-2_23
https://doi.org/10.1016/j.apergo.2012.06.006
https://doi.org/10.1007/s10055-016-0285-9
https://doi.org/10.1117/12.850094
https://doi.org/10.1097/OPX.0000000000001186
https://doi.org/10.1016/S0003-6870(98)00044-1
https://doi.org/10.1016/S0003-6870(98)00044-1
https://doi.org/10.1097/OPX.0b013e3181ae00a5
https://doi.org/10.1097/OPX.0b013e3181ae00a5
https://doi.org/10.1167/11.8.11
https://doi.org/10.1167/11.8.11
http://refhub.elsevier.com/S0003-6870(19)30108-5/sref29
http://refhub.elsevier.com/S0003-6870(19)30108-5/sref29
http://refhub.elsevier.com/S0003-6870(19)30108-5/sref29
https://doi.org/10.1080/15213269.2011.620538
https://doi.org/10.1080/15213269.2011.620538
https://doi.org/10.1038/s41598-017-16320-6
https://doi.org/10.1016/S0141-9382(02)00038-0
https://doi.org/10.1016/S0141-9382(02)00038-0
https://doi.org/10.1016/j.displa.2004.09.002
https://doi.org/10.1016/j.displa.2004.09.002
http://refhub.elsevier.com/S0003-6870(19)30108-5/sref34
http://refhub.elsevier.com/S0003-6870(19)30108-5/sref34

	Virtual reality games on accommodation and convergence
	Introduction
	Methods and materials
	Subjects
	Instrumentation
	Procedure

	Results and discussion
	Conclusion
	Conflicts of interest
	Acknowledgements
	References




