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Eyestrain Impacts on Learning Job Interview with a Serious Game 
in Virtual Reality 

A randomized double-blinded study† 

 

Figure 1: (a) Subject wearing the HMD for condition A and B, (b) Subject in-front of computer screen with mouse for 
condition C, (c) Performing the Flipper lens test (ease of accommodation), (d) Performing the TNO test (stereo acuity) 

ABSTRACT 
Purpose: This study explores eyestrain and its possible impacts on learning 
performances and quality of experience using different apparatuses and 
imaging. Materials and Methods: 69 participants played a serious game 
simulating a job interview with a Samsung Gear VR Head Mounted 
Display (HMD) or a computer screen. The study was conducted according 
to a double-blinded protocol. Participants were randomly assigned to 3 
groups: PC, HMD biocular and HMD stereoscopy (S3D). Participants 
played the game twice, allowing between group analyses. Eyestrain was 
assessed pre- and post-exposure on a chin-head rest with optometric 
measures. Learning traces were obtained in-game by registering response 
time and scores. Quality of experience was measured with questionnaires 
assessing Presence, Flow and Visual Comfort. Results: eyestrain was 
significantly higher with HMDs than PC based on Punctum Proximum of 
accommodation and visual acuity variables and tends to be higher with 
S3D. Learning was more efficient in HMDs conditions based on time for 
answering but the group with stereoscopy performed lower than the 

binocular imaging one. Quality of Experience was better based on visual 
discomfort with the PC condition than with HMDs. Conclusion: learning 
expected answers from a job interview is more efficient while using HMDs 
than a computer screen. However, eyestrain tends to be higher while using 
HMDs and S3D. The quality of experience was also negatively impacted 
with HMDs compared to computer screen. Not using S3D or lowering its 
impact should be explored to provide comfortable learning experience.1  
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1 INTRODUCTION 
The use of current Head Mounted Displays (HMDs), regardless 

of offering a serious game may lead to risks for users. Such devices 
raise particular problems associated with human factors and more 
particularly with the human visual system [19, 33]. HMDs can be 
used to present stereoscopic contents (S3D). Stereoscopy attempts to 
reproduce depth cues perceived by the human visual system under 
"natural" conditions [2]. However, displaying S3D imaging can lead 
to eyestrain for users [47]. The combination of serious game (SG) 
with virtual reality (VR) and S3D raises an issue about the possible 
side effects on learning performance and on the human visual 
system in the context of learning. Previous works usually addressed 
task efficiency for learning purposes without considering possible 
effects of eyestrain on general learning curves. Therefore, linking 
possible eyestrain effects on learning should be investigated. 
However, data about risks of eyestrain mostly concentrate on late 
nineties’ technologies and lacks data based on modern HMDs. Such 
HMDs are increasingly sold to the general public, raising the needs 
to the compile of more recent data. 

2 RELATED WORK 

2.1. Learning efficiency and stereoscopy 
Previous studies have attempted to identify the effectiveness of 

learning when S3D is displayed. For example, Keebler indicates that 
S3D conditions would negatively impact retention [18]. Indeed, the 
S3D would be a distraction in some cases. This tendency is found in 
other cases with the S3D less efficient than 2D [31]. A possible 
reason for such results evoked by Mukai et al. would be the 
eyestrain reported by subjects in S3D. 

On the contrary, according to the study by Kulshreshth et al. S3D 
(television) would improve scores in video games and offer a better 
learning curve for succeeding in video game tasks [21]. In line with 
this, Loup-Escande et al. indicate that when performing tasks, the 

S3D leads to better efficiency for visual search [23]. However, their 
evaluation of learning after exposure shows no significant difference 
between S3D and monoscopic cues. In addition, the subjective 
immersion and flow experience is better in the S3D condition. 
Learning surgical technics have also been investigated and often 
shown to be better in S3D than with monoscopic cues only [10]. A 
limitation has however been reported in the case of novice learners: 
S3D would add a cognitive load driving the 2D condition to more 
efficiency [28].  

In summary, the benefits of S3D compared to monoscopic cues 
seem to depend on the type of tasks to be performed [26], the level 
of expertise of the users and the characteristics of the proposed 
virtual environment. Given these conditions, it seems difficult to 
extend the results of the studies presented above to all learning 
configurations. 

2.2. Learning efficiency combination SG-VR-S3D 
Some tasks, including learning could benefit from the association 

SG-VR-S3D [3]. We include the simulations in this review. Stone et 
al. conduct a review of ten virtual environments and report an 
efficient learning, associated with an attractive training cost and a 
short training time [43]. For other kind of learning, passing a forklift 
driving license test for example, coupling SG-VR via HMD could 
have positive results on the quality of experience of learners 
compared to computer screen (PC) [15]. This result is consistent 
with Webster's study including 140 trainees learning prevention and 
control of corrosion of materials [49]. His results indicate better 
learning with VR than with the reference training method. It is 
however important to note that, pointed by Webster, the design of 
instructions between the two conditions was significantly different 
to the advantage of the virtual environment. According to the study 
by Schmoll et al., short-term retention is better in VR than with a 
computer screen and mouse. This effect was however not 
maintained in time as the authors note a lower retention over the 
long term in VR condition [39]. 

In summary, it seems that the association SG-VR-S3D presents 
disparate results. The differences that are reported could be due to 
the fact that learning instructions are different from one device to 
another, not to the device itself. 

2.3. Eyestrain in VR with stereoscopy 
Previous studies point out the conflict between vergence and 

accommodation as a determining factor in triggering an eyestrain 
when S3D content is displayed [14, 48]. Under natural conditions, 
these two proprioceptive cues are coactive in their dynamic 
treatment [40]. However, the attempt to imitate stereopsy via 
stereoscopic imaging makes the two processes disassociated [8, 24]. 
Within HMDs the accommodation is fixed because the human visual 
system is focus on the plane of the screens’ projection while the 
vergence is focused on the object of interest. The HMD screens are 
very close to the visual system and it is thanks to the lenses that the 
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focal plane is offset. Moreover, it seems that the cognitive demand 
for the tasks to be performed would have an impact on 
accommodation [16]. However, in a virtual environment such as a 
SG-VR, cognitive treatments are numerous. 

Kulshreshth et al. previously reported that eyestrain did not have 
a negative impact on subject performances [21]. However, this result 
is based solely on the subjects' statements. Eyestrain has been 
observed after the use of HMDs and S3D in many cases [29, 30, 36, 
46]. This phenomenon still seems to be topical with the latest HMD 
models [12]. However, through our literature review, eyestrain is 
given little consideration when evaluating the effectiveness of the 
SG-VR-S3D combination. Learning tasks are not preferred when 
evaluating the eyestrain and its impacts. It should be noted that 
learning tasks are indeed proposed in the literature dealing with 
simulations. However, these tasks are rarely in ecological conditions 
and involve little the characteristics of the devices currently 
available. 

2.4. Quality of experience with virtual 
environments and Learning 

One of the markers of learning effectiveness in training is the 
degree of transfer [5]. According to Alexander et al. four factors 
influence it: fidelity (of the virtual environment), immersion, 
presence and user acceptance [1]. According to Slater and Wilbur, 
presence corresponds to an individual psychological consciousness 
state having the feeling of "being there" in the virtual environment 
[42]. Thus, immersion influences the degree of presence and 
presence is an indicator of immersion quality [37] proposed by the 
apparatus [7, 27]. Flow, introduced by Csikszentmihalyi, 
corresponds to an optimal state of intrinsic motivation mobilizing all 
the resources of a person towards the action undertaken, finding 
oneself totally absorbed and to the maximum of her/his capacities 
[6]. Flow can be used as a proof of engagement according to 
previous work. 

According to the study by Bowman et al., the greater the degree 
of immersion, the better the subjects' ability to remember 
information [4]. Hamari et al. based on two experiments conclude 
that the higher the engagement, the more effective the learning, but 
the reverse is true for immersion as higher immersion correlates 
with less efficient learning [13]. Limperos et al., indicate that non-
expert players are more likely to report a greater presence and 
immersion in S3D conditions compared to experts [22]. In one of 
Freeman et al.'s study, S3D leads to a higher degree of presence than 
monoscopic cues [11]. Takatalo et al. find, on the contrary, no 
significantly better results for the flow and involvement of subjects 
playing in S3D [44]. According to Pavlas et al., a good flow would 
positively impact learning via SG, which would be a predictor of 
learning reported by students [34]. Thalmann et al., indicate that 
spatial presence and social presence are better in CAVE and Oculus 
rift DK2 [45]. Schrader and Bastiaens indicate that the presence was 
higher with the SG than with a hypertext interface and according to 
the authors, the presence could have a link with attention [41]. 

2.5. Considering eyestrain while learning with 
HMDs 

The consideration of HMDs used by the general public, as a 
device for displaying S3D, is often absent from reviews [17]. Thus, 
studies integrating HMDs on S3D and learning issues are quite rare. 
This can be explained by their very recent reappearance on the 
general market. Yet, the quality of experience and efficiency of task 
performance would be different with HMD compared to a computer 
and this should be further investigated. The study by Santos et al. 
suggests a better efficiency in performing navigation tasks (via video 
game) in computer than in HMD [38]. The authors point out the 
difficulties caused by the HMD cables and the degree of expertise of 
the subjects with video games as possible explanations for their 
results. It should be noted that although sometimes mentioned in the 
studies mentioned above, eyestrain remains little considered and 
measured. Previous studies have indicated a difference between 
computer screen and HMD in terms of eyestrain [29, 30, 36, 46]. 
Thus, the interest of presenting images in stereoscopy when 
learning via SG in HMD-VR remains an issue requiring more 
investigation because: 1) users could present eyestrain, 2) attention 
could be less concentrated on educational content because of the 
presence of S3D, 3) eyestrain could influence cognitive fatigue thus 
lowering attention faculties particularly in a context of high 
cognitive load such as SG in VR. However, S3D may be necessary 
for optimal task performance in the virtual environment or learning 
involving the centrality of visuo-spatial cognitive processing [32, 
35]. 

The state of the art regarding the association of stereoscopy, 
serious game and virtual reality has led us to identify a lack of 
qualification of the limits of use, as regards eyestrain as well as 
learning performances. Moreover, the influence of eyestrain, 
psychomotor limitations and perception specific to these devices on 
learning abilities need more documentation. Our study proposes an 
empirical contribution on these aspects. 

3 MATERIAL AND METHODS 
This study proposes to expose subjects to a serious game in 

virtual reality by varying the device (PC or HMD) and the imaging 
proposed: biocular (corresponding to the same image displayed on 
both), or stereoscopy (corresponding to two different images 
displayed on both screens). The subjects are randomly divided into 3 
groups: 

• Group A with a Samsung Gear VR with S6 displaying 
biocular imaging (HMD-Biocular), 

•  Group B with a Samsung Gear VR with S6 displaying 
binocular imaging (stereoscopy) based on Oculus 
recommendations (HMD-S3D), 

• Group C (control group) with a computer screen. 
The steps of this protocol are performed in accordance with the 

methodology of double-blinded investigation and between-groups 
design. 
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Figure 3: screenshot from the SG " My job interview " in 
front of the recruiter (act 2) © Manzalab 

3.1. Ethical aspects and recruitment 
The subjects were volunteers. This research protocol has been 

reviewed and approved by the CER – Paris-Descartes (independent 
Research Ethics Committee), registered as: (2017-49) 2018-18. This 
study has been declared to the CNIL (National Commission on 
Informatics and Liberty) relating to data collection and protection 
registered which validated conformity with the “MR1 - Health 
research with consent” methodology, registered as: 2120463 v 0. An 
information letter indicated the aims of the study to the volunteers 
and a consent form was signed by the subjects before starting the 
experiment. Recruitment was done online via social networks and 
an email mailing list (RISC by the CNRS). A € 20 voucher 
compensation for each subject was proposed. 

3.2. Serious Game in VR used 
This serious game aims at training people to job interview (Fig. 

2-3). The learning instructions have been built based on the 
confidential standards of Human Resources of Pôle Emploi (French 
governmental agency: employment centre). The original game offers 
several scenarios and is called “Mon entretien d’embauche” (my job 
interview). For reproducibility purpose of the study, we used a 
unique scenario based on a salesperson position. 

The subject chooses an avatar between a male and a female. The 
subject then takes notice of the job offer and the resume of the 
avatar. Then, the scenario consists of: 1) Discussion with a friend 
before the interview, woman or man according to the choice of 
avatar, 2) Reading the company’s website, 3) Interview with the 
recruiter, 4) Review of the interview with a coach. The interactions 
are in the form of “Point and click” with dialogs. Dialog voices have 
been registered with professional actors. The player can turn the 
camera at 360°. Subject has a first-person viewpoint. The player does 
not see his/her avatar. 

 The goal of the game is to choose the most relevant answer, 
usually between four choices of dialogue. Each choice is weighted 
according to the relevance to the question asked, the context, and 

the standard codes of the job interview. A score is displayed in real 
time and changes according to the player's choice. The answer is 
selected by hovering one of the dialogue boxes: with a HMD by 
placing the pointer while moving the head, by mouseover with a PC. 
A loading time validates the selection. The time to answer is limited: 
a loading bar symbolizes the time remaining. In addition, a direct 
feedback is given when a response is chosen: red = unsuitable 
answer, orange = average answer, green = expected answer. In the 
third act, the coach comments the strengths and weaknesses of the 
player during the interview. The final score is displayed and a 
percentage of achievement in the three skills is listed: 
marketing = ability to "sell oneself," communication = ability to 
communicate according to expected codes, conduct = ability to lead 
the interview. This allows the learner to identify possible 
improvements.  

3.3. Apparatus 
3.3.1. Samsung Gear VR™ characteristics (group A and B). Model: 
SM-R321; This HMD requires a smartphone inserted. Its technical 
characteristics are as follows: Field Of View: 90°; tracking: 4 DoF (up, 
down, left, right) with Accelerometer and Gyroscope in the Galaxy 
S6; weight: 345 grams. 
3.3.2. Samsung© Galaxy 6™ characteristics. OS: Android 8.1; 
Processor: Samsung Exynos 7 Octa @ 2,1 GHz; graphic card: ARM 
Mali T760; memory: 3 GB (RAM); display: 5.1” Quad HD Super 
AMOLED. 2560 x 1440 px (577 ppi); luminance: 432 cd/m2. 
3.3.3. PC and display Dell© characteristics (group C). OS: 
Windows 10 Family version 1709; Processor: i7-4790 @ 3.60 GHz; 
memory: 8 GB (RAM); graphic card: Nvidia GeForce GTX770 2GB; 
Display model: Dell© 2407WFP-HC Flat Panel Monitor; Display: 24” 
Active matrix-TFT LCD. 1920 x 1200 px; Refresh Rate 81 kHz 
(horizontal), 76 Hz (Vertical); luminance: 400 cd/m². 
3.3.4. Headphones Sony© (all groups). Model: MDR-ZX110B. 
Frequency: 12 to 22 kHz; diaphragm: 30 millimeters; weight: 120 
grams. 

Figure 2: screenshot from the SG "My job interview" in 
front of the friend (act 1) © Manzalab 
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3.4. Participants 
69 subjects took part in this study. The sample consisted of 41 

women and 28 men aged 18 to 39, M = 25.01 ± 0.21 (SD = 5.30) years. 
Subjects were excluded if: over the age of 40 (presbyopia can 
influence optometric tests), declaring a pathology greatly 
influencing the state of the visual system and perceptions. The 
subjects were mainly students (from various fields: psychology, 
digital, human resources, business, marketing and arts) as well as 
researchers (in psychology for the most part). 37 subjects had no 
correction and 32 had either glasses or correction lenses. Of these, 21 
had myopia, 2 astigmatism, 7 combined myopia and astigmatism, 
and 2 combined hyperopia and astigmatism.  

3.5. Procedure and measures 
The subject completes a profile questionnaire.  
Eyestrain evaluation is based on optometric measurements 

performed before (pre-) and after (post-) exposure at 40 cm from the 
subject with a head-chin rest (Punctum proximum of 
accommodation and stereoscopic acuity) and with the 
Smartoptometry© application on a Samsung Galaxy tablet (ease of 
accommodation and visual acuity): 

• Punctum proximum of accommodation, measured with 
the Donder’s Push-up Test, then clustered at a speed of 
5 to 7.5 cm per second,  

• Stereoscopic acuity, measured with the TNO test, 

• Ease of accommodation, measured via the Flipper lens 
test (+ 2.00 / -2.00) for 1 minute with the 
Smartoptometry© feature displaying words on a tablet 
that participants had to swipe when seen in-focus,  

• Visual acuity, measured by detecting the E of Raskin 
(random) orientation of smaller and smaller 
dimensions. 

Learning curves are based on learning performance measures 
obtained during the game: scores and response time as markers of 
memorization, low values of score correspond to low learning 
performance and low response time correspond to high learning 
performance. 

The quality of experience is measured via questionnaires with 
Likert scales graduated from 1 to 5 at the end of the experiment 
(translated into French by the first author): 

• Visual discomfort: measured via the questionnaire by 
Zeri and Livi consisting in 11 items [50]. 

• Presence: measured via the Multimodal Presence Scale 
by Makransky et al. with the spatial and social 
presence items being 10 items because the self-
presence part is not relevant given the terms of our SG 
[25], 

• Flow: measured via the Flow Short Scale by Rheinberg, 
Vollmeyer and Engeser consisting in 9 items [9]. 

The subject balance was assessed with the Tinetti-Poma test at 
the end of the experiment. 

The procedure is as follows: 1) Subjects signed the consent form 
after receiving the information about the study. 2) Optometric 
measurements (pre-) were conducted by the first author. 3) Subjects 
went to another room with the third author, invisible to the first 
author, and received explanation of the game's purposes and 
interactions, the third author did not know the tested conditions and 
was guiding subjects and helping to get equipped by following a 
rigorously similar script for each condition not making variations in 
instructions. The third author was trained to monitor subjects' 
wellbeing during exposure. 4) Subjects were exposed for 30 
minutes, a reference time in the literature [20]. The subjects sit on 
a chair during exposure and play two games (G1 and G2) of the 
SG each lasting 15 minutes. Group C sat at 1 meter from the 
screen. Each group wore the same headphones for sound. 5) 
Subjects came back a few seconds after their exposure and 
optometric measurements (post-) were performed. 6) Subjects 
completed Quality of Experience questionnaires. 7) The Tinetti-
Poma test was performed to ensure subjects were able to walk out of 
the building with perfect balance reflexes. 

3.6. Analysis and statistics 
The random assignation resulted: group A, 24 subjects; group B, 

22 subjects; group C, 23 subjects. Tests are carried out on one hand 
in each group and on the other hand between groups. The 
significance level is tested with a confidence of α = 0.05. Jamovi 
version 0.9.1.9 (2018) was used for statistical tests. 

3.7. Hypotheses 
H1: learning curves of expected answers in a job interview in a 

SG is less efficient when the learners present eyestrain. 
H2: eyestrain deteriorates the quality of experience in a SG. 
H3: S3D drives to more eyestrain than biocular imaging. 
H4: learning curves of expected answers in a job interview in a 

SG is higher with a VR-HMD than with a computer screen. 

4 RESULTS 

4.1. Eyestrain 
4.1.1. Punctum Proximum of Accommodation (PPA). The higher 
the Donder’s Push-up Test score, the lower is the PPA. The Shapiro-
Wilk test was performed to test the distribution of each group. Only 
group B pre- (p = 0.215) and post-exposure (p = 0.667) data follow a 
normal distribution, not for the two other groups. In order to test the 
between groups’ data, we subtracted the scores pre- and post-
exposure, the results were tested: group B (p = 0.203) data follow a 
normal distribution but not the other groups. 
4.1.1.1. Difference pre-/post-exposure within each group. We observe 
that all 3 groups have increase test scores (Fig. 4). The data are 
paired. A Wilcoxon Sign Rank Test indicated: for group A, that the 



VRST’18, November 29-December 1, 2018, Tokyo, Japan Souchet et al. 

 

6 

 

median pre-exposure ranks, MD = -14.50, was statistically different 
from the median post-exposure ranks Z = -4.197, p = < 0.001. It can 
thus be seen that the PPA of group A fell significantly between pre- 
and post-exposure; for group C, the median pre-exposure ranks, 
MD = -14, was statistically different from the median post-exposure 
rank Z = -3.808, p = < 0.001. It can thus be seen that the PPA of 
group C fell significantly between pre- and post-exposure; for group 
B a t-test indicated a significant difference in the scores for pre- (M = 
68, SD = 3.46) and post-exposure (M = 82.8, SD = 4.05), t (21) = -7.16, 
p = < 0.001. It can thus be seen that the PPA of groups A, B and C 
significantly fell between pre- and post-exposure, revealing a 
negative impact of exposure in all 3 conditions. 
4.1.1.2. Difference between groups. The data are independent. The 
Kruskal-Wallis Test indicated that there was a significant difference 
in PPA pre- and post-exposure between groups (H(19.82) = 2, p = < 
0.001), with a mean rank of 29.083 for group A, 25.227 for group B 
and 11.435 for group C (Fig. 4). Dunn’s Post-Hoc tests without 
correction were conducted to obtain details of significance for each 
group compared. The difference between group A and B was not 
significant (MD = 0.932, SE = 2,880) Z = -0.156, p = 0.438. The 
difference between group A and C was significant (MD = 10.967, SE 
= 2,847) Z = 3.818, p = < 0.001. The difference between group B and 
C was significant (MD = 10.036, SE = 2,910) Z = 3.890, p = < 0.001. 

The post-hoc comparison of the groups then shows a significant 
difference between the test groups (A and B) and the control group 
(C), supporting the idea of a negative impact of HMD exposure on 
the PPA when compared to a computer. 

Taken together, the analysis of the PPA measurements in each 
group before and after exposure therefore supports H3. 
4.1.2. Ease of Accommodation (EoA). The Shapiro-Wilk test was 
performed to test the distribution of each group. Only group C pre- 
(p = 0.231) and post-exposure (p = 0.168) data follow a normal 
distribution, not for the two other groups. In order to test the 
between groups’ data, we subtracted the scores pre- and post-

exposure, the results were tested: none followed a normal 
distribution. The lower the Flipper lens test’s score, the lower the 
EoA. 
4.1.2.1. Difference pre-/post-exposure within each group. EoA of group 
A fell slightly by -3.19%, as well as group B by -9.59% and group C by 
-1.86%, on average between pre- and post-exposure. 

The data are paired. A two-tailed Wilcoxon Sign Rank Test 
indicated for group A, that the median pre-exposure ranks, 
MD = 1.50, was not statistically different from the median post-
exposure ranks W = 58.5, p = 0.084. A Wilcoxon Sign Rank Test 
indicated: for group B that the median pre-exposure ranks, 
MD = 2.50, was statistically different from the median post-exposure 
ranks Z = 2.374, p = 0.018; for group C, a t-test indicated no 
significant difference in the scores for pre- (M = 30, SD = 10.4) and 
post-exposure (M = 32, SD = 10.5), t (22) = -1.13, p = 0.273. It can be 
seen that the EoA of groups A, B and C slightly fell between pre- 
and post-exposure, although the difference is statistically 
significant only for group B. 
4.1.2.2. Difference between groups. The data are independent. The 
Kruskal-Wallis Test indicated that there was not a significant 
difference in EoA pre- and post-exposure between groups 
(H(1.87) = 2, p = 0,392), with a mean rank of 10.25 for group A, 
14.773 for group B and 7.130 for group C. 

As a conclusion regarding eyestrain, the medians tendency 
indicates that condition B was the most tiring followed by condition 
A and finally condition C, although the results are statistically 
significant only for group B. Therefore, H3 can be supported via this 
optometric variable but only for the pre-/post-exposure comparison 
of group B. 

Therefore, H3 can be supported via this optometric variable but 
only for the pre-/post-exposure comparison of group B and based on 
of medians tendency. However, no statistically significant results 
corroborate this tendency observed when the difference between 
groups is tested. 

Figure 4: Punctum Proximum of Accommodation (PPA), (a) PPA pre- and post-exposure by group, lighter colors are for pre-
exposure and darker colors are for post-exposure. (b) PPA difference between groups based on pre- and post-exposure 
subtraction. Blue plots are for group A, orange for group B and green for group C. Data are in millimeters. 
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4.1.3. Stereoscopic Acuity. The Shapiro-Wilk test was performed to 
test the distribution of each group. No pre-exposure data follow a 
normal distribution. Data collected post-exposure for groups A and 
B follow a normal distribution, respectively p = 0.079 and p = 0.139, 
but not for groups C. In order to test the between groups’ data, we 
subtracted the scores pre- and post-exposure, the results did not 
follow a normal distribution. The lower the TNO test score, the 
lower the stereoscopic acuity. 
4.1.3.1. Difference pre-/post-exposure within each group. Stereoscopic 
acuity in group A fell only slightly by -8.03% on average between 
pre- and post-exposure as well as for group B by -4.50% but group C 
increased slightly by +1.6%, on average between pre- and post-
exposure. The data are paired. A two-tailed Wilcoxon Sign Rank 
Test indicated for group A, that the median pre-exposure ranks, MD 
= -6.11, was statistically different from the median post-exposure 
ranks W = 4, p = 0.024. Group B (MD = 3.83, W = 3, p = 0.12) and C 
(MD = -1.86, W = 12, p = 0.792) tests Wilcoxon tests were not 
significant. 

Stereoscopic acuity thus decreases between pre- and post-
exposure for group A but no statistically significant result has been 
obtained for groups B and C. 
4.1.3.2. Difference between groups. The data are independent. The 
Kruskal-Wallis Test indicated that there was no significant 
difference in stereoscopic acuity pre- and post-exposure between 
groups (H(2.79) = 2, p = 0.248), with a mean rank of 28.417 for group 
A, 32.818 for group B and 37.348 for group C. 

As a conclusion, we did not observe statistically significant 
differences in stereoscopic acuity pre- and post-exposure in each 
group and between groups. Therefore, H3 cannot be supported via 
this optometric variable. 
4.1.4. Visual acuity. The Shapiro-Wilk test was performed to test 
the distribution of each group pre- and post-exposure data as well as 
subtraction of the scores pre- and post-exposure for the between 
groups’ comparison: none followed a normal distribution. The lower 
the test’s score, the lower the visual acuity. 
4.1.4.1. Difference pre-/post-exposure within each group. Visual acuity 
of group A fell by -10.83%, as well as group B by -8.96% and group C 
by -3.95%, on average between pre- and post-exposure (Fig. 5). 

The data are paired. A Wilcoxon Sign Rank Test indicated for 
group A that the median pre-exposure ranks MD = 0.20, was 
statistically different from the median post-exposure ranks Z = -
2.934, p = 0.003; for group B that the median pre-exposure ranks, 
MD = 0.40, was statistically different from the median post-exposure 
ranks Z = -2.223, p = 0.026; A two-tailed Wilcoxon Sign Rank Test 
indicated for group C, that the median pre-exposure ranks, MD = 
0.31, was not statistically different from the median post-exposure 
ranks W = 3.5, p = 0.129. It can be seen that the visual acuity of 
group C fell only slightly by -4.89% on average between pre- and 
post-exposure. 

4.1.4.2. Difference between groups. The data are independent. The 
lower the score, the lower the visual acuity. The Kruskal-Wallis Test 
indicated that there was no significant difference in visual acuity 
pre- and post-exposure between groups (H(4.875 = 3, p = 0.181) with 
a mean rank of 25.917 for group A, 28,227 for group B and 34 for 
group C. Dunn’s Post-Hoc tests without correction were conducted 
to obtain details of significance for each group compared. Only the 
difference between groups A and C is significant (MD = -0.55, 
SE = 0.25) Z = -1.860, p = 0.031. The difference between groups B 
and C (MD = -0.31, SE = 0.25) Z = -0.972, p = 0.165 and groups A and 
B (MD = -0.23, SE = 0.25) Z = -0.853, p = 0.197 are not significant. 

As a conclusion, the median tendency indicates that condition A 
was the most tiring for visual acuity followed by condition B and 
finally C with significant differences for test groups A and B (pre- vs 
post-exposure) and between group A and group C. Therefore, H3 
can be partially supported via this optometric variable. 

4.2. Learning 
4.2.1. Scores. The Shapiro-Wilk test was performed to test the 
distribution of each group. All G1 data follow a normal distribution 
(G1: A, p = 0.323; B, p = 0.083; C, p = 0.099) and only group A for G2 
(p = 0.074). In order to test the between groups’ data, we subtracted 
the scores G2 and G1, the results were tested with the Shapiro-Wilk 
test: all followed a normal distribution. The higher the in-game 
score, the higher the learning (memorization). 
4.2.1.1. Difference pre-/post-exposure within each group. There is an 
improvement (+2.769%) between G1 and G2 for group A as well as 
for group B (+12.669%) and group C (+8.535%) although only group 
B showed a significant difference between in-game scores G1 and 
G2. 

Figure 5: Visual Acuity pre- and post-exposure by group, 
lighter colors are for pre-exposure and darker colors are 
for post-exposure. Blue plots are for group A, orange for 
group B and green for group C. Data are in 10th 
corresponding to Scores at the E of Raskin Test 
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The data are paired. A single-samples t-test was conducted to 
compare subjects in game scores for the first game (G1) and the 
second game (G2). There was not a significant difference in the in-
game scores for G1 (M = 37625, SD = 5852) and G2 (M = 38667, 
SD = 12021), t (23) = -0.494, p = 0.626 of the Group A. For group B, a 
Wilcoxon Sign Rank Test indicated that the median scores’ G2 
ranks, MD = 2285.71, was statistically different from the median G1 
scores’ ranks Z = -2.954, p = 0.003. For group C, a Wilcoxon Sign 
Rank Test indicated that the median scores’ G2 ranks, MD = -
4954.55, was not statistically different from the median G1 scores’ 
ranks Z = -1.769, p = 0.079. 
4.2.1.2. Difference between groups. The data are independent. A one-
way between subjects ANOVA was conducted. An analysis of 
variance showed that the effect of the apparatus (PC or HMD) and 
displayed imaging (biocular or S3D) on in game score’s evolution 
between G1 and G2 was not significant [F(2.66) = 1.181, p = 0.313]. 

The in-game scores G1 and G2 in the group B are statistically 
different. There is not a significant difference for the groups A and 
C. The null hypothesis can be rejected for the difference between G1 
and G2 only for group B. The medians tendency indicates that 
condition B recorded better learning followed by condition C and 
finally condition A. Therefore, H1 can be partially supported via the 
score variable between the two games of group B. H4 can be 
supported because condition B shows statistically significant 
learning while condition C does not. 
4.2.2. Time for answering. The Shapiro-Wilk test was performed to 
test the distribution of each group. All G1 and G2 data follow a 
normal distribution (G1: A, p = 0.265; B, p = 0.233; C, p = 0.637; G2: 
p = 0.289; B, p = 0.089; C, p = 0.053). In order to test the between 
groups’ data, we subtracted the scores G2 and G1, the results were 
tested with the Shapiro-Wilk test: all followed a normal distribution. 
4.2.2.1. Difference pre-/post-exposure within each group. The data are 
paired, the lower the score, the higher the learning. A single-samples 
t-test was conducted to compare subjects’ time to answer for the 
first game (G1) and the second game (G2). There was a significant 
difference in subjects’ time to answer for G1 (M = 12.72, SD = 3.24) 
and G2 (M = 8.44, SD = 2.19), t (23) = 7.35, p = < 0.001 of the Group 
A. There was a significant difference in subjects’ time for answering 
for G1 (M = 11.48, SD = 2.47) and G2 (M = 7.66, SD = 1.72), 
t (21) = 7.84, p = < 0.001 of the Group B. There was a significant 
difference in subjects’ time to answer for G1 (M = 7.99, SD = 1.29) 
and G2 (M = 5.23, SD = 1.35), t (22) = 12.72, p = < 0.001 of the Group 
C. Subject’s took less time to answer for the three conditions during 
the second game compared to the first one. 
4.2.2.2. Difference between groups. The lower the score, the higher the 
learning. Group A took 4.281 minutes less to respond in G2 than in 
G1. Group B took 3.818 minutes less to respond in G2 than in G1. 
Group C took 2.763 minutes less to respond in G2 than in G1. The 
medians tendency indicates that participants in condition A 
recorded better learning followed by condition B and finally 
condition C (Fig. 6). A one-way between subjects ANOVA was 
conducted. An analysis of variance showed that the effect of the 

apparatus (PC or HMD) and displayed imaging (binocular or S3D) 
on times for answering difference between G1 and G2 was not 
significant [F(2, 66) = 2.91, p = 0.062]. Therefore, H1 can be partially 
supported via the evolution of response time variable between the 
first and second game. However, the difference in response time is 
not significantly different when conditions are tested one group 
with another. H4 can be supported because condition A and B show 
learning that tends to be higher than C although not statistically 
significant. 

4.3. Quality of Experience 
All questionnaires were completed after the two games (after the 

30 minutes) and the post-exposure optometric measures. 
4.3.1. Visual discomfort. All the 11 items from the questionnaire by 
Zeri and Livi were combined to test the visual comfort as a whole. 
The higher the score, the more subjects reported visual discomfort. 
A non-parametric Friedman test of differences among repeated 
measures was conducted and rendered a Chi-square value of 34.8 
which was significant (p < 0.001). A Pairwise Durbin-Cornover 
post-hoc test was conducted and showed no significant difference in 
visual comfort for group A (M = 1.81, SD = 0.998) and group B 
(M = 1.76, SD = 0.933), p = 0.626; a significant difference in visual 
comfort for group A and group C (M = 1.38, SD = 0.688), p = < 0.001; 
a significant difference in visual comfort for group B and group C, 
p = < 0.001. Overall visual discomfort was reported as low by 
subjects, with medians ranging from 1 to 2 (Fig. 7). However, when 
groups are compared with one another, there is a significant 
difference in discomfort. The paired comparison of the groups 
shows that the difference is significant when control condition (C) is 
compared with test conditions (A and B). Therefore, the HMD 
groups reported greater visual discomfort. This is consistent with 
the results obtained with visual fatigue measurements and supports 
H2. 
4.3.2. Presence. All 10 items from the Multimodal Presence Scale by 
Makransky et al. were combined to test the presence as a whole. The 
higher the score, the higher the level of presence reported. A non-
parametric Friedman test of differences among repeated measures 
was conducted and rendered a Chi-square value of 3.80 which was 

Figure 6: Time for answering G1 and G2 by group. Data are 
in minutes. 
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not significant (p = 0.150). The medians for the three groups are 
identical (M = 3). The subjects therefore assessed their overall social 
and spatial presence similarly. Therefore, H2 can't be supported by 
this parameter. 
4.3.3. Flow. All 9 items from the Flow Short Scale by Rheinberg, 
Vollmeyer and Engeser were combined to test the Flow as a whole. 
The higher the score, the higher the level of flow reported. A non-
parametric Friedman test of differences among repeated measures 
was conducted and rendered a Chi-square value of 1.03, which was 
not significant (p = 0.598). The medians for the three groups are 
identical (M = 4). The subjects therefore assessed their overall flow 
similarly. Therefore, H2 can't be supported by this parameter. 

5 DISCUSSION 

5.1. Eyestrain 
To summarize, we have evaluated eyestrain through several 

optometric measurements and showed that S3D drives to more 
eyestrain than biocular imaging (H3) based on punctum proximum 
of accommodation, stereoscopic acuity, ease of accommodation, but 
not based on visual acuity. This is consistent with previous studies 
[14, 48]. 

The Punctum Proximum of Accommodation is particularly 
impacted with our apparatus. The PPAs are significantly different 
pre- and post-exposure as they are also between conditions. The 
post-hoc comparison showed that the difference was significant 
between the HMDs conditions and the PC condition but not 
between S3D (group B) and the biocular imaging (group A). Yet, the 
tendencies of medians show that S3D drives to higher eyestrain 
based on PPA. The stereoscopic acuity gets impacted in a 
statistically significant way only for group A and with a two-tailed 
test. Therefore, we can’t support the hypothesis based on that 
variable. The ease of accommodation can support the H3 hypothesis 
only based on medians’ differences. The visual acuities pre- and 
post-exposure from the HMDs condition are significantly different 
but not when tested between conditions. Yet, the medians tendency 
shows that S3D drives to higher eyestrain based on visual acuity. 

The difference between groups A and B not being statically 
significant can be explained by the fact that the in-depth objects of 
our scene were the text and boxes that the subjects had to select for 
answering. These boxes were not always on screen: the dialog 
scenes (when the friend and the recruiter are talking) did not show 
any objects in depth. Furthermore, the tasks in the serious game are 
not requiring moving the head too much and there are very few 
moving objects in the scene. Moreover, the vergence-
accommodation conflict was less important which resulted in low 
visual stress. Furthermore, subjects adjusted HMDs and distance 
between screen and their eyes autonomously which means they 
might adjust it wrong for their eyes. Our results are consistent with 
previous work [29, 30, 36, 46] and show that HMDs have a more 
negative impact on the human visual system than computer screens 
when we compare the medians. Scenes and tasks asking for more 
movements and with more in-depth objects might lead to higher 
eyestrain in S3D conditions than binocular imaging conditions. 
Nevertheless, we can observe that eyestrain based on the PPA and 
visual acuity is higher with HMDs. 

5.2. Learning efficiency 
To summarize, we have evaluated learning curves through 

several in-game collected data and showed that learning expected 
answers in a job interview in SG 1) is not less efficient when the 
learners present eyestrain, which is not consistent with H1 and 2) is 
higher with VR-HMD than with a computer screen, which is 
consistent with H4. 

That can be explained by the fact that interaction within the SG 
was almost similar among conditions. Concerning time for 
answering and eyestrain (H1), the three groups took statistically 
significant less time during their second game compared to their 
first game. But, the difference between groups is not statistically 
different. The medians tendency shows that the test groups (A and 
B) with HMDs had a better learning than the control group with PC. 
H1 can be partially supported. Learning expected answers in a job 
interview in SG is less efficient when the learners are presenting 
eyestrain based on time since group A performed better than group 
B, as shown in previous work. Learning expected answers in a job 
interview in a SG is higher with VR-HMD than with a computer 
screen. 

Concerning comparison between VR-HMD and computer screen 
(H4), conditions A and B show better learning than C although not 
statistically significant. This is consistent with previous work [39, 
49] about short-term retention. The results can be explained by the 
Human-Machine Interaction habits of subjects, which are more 
anchored with PCs than with HMDs. Therefore, subjects might be 
more efficient, from first game, with their interactions with the SG 
for the PC condition since they are experts with that apparatus, 
while the learning curve could be more important with HMD 
conditions. As for the learning efficiency linked to eyestrain, 
previous works showed that S3D leads to more eyestrain than 
biocular imaging, because of the vergence-accommodation conflict, 

Figure 7: Visual discomfort questionnaire scores all items 
together (based on likert scales graduated 1-5) 
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which can also drives to more cognitive fatigue [28] or be an 
indicator of it [16]. But S3D was not determinant in our SG to 
perform as shown by the results about the in-game scores since no 
learning was based on visuo-spatial detection or interaction unlike 
previous work [10, 23, 32]. 

5.3. Quality of experience 
To summarize, we have evaluated the quality of experience 

through questionnaires and showed that eyestrain negatively impact 
quality of experience, supporting H2. 

The subjects from the control group (C) reported statistically 
significant less discomfort than the two conditions with HMDs 
which is consistent with the tendencies observed with eyestrain and 
previous work [12] but unlike others [21]. There is no statistically 
significant difference between the HMD-S3D condition compared to 
the HMD-Biocular condition. Notwithstanding, H2 is supported 
since eyestrain deteriorates the quality of experience in a SG because 
subjects reported higher discomfort while eyestrain was also higher 
(with the A and B conditions). However, the Presence, unlike 
previous work [11, 41, 45], and Flow, in line with previous work 
[44], reported by subjects did not show any significant difference 
rather statistically or with medians. These results are not in line with 
previous work [15, 39]. This can be explained by the fact that our SG 
was the same on each device and did not have different instructions 
while previous work reported this variability of instructions as a 
possible explanation for better results with HMDs rather than with 
PCs [49]. Therefore, only visual discomfort supports our hypothesis 
about the negative impact of eyestrain over quality of experience. 

5.4. Limitation of the study 
The conditions tested in the present study have a high variability 

on oculo-motor demand since imaging type and devices displaying 
them are different. Therefore, the measured eyestrain to discuss its 
possible effects on learning is circumscribed to our apparatuses. 
Samsung Gear VR does not support the individualization of the 
inter-pupillary distance whereas this is possible in HTC Vive and 
Oculus Rift. Therefore, the tuning of Samsung Gear VR is less 
efficient and might influence oculomotor stress especially with 
stereoscopic content which we adapted based on general inter-
pupillary distance. Our optometric results could vary depending on 
the Head-Mounted Display used. 

6 CONCLUSION AND FUTURE WORK 
When playing about 30 minutes of a SG to learn job interview, 

our study shows that subjects’ learning curves is more efficient 
while using HMDs than a computer display. However, eyestrain 
tends to be higher while using HMDs. This eyestrain tends to have 
negative impacts on learning performances. The quality of 
experience is negatively impacted for visual comfort with HMDs 
compared to computer screen. Nevertheless, there are no significant 
difference between S3D and biocular imaging. Presence and Flow 

was similar among test and control conditions. Since our results 
show that eyestrain tends to be higher with S3D, not using S3D for 
SG with low visuo-spatial interactions and learning could be a way 
to avoid such limits and improve user experience quality. This 
solution would however not be satisfying with expert users or to 
learn certain tasks that are typically taking advantage of S3D such as 
surgical skills. Thus, finding a way to maintain S3D imaging by 
lowering its impact should also be investigated. 

This study was conducted in an experimental environment as 
close to the real uses as possible. Lesser variability in conditions, 
more fundamental works, could help better understand links 
between eyestrain and learning. For example, by assessing visual 
fatigue and its impacts on learning in other experimental paradigms. 

An analysis of learning retention scores after a few weeks 
may help to better understand the impact of HMDs, S3D and 
eyestrain on learning. Since S3D can be necessary depending on 
learning expectations, software solutions to reduce eyestrain 
should be explored. 
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