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Abstract

Background: Virtua reality (VR)—based goal-oriented games for cognitive assessment are rapidly emerging and progressively
being used in neuropsychological settings. These games have been validated quantitatively, but minimal qualitativeinsightsfrom
userscurrently exist. Such insights on user experience are essential to answering critical questionslinked to the games' large-scale
usability, adoption in hospital settings, and game design refinement. Current qualitative studies on these games have used general
guestionnaires or web-based reviews to answer these questions, but direct observation from primary settings is missing. We
believe that direct observation of participants playing these games and subsequent interaction with them iscritical to devel oping
amore objective, clear, and unbiased view of the games' efficacy, usability, and acceptability.

Objective: In this study, we aimed to extract constructive and relevant insights directly from the participants who played
VR-based goal-oriented games. We used these insights to answer vital questions linked to the practical utility of VR-based
cognitive assessment. On the basis of these results, we also aimed to provide actionable insights to key stakeholdersin the field,
such as researchers, game devel opers, business personnel, and neuropsychology and allied professionals.

Methods: Interview datafrom 82 younger (aged 18-28 years) and 42 older adult (aged >60 years) participants were used. The
interview data were obtained from the 2 pilot studies we conducted on VR games for cognitive assessment. Inductive thematic
analysis was conducted on the interview data, and later, the findings were carefully interpreted to develop implications for the
key stakeholders.

Results: Weidentified 5 themes: ergonomic issues, learning and training, postgame effects, game feedback, and system purpose.
Regarding hardware, headset weight, adjustment straps, and controllers need to be improved to promote easy use of the device.
Regarding software, graphics quality, immersion experience, and game mechanics are the primary deciding factorsfor a positive
user experience. The younger group prioritized purpose and utility for long-term use, whereas the older participants cherished
the entertainment aspect. Researchers and game developers must conceptualize and develop games that can provide maximum
insights into real-world abilities. Manufacturing businesses need to improve the headset and accessories to make them more
user-friendly. Finally, neuropsychology and allied practitioners must identify strategiesto engage and train the participantsto try
VR-based cognitive assessment games.

Conclusions: VR-based gamesfor cognitive assessment are promising toolsto improve the current practices of neuropsychological
evaluations; however, afew changes are required to make the overall user experience enjoyable, purposeful, and sustainable. In
addition, all the key stakeholders need to focus on meaning and purpose over the hype of VR and are advised to work in synergy.

(IMIR XR Spatial Comput 2024;1:e€59197) doi: 10.2196/59197
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Introduction

Background

Games for cognitive assessment have become very popular
[1-6]. This development is motivated by the urgency for early
detection of cognitive deficits such as dementia, which do not
have a cure [7]. Moreover, traditional methods for cognitive
assessment provide limited assistance for early detection of
cognitive decline and fail to instruct about the real-world
cognitive abilities of people[8-10]. Inthis context, goal-oriented
games can serve as novel tools to address the gaps associated
with traditional neuropsychological assessments[11].

Games for cognitive assessment can be either immersive or
nonimmersive. The nonimmersive games are played on mobile-,
tablet-, or computer-based platforms, whereasimmersive games
usevirtua redlity (VR) devices, usually ahead-mounted display
(HMD) and handheld controllers. Gamesin both theimmersive
and nonimmersive environments are effective for evaluating
and assessing specific cognitive abilities such as memory,
language, spatial abilities, and executive functioning and assist
in stroke [12-15] and traumatic brain injury rehabilitation
[16,17].

Of the 2 types of games, immersive games have generated alot
of excitement and enthusiasm among researchers, clinical
personnel, and commercia enterprises[18]. The VR framework
can create interactive and immersive 3D environments, which
can simulate the real world. This simulation-based realism of
VR environments is conducive to ecologically valid cognitive
assessment [19-21]. In fact, VR games can assess the ability to
carry out activities of daily living [22], detect visuospatial
deficits[23-25], and assess cognition in general [26]. In addition
to cognitive assessment, VR games are used for rehabilitation
of executive functioning [27,28], memory impairment control
[29-31], language improvement [ 32,33], and motor rehabilitation
[34].

Clearly, VR games are useful for cognitive assessment and
rehabilitation. Research studies have validated this usefulness
through statistical and correlational analyses [22-24,35], and
systematic reviews and meta-analyses also confirm the
advantages [36-38]. However, quantitative validation is
insufficient to deduce the acceptability and adoption of these
tools in real-world neurological or medical settings. In fact,
according to a qualitative study on 3 focus groups and 60
one-to-one interviews, the functional aspect of technology has
little impact on its adoption [39].

Skewed focus on the quantitative validation of VR games
exaggerates their functional aspectswhile completely ignoring
the emotional, social, and epistemic aspects that are crucial to
their adoption [40,41]. For a fuller validation of these games,
it is essential to know users attitudes toward them; the
complexity they face during use; and the extent of compatibility
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between the technology and their needs, values, and experiences.
These factors can inform the perceived usefulness and ease of
use of such VR games, ultimately indicating the likelihood of
their adoption in the real world. The US Food and Drug
Administration also advocates for qualitative evidence from
key stakeholders on VR tools' relevance and significance [42].

While numerous reviews have established the impact of VR
games for measuring and improving cognitive abilities such as
executive functioning, spatial reasoning, memory, language,
and attention, as well as activities of daily living [43], we still
know very little about how usersactually feel about these games.
Therefore, to obtain perspectives beyond functionality in the
context of VR games for cognitive assessment, studies that
review and inform user experience and feedback are vital.
Existing reviews in this context focus on web-based data
[44-46], lack age-specific investigation [44-46], or smply focus
on game design elements [47,48]. This lack of focus and
direction from the user point of view isdetrimental and fruitless
to inform the acceptance and adoption of these toolsin the real
world.

In this context, we undertook thisthematic analysisand distilled
feedback on VR gamesfor cognitive assessment obtained from
2 cohorts: 93 younger (aged 18-28 years) and 53 older (aged
>60 years) participants. Data were obtained from 2 field trials
conducted by us. The younger cohort was recruited from the
Birla Institute of Technology and Science (BITS) Pilani K. K.
BirlaGoa Campus, and the older cohort was recruited from the
Annasawmy Mudaliar General Hospital, Bangalore, India. All
participants were cognitively healthy except for 2 in the older
cohort who reported mild cognitive impairment.

Using thematic analysis, we extracted practical, applied, and
insightful themes that inform about the strengths, challenges,
and limitations of the VR games for cognitive assessment. We
discussed the obtained themes and substantiated them through
user comments. In a separate section for stakeholders, we
discussed the implication of the findings for researchers, game
developers, businesses, and medical settings. Our work is
relevant to anyone who works at the forefront of using and
developing VR games for cognitive assessment and
rehabilitation.

In the next section, we present and discuss review studies on
immersive and nonimmersive games for cognitive assessment.
Later, we briefly describe the methodology used. Finally, the
results are presented and discussed, followed by conclusions.

Literature Review

In this section, we briefly mention studies that quantitatively
validate V R-based cognitive assessment games and acknowledge
their importance for the trandl ation of these gamesinto thereal
world. Importantly, we also contrast the significance of
gualitative studies on VR-based cognitive assessment games
compared to these quantitative validation studies and develop
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a case for the former’s importance for real-world tranglation.
Finally, we discuss previous qualitative studies on VR games
and point out their limitations and contributions and, against
this context, justify the significance of our work.

A meta-analysis of 18 studiesfound that healthy controls scored
higher in games for executive functions, visuospatial abilities,
and memory as compared to those with cognitive impairment
[36]. Accordingly, the authors concluded that VR-based
measures for cognitive processes are sensitive in detecting
cognitiveimpairment. A different study established the criterion
validity of the VR games for cognitive assessment using 5
factors of personality and convergent validity using scores of
computer-based assessments[35], further validating the efficacy
of VR-based cognitive assessment. However, the authors also
pointed out the need to eval uate these gamesfor their difficulty,
adaption, autonomy, and control.

A systematic review of digital games for attention found that
guantitative validation of game scores was primarily done
against the traditional psychometric counterparts and clinical
diagnosis [49] but the enjoyment properties of the games were
rarely evaluated. In addition, a meta-analysis and systematic
analysis that found VR games to be effective for rehabilitation
of older adult patients after stroke remarked the importance of
investigating game characteristics that drive positive changes
in rehabilitation [37]. In the aforementioned studies, the authors
sufficiently proved the validity of the VR games for cognitive
assessment but also emphasized the need to examine the
gualitative factors to obtain more clarity on the effectiveness
and usability of these games. Clearly, there is a consensus
among researchers on identifying and examining the factors
associated with the wider adoption of these games. In fact,
according to the theory of consumer research, knowledge of
factors such as emotions, socia value, and epistemic value is
critical to sense user perception of a product’s usefulness and
adoption [40,41]. In this context, we discuss and critically
analyze previous studies that inform our qualitative
understanding of VR games.

A nonsystematic literature review on VR games for
identification and rehabilitation of cognitive disorders reported
nausea and disorientation among participants who played the
games[50]. Although the authors described the games, the lack
of specific insights into the game design and game elements
precluded adeeper understanding of the causal factorsfor nausea
and disorientation. Similarly, a narrative review of 29 papers
on VR games summarized game designs used in VR game
development [47]. However, we do not know how certain game
designs are better or more effective than othersfor the usefulness
and ease of use of VR games. On the other hand, a systematic
review [48] found that score system and narrative context were
the most popular game elements for neuropsychological
assessment, training, and rehabilitation, but we do not know
how the actual users feel about these popular game elements.

Each of these aforementioned reviews [47,48,50] is limited in
itsapplication to the real world asit isbased on literature rather
than direct user feedback. Although they provide a genera
understanding of game design, scores, game elements, and their
aftereffects, reviews based on direct human experience and
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feedback are preferable to inform the public-level acceptance
and adoption of VR games for cognitive assessment. In fact,
direct user opinions and feedback are crucial to ground the
VR-based games for cognitive assessment and help separate
practical utility from the VR hype [51-54]. To thisend, we also
discuss some studies that explore user feedback on VR games.

Analysis of 473 VR gamers experience found that their use
was primarily driven by enjoyment rather than usefulness[44].
Given that the sample comprised dedicated gamers, it isdifficult
to extrapolate these results to the general populace. Moreover,
we do not know which types of games were played by these
participants. Thus, even though the sample was large, its utility
for reviewing the efficacy of VR gamesfor cognitive assessment
is precluded due to lack of information on the types of games
played by the participants. Furthermore, the gamers were from
different countries, and thus, cultural factors may beresponsible
for certain VR game preferences [55,56].

In adifferent study, web-based reviews of VR exergames sold
in Steam, V1VEPORT, and Oculus were thematically analyzed,
and it was found that realism, intuition, and skill enhancement
were associated with positive user engagement, whereas ahigh
number of bugs, poor graphics, and confusing control buttons
were associated with user disengagement [45]. Similarly, a
study on 1227 experienced VR gamers (6 months of experience)
found that display quality, interactivity and service, enjoyment,
and perceived control were indirectly linked to acceptance of
and continuous intention to play the games [46].

The results of these 2 studies [45,46] provide a broad idea of
qualitative aspects of VR games that are favorable and
unfavorable for user acceptance, but because these studies are
based on web-based reviews [45] and questionnaires [46], their
impact is limited and lacks context required for real-world
application and influence[52,53,57]. Consequently, it isdifficult
to discern from the aforementioned studies which features to
continue with in VR game development, which to remove, and
whichtoimprovefor cognitive assessment. To addressthisgap,
it isvital to combine the findings of these reviews with direct
feedback from participants in primary settings. Such direct
feedback provides clearer information on user attitude toward
the games, the challengesthey face, and the perceived strengths
of the game. Moreover, the opportunity to directly talk to the
participants about their experience enriches the evidence base
required to objectively establish the acceptance and adoption
of VR games for cognitive assessment.

In summary, we observethat the existing evidence on validation
of VR games for cognitive assessment is quantitative, lacks
discussion and critical analysis of the context and content of
the games, and is limited by lack of direct user feedback.
Although existing quantitative evidence provesthe functionality
and potential of these games, it cannot be solely relied upon to
indicate the acceptance and adoption of these games in
real-world settings such as health centers for older people,
old-age homes, neurological clinics, or even a home for
individual assessment.

In this context, we present our thematic analysis, which isbased
on interviews conducted during 2 field trials on VR games for
cognitive assessment undertaken by us. The games were
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developed by us, and through these field trials, we obtained
direct insights into the experience and feedback from youths
(aged 18-28 years) and older participants (aged >60 years). The
choice of a younger group was motivated by evidence of
cognitive decline beginning in the third decade of life [58-72].
On the basis of the thematic analysis of the field trial data, we
have richer insights into the user perception of VR games for
cognitive assessment. We aso present and discuss the
implications of the findings for the key stakeholdersinthefield
to foster real-world tranglation of the results, a practical goal
that is missing in the aforementioned studies.

Methods

Overview

Our thematic analysis was based on the interview data we
collected as part of our pilot on VR games among 82 younger
participants (aged 18-29 years) and 42 older adult participants
(aged =60 years). The youths were recruited from BITS Pilani
K. K. Birla Goa Campus, and the older adults were recruited
from the Annasawmy Mudaliar General Hospital, Bangalore,
India.

In total, 2 VR games were piloted: a navigation game (Figure
1) and ahand-eye coordination game (Figure 2). The navigation
game is an obstacle course game in which the participant has
to wear the VR headset and use the handheld controllers to
travel (walk and fly) through an animated virtual world course
(land and sky), collect coins (rewards), identify turning points,
and avoid obstaclesto reach thefinal treasure (Figure 3). Inthe
flying course, the participant uses controllersto fly and collect
the coins in hoops suspended in the air.

In the hand-eye coordination game, the player is expected to
hit blue cubes using a blue hammer (VR controller) and red
cubes using a red hammer (Figure 2). The blue hammer isin
the left hand of the player, and the red one isin the right hand.
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A correct hit isregistered when the red or blue cubeis correctly
hit by the red or blue hammer respectively in the direction
specified on theincoming cube. Any other hit isincorrect. With
every correct hit, the speed of the incoming cubes increases.
Each participant played 3 trials of each VR game after playing
a mini game that served as a tutorial for the actual game. An
Oculus VR headset was used.

Both VR gameswere piloted in the younger group, but only the
hand-eye coordination game was piloted in the older group due
to the complex gameplay of the navigation game and the
preliminary feedback of 2 older adults (aged >60 years). Before
game administration, participants’ basic level of proficiency
with gaming, VR, and computers was obtained using a 5-point
visual analog scalewherein 1 indicated the |east experience and
5 indicated maximum experience. These data were important
for contextua interpretation of game performance and feedback.

After game administration, feedback was obtained using 3
standard questionnaires: Virtual Reality Sickness Questionnaire
[73], Virtual Reality Presence Questionnaire [74], and the
System Usability Scale[75]. On the basis of the feedback from
these 3 questionnaires, each participant was interviewed to
obtain clarity on the context that guided their responses to the
guestionnaires. Theseinterview datawere used for thethematic
analysis. The entire process took 1 hour for each participant.

Each individual comment was first coded to summarize its
overal idea. Later, codes that were semantically similar were
grouped together to form atheme. Themes were identified and
later reviewed. Themes were categorized and named to reflect
the codesthey encompassed. In addition to the thematic analysis,
we summarized the scores on the 3 questionnaires for each
group. A statistical comparison between the groups was not
possible because the older cohort did not play the navigation
game. Finally, in aseparate section, we discusstheimplications
of the findings for the key stakeholdersin thefield.
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Figurel. Navigation game sky view. The brown path and course can be seen, and thered and blue game elementsindicate obstacles. The orange-colored
hoops in the sky with suspended coins inside them illustrate the flying segment of the game.

bo s

Figure 2. Hand-eye coordination game first-person view. In total, 2 hammers can be seen (red and blue colored); each incoming cube has a direction
attached to it that indicates the desired motion of the hammer.
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Figure 3. An abstraction of the virtual reality—based navigation game showing the obstacles, rewards (on the land and flying section), correct and

incorrect paths, and the flying section.
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Ethical Consider ations

Written informed consent to take part in this study was provided
by the participants. The procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with
the Helsinki Declaration of 1975 as revised in 2008. All
procedures involving human patients were approved by the
Human Ethics Committee of BITS Pilani Goa Campus
(reference HEC/BITS Goal2023-2026). Ethics approval was
also obtained from Annasawmy Mudaliar General Hospital
separately for the recruitment and assessment of older adults.

Results

Overview

A total of 82 younger (mean age 20, SD 2.09 y; median age 20
y; n=67, 82% male) and 42 older (mean age 71, SD 6.31 y;
median age 70 y; n=26, 62% female) participants took part in
the study. Inthe younger group, most people (77/82, 94%) were
right handed, 4% (3/82) were |eft handed, and 2% (2/82) were
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ambidextrous. A total of 96% (79/82) of the participants were
pursuing a graduate degree, and 4% (3/82) were pursuing a
doctorate. Of the 42 older people, 30 (71%) were married, 8
(19%) were widowed, 3 (7%) were single, and the others' data
could not be found.

Theresults of the statistical comparison of the gaming, VR, and
digital experience of the younger and older cohort are presented
in Table 1. For al 3 measures, older people were less
experienced than the younger ones. This was an expected
observation as young people are relatively more aware of
technology and gaming gadgets. However, strangely, the
difference waslowest for VR experience. Thissmall difference
was due to the unfamiliarity of VR technology in both the
younger and older groups. This comparison provides a context
to interpret the results of the thematic analysis.

Intotal, 5 themes (Figure 4) were identified: ergonomic issues,
learning and training, postgame effects, game feedback, and
system purpose. We discuss each theme and substantiateit using
examples from the data.

JMIR XR Spatial Comput 2024 | vol. 1 | €59197 | p. 6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR XR AND SPATIAL COMPUTING (JMXR)

Bhargava & Baths

Table 1. Comparison of gaming, digital, and virtual reality (VR) experience of the older and younger cohort. Significance was assumed at P<.05.

Measure Holg (N=42) Hyoung (N=82) Mean difference (95% CI) P value
Gaming experience 2.85 4.06 -1.20 (-1.68 10 -0.72) <.001
VR experience 152 222 —0.695 (-1.10 to —0.293) <.001
Digital experience 314 459 —1.45 (-1.86 to —1.04) <.001

Figure 4. Thematic map showing the 5 themes and their subthemes. VR: virtual redlity.
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Most participants reported physical discomfort due to the VR
headset or HMD. Older adults who had poor eyesight, retina
problems, or cataract surgery history reported greater discomfort
and uneasiness. The VR headset is an externa device that is
worn on the face covering the eyes and has 2 side straps for
fixing or tightening the headset with respect to the head. The
high weight of this headset (500 g) was the reason for this
physical discomfort.

Our observations are substantiated by previous research that
has found that the weight of the HMD and high local pressure
lead to discomfort and fatigue and upset the user experience
[76-79]. Previousresearch on use of VR HMDsfor underground
workers suggests that the maximum acceptable mass of the
HMD is 1000 g [80], but in our study, we found that participants
complained of heaviness in the headset even though its weight
was 500 g.

The heaviness of the headset caused discomfort during the
hand-eye coordination game in both the younger and older
cohorts. We believe that this discomfort was aggravated by the
physical movement of hands and limbsrequired in the hand-eye
coordination game because similar discomfort was not reported
for the navigation game, which does not require any physical
movement. Thus, it appears that games that require passive
engagement would be more tolerable with the current weight
of the headset. However, such passive engagement is not
conducive to realistic cognitive assessment because real-world
tasks require movement and action. Therefore, the heaviness of
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the headset is detrimental to the long-term adoption and
acceptance of VR-based cognitive assessment games in the
general populace [77,79].

It was also found that the side straps provided with the
commercial headset are not user-friendly and using them for
fixing and adjusting the headset is inconvenient. The issue of
adjustment of straps was reported in the younger cohort, in
whom the pilot was conducted first. On the basis of their
feedback, we replaced the original adjustment straps with the
enhanced side-strap support provided by the KIWI design. This
change improved the head adjustment for the older group, and
no adjustment problems were reported in this cohort. Our
observation on the original adjustment straps provided with the
Oculus headset is confirmed by an opinion piece by a law,
technology, and human rights attorney [81]. The author
mentioned that the strap adjustment piece keeps pulling out
when adjusting for different participants and is difficult to fit
around traditional headgears such as turbans and hijabs.

In addition to the headset and strap problems, participants
reported issuesrelated to button use in the handheld controllers.
Each Oculus handheld controller has a total of 6 buttons. The
index finger is generally put on the trigger button, the middlie
finger is put on the gripper, and the thumb is used to control the
other 4 buttons. Although the game instructions notify the use
of the buttons, the participants still reported confusion with
button use at runtime. Particularly in the navigation game,
participants reported confusion as the game involved multiple
buttons: walking, stopping, and flying. The controller buttons
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do not seem naturalistic to real-world use, and someresearchers
indicate that VR gloves are superior [82].

However, for the hand-eye coordination game, which did not
require any buttons to be pressed on the controllers, this
confusion was not reported, but a peculiarity was observed
wherein older people assumed that they needed to press the
button to play the game. It took sometimeto makethem realize
that only controller movement was required and no buttons on
the controller needed to be pressed. However, ideally, in such
games, it is better to use controllers that do not have buttons.

Bhargava & Baths

VR gloves could appear more intuitive and naturalistic as they
lessen the abstraction between the real and virtual worlds[82].

Textbox 1 shows some comments from the participants that
substantiate the ergonomic issues with the headset.

Due to both the heavy headset and multiple buttons on the
controllers, the participants could not seamlessly play the games.
To address this, device manufacturers need to minimize the
headset weight, and game devel opers can use the buttons on
the controllersthat are intuitive and aligned with natural finger
use in day-to-day life.

Textbox 1. Comments from the participants on the theme of ergonomic issues.

Youths

aged 22, 23, and 26 years]

Older people

[Male participant; aged 69 years]

«  “Peoplewith high power in specs, may find some discomfort initially.” [Male and female participants; aged 18-21 years]

o “Headset was heavy.” [Male and female participants; aged 18-26 years)

«  “Making turnsin the Navigation game using controllers was not very friendly.” [Male and female participants; aged 18-21 years]

« “I had fullness of head due to the headset.” [Male and female participants; aged 19 years)

.  “Too many buttonsin the controller.” [Male participant, aged 18-19 years, and female participant, aged 26 years]

o “I had headset adjustment issue, due to which | had blurred vision. With spectacles, it was an added difficulty.” [Male and female participants;

. “I had afeeling of interference due to glasses. Without glasses, it was difficult as the headset was very heavy.” [Male participant; aged 62 years]
- “Difficult for everyone, would like to use only the computer frequently, but not the VR.” [Female participant; aged 64 years)

. “Could not play the VR Game as experienced discomfort on putting the headset. | also have retina issues so | do not want to play the game.”

. “Firsttimeholdingit, so | am very conscious and find it difficult to use.” [Female participant; aged 71 years]

« “I found the headset very heavy, and without glasses also | found it difficult.” [Female participant; aged 75 years)

Learning and Training

The second theme related to the learning and training required
to play the VR-based games. Given that the VR-based
experience was novel for both the younger and older groups
(VR experience=1.52/5 for the older cohort and 2.22/5 for the
younger cohort), learning and training is crucial. A difficult
learning process and poor training might dissuade users from
adopting the technol ogy.

In our study, training was provided using ashort tutorial for the
VR games and controller use. Each participant had a chance to
play amini game before playing the 3 trialsfor each game. The
mini game served as a hands-on training for the games. Both
younger and older participants acknowledged that the training
helped them play the games independently. Few complained of
not understanding the video instructions due to audio and
background noise. In these cases, extra explanations were
provided, but it is essential to eliminate audio and noise from
the training and learning videos. Due to playing 3 trials, the
participantswere ableto gradually learn how to play the games.

We also realized that, in the context of VR, training must not
be limited to technology-based training. For older people,
training can be augmented by explanation, support, and
persuasion from the game administrator. These game
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administrators could be neuropsychologists,
neurophysiotherapists, or neuropsychiatrists. For example, in
our study, amale participant aged 73 years could not understand
how to play the hand-eye coordination game despite repeated
instructions. His recent cataract surgery caused him difficulty
to apply theinstructionsto the game. However, with the patience
and support of the game administrator, combined with his
interest, he was able to successfully learn how to play the game
independently.

However, sometimes, repeated assistance may not work if the
patient has cognitive impairment. For example, in our study, a
mal e participant aged 62 years with mild cognitive impairment
kept forgetting the instructions during the game, so it was
challenging to sustain learning due to his medical condition,
impeding his gameplay. Therefore, according to the context,
the situation, and the interest of the participant, learning and
training can be customized for unique cases.

In the existing literature, very few studies have focused on the
learning or training required to play VR games. We found
research on using VR games for learning and teaching in
academic settings[83,84], but research on the difficulty or ease
of learning to operate VR and play games on it is missing.
Existing studies on VR focus on its usability [85], perception
[86], and adoption [87] but fail to comment on thelearning and
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training required to use it. The learning trgjectory of VR is
important to study in different population groups at whom the
products are targeted, especially the older adult group.

Textbox 2 shows comments from the participantsto substantiate

Bhargava & Baths

From the commentsin Textbox 2, it isclear that youths reported
fewer challenges with learning and training for the VR games
and the older group faced difficulties. This difference can be
attributed to aging effects on learning [88]. Accordingly,

solutions and strategies need to be developed to cater to the

the aforementioned discussion. unique learning needs of the older population.

Textbox 2. Comments from the participants on the theme of learning and training.

Youths
«  “Tutorial was enough, games were easy.” [Male participant; aged 18 years]
o “Technical for first-timers” [Male participant; aged 19-20 years]

Older group

«  “Something out of routine, so found it difficult.” [Female participant; aged 65 years]

«  “Theintroduction video voice is not clear.” [Female participant; aged 67 years)

. “Theinstructionsin the video were fast.” [Male participant; aged 73 years]

«  “The confusion was there for the first two times, later it became clear.” [Male participant; aged 73 years)
. “Wasconfused in the beginning, asit had been along time.” [Female participant; aged 65 years]

o “Except for few thingsin the beginning, it was easy to learn.” [Female participant; aged 69 years)

o “If the personisinterested, they will learn quickly.” [Male participant; aged 73 years]

o “Overadl, the games were extraordinary. The guide who conducted the test was in a position to articulate well for my understanding and

performance.” [Male participant; aged 72 years]

Postgame Effects

Both the younger and older cohorts reported immediate but
subsiding health-related effects after the VR games. This
included dizziness, nausea, fatigue, eyestrain, vertigo or
headache, cybersickness, breathlessness, blurred vision, loss of
balance, loss of focus, and disorientation. Participants with
previous health issues such as screen strain reported relatively
higher eyestrain after the VR game.

Due to these headlth effects, participants took some time to
become comfortabl e after the games, normally 30 to 60 seconds,
aswe observed. The postgame discomforting effectswere more
commonly reported after the navigation game. These effects
could be attributed to the nature of the navigation game, which
requires no physica movement. Thus, the player has a
perception of forward motion or flying (in the flying segment)
in the game while they are actually standing or sitting in the
real world. Due to this sensory discrepancy, there is a sense of
inertia during the game and disorientation after the game. This
sense of inertia seemed to have compounded over the 3
continuoustrials of the navigation game, resulting in postgame
disorientation and negative health-related effects.

For the hand-eye coordination game, postgame health effects
were minimal in the younger and older cohorts. Unlike the
navigation game, wherein a sensory discrepancy is present
between the player in the game and the one in the real world,
in the hand-eye coordination game, this is not so. The
movements of hand and limbs expected in the hand-eye
coordination game are aligned with the movement in the real
world; consequently, there is no sense of disconnection
experienced by the player during the game. Therefore, postgame
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effects such as dizziness, nausea, and disorientation were not
observed for the hand-eye coordination game. Still, tiredness
and fatigue among the older group were reported, which were
indicative of their physical movement during the 3 trials of the
game and may not necessarily be negative.

A core reason for the postgame effects of the VR games could
be the continuous administration of 3 trials. Continuous VR
exposure, especially to the graphic-rich and stimulating
environment of the navigation game, can intensify the negative
postgame effects [89,90]. Adverse health effects after VR
exposure are well documented in research. Our findings are
confirmed by previous research that reports cybersickness
characterized by visual fatigue, headache, disorientation,
dizziness, nausea, and tiredness [91-97]. In scientific terms,
these arereferred to as VR-induced symptoms and effects [98].
For a detailed study of VR-induced symptoms and effects,
readers can refer to the narrative review by Souchet et a [99].

In Textbox 3, we substantiate the postgame effects using
comments from the groups. Among the youth, all the comments
on postgame effects were related to the navigation game.

Comments from the older cohort are shown in Textbox 4. We
noticed very few complaints of postgame adverse health effects
among the older group. This is attributed to the gameplay of
the hand-eye coordination game, in which no sense of
disconnection or discrepancy was experienced by the player in
the virtual world and the real world.

From the aforementioned discussion and examples, it is clear
that sensory discrepancy or too much stimulation and continuous
exposure can lead to negative postgame effects, which normally
subside after some time and are not dangerous. Still, these
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effects may be detrimental to the acceptance of VR games and
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need to be minimized.

Textbox 3. Comments from the younger participants on the theme of postgame effects.

Youths

« “Eyestrain dueto color in the Navigation game.” [Male and femal e participants, aged 18-23 years|

. “Eyestrain dueto headset.” [Male and female participants; aged 19-23 years]

o “Skeptic of the vision problems caused by VR.” [Male participant; aged 19 years]

. “Exhausted after the Navigation game.” [Male participant; aged 19 years]

o “Experiencejust like post exam—qot tired.” [Male participant; aged 19 years)

o “Lost balance many timesin the Navigation game.” [Male and female participants; aged 19-21 years]

o “Senseof balanceislost whilein the game, headset is heavy. Reported nausea, disorientation. In the second trial removed the headset once, 3rd
trial not played. Asked to be seated and play, but reported discomfort and quit.” [Male participant; aged 21 years]

«  “Navigation game was disorienting a bit.” [Male participant; aged 19 years)

.  “Headache, eye strain, blurry vision due to heavy usage (by the end of Trial 111).” [Male and female participants; aged 18-21 years]
«  “Headache during post-game form filling.” [Male participant; aged 19-20 years]

. “Initidly in the beginning headache was there, improved with time.” [Male participant; aged 18 years]

« ‘“Littledizzinessin the beginning.” [Male and female participants; aged 18-19 years)

o “Dizzinessisaput-off.” [Male and female participants; aged 18-21 years]

«  “Head feelsmore heavy after the movement game and during turning motions.” [Male and female participants; aged 18-21 years]

«  “Head spinning during the fly.” [Male participant; aged 19 years]
«  “Cannot play for longer time.” [Male participant; aged 20 years]

. “After the game, took time to come back to the real world.” [Male participant; aged 18 years]

o “Takestimeto get normal.” [Male participant; aged 19 years]

. “After the games, difficulty in walking in the real world. Could not walk in a straight line after the game.” [Male participant; aged 19 years|

Textbox 4. Comments from the older participants on the theme of postgame effects.

Older group

. “Eyestrain after playing and headache.” [Female participant; aged 64 years]

« “Played only two levels of the VR game, got very tried after two trials, so wanted to stop.” [Male participant; aged 67 years]

«  “Could not play the VR game as she felt dizzy.” [Femal e participant; aged 75 years]

o "I felt very tired and breathless and wanted to stop after the 1st level but was persuaded to try, but again | got breathless after the 2nd level”

[Female participant; aged 75 years]

Game Feedback

The game feedback differed for the 2 VR games. Most of the
younger participants highlighted that the graphics in the
navigation game weretoo bright and had high contrast. Previous
research on VR games has a so identified color and contrast as
important factors for VR games and linked them to
cybersickness [76,94]. Poor graphics such as frequent color
change and highly dynamic videos are linked to visual fatigue
in VR games [100,101].

When inquired about the realism of the game, participants
remarked that the game objects were animated and seemed
unreal. We realized that the younger participants defined game
realism strictly based on its overlap with the real-world
environment and objects. Although this expectation is not
unjustified, we believe that it imposes avery rigid definition of

https://xr.jmir.org/2024/1/€59197
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realism in the context of VR. On reflection, we realized that
realism in the context of VR is a broader concept and may
include real-world scenarios, but this criterion is not necessary
to establish the realism of VR games. Animated game
environments that mimic the nature and intensity of cognitive
load observed in thereal world also hold realism. Accordingly,
even if the objects in the animated game environment do not
duplicate rea-world objects, if they can assess cognitive
processes and skills similarly to real-world cognitive
engagement, such animated game environment has realism.
From this broader standpoint on realism, we believe that the
navigation game held realism asit involved cognitive processes
linked to walking, avoiding obstacles, waiting, climbing stairs,
and grasping.
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Realism in VR has been found to be associated with greater
presence and more intense responses [102,103] and is one of
the factors that determine enjoyment. Thus, it is important to
consider it when designing games for cognitive purposes.

Textbox 5 presents some comments from the younger group on
game feedback.

For the hand-eye coordination game, color or graphics issues
were not reported by any of the group participants. In fact, a
female participant aged 69 years shared that she was deeply
involved in the visuals of the hand-eye coordination game.
However, participants pointed out amismatch and inconsistency
between user action and game responses. Both younger and
older participants complained that their hammer hits were not
registered at times, due to which they lost key points.
Participants also reported latency in the responseto their actions,
which caused lagging in the game. Both latency and lagging
are known factors that relate to VR experience; however, it is
believed that these are hardware issues and are less likely to
occur with new HMDs[76].

Furthermore, in the older group, we found mixed reviews on
the speed of the incoming cubes in the hand-eye coordination
game. Some participants felt that the speed was higher, due to
which they could not focus on both the colored cubes, whereas
afew felt that it was too slow and could be increased. These 2

Bhargava & Baths

contrasting views indicate subjectivity in the perception of the
game but also call for dynamic adjustment of the speed of
incoming cubes. Such enhancement could greatly improve the
user experience of the game. Moreover, given the frailty in the
older group, we also noticed that the hand-eye coordination
game could be made more flexible by introducing a seated
gaming arrangement.

Finally, our broader definition of realism was also confirmed
inthe hand-eye coordination game, wherein participants reported
that the game felt natural and real. Even though no one plays
such a game in the real world, the movements, such as lifting
a hammer and moving it sideways, up, and down, are typical
of the real world. A sense of sensory synergy (ie, similar
movementsin the real and virtual world during gameplay) also
contributed to a sense of realism in the hand-eye coordination
game. Our views on realism in the VR games are confirmed in
aresearch paper that calls for deeper understanding of realism
and mentions that it relates to both the illusion and immersion
components [104]. Thus, a multisensory environment could be
more immersive as it engages the senses of the person just like
thereal world.

Textbox 6 presents some of the comments on the hand-eye
coordination game from the older cohort that substantiate this
theme.

Textbox 5. Comments from the younger participants on the theme of game feedback.

Youths

« “HD Graphics could improve the user experience.” [Male participant; aged 18 years)

o “Graphicsdid not seem natural.” [Male participant; aged 18 years|

«  “Cartoonish visual aspects, knew they were fake.” [Male participant, aged 19 years, and female participant, aged 21 years]

« “Colorsweretoo bright, too many things were moving.” [Male and femal e participants, aged 18-19 years]

o “Lot of simuluswasthere” [Male participant; aged 19 years|

«  “Interaction with the environment was not redlistic.” [Male participant; aged 19 years]

o “Photorealismislacking.” [Male participant; aged 19-21 years|

«  “Graphics not that good, color saturation unlike the real world in the Navigation game.” [Male participant; aged 22 years)

https://xr.jmir.org/2024/1/€59197
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Textbox 6. Comments from the older participants on the theme of game feedback.

Older cohort comments on the hand-eye coor dination game mechanics

participant; aged 68 years)

aged 68 years]

“Assoon as | hit red, blue came fast, that’s why | lost so many points.
participant; aged 73 years)

Older cohort comments on the hand-eye coordination gamein general
. “Interesting experience, hand fun. No changes required, good asit is”

“The game was fun and the music in the game was fun.” [Female parti

“It was a good experience.” [Male participant; aged 74 years)

“If thereis an option to let you sit and play, then that would be good.”

“Getting annoyed, sometimes, even when hitting correct, it did not smash. Thelogic of cube hitting was not consistent for all the cubes.” [Female

“The speed was so fast it required to be fast, but that was causing confusion.” [Male participant; aged 73 years)

“Theincoming cubes were too fast, and sometimes when it is left and other is coming at theright, it is difficult to move fast.” [Male participant;

“When the gameis slow, it is ok, but not when it isfast.” [Male participant; aged 78 years)

“Needed practice, left hand not as fast as the right so took time to be fast.” [Female participant; aged 67 years]

“The cube could move faster, asit is giving time to think, could be challenging if it moved faster.” [Male participant; aged 77 years]
“Difficult to coordinate with both the hands, one hand is better.” [Female participant; aged 65 years]

“As level increases, complexity should be high so that it is interesting and keep the user hooked.” [Mal e participant; aged 74 years)
“Was very enjoyable, did not feel like it was atest.” [Female participant; aged 67 years]

“The coordination was a good exercise.” [Female participant; aged 63 years)

“Very much liked it. Nothing was distracting.” [Female participant; aged 69 years]

“Because the game is artificial environment, it will look artificial.” [Female participant; aged 63 years)

Felt like brain was not acting properly when using two hammers.” [Male

[Female participant; aged 63 years]

cipant; aged 68 years|

[Female participant; aged 71 years]

System Purpose

Both younger and older participants were curious about the
purpose of the VR games. At the beginning of the trial, we
informed the participants about the games, how to play them,
and how participant performance would be mapped to their
cognitive abilities or performance. Thisexplanation and training
were aimed at making them aware of the subsequent
game-cum-assessment sessions. After the session, participants
were more inquisitive about these games having experienced
them directly.

Indeed, the purpose or utility of VR gamesfor usersisimportant
because they need to decide whether to accept them for their
hedonistic or utilitarian purposes [52,53]. In fact, in the initial
stages, the excitement and novelty drove their participation, but
going forward, the system’'s purpose would define the
continuous engagement with the games. Therefore, the system’s
purpose is a very important theme in the context of VR-based
cognitive assessment games. The purposeindicatesthe perceived
usefulness, which eventually influences their adoption as per
the technology acceptance model [105].

A meaningful purpose engenders a positive attitude among the
users and key stakeholders and determines the long-term

https://xr.jmir.org/2024/1/€59197

adoption of VR games [106,107]. Thus, after the initial
excitement and hedonistic pleasure has plateaued, VR-based
gameswill haveto provetheir efficacy [57], and aclear purpose
can accomplish this.

Textbox 7 shows commentsto substantiate the theme of system
purpose.

In the older group, no one inquired about the system purpose.
It appearsthat, for them, engagement and an opportunity to try
something new were more valuable than purpose, and similar
findings have been obtained previoudy [108-111]. This
perspective is advantageous to develop more engaging, active
games in the VR environment for older people, especialy for
rehabilitation and skill building. Thus, a trade-off between
utilitarian and hedonistic motives was observed in the 2 groups.
Key stakeholders must maneuver their strategiesto serve these
differential motives.

We have discussed in detail the 5 prominent themes that were
identified by analyzing the interview responses of the younger
and older groups. We understand the importance of linking
these findings to real-world actions and decisions; thus, in the
next section, we discuss the implications of the results.
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Textbox 7. Comments from participants on the theme of system purpose.
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Youths

« “l donot know what the system is for as of now. | do not know why | would useit.” [Male participant; aged 19 years]
o “Not sure what the system is aimed at.” [Male participant; aged 18 years]

« “lwon'tuseitonadaily basis. Once or twice aweek.” [Male participant; aged 20 years]

Implications of the Results

In this section, based on the results of the thematic analysis, we
provide precise actionable suggestions relevant to 4 key
stakeholders: researchers, game developers, businesses, and
neuropsychology and allied practitioners.

Researchers

From the results of the thematic analysis, it is evident that all
participants were eager to engage with the VR-based games.
To trandate this initial eagerness into long-term engagement,
researchers need to identify gaming concepts, designs,
environments, and abstractions that can be used for developing
cognitively stimulating games. Given thelimitation of ecological
vaidity in  the traditiona pen-and-paper—based
neuropsychological assessments [8-10,112-114] and the
comments on game realism by the participants, researchers can
design gaming ideas that resemble real-world situations and
mimic the cognitive load and decision-making required for
real-world tasks. Such an approach could potentially provide
more informed assessment of the real-world—relevant cognitive
abilities and deficits of the person. To thisend, interaction with
customersand brainstorming with other researchersin thefields
of neuroscience, computer science, customer satisfaction, and
human psychology is essential [115,116].

Game Developers

Game developers are often excited about the specia effects,
high-end graphics, and engaging music that make their games
unique. However, in the context of cognitive assessment and
rehabilitation, simplicity and intention are key factorsthat game
developers must remember. In the navigation game, button use,
graphics, and multiple stimuli caused a lot of confusion and
adverse postgame effects, due to which the overall experience
was|ess enjoyable. Onthe other hand, the hand-eye coordination
gamewas simple, intentional, and very intuitive; consequently,
both the younger and older cohorts enjoyed the overall
experience. Taking acue from these findings, game devel opers
must prioritize simple and intuitive gameplay for cognitive
engagement. This approach would create games that can flow
on their own while engaging the player. This sense of flow is
important for the players as it is linked to intention to use
[117-120]. Bad graphics, bugs, overstimulated environments,
and response-feedback inconsistency can lead to loss of flow
and discomfort [45,73,121]. Therefore, game elements must be
designed to promote a natural flow in the game. Knowledge of
such elements and their quality can be obtained through regular
testing among the target users.

Businesses

Recently, several business enterprises centered on cognitive
assessment and rehabilitation have emerged. To truly have an
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impact on the lives of people, these enterprises need to focus
on some key takeaways from this thematic analysis. The most
important takeaway is purpose and meaning. While the
technol ogy and gamethrill may excite the players momentarily,
meaning and the long-term impact of the game will lead to
sustainable adoption.

Especially among the younger group, game utility determines
adoption. However, in the case of the older group, entertainment
and enjoyment seem to have an edge over utility. Still, we
believe that the 2 do not have to be mutually exclusive. Both
utilitarian and hedonistic aspects can be integrated in
cognition-assessing games. For example, our hand-eye
coordination game was both useful and enjoyable, and its
feedback from both groups was very positive.

Second, manufacturing businesses need to rethink the VR
headset and controller design [122,123]. The current weight of
the VR headset [124,125] and the adjustment straps can cause
issues such as fatigue, headache, and discomfort. Therefore,
lightweight HM Ds and integrated headsets such asthe onewith
KIWI support are better than soft band straps[124]. In addition,
controller buttons must be designed to minimize interference
and confusion in use; this improvement would lead to more
intuitive use of the controllers, promoting flow in the game
[118,119]. Thus, the ergonomic issues directly relate to HMD
manufacturers and motivate them to make human-centered
design decisions [126-128].

Neuropsychology and Allied Practitioners

VR-based games for cognitive assessment and rehabilitation
are often used in neuropsychological clinics or laboratories.
Findings of our thematic analysis are also relevant to
practitionersin these settings. The learning and training theme
results emphasi ze using quality instructions for communicating
and demonstrating the game rules. In case audio and video
instructions do not suffice, facilitators can explain the
instructions to the patients. Our results also demonstrate the
positive impact of motivation and persuasion on the patients
when they have qualms or apprehension about the games.
Neuropsychology practitioners must a so be mindful of previous
health issues of the patients while administering gamesto them.
Thus, an element of compassion and kindness, not amounting
toinfantilizing or spoon-feeding, isessential while administering
the games, especially in the older cohort.

Tabulated Summary of the Theme and Their Relevance
to Key Stakeholders
The applicability of the theme resultsto different sectors were

tabulated (Textbox 8). It is clear that most of the themes are
relevant to all stakeholders. Thus, al 4 key stakeholders must
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work in synergy to innovatively use VR technology for cognitive
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assessment and rehabilitation.

Textbox 8. Themes and the stakeholders directly or indirectly linked to them.

Theme and applicability sector or stakeholders

«  Ergonomic issues: hardware manufacturers and businesses

« Learning and training: game devel opers, businesses, researchers, and neuropsychology and alied practitioners
«  Postgame effects: game devel opers, businesses, researchers, and neuropsychology and allied practitioners
.  Game feedback: game developers, researchers, and neuropsychology and alied practitioners

«  System purpose: game devel opers, businesses, researchers, and neuropsychology and alied practitioners

Discussion

Principal Findings

In our study, we found that most of the problems faced by the
participants were due to headset weight, adjustment straps, game
graphics, or motion in the game. Several previous reviews on
VR games discuss and describe these challenges associated with
VR games but fall short of investigating the reasons behind
them [47,48,50]. Such a limited approach does not contribute
to improved user experience because we do not know which
things to mend and which features to continue with.
Furthermore, VR technology istouted to disrupt the health care
service sector; therefore, itiscrucia that direct human feedback
is obtained because any other secondary means, such as
literature reviews and web-based reviews [45], risk half-truths.

We also found that different users have different reasons to
adopt the product. While both the younger and older cohorts
attested to the entertainment and excitement part of it (ie, the
hedonistic aspect of the game), the younger group also expressed
curiosity about its use and purpose. Previous studies exploring
the hedonistic [44] versus utilitarian aspects [48] of VR games
provide a general description of these but do not comment on
who may be more inclined toward the hedonistic or utilitarian
aspects. From our study, we observed that older adults may be
more attracted to the hedonistic aspect of the game, whereas
the youth may be lured by it temporarily and anticipate utility
in the long run. We believe that thisinsight is extremely useful
for evidence-based trand ation of cognition-assessing VR games.

Our findings on issues of bugs, highly saturated graphics, and
confusion due to multiple controller buttons are substantiated
by a thematic analysis based on web reviews [45]. Concerns
about realism, display quality, and game interface found in our
work form the most prominent aspects of VR-based research
[46]. Overall, our findings are confirmed by existing research
on VR games. However, unlike previous studies that merely
report the concerns and advantages of VR-based games, we
have raised questions that emphasize the importance of
uncovering the causal factors behind these concerns and
advantages. Ultimately, the knowledge of these causal factors
paves the road for improved experiences with VR game—based
cognitive assessment.

Especially with a novel technology such as VR, there is alot
of responsibility on all the stakeholders as there is a risk of
addiction [129] and adverse effects [130]. Our discussion on
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theimplications of the study for the stakeholderswill indirectly
help with the improvement of VR games, thereby assisting in
enhanced cognitive assessment and rehabilitation. However, it
must be remembered that novel technology tools must be
handled with a sense of accountability wherein user interests
and safety are superior to commercial interests.

Conclusions

We presented a thematic analysis of the interview responses of
82 younger (aged 18-28 years) and 42 older (aged >60 years)
participants after they played VR-based cognitive assessment
games. A total of 5 main themes wereidentified and discussed:
ergonomic issues, postgame heath effects, game feedback,
learning and training, and system purpose. We found that the
younger and older groups had different needs and expectations
from these games. For long-term engagement, the younger group
prized meaning and utility, whereas the older group liked the
enjoyment and entertainment aspects. We aso found that the
heaviness of the headset, cybersickness, and visual fatigue are
the most common problems faced in both groups. However,
these problems are less painful if the game environment is not
hyperstimulating and has warmer color graphics. In addition,
games with less conflict between the real-world sensory
information and the VR environment movement are more
enjoyable than those with sensorimotor conflict.

We also discussed the implications of these themes for 4 key
stakeholders in the field: researchers, game developers,
businesses, and neuropsychology and allied practitioners.
Researchers must identify real-world concepts that can be used
to design ecologically valid games that engage the senses and
cognitive abilities similarly to the real world. Game developers
need to develop games that are simple, intentional, exciting,
and able to flow on their own. Business enterprises must focus
on giving a purpose and meaning in these cognitive assessment
games to ensure long-term use and impact. Manufacturing
businesses must address the issues related to the heaviness of
the headset, unfriendly side adjustment straps, and multiple
controller buttons to simplify the use experience during
assessment. Finally, neuropsychology and allied practitioners
play the most important role of administering the VR-based
gamesto the patients and, thus, must be willing to explain these
games to patients and use persuasion and compassion during
the process. Finally, all stakeholders must collaborate together
to develop high-impact games for cognitive assessment and
remember to cater the solutionsto the unique needs of the target
population.
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In conclusion, our thematic analysis contributes to the
acceptance research on VR-based cognitive assessment games
because it compares the feedback from the younger and older
groups in primary settings. The discussion on the implications
of thefindingsfor the stakehol ders provides unique perspectives
on tranglating the findings to the real world. The limitation of
the study is the lack of follow-up on game use and adaptation.

Bhargava & Baths

therefore, recommend al so testing and piloting these gamesin
middle-aged groups (30-50 years). Theseresultswould provide
more clarity on the overall effectiveness of the VR games to
capture age-related cognitive decline. Finally, we piloted these
games in healthy groups, so it is strongly suggested to obtain
feedback from peoplewith mild cognitive impairment, who are
at a greater risk of developing dementia.

We believe that alongitudinal monitoring of user attitudes and
perceptions would provide a stronger understanding of
acceptance and adoption of VR gamesfor cognitive assessment.
As afuture direction, researchers are advised to monitor game
useinthelong term, preferably 6 months. In addition, wetested
these games in only 2 age groups (18-28 and >60 years) and,

Finally, we believe that VR isan immensely novel and exciting
tool and it is easy to be swayed by the thrill of technology.
Therefore, it is important to remind ourselves to use it in a
responsible manner such that human safety and benefits are
honored over purely commercial and monetary interests.

Acknowledgments

The authors would like to thank Dr Ratnavalli Ellgjosyula, senior consultant neurologist; Dr Jwala Narayanan, consultant
neuropsychologist; and Sandhya Sivakumar, intern at Annasawmy Mudaliar General Hospital, Bangalore, for their extensive
support in the conduct of the study for older people at the hospital. The authors would also like to acknowledge the infrastructure
and facilities at Annasawmy Mudaliar General Hospital, Bangalore, and the Cognitive Neuroscience Lab, Birla Institute of
Technology and Science (BITS) Pilani K. K. BirlaCampus, Goa, India. The authors acknowledge funding support under strategic
research projectsfrom BITS BioCyTiH Foundation (a Section-8 not-for-profit company) hosted by BITS Pilani, supported under
the National Mission on Interdisciplinary Cyber Physical Systems, Department of Science and Technol ogy, Government of India.

Authors Contributions

Y B conceptualized the study, collated interview data, conducted the thematic analysis, and wrote the manuscript. VB supervised
the study and reviewed the manuscript for intellectual content. Both authors approve of the manuscript.

Conflictsof Interest
None declared.

References

1. Rabbitt PM, Banerji N, Szymanski A. Space fortress as an 1Q test? Predictions of learning and of practised performance
in acomplex interactive video-game. ActaPsychologica. Aug 1989;71(1-3):243-257. [doi: 10.1016/0001-6918(89)90011-5]

2. QuirogaMA, Herranz M, Gémez-Abad M, Kebir M, Ruiz J, Colom R. Video-games: do they require general intelligence?
Comput Educ. Sep 2009;53(2):414-418. [doi: 10.1016/j.compedu.2009.02.017]

3. QuirogaMA, Roman FJ, De La Fuente J, Privado J, Colom R. The measurement of intelligence in the X X1 century using
video games. Span J Psychol. Dec 05, 2016;19:E89. [doi: 10.1017/5p.2016.84] [Medline: 27917731]

4.  Baniqued PL, Lee H, Voss MW, Basak C, Cosman JD, Desouza S, et al. Selling points: what cognitive abilities are tapped
by casual video games? ActaPsychol (Amst). Jan 2013;142(1):74-86. [FREE Full text] [doi: 10.1016/j.actpsy.2012.11.009]
[Medline: 23246789]

5. ShuteVJ, VenturaM, Ke F. The power of play: the effects of portal 2 and Lumosity on cognitive and noncognitive skills.
Comput Educ. Jan 2015;80:58-67. [doi: 10.1016/j.compedu.2014.08.013]

6. LimJ, Furnham A. Can commercial games function as intelligence tests? A pilot study. Comput Game J. Feb 10,
2018;7(1):27-37. [doi: 10.1007/s40869-018-0053-7]

7. Asher S, Priefer R. Alzheimer's disease failed clinical trials. Life Sci. Oct 01, 2022;306:120861. [doi:

10.1016/].1fs.2022.120861] [Medline: 35932841]

Shordone RJ, Long CJ. Ecological Validity of Neuropsychological Testing. Boca Raton, FL. CRC Press; 1996.

9.  SbordoneRJ. Ecological validity: somecritical issuesfor the neuropsychologist. In: Sbordone RJ, Long C, editors. Ecological
Validity of Neuropsychological Testing. Orlando, FL. GR Press/St. LuciePress; 1996.

10. Sbordone RJ. The ecological validity of neuropsychological testing. In: Horton AM, Wedding D, Webster J, editors. The
Neuropsychology Handbook: Foundations and Assessment. 2nd edition. Cham, Switzerland. Springer; 1997.

11. Cavedoni S, Chirico A, Pedroli E, Cipresso P, RivaG. Digital biomarkersfor the early detection of mild cognitiveimpairment:
artificial intelligence meets virtual reality. Front Hum Neurosci. Jul 24, 2020;14:245. [FREE Full text] [doi:
10.3389/fnhum.2020.00245] [Medline: 32848660]

12.  Brunner IC, Skouen JS, Hofstad H, AlBmus J, Becker F, Sanders A, et a. Virtual reality training for upper extremity in
subacute stroke (VIRTUES): amulticenter RCT. Neurology. Dec 12, 2017;89(24):2413-2421. [doi:
10.1212/WNL.0000000000004744] [Medline: 29142090]

©

https://xr.jmir.org/2024/1/€59197 JMIR XR Spatial Comput 2024 | vol. 1 | €59197 | p. 15

(page number not for citation purposes)


http://dx.doi.org/10.1016/0001-6918(89)90011-5
http://dx.doi.org/10.1016/j.compedu.2009.02.017
http://dx.doi.org/10.1017/sjp.2016.84
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27917731&dopt=Abstract
https://europepmc.org/abstract/MED/23246789
http://dx.doi.org/10.1016/j.actpsy.2012.11.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23246789&dopt=Abstract
http://dx.doi.org/10.1016/j.compedu.2014.08.013
http://dx.doi.org/10.1007/s40869-018-0053-z
http://dx.doi.org/10.1016/j.lfs.2022.120861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35932841&dopt=Abstract
http://hdl.handle.net/2318/1842262
http://dx.doi.org/10.3389/fnhum.2020.00245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32848660&dopt=Abstract
http://dx.doi.org/10.1212/WNL.0000000000004744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29142090&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR XR AND SPATIAL COMPUTING (JMXR) Bhargava & Baths

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Buxbaum LJ, Palermo MA, Mastrogiovanni D, Read M S, Rosenberg-Pitonyak E, Rizzo AA, et al. Assessment of spatial
attention and neglect with a virtual wheelchair navigation task. J Clin Exp Neuropsychol. Aug 14, 2008;30(6):650-660.
[doi: 10.1080/13803390701625821] [Medline: 18608643]

Maier M, Ballester BR, LeivaBafiuelosNL, Duarte Oller E, Verschure PF. Adaptive conjunctive cognitive training (ACCT)
invirtual reality for chronic stroke patients: arandomized controlled pilot trial. JNeuroeng Rehabil. Mar 06, 2020;17(1):42.
[FREE Full text] [doi: 10.1186/s12984-020-0652-3] [Medline: 32143674]

Nir-Hadad SY, Weiss PL, Waizman A, Schwartz N, Kizony R. A virtual shopping task for the assessment of executive
functions: validity for people with stroke. Neuropsychol Rehabil. Jul 11, 2017;27(5):808-833. [doi:
10.1080/09602011.2015.1109523] [Medline: 26558414]

Cox DJ, DavisMJ, Singh H, Barbour B, Nidiffer FD, Trudel T, et al. Driving rehabilitation for military personnel recovering
from traumatic brain injury using virtual reality driving simulation: afeasibility study. Mil Med. Jun 2010;175(6):411-416.
[doi: 10.7205/milmed-d-09-00081] [Medline: 20572473]

Jacoby M, Averbuch S, Sacher Y, Katz N, Weiss PL, Kizony R. Effectiveness of executive functions training within a
virtual supermarket for adults with traumatic brain injury: a pilot study. |EEE Trans Neural Syst Rehabil Eng. Mar
2013;21(2):182-190. [doi: 10.1109/TNSRE.2012.2235184] [Medline: 23292820]

Jin R, Pilozzi AR, Huang X. Current cognition tests, potential virtual reality applications, and serious games in cognitive
assessment and non-pharmacol ogical therapy for neurocognitive disorders. J Clin Med. Oct 13, 2020;9(10):3287. [FREE
Full text] [doi: 10.3390/jcm9103287] [Medline: 33066242]

Burgess PW, Alderman N, Forbes C, Costello A, Coates LM, Dawson DR, et a. The case for the development and use of
"ecologically valid" measures of executive function in experimental and clinical neuropsychology. JInt Neuropsychol Soc.
Mar 22, 2006;12(2):194-209. [FREE Full text] [doi: 10.1017/S1355617706060310] [Medline: 16573854]

Parsons TD. Virtual reality for enhanced ecological validity and experimental control in the clinical, affective and social
neurosciences. Front Hum Neurosci. Dec 11, 2015;9:660. [FREE Full text] [doi: 10.3389/fnhum.2015.00660] [Medline:
26696869]

Rizzo A, Buckwalter JG, van der Zaag C, Neumann U, Thiebaux M, ChuaC, et a. Virtual environment applicationsin
clinical neuropsychology. In: Proceedings of the 2000 Conference on |EEE Virtua Reality. 2000. Presented at: VR '00;
March 18-20, 2000:63-70; New Brunswick, NJ. URL: https://ieeexplore.ieee.org/document/840364 [doi:
10.1109/vr.2000.840364]

Tarnanas|A, SchleeW, Tsolaki M, Miri RM, Mosimann U, Nef T. Ecological validity of virtua reality daily living activities
screening for early dementia: longitudinal study. IMIR Serious Games. Aug 06, 2013;1(1):el. [FREE Full text] [doi:
10.2196/games.2778] [Medline: 25658491]

Cushman LA, Stein KK, Duffy CJ. Detecting navigational deficitsin cognitive aging and Alzheimer disease using virtual
reality. Neurology. Sep 16, 2008;71(12):888-895. [FREE Full text] [doi: 10.1212/01.wnl.0000326262.67613.fe] [Medline:
18794491]

Byagowi A, Moussavi Z. Design of avirtual reality navigational (VRN) experiment for assessment of egocentric spatial
cognition. Annu Int Conf IEEE Eng Med Biol Soc. 2012;2012:4812-4815. [doi: 10.1109/EMBC.2012.6347070] [Medline:
23367004]

Kizony R, Zeilig G, Krasovsky T, Bondi M, Weiss P, Kodesh E, et al. Using virtual reality simulation to study navigation
in a complex environment as a functional-cognitive task; a pilot study. J Vestib Res. 2017;27(1):39-47. [doi:
10.3233/VES-170605] [Medline: 28387691]

Lim JE, Wong WT, Teh TA, Lim SH, Allen JC, Quah JH, et al. A fully-immersive and automated virtual reality system to
assess the six domains of cognition: protocol for afeasibility study. Front Aging Neurosci. Jan 7, 2020;12:604670. [FREE
Full text] [doi: 10.3389/fnagi.2020.604670] [Medline: 33488382]

Pallavicini F, Pepe A, Minissi ME. Taking neuropsychological test to the next level: commercial virtua reality video games
for the assessment of executive functions. In: Proceedings of the 13th International Conference, UAHCI 2019, Held as Part
of the 21st HCI International Conference on Universal Accessin Human-Computer Interaction: Multimodality and Assistive
Environments. 2019. Presented at: HCII '19; July 26-31, 2019:2019; Orlando, FL. URL: https:/link.springer.com/chapter/
10.1007/978-3-030-23563-5_12 [doi: 10.1007/978-3-030-23563-5_12]

Kizony R, Josman N, Katz N, Rand D, Patrice L. Virtual reality and the rehabilitation of executive functions: an annotated
bibliography. Israel J Occup Ther. 2021;2(2008):E47-E61. [FREE Full text]

Optale G, Urgesi C, Busato V, Marin S, Piron L, PriftisK, et a. Controlling memory impairment in elderly adults using
virtual reality memory training: a randomized controlled pilot study. Neurorehabil Neural Repair. May 24,
2010;24(4):348-357. [doi: 10.1177/1545968309353328] [Medline: 19934445]

Brooks BM, Rose FD. The use of virtual reality in memory rehabilitation: current findings and future directions.
NeuroRehabilitation. Jun 27, 2003;18(2):147-157. [doi: 10.3233/NRE-2003-18207]

Matheis RJ, Schultheis MT, Tiersky LA, DeLucaJ, Millis SR, Rizzo AA. Islearning and memory different in avirtual
environment? Clin Neuropsychol. Jan 31, 2007;21(1):146-161. [doi: 10.1080/13854040601100668] [Medline: 17366282]

https://xr.jmir.org/2024/1/€59197 JMIR XR Spatial Comput 2024 | vol. 1 | €59197 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1080/13803390701625821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18608643&dopt=Abstract
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-020-0652-3
http://dx.doi.org/10.1186/s12984-020-0652-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32143674&dopt=Abstract
http://dx.doi.org/10.1080/09602011.2015.1109523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26558414&dopt=Abstract
http://dx.doi.org/10.7205/milmed-d-09-00081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20572473&dopt=Abstract
http://dx.doi.org/10.1109/TNSRE.2012.2235184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23292820&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm9103287
https://www.mdpi.com/resolver?pii=jcm9103287
http://dx.doi.org/10.3390/jcm9103287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33066242&dopt=Abstract
https://core.ac.uk/reader/1671322?utm_source=linkout
http://dx.doi.org/10.1017/S1355617706060310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16573854&dopt=Abstract
https://europepmc.org/abstract/MED/26696869
http://dx.doi.org/10.3389/fnhum.2015.00660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26696869&dopt=Abstract
https://ieeexplore.ieee.org/document/840364
http://dx.doi.org/10.1109/vr.2000.840364
https://games.jmir.org/2013/1/e1/
http://dx.doi.org/10.2196/games.2778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25658491&dopt=Abstract
https://europepmc.org/abstract/MED/18794491
http://dx.doi.org/10.1212/01.wnl.0000326262.67613.fe
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18794491&dopt=Abstract
http://dx.doi.org/10.1109/EMBC.2012.6347070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23367004&dopt=Abstract
http://dx.doi.org/10.3233/VES-170605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28387691&dopt=Abstract
https://europepmc.org/abstract/MED/33488382
https://europepmc.org/abstract/MED/33488382
http://dx.doi.org/10.3389/fnagi.2020.604670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33488382&dopt=Abstract
https://link.springer.com/chapter/10.1007/978-3-030-23563-5_12
https://link.springer.com/chapter/10.1007/978-3-030-23563-5_12
http://dx.doi.org/10.1007/978-3-030-23563-5_12
https://www.jstor.org/stable/23470709
http://dx.doi.org/10.1177/1545968309353328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19934445&dopt=Abstract
http://dx.doi.org/10.3233/NRE-2003-18207
http://dx.doi.org/10.1080/13854040601100668
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17366282&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR XR AND SPATIAL COMPUTING (JMXR) Bhargava & Baths

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

Mrakic-Sposta S, Di Santo SG, Franchini F, Arlati S, Zangiacomi A, Greci L, et a. Effects of combined physical and
cognitive virtual reality-based training on cognitive impairment and oxidative stressin MCl patients: a pilot study. Front
Aging Neurosci. Oct 1, 2018;10:282. [FREE Full text] [doi: 10.3389/fnagi.2018.00282] [Medline: 30327596]

Giachero A, Calati M, PiaL, LaVistalL, Molo M, Rugiero C, et al. Conversational therapy through semi-immersive virtua
reality environments for language recovery and psychological well-being in post stroke aphasia. Behav Neurol. Aug 06,
2020;2020:2846046-2846015. [FREE Full text] [doi: 10.1155/2020/2846046] [Medline: 32831969]

Park JS, Jung Y J, Lee G. Virtual reality-based cognitive-motor rehabilitation in older adults with mild cognitive impairment:
arandomized controlled study on motivation and cognitive function. Healthcare (Basel). Sep 11, 2020;8(3):335. [FREE
Full text] [doi: 10.3390/healthcare8030335] [Medline: 32932997]

Weiner EJ, Sanchez DR. Cognitive ability in virtual reality: validity evidence for VR game - based assessments. Int J Sel
Assess. Jun 14, 2020;28(3):215-235. [doi: 10.1111/ijsa.12295]

Negu A, Matu S, SavaFA, David DO. Virtua reality measuresin neuropsychological assessment: ameta-analytic review.
Clin Neuropsychol. Feb 29, 2016;30(2):165-184. [doi: 10.1080/13854046.2016.1144793] [Medline: 26923937]

LinC, RenY, Lu A. The effectiveness of virtua reality gamesin improving cognition, mobility, and emotion in elderly
post-stroke patients: a systematic review and meta-analysis. Neurosurg Rev. Jul 06, 2023;46(1):167. [doi:
10.1007/s10143-023-02061-w] [Medline: 37415057]

Kim O, Pang Y, Kim JH. The effectiveness of virtual reality for people with mild cognitive impairment or dementia: a
meta-analysis. BMC Psychiatry. Jul 12, 2019;19(1):219. [FREE Full text] [doi: 10.1186/s12888-019-2180-x] [Medline:
31299921]

Hedman J, Gimpe G. The adoption of hyped technologies: aqualitative study. Inf Technol Manag. Oct 6, 2010;11(4):161-175.
[doi: 10.1007/S10799-010-0075-0]

Gilly MC, Sheth JN, Newman BI, Gross BL. Consumption Values and Market Choices: Theory and Applications. Nashville,
TN. South-Western Publication; Nov 1992.

Sheth JN, Newman BI, Gross BL. Why we buy what we buy: atheory of consumption values. JBus Res. Mar
1991;22(2):159-170. [doi: 10.1016/0148-2963(91)90050-8]

Horan WP, Depp CA, Hurst S, Linthicum J, Vargas G, Klein H, et a. Qualitative analysis of the content validity of the
virtual reality functional capacity assessment tool (VRFCAT) in schizophrenia: a multi-stakeholder perspective. Schizophr
Bull Open. Jan 2023;4(1):sgad012. [FREE Full text] [doi: 10.1093/schizbullopen/sgad012] [Medline: 38026054]
CataniaV, Rundo F, Panerai S, Ferri R. Virtual reality for the rehabilitation of acquired cognitive disorders: a narrative
review. Bioengineering (Basel). Dec 28, 2023;11(1):35. [FREE Full text] [doi: 10.3390/bioengineering11010035] [Medline:
38247912]

Kari T, KosaM. Acceptance and use of virtua reality games: an extension of HMSAM. Virtual Real. Jan 31, 2023;27(3):1-21.
[FREE Full text] [doi: 10.1007/s10055-023-00749-4] [Medline: 36742344]

Faric N, Potts HW, Hon A, Smith L, Newby K, Steptoe A, et al. What players of virtual reality exercise games want:
thematic analysis of web-based reviews. JMed Internet Res. Sep 16, 2019;21(9):e€13833. [FREE Full text] [doi:
10.2196/13833] [Medline: 31538951]

Jang Y, Park E. An adoption model for virtual reality games: the roles of presence and enjoyment. Telemat Inform. Sep
2019;42:101239. [doi: 10.1016/j.tele.2019.101239]

Tao G, Garrett B, Taverner T, Cordingley E, Sun C. Immersive virtual reality health games: a narrative review of game
design. JNeuroeng Rehabil. Feb 11, 2021;18(1):31. [FREE Full text] [doi: 10.1186/s12984-020-00801-3] [Medline:
33573684]

Ferreira-Brito F, Fialho M, Virgolino A, Neves |, Miranda AC, Sousa-Santos N, et al. Game-based interventions for
neuropsychological assessment, training and rehabilitation: which game-elements to use? A systematic review. J Biomed
Inform. Oct 2019;98:103287. [FREE Full text] [doi: 10.1016/j.jbi.2019.103287] [Medline: 31518700]

Wiley K, Robinson RB, Mandryk RL. The making and evaluation of digital games used for the assessment of attention:
systematic review. IMIR Serious Games. Aug 09, 2021;9(3):€26449. [FREE Full text] [doi: 10.2196/26449] [Medline:
34383674]

Cherniack EP. Not just fun and games: applications of virtual reality in the identification and rehabilitation of cognitive
disorders of the elderly. Disabil Rehabil Assist Technol. Dec 15, 2011;6(4):283-289. [doi: 10.3109/17483107.2010.542570]
[Medline: 21158520]

Rizzo AA, Buckwalter JG, Neumann U, Kesselman C, Thiebaux M. Basic issues in the application of virtual reality for
the assessment and rehabilitation of cognitive impairments and functional disabilities. Cyberpsychol Behav. Jan
1998;1(1):59-78. [doi: 10.1089/cpb.1998.1.59]

Cai J, Wohn DY, Mittal A, Sureshbabu D. Utilitarian and hedonic motivationsfor live streaming shopping. In: Proceedings
of the 2018 ACM International Conference on Interactive Experiencesfor TV and Online Video. 2018. Presented at: TVX
'18; June 26-28, 2018:81-88; Seoul, Republic of Korea. URL : https://dl.acm.org/doi/10.1145/3210825.3210837 [doi:
10.1145/3210825.3210837]

Childers TL, Carr CL, Peck J, Carson SJ. Hedonic and utilitarian motivations for online retail shopping behavior. J Retail.
Dec 2001;77(4):511-535. [doi: 10.1016/s0022-4359(01)00056-2]

https://xr.jmir.org/2024/1/€59197 JMIR XR Spatial Comput 2024 | vol. 1 | €59197 | p. 17

(page number not for citation purposes)


https://europepmc.org/abstract/MED/30327596
http://dx.doi.org/10.3389/fnagi.2018.00282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30327596&dopt=Abstract
http://hdl.handle.net/2318/1748457
http://dx.doi.org/10.1155/2020/2846046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32831969&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare8030335
https://www.mdpi.com/resolver?pii=healthcare8030335
http://dx.doi.org/10.3390/healthcare8030335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32932997&dopt=Abstract
http://dx.doi.org/10.1111/ijsa.12295
http://dx.doi.org/10.1080/13854046.2016.1144793
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26923937&dopt=Abstract
http://dx.doi.org/10.1007/s10143-023-02061-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37415057&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-019-2180-x
http://dx.doi.org/10.1186/s12888-019-2180-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31299921&dopt=Abstract
http://dx.doi.org/10.1007/S10799-010-0075-0
http://dx.doi.org/10.1016/0148-2963(91)90050-8
https://europepmc.org/abstract/MED/38026054
http://dx.doi.org/10.1093/schizbullopen/sgad012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38026054&dopt=Abstract
https://www.mdpi.com/resolver?pii=bioengineering11010035
http://dx.doi.org/10.3390/bioengineering11010035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38247912&dopt=Abstract
https://europepmc.org/abstract/MED/36742344
http://dx.doi.org/10.1007/s10055-023-00749-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36742344&dopt=Abstract
https://www.jmir.org/2019/9/e13833/
http://dx.doi.org/10.2196/13833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31538951&dopt=Abstract
http://dx.doi.org/10.1016/j.tele.2019.101239
https://jneuroengrehab.biomedcentral.com/articles/10.1186/s12984-020-00801-3
http://dx.doi.org/10.1186/s12984-020-00801-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33573684&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(19)30206-0
http://dx.doi.org/10.1016/j.jbi.2019.103287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518700&dopt=Abstract
https://games.jmir.org/2021/3/e26449/
http://dx.doi.org/10.2196/26449
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34383674&dopt=Abstract
http://dx.doi.org/10.3109/17483107.2010.542570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21158520&dopt=Abstract
http://dx.doi.org/10.1089/cpb.1998.1.59
https://dl.acm.org/doi/10.1145/3210825.3210837
http://dx.doi.org/10.1145/3210825.3210837
http://dx.doi.org/10.1016/s0022-4359(01)00056-2
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR XR AND SPATIAL COMPUTING (JMXR) Bhargava & Baths

54. Lumsden J, EdwardsEA, Lawrence NS, Coyle D, Munafo MR. Gamification of cognitive assessment and cognitive training:
a systematic review of applications and efficacy. IMIR Serious Games. Jul 15, 2016;4(2):e11. [FREE Full text] [doi:
10.2196/games.5888] [Medline: 27421244]

55. Chuah SH, Hoffmann R, Jones MK, Williams G. Do cultures clash? Evidence from cross-national ultimatum game
experiments. J Econ Behav Organ. Sep 2007;64(1):35-48. [FREE Full text] [doi: 10.1016/j.jeb0.2006.04.006]

56. LeeSC, SuhYH, Kim JK, LeeKJ. A cross-national market segmentation of online game industry using SOM. Expert Syst
Appl. Nov 2004;27(4):559-570. [doi: 10.1016/j.eswa.2004.06.001]

57. vander Heijden H. User acceptance of hedonic information systems. MIS Q. 2004;28(4):695-704. [doi: 10.2307/25148660]

58. Salthouse TA. When does age-related cognitive decline begin? Neurobiol Aging. Apr 2009;30(4):507-514. [FREE Full
text] [doi: 10.1016/j.neurobiolaging.2008.09.023] [Medline: 19231028]

59. AllenJS, BrussJE, Brown CK, Damasio H. Normal neuroanatomical variation dueto age: the major lobesand aparcellation
of thetemporal region. Neurobiol Aging. Oct 2005;26(9):1245-1282. [doi: 10.1016/j.neurobiolaging.2005.05.023] [Medline:
16046030]

60. FotenosAF, Snyder AZ, Girton LE, Morris JC, Buckner RL. Normative estimates of cross-sectional and longitudinal brain
volume declinein aging and AD. Neurology. Mar 22, 2005;64(6):1032-1039. [doi: 10.1212/01.wnl.0000154530.72969.11]

61. Kruggel F. MRI-based volumetry of head compartments: normative values of healthy adults. Neuroimage. Mar
2006;30(1):1-11. [doi: 10.1016/j.neuroimage.2005.09.063] [Medline: 16289929]

62. Pieperhoff P, Homke L, Schneider F, Habel U, Shah NJ, ZillesK, et al. Deformation field morphometry reveals age-related
structural differences between the brains of adultsup to 51 years. JNeurosci. Jan 23, 2008;28(4):828-842. [FREE Full text]
[doi: 10.1523/INEUROSCI.3732-07.2008] [Medline: 18216191]

63. Sowell ER, Peterson BS, Thompson PM, Welcome SE, Henkenius AL, Toga AW. Mapping cortical change across the
human life span. Nat Neurosci. Mar 27, 2003;6(3):309-315. [doi: 10.1038/nn1008] [Medline: 12548289]

64. MagnottaV, Andreasen N, Schultz S, Harris G, Cizadlo T, Heckel D, et al. Quantitative in vivo measurement of gyrification
in the human brain: changes associated with aging. Cereb Cortex. Mar 1999;9(2):151-160. [doi: 10.1093/cercor/9.2.151]
[Medline: 10220227]

65. Salat DH, Buckner RL, Snyder AZ, Greve DN, Desikan RS, BusaE, et a. Thinning of the cerebral cortex in aging. Cereb
Cortex. Jul 28, 2004;14(7):721-730. [doi: 10.1093/cercor/bhh032] [Medline: 15054051]

66. HsuJL,LeemansA, Bai CH, LeeC, Tsa Y, ChiuH, et al. Gender differences and age-related white matter changes of the
human brain: a diffusion tensor imaging study. Neuroimage. Jan 15, 2008;39(2):566-577. [doi:
10.1016/j.neurcimage.2007.09.017] [Medline: 17951075]

67. Sullivan EV, Pfefferbaum A. Diffusion tensor imaging and aging. Neurosci Biobehav Rev. Jan 2006;30(6):749-761. [doi:
10.1016/j.neubiorev.2006.06.002] [Medline: 16887187)

68. Salthouse TA. Independence of age-related influences on cognitive abilities across the life span. Dev Psychol. Sep
1998;34(5):851-864. [doi: 10.1037//0012-1649.34.5.851] [Medline: 9779733]

69. Salthouse TA. Relations between cognitive abilities and measures of executive functioning. Neuropsychology. Jul
2005;19(4):532-545. [doi: 10.1037/0894-4105.19.4.532] [Medline: 16060828]

70. Salthouse TA, Atkinson TM, Berish DE. Executive functioning as a potential mediator of age-related cognitive decline in
normal adults. J Exp Psychol Gen. Dec 2003;132(4):566-594. [doi: 10.1037/0096-3445.132.4.566] [Medline: 14640849]

71. Schroeder DH, Salthouse TA. Age-related effects on cognition between 20 and 50 years of age. Pers Individ Dif. Jan
2004;36(2):393-404. [doi: 10.1016/S0191-8869(03)00104-1]

72.  Jones HE, Conrad HS. The growth and decline of intelligence: a study of a homogeneous group between the ages of ten
and sixty. Genet Psychol Monogr. 1933;13:223-298. [FREE Full text]

73. KimHK, Park J, Choi Y, Choe M. Virtual reality sickness questionnaire (VRSQ): motion sickness measurement index in
avirtual reality environment. Appl Ergon. May 2018;69:66-73. [doi: 10.1016/j.apergo.2017.12.016] [Medline: 29477332]

74. Witmer BG, Jerome CJ, Singer MJ. Thefactor structure of the presence questionnaire. Presence. 2005;14(3):298-312. [doi:
10.1162/105474698565686]

75. Brooke JB. SUS: A 'Quick and Dirty' Usability Scale. Boca Raton, FL. CRC Press; 1996.

76. Rebenitsch L, Owen C. Estimating cybersicknessfrom virtual reality applications. Virtual Real. May 28, 2020;25(1):165-174.
[doi: 10.1007/S10055-020-00446-6]

77. ChenY, Wu Z. A review on ergonomics evaluations of virtual reality. Work. 2023;74(3):831-841. [doi:
10.3233/WOR-205232] [Medline: 36442175]

78. Zhuang J, LiuY, JiaY, Huang Y. User discomfort evaluation research on the weight and wearing mode of head-wearable
device. In: Proceedings of the AHFE 2018 International Conferences on Human Factors and Wearable Technologies, and
Human Factorsin Game Design and Virtual Environments. 2018. Presented at: AHFE '18; July 21-25, 2018:98-110;
Orlando, FL. URL: https.//link.springer.com/chapter/10.1007/978-3-319-94619-1_10 [doi: 10.1007/978-3-319-94619-1_10]

79. KimE, Shin G. User discomfort while using avirtual reality headset as a personal viewing system for text-intensive office
tasks. Ergonomics. Jul 08, 2021,64(7):891-899. [doi: 10.1080/00140139.2020.1869320] [Medline: 33357004]

80. LeClair B, O'Connor PJ, Podrucky S, Lievers WB. Measuring the mass and center of gravity of helmet systemsfor
underground workers. Int JInd Ergon. Mar 2018;64:23-30. [doi: 10.1016/j.ergon.2017.10.001]

https://xr.jmir.org/2024/1/€59197 JMIR XR Spatial Comput 2024 | vol. 1 | €59197 | p. 18

(page number not for citation purposes)


https://games.jmir.org/2016/2/e11/
http://dx.doi.org/10.2196/games.5888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27421244&dopt=Abstract
https://www.sciencedirect.com/science/article/abs/pii/S0167268106002654
http://dx.doi.org/10.1016/j.jebo.2006.04.006
http://dx.doi.org/10.1016/j.eswa.2004.06.001
http://dx.doi.org/10.2307/25148660
https://europepmc.org/abstract/MED/19231028
https://europepmc.org/abstract/MED/19231028
http://dx.doi.org/10.1016/j.neurobiolaging.2008.09.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19231028&dopt=Abstract
http://dx.doi.org/10.1016/j.neurobiolaging.2005.05.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16046030&dopt=Abstract
http://dx.doi.org/10.1212/01.wnl.0000154530.72969.11
http://dx.doi.org/10.1016/j.neuroimage.2005.09.063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16289929&dopt=Abstract
http://www.jneurosci.org/cgi/pmidlookup?view=long&pmid=18216191
http://dx.doi.org/10.1523/JNEUROSCI.3732-07.2008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18216191&dopt=Abstract
http://dx.doi.org/10.1038/nn1008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12548289&dopt=Abstract
http://dx.doi.org/10.1093/cercor/9.2.151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10220227&dopt=Abstract
http://dx.doi.org/10.1093/cercor/bhh032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15054051&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroimage.2007.09.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17951075&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2006.06.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16887187&dopt=Abstract
http://dx.doi.org/10.1037//0012-1649.34.5.851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9779733&dopt=Abstract
http://dx.doi.org/10.1037/0894-4105.19.4.532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16060828&dopt=Abstract
http://dx.doi.org/10.1037/0096-3445.132.4.566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14640849&dopt=Abstract
http://dx.doi.org/10.1016/S0191-8869(03)00104-1
https://psycnet.apa.org/record/1933-04183-001
http://dx.doi.org/10.1016/j.apergo.2017.12.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29477332&dopt=Abstract
http://dx.doi.org/10.1162/105474698565686
http://dx.doi.org/10.1007/S10055-020-00446-6
http://dx.doi.org/10.3233/WOR-205232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36442175&dopt=Abstract
https://link.springer.com/chapter/10.1007/978-3-319-94619-1_10
http://dx.doi.org/10.1007/978-3-319-94619-1_10
http://dx.doi.org/10.1080/00140139.2020.1869320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33357004&dopt=Abstract
http://dx.doi.org/10.1016/j.ergon.2017.10.001
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR XR AND SPATIAL COMPUTING (JMXR) Bhargava & Baths

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Heller B. VRisfailing the very people it could benefit most. The Information. 2022. URL: https.//pacscenter.stanford.edu/
wp-content/uploads/2022/08/V R-1s-Failing-the-Very-Peopl e-1t-Coul d-Benefit-M ost-%E2%80%94-The-I nformation. pdf
[accessed 2024-04-29]

Palombo R, Weber S, Wyszynski M, Niehaves B. Glove versus controller: the effect of VR gloves and controllers on
presence, embodiment, and cognitive absorption. Front Virtual Real. Mar 26, 2024;5:1-11. [doi: 10.3389/frvir.2024.1337959]
Popovici DM, Marhan AM. Virtual reality-based environments for learning and training. In: Product Engineering: Tools
and Methods Based on Virtual Reality. Cham, Switzerland. Springer; 2008:123-142.

ChecaD, Bustillo A. A review of immersive virtual reality serious gamesto enhance learning and training. Multimed Tools
Appl. Dec 05, 2019;79(9-10):5501-5527. [doi: 10.1007/S11042-019-08348-9]

Kaminska D, Zwolinski G, Laska-Lesniewicz A. Usability testing of virtual reality applications-the pilot study. Sensors
(Basel). Feb 10, 2022;22(4):1342. [FREE Full text] [doi: 10.3390/s22041342] [Medline: 35214246]

Gustavsson M, Kjork EK, Erhardsson M, Alt Murphy MA. Virtual reality gaming in rehabilitation after stroke - user
experiences and perceptions. Disabil Rehabil. Nov 31, 2022;44(22):6759-6765. [FREE Full text] [doi:
10.1080/09638288.2021.1972351] [Medline: 34465269]

Chan YK, Tang YM, Teng L. A comparative analysis of digital health usage intentions towards the adoption of virtual
reality in telerehabilitation. Int J Med Inform. Jun 2023;174:105042. [doi: 10.1016/j.ijmedinf.2023.105042] [Medline;
36965405]

Hashtroudi S, Chrosniak LD, Schwartz BL. Effects of aging on priming and skill learning. Psychol Aging. Dec
1991;6(4):605-615. [doi: 10.1037//0882-7974.6.4.605] [Medline: 1777149]

Dennison M S, Wisti AZ, D’ ZmuraM. Use of physiological signalsto predict cybersickness. Displays. Sep 2016;44:42-52.
[doi: 10.1016/].displa.2016.07.002]

DuzmanskaN, Strojny P, Strojny A. Can simulator sickness be avoided? A review on temporal aspects of simulator sickness.
Front Psychol. Nov 6, 2018;9:2132. [EREE Full text] [doi: 10.3389/fpsyq.2018.02132] [Medline: 30459688]

Stanney K, Lawson BD, Rokers B, Dennison M, Fidopiastis C, Stoffregen T, et al. Identifying causes of and solutions for
cybersickness in immersive technology: reformulation of aresearch and development agenda. Int JHum Comput Interact.
Nov 04, 2020;36(19):1783-1803. [doi: 10.1080/10447318.2020.1828535]

Yildirim C. Don’t make me sick: investigating theincidence of cybersicknessin commercial virtual reality headsets. Virtual
Real. Aug 20, 2019;24(2):231-239. [doi: 10.1007/S10055-019-00401-0]

Davis S, Neshitt KV, Nalivaiko E. A systematic review of cybersickness. In: Proceedings of the 2014 Conference on
Interactive Entertainment. 2014. Presented at: | E '14; December 2-3, 2014:1-9; Newcastle, Australia. URL: https:/dI.
acm.org/doi/10.1145/2677758.2677780 [doi: 10.1145/2677758.2677780]

Rebenitsch L, Owen CB. Review on cybersickness in applications and visual displays. Virtual Real. Apr 26,
2016;20(2):101-125. [doi: 10.1007/S10055-016-0285-9]

Chang E, Kim HT, Yoo B. Virtua reality sickness: areview of causes and measurements. Int J Hum Comput Interact. Jul
02, 2020;36(17):1658-1682. [doi: 10.1080/10447318.2020.1778351]

Descheneaux CR, Reinerman-JonesL, MossJD, Krum DM, Hudson IL. Negative effects associated with HM Dsin augmented
and virtual redlity. In: Proceedings of the 12th International Conference Held as Part of the 22nd HCI International Conference
on Virtual, Augmented and Mixed Reality, Design and Interaction. 2020. Presented at: VAMR '20; July 19-24, 2020:410-428;
Copenhagen, Denmark. URL : https.//dl.acm.org/doi/10.1007/978-3-030-49695-1 27 [doi: 10.1007/978-3-030-49695-1_27|
Sugita N, Yamaga T, Yoshizawa M. Visual fatigue induced by accommodation convergence mismatch while viewing
three-dimensional television. In: Proceedings of the 3rd Global Conference on Consumer Electronics. 2014. Presented at:
GCCE '14; October 7-10, 2014:250-251; Tokyo, Japan. URL: https.//ieeexplore.ieee.org/document/7031210 [doi:
10.1109/gcce.2014.7031210]

Grassini S, Laumann K. Immersive visual technol ogies and human health. In: Proceedings of the 32nd European Conference
on Cognitive Ergonomics. 2021. Presented at: ECCE '21; April 26-29, 2021:1-6; Siena, Italy. URL: https://dl.acm.org/doi/
10.1145/3452853.3452856 [doi: 10.1145/3452853.3452856]

Souchet AD, Lourdeaux D, Pagani A, Rebenitsch L. A narrative review of immersive virtual reality’s ergonomics and risks
at the workplace: cybersickness, visual fatigue, muscular fatigue, acute stress, and mental overload. Virtual Real. Jul 16,
2022;27(1):19-50. [doi: 10.1007/S10055-022-00672-0]

Kim JY, Kim SH, So GJ. The modeling of color fatigue in 3-dimensional stereoscopic video. Int J Comput Eng Res. Jun
2016;8(3):229-234. [doi: 10.7763/ijcte.2016.v8.1049]

Kweon SH, Kweon H, Kim SJ, Li X, Liu X, Kweon H. A brain wave research on VR (virtual reality) usage: comparison
between VR and 2D video in EEG measurement. In: Proceedings of the 2017 International Conference on Human Factors
and Systems Interaction. 2017. Presented at: AHFE '17; July 17-21, 2017:194-203; Los Angeles, CA. URL: https:/link.
Springer.com/chapter/10.1007/978-3-319-60366-7_19 [doi: 10.1007/978-3-319-60366-7_19]

Hvass JS, Larsen O, Vendelbo KB, Nilsson NC, Nordahl R, Serafin S. Visual realism and presencein avirtual reality game.
In: Proceedings of the 2017 3DTV Conference on the True Vision - Capture, Transmission and Display of 3D Video. 2017.
Presented at: 3DTV-CON '17; June 7-9, 2017:1-4; Copenhagen, Denmark. URL: https://ieeexplore.ieee.org/abstract/
document/8280421 [doi: 10.1109/3dtv.2017.8280421]

https://xr.jmir.org/2024/1/€59197 JMIR XR Spatial Comput 2024 | vol. 1 | €59197 | p. 19

(page number not for citation purposes)


https://pacscenter.stanford.edu/wp-content/uploads/2022/08/VR-Is-Failing-the-Very-People-It-Could-Benefit-Most-%E2%80%94-The-Information.pdf
https://pacscenter.stanford.edu/wp-content/uploads/2022/08/VR-Is-Failing-the-Very-People-It-Could-Benefit-Most-%E2%80%94-The-Information.pdf
http://dx.doi.org/10.3389/frvir.2024.1337959
http://dx.doi.org/10.1007/S11042-019-08348-9
https://www.mdpi.com/resolver?pii=s22041342
http://dx.doi.org/10.3390/s22041342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35214246&dopt=Abstract
http://liu.diva-portal.org/smash/get/diva2:1594161/FULLTEXT01.pdf
http://dx.doi.org/10.1080/09638288.2021.1972351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34465269&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2023.105042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36965405&dopt=Abstract
http://dx.doi.org/10.1037//0882-7974.6.4.605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1777149&dopt=Abstract
http://dx.doi.org/10.1016/j.displa.2016.07.002
https://europepmc.org/abstract/MED/30459688
http://dx.doi.org/10.3389/fpsyg.2018.02132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30459688&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2020.1828535
http://dx.doi.org/10.1007/S10055-019-00401-0
https://dl.acm.org/doi/10.1145/2677758.2677780
https://dl.acm.org/doi/10.1145/2677758.2677780
http://dx.doi.org/10.1145/2677758.2677780
http://dx.doi.org/10.1007/S10055-016-0285-9
http://dx.doi.org/10.1080/10447318.2020.1778351
https://dl.acm.org/doi/10.1007/978-3-030-49695-1_27
http://dx.doi.org/10.1007/978-3-030-49695-1_27
https://ieeexplore.ieee.org/document/7031210
http://dx.doi.org/10.1109/gcce.2014.7031210
https://dl.acm.org/doi/10.1145/3452853.3452856
https://dl.acm.org/doi/10.1145/3452853.3452856
http://dx.doi.org/10.1145/3452853.3452856
http://dx.doi.org/10.1007/S10055-022-00672-0
http://dx.doi.org/10.7763/ijcte.2016.v8.1049
https://link.springer.com/chapter/10.1007/978-3-319-60366-7_19
https://link.springer.com/chapter/10.1007/978-3-319-60366-7_19
http://dx.doi.org/10.1007/978-3-319-60366-7_19
https://ieeexplore.ieee.org/abstract/document/8280421
https://ieeexplore.ieee.org/abstract/document/8280421
http://dx.doi.org/10.1109/3dtv.2017.8280421
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR XR AND SPATIAL COMPUTING (JMXR) Bhargava & Baths

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Reer F, Wehden LO, Janzik R, Tang WY, Quandt T. Virtual reality technology and game enjoyment: the contributions of
natural mapping and need satisfaction. Comput Human Behav. Jul 2022;132:107242. [doi: 10.1016/j.chb.2022.107242]
Jung S, Lindeman RW. Perspective: doesrealismimprove presencein VR? Suggesting amodel and metric for VR experience
evaluation. Front Virtual Real. Jul 15, 2021;2:1-7. [doi: 10.3389/frvir.2021.693327]

Davis FD, Bagozzi RP, Warshaw PR. User acceptance of computer technology: a comparison of two theoretical models.
Manag Sci. Aug 1989;35(8):982-1003. [doi: 10.1287/mnsc.35.8.982]

Liao S, Shao YP, Wang H, Chen AH. The adoption of virtual banking: an empirical study. Int JInf Manage. Feb
1999;19(1):63-74. [doi: 10.1016/s0268-4012(98)00047-4]

Bertrand M, Bouchard S. Applying the technology acceptance model to VR with people who are favorable to its use. J
Cyber Ther Rehabil. 2008;1(2):200. [FREE Full text]

Lin CP, Bhattacherjee A. Extending technology usage models to interactive hedonic technologies: a theoretical model and
empirical test. Inf Syst J. Feb 08, 2010;20(2):163-181. [doi: 10.1111/].1365-2575.2007.00265.X]

Shin DD, Shin Y J. Why do people play social network games? Comput Human Behav. Mar 2011;27(2):852-861. [doi:
10.1016/j.chb.2010.11.010]

Nah FF, Eschenbrenner B, DeWester D. Enhancing brand equity through flow and tel epresence: a comparison of 2D and
3D virtual worlds. MIS Q. 2011;35(3):731. [doi: 10.2307/23042806]

Wu J, Lu X. Effects of extrinsic and intrinsic motivators on using utilitarian, hedonic, and dual-purposed information
systems: ameta-analysis. JAssoc Inf Syst. Mar 2013;14(3):153-191. [doi: 10.17705/1jais.00325]

Miskowiak KW, Jespersen AE, Kessing LV, Aggestrup AS, Glenthgj LB, Nordentoft M, et al. Cognition assessment in
virtua reality: validity and feasibility of anovel virtual reality test for real-life cognitive functions in mood disorders and
psychosis spectrum disorders. J Psychiatr Res. Dec 12, 2021;145:182-189. [FREE Full text] [doi:
10.1016/j.jpsychires.2021.12.002] [Medline: 34923359]

Chaytor N, Schmitter-Edgecombe M, Burr R. Improving the ecological validity of executive functioning assessment. Arch
Clin Neuropsychol. Apr 2006;21(3):217-227. [doi: 10.1016/j.acn.2005.12.002] [Medline: 16554143]

Long CJ. Neuropsychological tests: alook at our past and the impact that ecological issues may have on our future. In:
Shordone RJ, Long CJ, editors. Ecological Validity of Neuropsychological Testing. Boca Raton, FL. Gr Press/St Lucie
Press; 1996:1-14.

Verschueren S, Buffel C, Vander Stichele G. Devel oping theory-driven, evidence-based serious gamesfor health: framework
based on research community insights. IMIR Serious Games. May 02, 2019;7(2):e11565. [FREE Full text] [doi:
10.2196/11565] [Medline: 31045496]

Loerzel VW, Clochesy M, Geddie Pl. Using a community advisory board to devel op a serious game for older adults
undergoing treatment for cancer. Appl Nurs Res. Feb 2018;39:207-210. [FREE Full text] [doi: 10.1016/j.apnr.2017.11.030]
[Medline: 29422160]

Agarwal R, KarahannaE. Timeflieswhen you're having fun: cognitive absorption and beliefs about i nformation technol ogy
usage. MIS Q. Dec 2000;24(4):665. [doi: 10.2307/3250951]

Cowley B, Charles DK, Black MM, Hickey RJ. Toward an understanding of flow in video games. Comput Entertain. Jul
2008;6(2):1-27. [doi: 10.1145/1371216.1371223]

Nah FF, Eschenbrenner BL, Zeng Q, Telaprolu VR, Sepehr S. Flow in gaming: literature synthesis and framework
development. Int J Inf Syst Manage. 2014;1(1/2):83. [doi: 10.1504/ijisam.2014.062288]

FaiolaA, Newlon CM, Pfaff MS, Smyslova OV. Correlating the effects of flow and tel epresencein virtual worlds: enhancing
our understanding of user behavior in game-based learning. Comput Human Behav. May 2013;29(3):1113-1121. [doi:
10.1016/j.chb.2012.10.003]

Tian N, LopesP, Boulic R. A review of cybersicknessin head-mounted displays: raising attention to individual susceptibility.
Virtual Real. Mar 10, 2022;26(4):1409-1441. [doi: 10.1007/s10055-022-00638-2]

Angelov V, Petkov E, Shipkovenski G, Kalushkov T. Modern virtual redlity headsets. In: Proceedings of the 2020 International
Congress on Human-Computer Interaction, Optimization and Robotic Applications. 2020. Presented at: HORA '20; June
26-28, 2020:1-5; Ankara, Turkey. URL : https.//ieeexplore.ieee.org/document/9152604 [doi:
10.1109/hora49412.2020.9152604]

Muhanna MA. Virtua reality and the CAVE: taxonomy, interaction challenges and research directions. J King Saud Univ
Comput Inf Sci. Jul 2015;27(3):344-361. [doi: 10.1016/j.jksuci.2014.03.023]

YanY, ChenK, XieY, Yiming S, Yonghong L. The effects of weight on comfort of virtual reality devices. In: Proceedings
of the 2018 International Conference on Ergonomicsin Design. 2018. Presented at: AHFE '18; July 21-25, 2018:239-243;
Orlando, FL. URL: https:.//link.springer.com/chapter/10.1007/978-3-319-94706-8_27 [doi: 10.1007/978-3-319-94706-8 27|
Penumudi SA, Kuppam VA, Kim JH, Hwang J. The effects of target location on muscul oskeletal load, task performance,
and subjective discomfort during virtual reality interactions. Appl Ergon. Apr 2020;84:103010. [doi:
10.1016/j.apergo.2019.103010] [Medline; 31785450]

Dehghani M, Acikgoz F, Mashatan A, Lee SH. A holistic analysis towards understanding consumer perceptions of virtual
reality devices in the post-adoption phase. Behav Inf Technol. Jan 25, 2021;41(7):1453-1471. [doi:
10.1080/0144929x.2021.1876767)

https://xr.jmir.org/2024/1/€59197 JMIR XR Spatial Comput 2024 | vol. 1 | €59197 | p. 20

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.chb.2022.107242
http://dx.doi.org/10.3389/frvir.2021.693327
http://dx.doi.org/10.1287/mnsc.35.8.982
http://dx.doi.org/10.1016/s0268-4012(98)00047-4
https://go.gale.com/ps/i.do?id=GALE%7CA247037067&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=17849934&p=HRCA&sw=w&userGroupName=anon%7Ece302c6e&aty=open-web-entry
http://dx.doi.org/10.1111/j.1365-2575.2007.00265.x
http://dx.doi.org/10.1016/j.chb.2010.11.010
http://dx.doi.org/10.2307/23042806
http://dx.doi.org/10.17705/1jais.00325
https://linkinghub.elsevier.com/retrieve/pii/S0022-3956(21)00705-6
http://dx.doi.org/10.1016/j.jpsychires.2021.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34923359&dopt=Abstract
http://dx.doi.org/10.1016/j.acn.2005.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16554143&dopt=Abstract
https://games.jmir.org/2019/2/e11565/
http://dx.doi.org/10.2196/11565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31045496&dopt=Abstract
https://europepmc.org/abstract/MED/29422160
http://dx.doi.org/10.1016/j.apnr.2017.11.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29422160&dopt=Abstract
http://dx.doi.org/10.2307/3250951
http://dx.doi.org/10.1145/1371216.1371223
http://dx.doi.org/10.1504/ijisam.2014.062288
http://dx.doi.org/10.1016/j.chb.2012.10.003
http://dx.doi.org/10.1007/s10055-022-00638-2
https://ieeexplore.ieee.org/document/9152604
http://dx.doi.org/10.1109/hora49412.2020.9152604
http://dx.doi.org/10.1016/j.jksuci.2014.03.023
https://link.springer.com/chapter/10.1007/978-3-319-94706-8_27
http://dx.doi.org/10.1007/978-3-319-94706-8_27
http://dx.doi.org/10.1016/j.apergo.2019.103010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31785450&dopt=Abstract
http://dx.doi.org/10.1080/0144929x.2021.1876767
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR XR AND SPATIAL COMPUTING (JMXR) Bhargava & Baths

127. Saghafian M, Sitompul TA, Laumann K, Sundnes K, Lindell R. Application of human factors in the devel opment process
of immersive visual technologies: challenges and future improvements. Front Psychol. Mar 1, 2021;12:634352. [FREE
Full text] [doi: 10.3389/fpsyq.2021.634352] [Medline: 33732195]

128. SzopaA, Soares MM, Karwowski W. Handbook of Standards and Guidelines in Human Factors and Ergonomics. Boca
Raton, FL. CRC Press; 2021.

129. Rajan AV, Nassiri N, AkreV, Ravikumar R, Nabeel A, Buti M, et al. Virtual reality gaming addiction. In: Proceedings of
the 2018 Fifth HCT Information Technology Trends. 2018. Presented at: ITT '18; November 28-29, 2018:358-363; Dubai,
United Arab Emirates. URL : https:.//ieeexplore.ieee.org/document/8649547 [doi: 10.1109/ctit.2018.8649547]

130. LundinRM, Yeap YK, MenkesDB. Adverseeffectsof virtual and augmented reality interventionsin psychiatry: systematic
review. IMIR Ment Health. May 05, 2023;10:e43240. [FREE Full text] [doi: 10.2196/43240] [Medline: 37145841]

Abbreviations

BITS: Birlalnstitute of Technology and Science
HMD: head-mounted display
VR: virtua reality

Edited by T Leung, K Martinez, submitted 05.Apr.2024; peer-reviewed by D Bhatia, A Bustillo; comments to author 04.May.2024;
revised version received 20.May.2024; accepted 28.May.2024; published 28.Jun.2024

Please cite as:

Bhargava Y, Baths V

Experience of Youths and Older People With Virtual Reality Games for Cognitive Assessment: Inductive Thematic Analysis and
Insights for Key Stakeholders

JMIR XR Spatial Comput 2024;1:€59197

URL: https://xr.jmir.org/2024/1/€59197

doi: 10.2196/59197

PMID: 41341872

©Yesoda Bhargava, Veeky Baths. Originally published in IMIR XR and Spatial Computing (https://xr.jmir.org), 28.Jun.2024.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR XR and Spatial Computing, is properly cited. The complete bibliographic
information, alink to the original publication on https://xr.jmir.org/, as well as this copyright and license information must be
included.

https://xr.jmir.org/2024/1/€59197 JMIR XR Spatial Comput 2024 | vol. 1 | €59197 | p. 21
(page number not for citation purposes)

RenderX


https://europepmc.org/abstract/MED/33732195
https://europepmc.org/abstract/MED/33732195
http://dx.doi.org/10.3389/fpsyg.2021.634352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33732195&dopt=Abstract
https://ieeexplore.ieee.org/document/8649547
http://dx.doi.org/10.1109/ctit.2018.8649547
https://mental.jmir.org/2023//e43240/
http://dx.doi.org/10.2196/43240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37145841&dopt=Abstract
https://xr.jmir.org/2024/1/e59197
http://dx.doi.org/10.2196/59197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=41341872&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

