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ABSTRACT

Given the growing interest of corporate stakeholders in
Metaverse applications, there is a need to understand
accessibility of these technologies for marginalized populations
such as people living with dementia to ensure inclusive design of
Metaverse applications. We assessed the accessibility of
extended reality technology for people living with mild cognitive
impairment and dementia to develop accessibility guidelines for
these technologies. We used four strategies to synthesize
evidence for barriers and facilitators of accessibility: (1) Findings
from a non-systematic literature review, (2) guidelines from
well-researched technology, (3) exploration of selected mixed
reality technologies, and (4) observations from four sessions and
video data of people living with dementia using mixed reality
technologies. We utilized template analysis to develop codes and
themes towards accessibility guidelines. Future work can
validate our preliminary findings by applying them on video
recordings or testing them in experiments.
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1 Introduction

As extended reality (XR) technologies have been explored for
their use in various applications ranging from entertainment,
gaming, training to healthcare, recent efforts have been focused
on developing an immersive interconnected 3D virtual space
known as Metaverse using XR headsets [9, 29, 32]. Different
stakeholders drive the development of the Metaverse [35] and
there are concerns of a lack of comprehensive accessibility
guidelines for the technologies involved (e.g., for gaming in VR
[14]). For instance, for the population of people living with mild
cognitive impairment or dementia (PCI), XR has been mainly
utilized to test the effectiveness of interventions (see [20] for a
meta-analysis) with accessibility being rarely discussed. To our
knowledge, the last systematic review of VR technologies for PCI
has been conducted in 2020, but did not include augmented
reality (AR) technology [12]. Furthermore, standardized
guidelines helping in the accessible design of XR applications are
still missing. There exist however guidelines for screening of
touchscreen applications [18] and for the design of motion-based
technology (MBT) [3] which typically features a non-immersive
virtual space.

Since Metaverse applications use XR headsets, this study aims
to develop accessibility guidelines for the design of XR
technology and applications for PCI. On the lines of Astell et al.’s
system development guidelines for MBT [3], we synthesized
evidence for barriers and facilitators of accessibility for PCI in
the broader context of XR.
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2 Method

We employed a template analysis on literature, tests, video
recordings, and session notes to determine barriers and
facilitators of accessibility for PCI when interacting with XR
technology. Our aim was to provide guidance for future XR
technology and applications. Template analysis is a thematic
analysis in which codes and initial themes can be created with
subsets of data, allowing refinement and extension with each
iteration in which new data is analyzed [21].

We collected and identified codes for the codebook from four
main sources - (1) literature of XR use in PCI, (2) guidelines from
touchscreen interaction, (3) reflections based on a familiarization
with specific XR technologies, and (4) observations of PCI’s
interactions with XR technologies. To consolidate and structure
the findings and to derive themes, codes and observations were
added iteratively as sticky notes on a Miro board. We
brainstormed the codes and categorized them using affinity
diagramming. The codes resulted in a final codebook which will
be used to carry out thematic analysis on the observation data.

The first author coded the literature on XR use in PCI using
annotation tools within the literature management software
Citavi. We define XR technology irrespective of the device
employed, e.g., head-mounted displays (HMD), but also desktop
monitors, including virtual reality and any technology between
physical and virtual where both are combined by augmentation.
The literature selection was carried out using a Google Scholar
search combining the terms “augmented reality”, “virtual
reality”, “mixed reality”, “metaverse”, “cognitive impairment”,
“dementia”, “accessibility”. Further literature was identified by
analyzing the cited references from the studies included. Studies
were screened and excluded if they did not provide findings
regarding usability (e.g., only evaluation of the effectiveness of a
treatment or lack of sufficient detail of the technology and
application used) or did not include PCI as co-creators or
participants. Reviews were considered if the summarized studies
had not already been included in the coding process.

Second, we analyzed existing guidelines from the context of
touchscreen applications [17, 18], hypothesizing that cognitive
and sensory impairments lead to similar accessibility
requirements in the context of XR. We utilized the coding
procedure to abstract the specific findings in the source context
before reflecting on their impact on the target context. For
instance, the barrier of interactive on-screen elements which could
be accidentally touched was coded as robustness of interaction
elements against unintended use and then applied to XR
interactions, e.g., controller buttons which could be accidentally
pressed.

Third, we familiarized ourselves with the mixed reality
technologies used in a dataset of video-recorded sessions of 22
participants living with dementia playing games on Hololens
(Young Conker), Xbox Kinect (Kinect Sports Rivals Bowling),
iPhone X (Stack-AR) and Osmo (Tangram; for a detailed
description of the dataset, see [5-8]) to reflect on barriers in the
setup procedure and while interacting with the technologies.
While this familiarization does not replace an in-depth
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assessment with PCI, barriers experienced may already hint at
issues also relevant for PCI. The objective of the familiarization
phase was to develop an understanding of all the technologies
before observing PCI’s interactions with the technologies,
facilitating interpretation of observations and feedback received
from them. We took notes on how the technologies are setup
and the interaction modalities they support, barriers we
experienced and discussed how PCI would experience the same
technologies. We found that the technologies were difficult to
setup and would be very complex for PCI to get them started.
That led us to focus our analysis also on barriers and facilitators
to learn new technologies.

Finally, we analyzed observation data with 22 PCI playing
games on Hololens (Young Conker), Xbox Kinect (Kinect Sports
Rivals Bowling), iPhone X (Stack-AR) and Osmo (Tangram). The
first author also attended four sessions in which PCI interacted
with several motion-based exergames on Xbox Kinect (Kinect
Sports Rivals Bowling, Climbing, Target Shooting; Tennis) and
Nintendo Switch (Instant Sports Baseball, Bowling, Hurdle Race,
Tennis, Just Dance 2022). Both observations of interactions as
well as feedback provided by the participants were analyzed and
codes were assigned. The technologies reviewed in addition to
the reviewed literature are listed in appendix Table 2. The
analysis of technologies for accessibility from the four sources
described above was not sequential and often done
simultaneously.

3 Results

The resulting code book comprises eight themes in three
categories representing the processes for which accessibility
measures should be taken, that is (1) perception, (2)
comprehension, and (3) interaction. The ninth theme relates to
all of these processes. An overview of the themes is shown in
Table 1.

Table 1: Categorized themes with design considerations

Category Theme

Perception Perceptual guidance
Ergonomic and aesthetic design

Safety and health

Comprehension Foster comprehension of goals,
task, and motor steps
Provide feedback
Interaction Exploit bodily, motor knowledge

Interaction simplicity

Stabilize tracking
Perception, comprehension, Accommodate individual
and interaction capabilities

3.1 Perception

Perception of the XR technology and of the resulting blended
space precedes and accompanies each interaction. For PCI, not
only cognitive but also age-related physical (i.e., sensory)
impairments can affect information retrieval. Furthermore,
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appearance and comfort play a crucial role in adopting and
successfully using the technology.

3.1.1 Perceptual guidance

Existing guidance in the context of touchscreen applications
includes reducing visual overload [17] and improving the
visibility of task relevant interface elements [18]. Comparable
findings are reported for VR applications [23, 24]. By making
relevant interface elements salient and reducing distractive, non-
informative elements, a negative influence of bottom-up
guidance in perceptual processes can be prevented and the task-
driven top-down guidance be supported (see also [33] for a
model of visual attention in persons without impairments). We
hypothesize that these findings can also be applied to the
auditory modality, using salient and distinguishable sounds for
feedback, and reducing noise that is prone to interfere with
relevant output. Furthermore, to detect relevant information
presented in either the physical or virtual space easily, required
transitions in the blended space can be guided verbally [7].

3.1.2 Ergonomic and aesthetic design

Depending on the display and tracking technology, the use of
mixed reality systems involves wearing hardware on head
(HMD) and body (body trackers). An ergonomic design includes
reducing the negatively perceived weight [1, 2, 15, 19, 28] and
thus eliminating a potentially annoying distractor [4].
Furthermore, HMDs should be readily compatible with sensory
aids (e.g., glasses and hearing aids) [1, 2, 31] which are regularly
used due to age-related sensory impairments. Designing
aesthetic hardware appears promising for reducing reported
anxiety [23] as well as concerns of looking awkward and thus
being stigmatized [15] while using the technology.

3.1.3 Safety and health

Regarding safety, attention needs to be paid to the implications
of the limited or even non-existing field of view for the physical
environment. This sensory limitation is relevant both in a
physical and a cognitive way: First, not seeing and being aware
of the entirety of the physical environment constitutes a safety
concern for PCI, being possibly prone to falls. To reduce the risk
of injuries, obstacles in the physical space need to be removed.
Furthermore, the interaction space may be limited to an area
considered as safe [28].

Second, several studies report anxiety, complaints and
confusion of participants when they are no longer able to see
their physical environment [19, 23, 24]. Besides taking
organizational measures such as introducing a familiarization
phase for a smoother transition between physical and real
environment [23, 28, 31], technological approaches could
contribute to relieve tension in people living with dementia. For
instance, optical see-through displays could provide a more
comfortable experience by dynamically modifying the glasses’
transparency and thus allowing for a soft, fading transition into
virtuality. Yamada et al. demonstrated that such displays could
also be designed for VR applications [34]. In addition, the initial
layout of the VR could adapt the real space and include avatars
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for other people in the room to provide a trustable environment
and limit the rate of changes when entering virtual reality.

3.2 Comprehension

In order to engage in meaningful interactions with XR
technologies, perceived information needs to be comprehended
and interpreted in the context of the goals and tasks at hand.
Once again, for PCI, guidance is required to cope with
impairments in attention [25], executive functions and working
memory [26].

3.2.1 Foster comprehension of goals, tasks, and motor
steps
The cognitive demand required to interact successfully with XR
technologies can be reduced by providing additional guidance
regarding goals, tasks, and motor steps. First, the goals and
respective tasks need to be laid out clearly [3]. Second, to
enhance learning, instructions for task completion can be split
up in motor goals and presented step-by-step [10]. Third,
instructions need to be succinct and unambiguous [3].

3.2.2 Provide feedback

To compensate for impaired abilities of working memory in PCI
[26, 30], feedback is crucial. Analog to findings for touchscreen
applications [17, 18], providing feedback in the form of prompts
and hints is also vital for XR technology [28]. Recommended
feedback includes keeping PCI aware of the state of the
interactive system [7] and of the success of interactions [23],
guiding future interaction possibilities [24] and reminding PCI of
resuming the fulfillment of begun tasks.

While prompts should be noticeable for the users, they
should be designed not to place additional cognitive demand by
interrupting an interaction. This can be achieved using sensible
timing, i.e., differentiating between providing feedback on
interaction success (immediately) and showing reminders
(delayed) [3]. To ensure that prompts and feedback are noticed
and sensory impairments do not break the perception-action
loop, feedback can be coded in several sensory modalities [3, 8,
23]. If the information passed is compliant [31] or even
redundant between the modalities, feedback can still be
interpreted if information on a single modality has gone
unnoticed. Furthermore, providing rich and realistic feedback
may not only help PCI notice what is currently happening, but
also facilitate using the obtained information to project possible
future states of the XR system [8].

3.3 Interaction

To develop agency and to control state transitions within the XR
system, PCI need to be empowered in performing actual
interactions as system inputs. These interactions typically
involve memorizing single steps and translating them into motor
actions. Consequently, the design of interactions needs to
comply with impairments in memory and motor coordination
[16] occurring in PCL Furthermore, disruptions of interactions
due to tracking limitations should be avoided.
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3.3.1 Exploit bodily, motor knowledge

Opposed to artificially designed interactions which require a
learning phase and successful recall when performing tasks,
natural interactions utilize existing experience and knowledge.
Motor knowledge in particular has been proposed [22] and used
for rotation [31] and gestural interaction [10, 19, 23, 24, 28].
Especially in fully immersive VR settings involving HMDs,
representations of the users’ hands can be added [19, 23, 24, 28]
to counter motor coordination deficits in PCI [16].

Furthermore, affordances are proposed to ease functional
interaction [15]. In non-immersive settings, physical affordances
have shown to support the execution of known motor
procedures [4, 6, 7]. Likewise, we observed that physical artifacts
helped in executing appropriate interaction gestures (e.g., a ball
which is physically grabbed in a virtual bowling game).

3.3.2 Interaction simplicity

To facilitate successful interactions and reduce failures,
interaction procedures should be kept simple, allowing to recall
the interaction steps, and fail-safe, preventing unintended input
in the interactive system [10]. System development guidelines
based on a previous review for MBT suggest limiting the spatial
and motor complexity of interactions and making the interactive
system more tolerant for minor deviances in their execution to
accommodate the reduced motor and cognitive capabilities of
PCI [3]. Supporting this notion, several studies using VR
applications report difficulties of the participants due to their
limited mobility [19, 28] and errors in repetitive movements
leading to unintended interaction [24]. Likewise, additional
complexity such as combining motor interaction with controller-
based interactions should be avoided [23, 24].

3.3.3 Stabilize tracking
To preserve a consistent state of the blended or virtual space, it
is vital that no interruptions in tracking occur. This requirement
is easily violated if tracking systems with limited tracking space
are used. That is, when body tracking fails, the representation of
the limbs responsible for an interaction may freeze or become
invisible, impeding successful interactions. For instance, we
observed a participant in a wheelchair trying to compensate the
inaccurate tracking quality in his seated position by shortly
raising his hand to see it in the virtual environment before
starting the actual interaction. While his compensation strategy
was successful, we argue that interruptions or complete failure
in tracking (e.g., tracking issues for wheelchair users [27]) can
lead to confusion and frustration and subsequently prevent the
adoption of technology for PCI. Similarly, when objects to be
tracked are temporarily occluded, the XR application may fail to
communicate the system state appropriately to its user.
Consequently, we argue that limitations in tracking need to
be addressed. That is, the tracking technology used should
ensure coverage of all relevant objects, for instance, by using
more than one tracking unit, or attaching motion sensors to the
user’s limbs. Additionally, the receiving application needs to be
designed to be more error tolerant. That is, it needs to remain in
a consistent state and recognize tracking errors as well as
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provide guidance to resolve them. In settings where people with
different assistive devices co-use the technology, the tracking
range should be easily adjustable to these people’s body height
and posture.

3.4 Accommodate individual capabilities

As outlined by Astell et al., individual abilities of people living
with dementia vary considerably, thus rendering customization
possibilities a requirement of inclusive and frustration free
technology [3]. This requirement applies for sensory (e.g., visual
and auditive) and cognitive [28] as well as physical capabilities
[23, 31]. Additionally, the impact of assistive devices on the
ability to interact needs to be considered carefully. For instance,
the mobility constraints of wheelchair users may require
designing alternative ways of navigation (see e.g., Gerling et al.’s
study assessing VR design implications for wheelchair users

[13]).

4 Discussion

While different parties work in an growing effort on establishing
applications for the Metaverse [35], there is still a lack of
comprehensive accessibility guidelines for people living with
impairments such as PCI for that context. To ensure that no
barriers for PCI are introduced when designing for the
Metaverse, their abilities and impairments need to be noticed
and considered.

In this work, we present themes guiding the development of
accessible XR technologies for PCI based on findings of studies
employing AR and VR for people living with dementia, on
findings derived from other interactive technology, as well as on
observations and tests. Consistent with insights for MBT, our
findings tackle physical as well as cognitive constraints [3]. The
categorization of our findings highlights the role of requirements
in the process of perceiving, comprehending, and interacting for
a successful use of technology. These findings are not meant to
be exhaustive but should provide a starting point for considering
and testing manipulations in the design of technology and
applications for the Metaverse. Thus, we expect that our
guidance can be complemented by further aspects relevant for
the Metaverse, e.g., social aspects [12] including virtual
communication, technical constraints coming with distributed
systems, and the efforts to setup VR technology [11].

To develop guidance that practically empowers PCI to use XR
technology, we integrated both the direct impact of requirements
stemming from dementia (e.g., regarding memory and motor
coordination) as well as the reported impact of requirements
stemming from frequently co-occurring age-related impairments
(e.g., regarding sensory or mobility impairments) in our analysis.
While we hope that this approach covers the lived reality of PCI
well, an alternative structure of our findings could make the
impact of different impairments on the derived guidance more
graspable.

Even though we included more recent findings and studies
involving augmented reality in our analysis compared to Flynn
et al.’s review, we see several parallels in their recommendations
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and our findings (e.g., regarding feedback). Furthermore, we
acknowledge that tensions may exist between the reported
themes when applying them in the design process. For instance,
aiming for an intuitive (i.e., cognitively accessible) interaction
mode (theme exploit bodily, motor knowledge) involving natural
gestures can only be realized to the degree that mobility and
motor impairments do not restrict required movements (theme
accommodate individual capabilities). While these tensions mean
more effort in the design process, we argue that they at the same
time encourage designers to apply a more holistic understanding
of accessibility rather than limiting considerations on a narrow
definition of an impairment.

As future work, the developed themes and codes should be
validated using further observations of PCI interacting with XR
technology. By that, we hope to refine our findings as well as to
interpret the relevance of the design recommendations by
relating them to the participants’ behaviors.

5 Conclusion

With the growing engagement in establishing applications for
the Metaverse, there is an urgent need for accessibility
guidelines to help designers create an environment open for all
people. We collected and synthesized recommendations for
making XR technologies usable for PCI as a first step towards
accessibility guidelines.

As a next step, our findings can be applied on a dataset to
make them more robust. The design recommendations obtained
can inform practitioners in the development of XR technologies
and applications for the Metaverse.

ACKNOWLEDGMENTS

We thank Erica Dove for letting the first author participate and
gain useful insights in four weeks of her data collection
exploring motion-based exergames for PCI. We are thankful for
the reviewers’ feedback which helped us to refine this work.

REFERENCES

[1] Lora Appel, Erika Kisonas, Eva Appel, Jennifer Klein, Deanna Bartlett, Jarred
Rosenberg, and Christopher Smith. 2020. Introducing virtual reality therapy
for inpatients with dementia admitted to an acute care hospital. Learnings
from a pilot to pave the way to a randomized controlled trial. Pilot and
feasibility studies 6, 1, Article 166, 15 pages. DOI:
https://doi.org/10.1186/s40814-020-00708-9.

[2] Lora Appel, Erika Kisonas, Eva Appel, Jennifer Klein, Deanna Bartlett, Jarred
Rosenberg, and Christopher N. Smith. 2021. Administering virtual reality
therapy to manage behavioral and psychological symptoms in patients with
dementia admitted to an acute care hospital. Results of a pilot study. JMIR
formative research 5, 2, Article e22406. DOI: https://doi.org/10.2196/22406.

[3] Arlene J. Astell, Stephen Czarnuch, and Erica Dove. 2018. System development
guidelines from a review of motion-based technology for people with
dementia or MCI. Frontiers in psychiatry 9, Article 189. DOI:
https://doi.org/10.3389/fpsyt.2018.00189.

[4] Alethea Blackler, Li-Hao Chen, Shital Desai, and Arlene J. Astell. 2020.
Intuitive interaction framework in user-product interaction for people living
with dementia. In HCI and design in the context of dementia, Rens Brankaert
and Gail Kenning, Eds. Human-computer interaction series. Springer, Cham,
147-169. DOL: https://doi.org/10.1007/978-3-030-32835-1_10.

[5] Shital Desai, Robin Abendschein, and Arlene J. Astell. 2022. Accessibility of
Mixed Reality Technologies for people living with dementia. Alzheimer's &
Dementia 18, S2. DOL: https://doi.org/10.1002/alz.067574.

CHI’23, April, 2023, Hamburg, Germany

[6] Shital Desai, Alethea Blackler, Deborah Fels, and Arlene J. Astell. 2020.
Supporting people with dementia. Understanding their interactions with
mixed reality technologies. In Design Research Society Conference 2020.
Synergy. Proceedings of DRS, 2. Design Research Society, London, UK. DOI:
https://doi.org/10.21606/drs.2020.266.

[7] Shital Desai, Deborah Fels, and Arlene J. Astell. 2020. Designing for
experiences in blended reality environments for people with dementia. In HCI
International 2020 — Late Breaking Papers. Universal Access and Inclusive Design.
22nd HCI International Conference, HCII 2020, Copenhagen, Denmark, July
19-24, 2020, Proceedings, Constantine Stephanidis, Margherita Antona, Qin
Gao and Jia Zhou, Eds. Lecture Notes in Computer Science, 12426. Springer,
Cham, CH, 495-509. DOI: https://doi.org/10.1007/978-3-030-60149-2_38.

[8] Shital Desai, Joel Ong, Deborah Fels, and Arlene J. Astell. 2022. Sound mixed
reality prompts for people with dementia. A familiar and meaningful
experience. In Designing Interactions for Music and Sound, Michael Filimowicz,
Ed. Routledge Sound Design series. Routledge, 151-176.

[9] John D. N. Dionisio, William G. B. III, and Richard Gilbert. 2013. 3D Virtual
worlds and the metaverse. ACM Comput. Surv. 45, 3, Article 34, 38 pages. DOL:
https://doi.org/10.1145/2480741.2480751.

[10] Erica Dove and Arlene J. Astell. 2017. The use of motion-based technology for
people living with dementia or mild cognitive impairment. A literature review.
Journal of medical Internet research 19, 1, Article e3. DOI:
https://doi.org/10.2196/jmir.6518.

[11] Rosemarie Figueroa Jacinto and Elizabeth Kappler. 2022. A discussion on
accessibility, inclusivity, cultural design considerations, and health & safety
advisories for virtual reality head mounted displays. Proceedings of the Human
Factors and Ergonomics Society Annual Meeting 66, 1, 1659-1663. DOI:
https://doi.org/10.1177/1071181322661202.

[12] Aisling Flynn, David Healy, Marguerite Barry, Attracta Brennan, Sam Redfern,

Catherine Houghton, and Dympna Casey. 2022. Key stakeholders' experiences

and perceptions of virtual reality for older adults living with dementia.

Systematic review and thematic synthesis. JMIR serious games 10, 4, Article

€37228. DOLI: https://doi.org/10.2196/37228.

Kathrin Gerling, Patrick Dickinson, Kieran Hicks, Liam Mason, Adalberto L.

Simeone, and Katta Spiel. 2020. Virtual reality games for people using

wheelchairs. In Proceedings of the 2020 CHI Conference on Human Factors in

Computing Systems. ACM Digital Library. ACM, New York, NY, USA, 1-11.

DOI: https://doi.org/10.1145/3313831.3376265.

Fiona Heilemann, Gottfried Zimmermann, and Patrick Miinster. 2021.

Accessibility guidelines for VR games - a comparison and synthesis of a

comprehensive set. Front. Virtual Real. 2, Article 697504. DOI:

https://doi.org/10.3389/frvir.2021.697504.

[15] James Hodge, Madeline Balaam, Sandra Hastings, and Kellie Morrissey. 2018.

Exploring the design of tailored virtual reality experiences for people with

dementia. In Proceedings of the 2018 CHI Conference on Human Factors in

Computing Systems. ACM Conferences. ACM, New York, NY, USA, 1-13. DOL

https://doi.org/10.1145/3173574.3174088.

Ciro R. Ilardi, Alessandro Iavarone, Marco La Marra, Tina Iachini, and Sergio

Chieffi. 2022. Hand movements in mild cognitive impairment. Clinical

implications and insights for future research. Journal of integrative

neuroscience 21, 2, Article 67, 17 pages. DOIL:
https://doi.org/10.31083/j.jin2102067.

[17] Phil Joddrell and Arlene J. Astell. 2019. Implementing accessibility settings in
touchscreen apps for people living with dementia. Gerontology 65, 5, 560-570.
DOI: https://doi.org/10.1159/000498885.

[18] Phil Joddrell, Alexandra Hernandez, Sam O'Neil-Watts, Elana Moore, Ella
Davenport, and Arlene J. Astell. 2016. AcTo Dementia. App selection framework.
Guidance manual.

[19] Jung-Hee Kim, Seonmin Park, and Hyeongji Lim. 2021. Developing a virtual
reality for people with dementia in nursing homes based on their
psychological needs. A feasibility study. BMC Geriatr 21, 1, Article 167, 10
pages. DOL https://doi.org/10.1186/s12877-021-02125-w.

[20] Oksoo Kim, Yanghee Pang, and Jung-Hee Kim. 2019. The effectiveness of
virtual reality for people with mild cognitive impairment or dementia. A meta-
analysis. BMC psychiatry 19, 1, Article 219, 10 pages. DOI:
https://doi.org/10.1186/512888-019-2180-x.

[21] Nigel King and Joanna Brooks. 2018. Thematic analysis in organisational
research. In The SAGE Handbook of Qualitative Business and Management
Research, Catherine Cassell, Ann Cunliffe and Gina Grandy, Eds. SAGE
Publications Ltd, London, UK, 219-236. DOI:
https://doi.org/10.4135/9781526430236.n14.

[13

[14

[16



CHI’23, April, 2023, Hamburg, Germany

[22] Valeria Manera, Emmanuelle Chapoulie, Jérémy Bourgeois, Rachid
Guerchouche, Renaud David, Jan Ondrej, George Drettakis, and Philippe
Robert. 2016. A feasibility study with image-based rendered virtual reality in
patients with mild cognitive impairment and dementia. PloS one 11, 3, Article
€0151487. DOL: https://doi.org/10.1371/journal.pone.0151487.

[23] Maria Matsangidou, Fotos Frangoudes, Marios Hadjiaros, Eirini Schiza,
Kleanthis C. Neokleous, Ersi Papayianni, Marios Avraamides, and
Constantinos S. Pattichis. 2022. “Bring me sunshine, bring me (physical)
strength”. The case of dementia. Designing and implementing a virtual reality
system for physical training during the COVID-19 pandemic. International
Journal of Human-Computer Studies 165, C, Article 102840, 15 pages. DOI:
https://doi.org/10.1016/].ijhcs.2022.102840.

[24] Maria Matsangidou, Eirini Schiza, Marios Hadjiaros, Kleanthis C. Neokleous,
Marios Avraamides, Ersi Papayianni, Fotos Frangoudes, and Constantinos S.
Pattichis. 2020. Dementia: I am physically fading. Can virtual reality help?
Physical training for people with dementia in confined mental health units. In
Universal Access in Human-Computer Interaction. Design Approaches and
Supporting Technologies. 14th International Conference, UAHCI 2020, Held as
Part of the 22nd HCI International Conference, HCII 2020, Copenhagen,
Denmark, July 19-24, 2020, Proceedings, Part I, Margherita Antona and
Constantine Stephanidis, Eds. Lecture Notes in Computer Science, 12188.
Springer International Publishing, Cham, 366-382. DOI:
https://doi.org/10.1007/978-3-030-49282-3_26.

[25] Bernadette McGuinness, Suzanne L. Barrett, David Craig, John Lawson, and A.
P. Passmore. 2010. Attention deficits in Alzheimer's disease and vascular
dementia. Journal of neurology, neurosurgery, and psychiatry 81, 2, 157-159.
DOI: https://doi.org/10.1136/jnnp.2008.164483.

[26] Bernadette McGuinness, Suzanne L. Barrett, David Craig, John Lawson, and A.
P. Passmore. 2010. Executive functioning in Alzheimer's disease and vascular
dementia. International journal of geriatric psychiatry 25, 6, 562—568. DOI:
https://doi.org/10.1002/gps.2375.

[27] Wendy Moyle, Cindy Jones, Toni Dwan, and Tanya Petrovich. 2018.
Effectiveness of a virtual reality forest on people with dementia. A mixed
methods pilot study. The Gerontologist 58, 3, 478-487. DOIL:
https://doi.org/10.1093/geront/gnw270.

[28] John Mufioz, Samira Mehrabi, Yirou Li, Aysha Basharat, Laura E. Middleton,
Shi Cao, Michael Barnett-Cowan, and Jennifer Boger. 2022. Immersive virtual
reality exergames for persons living with dementia. User-centered design
study as a multistakeholder team during the COVID-19 pandemic. JMIR serious
games 10, 1, Article €29987. DOL: https://doi.org/10.2196/29987.

[29] Matthew Sparkes. 2021. What is a metaverse. New Scientist 251, 3348, 18. DOI:
https://doi.org/10.1016/S0262-4079(21)01450-0.

[30] Cheryl L. Stopford, Jennifer C. Thompson, David Neary, Anna M. T.
Richardson, and Julie S. Snowden. 2012. Working memory, attention, and
executive function in Alzheimer's disease and frontotemporal dementia.
Cortex; a journal devoted to the study of the nervous system and behavior 48, 4,
429-446. DOL: https://doi.org/10.1016/j.cortex.2010.12.002.

[31] Luma Tabbaa, Chee S. Ang, Vienna Rose, Panote Siriaraya, Inga Stewart, Keith
G. Jenkins, and Maria Matsangidou. 2019. Bring the outside in. Providing
accessible experiences through VR for people with dementia in locked
psychiatric hospitals. In Proceedings of the 2019 CHI Conference on Human
Factors in Computing Systems. ACM, New York, NY, USA, 1-15. DOL:
https://doi.org/10.1145/3290605.3300466.

[32] Yuntao Wang, Zhou Su, Ning Zhang, Rui Xing, Dongxiao Liu, Tom H. Luan,
and Xuemin Shen. 2022. A survey on Metaverse. Fundamentals, security, and
privacy. IEEE Commun. Surv. Tutorials, 1. DOI:
https://doi.org/10.1109/COMST.2022.3202047.

[33] Christopher D. Wickens. 2015. Noticing events in the visual workplace. The
SEEV and NSEEV models. In The Cambridge Handbook of Applied Perception
Research, Robert R. Hoffman, Peter A. Hancock, Mark W. Scerbo, Raja
Parasuraman and James L. Szalma, Eds. Cambridge University Press, New
York, NY, USA, 749-768. DOI: https://doi.org/10.1017/CB0O9780511973017.046.

[34] Wataru Yamada, Hiroyuki Manabe, Daizo Ikeda, and Jun Rekimoto. 2019.
VARiable HMD. Optical see-through HMD for AR and VR. In The Adjunct
Publication of the 32nd Annual ACM Symposium on User Interface Software and
Technology. ACM Digital Library. ACM, New York, NY, USA, 131-133. DOIL:
https://doi.org/10.1145/3332167.3356896.

[35] Matteo Zallio and P. J. Clarkson. 2022. Designing the metaverse. A study on
inclusion, diversity, equity, accessibility and safety for digital immersive
environments. Telematics and Informatics 75, Article 101909. DOIL:
https://doi.org/10.1016/j.tele.2022.101909.

R. Abendschein et al.

A APPENDICES

Table 2: Technologies reviewed in familiarization and
observation data

Technology Applications
Microsoft Hololens Young Conker
iPhone X Stack-AR
Osmo Tangram

Microsoft Xbox Kinect Kinect Sports Rivals Bowling,

Climbing, Target Shooting, Tennis
Instant Sports Baseball, Bowling,

Hurdle Race, Tennis; Just Dance

2022

Nintendo Switch
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