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Preface

Government and social sectors had recently promoted innovative technology to
enhance its service quality, and to improve the living quality of elders and people with
disabilities (PWDs).

Launched by Innovation and Technology Bureau in 2017, Innovation and Technology
Fund for Better Living (FBL) sponsored $3,352,770 of a three-year joint project, "VRehab
Generation’ by Tung Wah Group of Hospitals (TWGHSs) and Logistics and Supply Chain
MultiTech R&D Centre Limited (LSCM) since 2018. This project, applying virtual reality
technology, aimed to develop a series of close-to-reality rehabilitation training programmes,
including physical training, cognitive training, community-living skills training and relaxation
for elders and PWDs. The virtual reality programmes allow the service users to break through
their physical and environmental constraints, and to participate in rehabilitation training
regarding to their progress purposefully and continuously in an enjoyable way.

Virtual reality interactive platform has been developed for some years. Its technology
is well-developed and its application is widespread. Its effectiveness to improve the cognitive
functioning, balance and training motivation of the people with rehabilitation needs is evident-
based, few local applications are tailor-made to cater the needs, mobility and response of
elders and PWDs that aim to meet their needs and compatible with their mobility functioning.
Therefore, we have entrusted the School of Nursing, the University of Hong Kong to conduct
a research about ‘VRehab Generation’ project to evaluate the acceptance of the application
of virtual reality technology by service users, and to examine the efficacy of virtual reality
platform for rehabilitation training.

Through the project and the research of ‘VRehab Generation’ we hope to arouse
different sectors’ concern about the needs of elders and PWDs, and to promote the
application of virtual reality in rehabilitation services, to encourage sustainable development
on the VR application in rehabilitation. We hope that the elders and PWDs can have more
choices in their rehabilitative journey.

Last but not the least, thank you FBL sponsoring us for the implementation of
the project; thanks to LSCM and The University of Hong Kong collaborating with us to
develop VR rehabilitation training content, to conduct the research. And of course, thanks
to the participation of service units and service users, whom allows our project to improve
continuously.

LEUNG Bick-king Alice
Head of Community Service Division
Tung Wah Group of Hospitals
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Preface

In recent years the advancement of various technologies both in performance and
(lower) cost have drastically increased the opportunities of better serving the elderly, not
only in providing a safer living environment but also improving the quality of lives for these
oftentimes under-attended or under-privileged population.

Technologies such as internet, internet-of-things, Wi-Fi and 5G have greatly improved
the capability of remote monitoring and safeguarding the elderly with wearable electronics
or sensing systems that can instantly call for help in case of accidents, and monitoring
continuously of the vital signs, all of which build together the foundation of today’s rapidly
growing tele-health industry. Robotics, smart electric wheelchair and lifters and other
ingenious exoskeleton inventions help disabled elderly in getting better accessibility to place
outside of their homes with more ease and less barrier. Artificial Intelligence (Al) revolutionize
the capabilities of various software and Apps which in turn provide more variety of services,

functions and entertainment to the elderly with much better features and capability.

Virtual Reality, a truly unique technology which gains tremendous popularity in recent
years, have been greatly enhanced by the improvement of hardware, software capability
such as Al and lowering of cost to make it an ideal tool for training, rehabilitation and pure
entertainment. VR has been widely deployed in professional training programs, high-end sales
promotion (such as real estates) and entertainment industry. | am extremely pleased that Tung
Wah Hospital Groups now introduces it to serve the elderly. Not only the VR offers very “real”
sensation to the users without the hazards of actually visiting the spots (which are sometimes
inconvenient, or difficult to access, or even dangerous), the programs can be changed and
tuned to the need of different categories of elderly hence offering a safe, flexible and full-of-
variety services. Whether for rehabilitation or pure enjoyment, VR is only second to the real
deal but with much less restrictions and cost. In particular, during the current pandemic times,
VR programs are ideal both in observing social distancing and keeping the elderly safe.

| sincerely wish that the program will achieve great success and bring awareness to
the public of such technology being used for the betterment of our elderly and a lot more VR
services would be made available in the years to come.

Simon K.Y. WONG
Chief Executive Officer
Logistics and Supply Chain MultiTech R&D Centre Limited
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EXECUTIVE SUMMARY

With the support of the Innovation and Technology Fund for Better Living, the Tung
Wah Group Hospitals (TWGHSs) developed the VRehab Generation Programme (VGP) for their
service users who are elders and people with disabilities (PWDs). The VGP covers four virtual
reality (VR) game domains, including physical training, cognitive training, community-living
skills training, and relaxation. Special considerations for local elders and PWDs were made in
terms of hardware choice and software design.

To evaluate the feasibility, acceptance, and efficacy of the VGP in improving health
outcomes among users who are elders and PWDs, a team of researchers from the School
of Nursing of The University of Hong Kong conducted a single-armed pretest—posttest study
from 2019 to 2020. This report showed the design, implementation, and findings of the
evaluation study.

In the evaluation study, the usage frequency, duration, and content of VR trainings were
standardised. On completion of each session, usage statistics were documented via the built-
in VR software, whereas feedback on the experience of VR training and adverse events were
collected via self-reports and staff observations. Feasibility was reflected by usage statistics
and acceptance was reflected by positive feedback. In addition, health outcomes including
upper-limb dexterity, functional mobility, cognitive function, and happiness were assessed
by the research team at baseline, six weeks, and three months after baseline. The primary
outcomes were upper-limb dexterity and acceptance of playing VR games.

A total of 135 participants were recruited from May 2019 to January 2020, and 124
(91.9%) completed at least one follow-up. Over three quarters (76.3%) of the participants
could attend at least 70% of the proposed 18 sessions, and the majority of sessions (72.5%)
had training time lasted for at least 20 minutes. The total training time of the participants
had a median of 316.8 minutes. Statistically significant effects were observed in terms of
upper-limb dexterity (small effect) and cognitive function (moderate effect). Among the 135
participants, 88 (65.2%) provided positive comments. About 10.4% reported mild discomfort
such as dizziness, and none reported severe discomfort.

To conclude, our study demonstrated that a universal set of VR training was feasible
and acceptable for local PWDs and elders. Benefits in upper-limb dexterity and cognitive
function were observed despite partial compliance to the training protocol. Findings from this
study informed the future planning and application of similar VR trainings. Recommendations
for future practice were made at the end of the report.
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Chapter 1 Introduction

Virtual reality (VR) has become a popular technology that has been widely used in
many areas including education, aviation, medicine, and entertainment. It is especially a
breakthrough in computer games. VR provides a ‘close to reality’ and immersive three-
dimensional (3D) virtual world that lets users explore and play with more possibilities.
In general, VR games are categorised into different types such as action, simulation,
and adventure. These games are mainly offered as a means of entertainment and
excitement for the youth and adults. Users are required to have a high cognitive
and physical level to play the games. In this regard, such kind of VR games are not
suitable for elders and people with disabilities (PWDs) because they usually take longer
response times and cannot handle controllers with buttons because of their weak fine-
motor skills.

Nevertheless, researchers and service providers are developing and refining
various VR games into VR training programmes for rehabilitation among elders and
PWDs. VR training provides users the opportunity to engage in motivational training with
many repetitions, salient stimuli, and challenging tasks (Levin et al., 2015). Instances
of VR training, particularly those with a rehabilitation purpose, are well published in
foreign countries, such as adults with stroke (Laver et al., 2017), community-dwelling
elders (Corregidor-Sanchez et al., 2020), people living with dementia and mild cognitive
impairment (D’Cunha et al., 2019), and children with cerebral palsy and Down
syndrome (Lopes et al., 2020). To our knowledge, there are also several VR training
programmes that have been developed locally in recent years (Hong Kong Hospital
Authority, 2019). These programmes fit the language, content, and VR scenes specially
designed for Hong Kong individuals, which enhanced usage experience among elders
and PWDs.

Despite many VR training programmes being developed, they mainly targeted
homogenous populations. There is a lack of an integrated VR training programme that
targets users with different types of disabilities, including functional impairment, mobility
limitation, cognitive impairment, intellectual disability, and visual impairment. Moreover,
the accessibility of local VR training programmes is confined. Therefore, there is a need
to develop a universal VR training programme in Hong Kong to serve more elders and




PWDs living in local communities or residential settings. Regarding such development,

the efficacy of such VR training in improving physical, cognitive, and psychological
status among users have to be scientifically evaluated.

Tung Wah Group Hospitals (TWGHS) is one of the leading non-government
organisations in Hong Kong. One of its major services is caring for elders and PWDs,
both in the residential care setting and the community setting. The government has
set up the Innovation and Technology Fund for Better Living to support projects that
use innovation and technology to make people’s living more convenient, comfortable
and safer, or address the needs of specific community groups and promote the use of
innovation and technology in society. With the support of the Innovation and Technology
Fund for Better Living, TWGHSs are developing a set of VR games to supplement the
rehabilitation of elders and PWDs. Such programme is named VRehab Generation,
which aims to enrich the life experience of elders and PWDs and improve their training
and treatment outcomes. With this opportunity, the feasibility, acceptance, and efficacy
of VR applications in terms of improvement in functional, cognitive, and psychological
status among elders and PWDs can be evaluated.




Chapter 2 Programme Development

The VRehab Generation Programme (VGP) is a set of immersive VR programme
developed for physical, cognitive, relaxation, and community-living training. It was jointly
developed by TWGHSs and Logistics and Supply Chain MultiTech R&D Centre Limited
(LSCM) in 2019. To involve users with different disabilities and functional levels, the VGP
is tailor-made and fine-tuned its usability to ensure it is user-friendly and comfortable
for elders and PWDs. As such, the games have to be visually attractive enough and
physically easy enough to be performed. Various elements, including hardware, virtual
setting, gaming operation and adaptive components, were specially considered during

programme development.

Hardware

There are three contemporary types of VR simulations for rehabilitation: non-
immersive, semi-immersive, and fully immersive. All these provide fully digital, computer-
generated, 3D virtual environments in which users can interact with the 3D world and

experience visual, auditory, and even tactile stimulation.

Both non-immersive and semi-immersive VR programmes rely on computer
monitors, projectors, screens, powerful computers, joysticks, and various controllers
as display methods and control interfaces. That means users must comprehend the
visual image manifested by those displays and manipulate the control interface properly.
Inevitably, good visual and fine-motor skills are required to successfully participate in

these games.

For fully immersive simulation, head-mounted display (HMD) devices and limb
motion trackers are used as the display method and control interface, respectively.
Through the HMD, the images of VR games are manifested in front of the users’ eyes.
It enables elders and PWDs with low vision to see the VR scenery clearly. The control
interface is another essential part of VR games, which allows users to interact with the
virtual environments dynamically. It is undoubtedly a challenge for PWDs with intellectual
disabilities and limited hand dexterity to handle a traditional joystick or controller with
buttons. Instead, button-free limb motion trackers are adopted in the programme. The
trackers can trace the movement of users’ limbs. By detecting the movement within
the system, generated signals are then converted and transferred to the computer.
Therefore, users can participate in VR games by simple limb movements.




An additional benefit of using HMD device is that it is portable with high
applicability. It can be adopted with a minimal space requirement (i.e., width: 1.5 meters
x length: 2 meters x height: 2 meters). This fits well for a densely populated place such
as Hong Kong.

Virtual Setting

Virtual setting is one of the essential considerations in game development.
Although the HMD device provides 360 degrees of a fully immersive VR view and
interaction zone, it is hard to apply them to limited-mobility or wheelchair-bound clients,
as they may be unable to stand and move around safely. Hence, the VGP especially
designed an approximately 180-degree interaction zone within the VR environments,
where interactive objects or training tasks are set at arm’s length or attached to users’
virtual hands. Therefore, users can play VR games safely in a sitting posture without

moving or bending forward.

Furthermore, cybersickness or reluctance to wear a considerably heavy HMD
and loss of reference to the real world are common concerns in VR games. Some
users are more adaptable to the VR apparatus, but some are not. To minimise the risk
of cybersickness, users engage in VR games at a particular body position. Agile body
and head movements are excluded or minimised from the gaming design to alleviate
dizziness and nausea. Although the VR games have to be visually attractive (e.g.,
colourful and animated), the backdrop and characters of VR games are not too fancy or
stimulating to cater to users with limited cognitive and visual perceptions.

Game Operation

The principle of the game operation is simplicity. One of the critical elements in
a VR game is the selection function with which users can select an object or option
to trigger a pre-programmed action. Mainstream VR games require users to select
by precisely positioning a controller by hand and simultaneously pressing the button
with a finger. However, this is too complicated for elders and PWDs, especially if they
suffer from cognitive impairment, abnormal muscle tone or hand deformities, such as
Dupuytren’s contracture.

In the VGP, button-free programming is adopted so that users can play VR
games without pressing any buttons. Users only need to move the button-free tracker(s)

with their limbs to a targeted position and hold it for about two seconds. Then, a pre-




programmed action will be triggered. Moreover, some of the VR games allow users to
either stand up or sit down to play whereas some permit the use of one or more limbs
to play selectively (e.g., left, right, or both), whichever suits a user, such that even those
who have suffered from mutilation can also enjoy VR games. Indeed, these different
options are an added complication to programme development.

Motion-detection sensitivity is another consideration addressed. It is tailor-made
to the capability of users so that even the smallest movement of their limbs and the
slowest reaction time can be detected. Then, those with minimal mobility can also easily
participate in VR games using button-free trackers.

Game Setting

Several elements in the game settings of the VGP are designed to facilitate
participation among elders and PWDs. First, most of the games are designed with
three levels of difficulty so that users can choose the most suitable one according to
their functional levels. For example, in Level 1 of the Handball Game, users must move
their upper limbs 10 cm towards the goal to trigger the ball-throwing action, but it is
increased to 20 cm in Level 2.

Second, the games have timely, encouraging feedback and cues. As we know,
people with intellectual disabilities need more time to understand how they can
participate in a VR game. They might also feel challenged to associate their real limbs
with the virtual limbs in the game. By providing immediate feedback, they will realise
what they do in the real world (e.g., moving their limbs) can make something happen
in the VR games (e.g., throwing a ball toward a goal). In addition to feedback, cues are
provided in the form of images, words, and sound, which serve as guides to help users
understand what they should do in the VR games. Staff can also use their own cues as
additional guidance.

Lastly, reward and punishment are common elements in a computer game,
but only positive reinforcement is adopted in the VGP’s design, for example, applause
and fireworks. It allows users to freely explore the VR games without any sanction and
penalty (e.g., score deduction). It also provides a sense of achievement to users and

encourages them to continuously engage in VR rehabilitation training through the VGP.




Components

The VGP features four components:

)

Physical training

The games involve upper limbs (Handball), lower limbs (Football) and
full-body motions (Gatekeeping). By throwing, kicking, or guarding the ball
in the VR games, they repeatedly mobilise their limbs and use their muscles,
which aims to help slow down the deterioration of bodily functions, distortion
of perception, and joint contracture development.

Cognitive training
This consists of classification and reality orientation games. Nostalgic
elements are employed to appeal to the elders.

There are two themes for classification games. One is a reference to Lai
Chi Kok Amusement Park (Lai Yuen). The thematic park was operated from
the 1940s to the 1990s and is part of the collective memory of Hong Kong
elders. Three signature games were included, namely, Elephant Feeding,
Feather Duster Throwing, and Coin Tossing. Most Hong Kong elders are
familiar with these games, which could provide not only cognitive stimulation
but also a reminiscence of their past. Another theme simulates a home setting.
The game is named Home Items Locating, which requires users to identify the
appropriate items in the corresponding rooms.

Hong Kong Footprint is a reality orientation game. Users are virtually
brought to Shek Kip Mei, Man Mo Temple, Wong Tai Sin Temple, and Chun
Yeung Street. These places are typical to Hong Kong elders. Each scene is
played with a soundtrack that provides a brief introduction to the place. Along
the VR journey, a trained staff will discuss the place that the user is watching,
for example, helping them recognise the items in the scene or recalling their
memories associated with the place. The experience allows elders living in
nursing homes to revisit familiar places in the old days and widen the horizons
of PWDs even during a pandemic through VR technology. These aim to elicit
pleasure and satisfaction, improve communication, and enhance self-esteem
and social skills.




i)

Community-living skills training

The games include Seven Must-Dos Before Leaving Home and MTR
GO GO GO. The former promotes users’ awareness, especially the elders’,
of the seven safety measures that keep them and the living environment
safe before leaving their homes. The latter aims to help PWDs develop
skills in taking public transport and going to different places in Hong Kong
by themselves. It simulates an MTR station scene and aims to familiarise
users with travelling via the MTR under various conditions repeatedly and

purposefully.

Relaxing scenery experiences

Four relaxing scenes, including Diving, River, Starry Sky, and Grassland,
accompanied by relaxing music, are provided. The experience aims to relieve
users’ physical tension, calm their agitated mood, and engage with them in an
interactive virtual environment. In the virtual scenes, various interactive objects
are merged with a real 3D scene. Users can interact with them and trigger a
particular pre-programmed effect. Also, the scenes aim to provide a dramatic
multisensory stimulation for some frail users who cannot actively engage in the

other games that require limb motions.




Chapter 3 Methodology

Study Design

A single-armed pretest—posttest study was conducted in 2019-2020 with the
following objectives:

(1) To explore the feasibility of offering the VGP to elders and PWDs;
(2) To investigate the participants’ level of acceptance for the VGP; and

(3) To examine the efficacy of the VGP in improving health outcomes among

users.

Participants

The target population included clients of the Rehabilitation Service Units and
the Elderly Service Units of TWGHSs, who have different types of disability. TWGHs
identified and recruited potential participants to join the programme. Inclusion criteria
were (1) clients served by the Rehabilitation Service Units and the Elderly Service Units
of TWGHS; (2) aged 18 years or above; (3) with at least one of the following disabilities:
functional impairment, mobility limitation, cognitive impairment, intellectual disability,
and visual impairment; and (4) able to understand instructions in VR training. Exclusion
criteria were (1) any conditions that restricted the participants from VR training or (2)
severe discomfort with VR training.

The VR facility was expected to serve at least 130 clients. Depending on the
functional status, cognitive status, and possible attrition among users, it was expected
that at least half of the users (i.e., 65 participants) would be eligible for outcome
assessments. This would result in about 80% power and 5% level of significance to
detect a small to medium effect size (Cohen’s & = 0.35) in pre—post difference.

Usage Protocol

In the evaluation study, the usage frequency, duration, and content of VR training
were standardised. To date, the type of VR training, as well as training intensity and
frequency to achieve desired outcomes, are not consistent. Benchmarking with other




VR programmes for rehabilitation (Bang et al., 2016; Cho et al., 2014; Kamirska et al.,
2018; Lee et al., 2018), the participants of the evaluation study were encouraged to

undergo a 30-minute VR training 3 times a week for 6 weeks.

The 30-minute session consisted of 10 minutes of upper-limb motion games, 10
minutes of lower-limb motion games, and 10 minutes of cognitive games/community-
living skills/relaxing scenery experiences, as appropriate. The selected games/scenes
included

e upper-limb motion games: Handball and/or Gatekeeping
e |ower-limb motion games: Football and/or Gatekeeping

e cognitive games (classification skills): Elephant Feeding, Feather Duster
Throwing, Coin Tossing and/or Home Iltems Locating

e cognitive games (reality orientation): Hong Kong Footprint

e community-living skills: Seven Must-Dos Before Leaving Home and/or MTR
GO GO GO

e relaxing scenery experiences: Diving, River, Starry Sky and/or Grassland

Outcome Measures

Health outcomes, including upper-limb dexterity, functional mobility, cognitive
status, and happiness, were assessed at baseline (T0), six weeks after baseline (T1),
and three months after baseline (T2). Participants with conditions that prohibited them
from performing certain assessments were excluded from the analysis for that outcome.
Demographic information was collected at baseline only.

Upper-limb dexterity was measured by the standard Box and Block Test
(BBT). The BBT has been shown to be a valid measure of dexterity of the older
population (Desrosiers et al., 1994). The participants were asked to transfer blocks
from one compartment to the other in one minute according to the standard procedure
(Mathiowetz et al., 1985). The number of blocks transferred to the second compartment

will be counted. Larger numbers indicated better dexterity.




Functional mobility was measured by the Timed Up and Go Test (TUG). The
participants were asked to get up from an armchair, walk three meters, turn back, and
return to a seated position according to standard protocol (Podsiadlo & Richardson,
1991). The time required to finish the task at each round was recorded. Three
measurements were made. Shorter walking time indicated better balance. The best
(fastest) of the three timed TUG trials was used (Kristensen et al., 2010).

Cognitive status was measured using the Montreal Cognitive Assessment
5-Minutes (Hong Kong Version) (HK-MoCA 5-Min) protocol. The validated assessment
test covered four domains: attention, executive functions/ language, orientation, and
memory (Yeung et al., 2014; Wong et al., 2015). The total score ranged from 0 to 30;
a higher score indicated better cognitive status. The alternate version was not used in
subsequent assessments, as literature suggested that the results were unlikely to be
affected if the same assessment tool was used over the follow-up period (Lebedeva et
al., 2016). If the participants were incapable of answering the HK-MoCA 5-Min, they
were then examined using Benton’s Temporal Orientation Test (BTO), which involves
only questions about orientation to time (including identifying the year, month, day, day
of the week, and time of the day) (O’Keeffe et al., 2011). An error score was calculated
according to Benton’s Temporal Orientation Scale (BTOS) (Benton et al., 1964), lower
error score indicated better cognitive status.

Happiness was measured using a single question “for most of the time, do
you feel...” (McCarron et al., 2013), accompanied with 11-point Likert-scale ruler or
5/3/2 facial expression pictures about happiness (Cummins & Lau, 2005). Following
the pretest protocol suggested for the Personal Wellbeing Index — Intellectual Disability
(Chinese-Cantonese), the intellectual ability of respondents was assessed to determine
the response options (Cummins & Lau, 2005). The options (for respondents with
descending order of ability) included an 11-point scale (0-10), a 5-point scale (0-4), a
3-point scale (0-2), and a 2-point scale (0-1). Then, the score was standardised into
units of ‘percentage of scale maximum’, with a possible range of O to 100 and higher
score indicating higher levels of happiness (Cummins & Lau, 2005).




Demographic and medical information, which included age, gender, education
level, living arrangement (community-dwelling vs institutional setting), dependence
status, mobility status, cognitive status, intellectual disability status, visual impairment
status, medical history (e.g., stroke, fracture), and medical conditions (e.g., mental illness
and autism), were extracted from the records of the residents/members at baseline.

Information on VR training including usage time and game scenarios were
collected via the built-in VR software system to ensure data accuracy. In each session,
the trained staff who accompanied the participants in the VR training collected
qualitative feedback on the training experience, if any. Any adverse health effects (such
as dizziness) induced after playing the VR games were also recorded via self-reports
and staff observations.

Procedure

Upon recruitment, informed consent was sought from the participants or their
legal guardians. Eligibility screening and baseline assessment were conducted by trained
research assistants. Then, eligible participants were scheduled for 30-minute VR training
3 times a week for 6 consecutive weeks (giving a total of 18 sessions). Deviations were
allowed according to the actual situation of the users. For example, if a week of training
was missed due to sickness, the user was allowed to continue the programme in the

seventh week.

In each session, a trained staff was always in the same room with the participant.
The staff was responsible to assist the participants in putting on the HMD device
and limb motion trackers (both hand and foot), to guide the users in playing the VR
games, and to closely monitor conditions of users during game play for ensuring
safety. In-between different training components, the participants could take off the
HMD device and rest if needed. Any training components that is not applicable to
the clients would be skipped, for example, those with total loss of lower-limb function
would not be engaged in lower-limb motion training. The participants may terminate
the session whenever they wished or if they experienced discomfort. Adverse events
were monitored and recorded as appropriate. After each session, the staff asked the
participants for feedback on their experience of VR games in that particular session, if

any.

At baseline, six weeks, and three months after baseline, the trained research

assistants assessed the health outcome measurements of the participants.




Data Analyses

The primary outcomes were upper-limb dexterity and acceptance of VR training.
The secondary outcomes were usage statistics, functional mobility, cognitive status, and
happiness. SPSS version 25 was used for statistical analyses. A 5% significance level

was adopted.

The participant characteristics were summarised using descriptive statistics.
Characteristics of dropout participants were examined using a logistic regression
model. VR training usage statistics were calculated and used to reflect feasibility of the
intervention. Linear mixed-effects models were used to analyse the change in health
outcomes, adjusting for age, gender, education level, living arrangement, disability,
and medical history/condition. In the first model, assessment time was used as the
independent variable, and its fitted coefficients indicated the temporal change in health
outcomes in T1 and T2 as compared with TO. In the second model, analysis was based
on usage time, which was used as an independent variable, and its fitted coefficients
reflected the change in health outcomes for unit increase in usage time. Standardised
effect size in terms of Cohen’s & index was calculated using the adjusted mean
difference divided by the standard deviation (Cohen, 1988). A Cohen’s ¢ index of 0.2, 0.5,

and 0.8 indicated small, moderate, and large effect sizes, respectively.

Content analysis was performed for the qualitative feedback on the experience
of VR training. Feedback comments were grouped into positive and negative, which
were further categorised into different themes. Acceptance level of VR training experience
was reflected by the proportion of participants providing positive comments, with a larger
proportion indicating a higher level of acceptance. Participants were further classified
into three groups: (i) only or mostly positive comments, (ii) only or mostly negative
comments, and (i) no comments or equal positive/negative comments. The proportions
of participants in each group were calculated. Multiple multinomial regression was
conducted to investigate factors associated with a higher chance of giving positive or

negative comments. Adverse health events were also summarised.

Ethics Statement

This service evaluation study was approved by the Institutional Review Board
of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (reference
number UW19-336). Written informed consent was obtained from participants or their

legal guardians.




Chapter 4 Findings

Characteristics of Participants

From May 2019 to January 2020, a total of 158 potential participants
were recruited from both institutional and community settings, including four
homes for the severely disabled, eight homes for the intellectually disabled, six
homes for the visually impaired, one old-age home, one community centre for the
intellectually disabled, and three elderly community centres. Twenty-three potential
participants (14.6%) were not eligible for the VGP, giving a total of 135 participants
for the evaluation study. Table 1 summarises the baseline characteristics of the
135 participants. The participants had a mean (+standard deviation [SD]) age of
62.7(x21.5). About 50.4% of the participants were male, 76.3% had an education
level of primary school or below, or special educational needs, and 70.4% were
living in residential care settings. All participants had at least one type of disability,
with 52.6% having moderate to severe functional dependence, 78.5% requiring
walking aids or wheelchairs, 28.1% having mild to severe cognitive impairment,
54.8% having mild to severe intellectual disability, and 45.9% having mild to severe
visual impairment. About 9.6% of the participants had stroke history, 9.6% had
fracture history, 13.3% had mental illness, and 9.6% had autism. About 91.9%
(124 of 135 eligible participants) completed at least one follow-up. Some of them
dropped out because of loss of interest (z = 8) while a few of them did so because of
non-programme-induced injuries (z = 2) and hospitalisation (z = 1). Logistic regression
model showed none of the participant characteristics was associated with dropout.




Table 1. Baseline characteristics of the participants (z = 135).

Characteristics n (%)
Age (years), mean = SD 62.7 +21.5
Gender

Male 68 (50.4)

Female 67 (49.6)
Educational level

Primary or below, or Special Educational Needs 103 (76.3)

Secondary or tertiary 32 (23.7)
Living arrangement

Community-dwelling 40 (29.6)

Residential care setting 95 (70.4)
Dependence level

Independence or slightly dependence 64 (47.4)

Moderate to severe dependence 71 (52.6)
Mobility status

Without auxiliary equipment 29 (21.5)

Require walking aids 34 (25.2)

Wheelchair bound 72 (563.3)
Cognitive status

No cognitive impairment 97 (71.9)

Mild to severe cognitive impairment 38 (28.1
Intellectual disability status

No intellectual disability 61 (45.2)

Mild to severe intellectual disability 74 (54.8)
Visual impairment status

No visual impairment 73 (54.1)

Mild to severe visual impairment 62 (45.9)
History of stroke

No 122 (90.4)

Yes 13 (9.6)
History of fracture

No 122 (90.4)

Yes 13 (9.6)
Mental illness

No 117 (86.7)

Yes 18 (13.3)
Autism

No 122 (90.4)

Yes 13 (9.6)

Abbreviations: », sample size; SD, standard deviation.




Usage Statistics of VR Training

A total of 1,906 VR training sessions were conducted during the study period.
Ninety-one participants participated in the VR training for six weeks consecutively and
another 15 participated at least six weeks intermittently, giving a total of 106 participants
(78.5%) that met the suggested usage duration of six weeks (Figure 1). Over three
quarters (76.3%) of participants attended at least 13 sessions of VR training (i.e., >70%
of the proposed 18 sessions) (Figure 2), and the majority (72.5%) of the sessions
had training time (excluding set-up time and rest time) lasted for at least 20 minutes
(Figure 3). The total training time of the participants had a median of 316.8 minutes.
Reasons for not complying with the usage protocol, including medical appointments
or other engagements, limited resources, bad weather, technical problems, disability
constraints, mood swings, sickness, and tiredness, were encountered in the scheduled

play session.

Figure 1. Duration of VR training attended by participants (» = 135 participants).

Less than 6 weeks
22%

Intermittent 6
weeks or more
11%

Consecutive 6
weeks or more
67%




Figure 2. Number of sessions of VR training attended by participants (2 = 135 participants).

18 sessions or
more
21%

13 to 17 sessions
55%

Less than 13
sessions
24%

Figure 3. VR training time per session provided (z = 1,906 sessions).
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63%




Change in Health Outcomes over Time

According to their conditions, the participants received varying health outcome
assessments at baseline, with BBT (» = 134 for dominant hand and » = 128 for non-
dominant hand), TUG (» = 104), HK-MoCA 5-Min (n = 94), BTO (» = 30), and happiness
(n = 130) (Table 2). Figure 4 shows the change in health outcomes over the three
assessment time points. Among the health outcomes, upper-limb dexterity (# = .008 for
dominant hand and 2 = .043 for non-dominant hand) and cognitive function (# < .001
for overall performance) showed significant improvement over time whereas functional
mobility (2 = .142), orientation to time (£ = .718), and happiness (£ = .337) did not show

any statistically significant change.

Table 2. Baseline outcome measures of the participants (» = 135).

Outcome measures n Mean (SD)
BBT (in blocks)
Dominant hand 134 27.7 (14.1)
Non-dominant hand 128 28.0 (14.7)
TUG (in seconds) 104 15.4 (11.8)
HK-MoCA 5-Min score
Overall performance 94 13.7 (7.8)
Attention domain 94 2.3(1.4)
Executive functions/ language domain 94 3.9 (2.9
Orientation domain 94 3.6 (2.1)
Memory domain 94 3.9@3.2)
BTO score (in error scores) 30 37.8 (25.9)
Happiness score 130 79.1 (30.0)

Abbreviations: », sample size; SD, standard deviation; BBT, Box and Block Test; TUG, Timed Up and Go
Test; HK-MoCA 5-Min, Montreal Cognitive Assessment 5-Minute (Hong Kong Version); BTO, Benton’s

Temporal Orientation Test.




Based on the linear mixed-effects models (Table 3), the number of blocks

transferred by the dominant hand significantly increased by 2.4 blocks (# = .007, Cohen’s
d =0.17), and that by the non-dominant hand increased by 1.9 blocks (” = .038, Cohen’s
d = 0.13) when comparing T2 with TO. However, no significant differences in number
of blocks transferred were observed for both dominant and non-dominant hands when
comparing T1 with TO.

In terms of the HK-MoCA 5-Min, the overall performance score significantly
increased by 2.5 (P < .001, Cohen’s & = 0.31) when comparing T1 with TO, and
increased by 3.5 (” < .001, Cohen’s = 0.45) when comparing T2 with TO. Significant
differences were also detected in T1 and T2 compared with TO in all domains except
an insignificant difference was reported for the comparison between T1 and TO in the
orientation domain. When comparing T2 with TO, the Cohen’s  of the domains ranged
from 0.24 for orientation to 0.65 for attention.

Figure 4. Change in health outcomes over three measurement time points (baseline [TO],
six weeks after baseline [T1] and three months after baseline [T2]).

(@) Block and Block Test (BBT), larger number of blocks transferred indicated better
upper-limb dexterity; P-value for time difference: .008 (dominant hand) and .043

(non-dominant hand).
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(b) Timed Up and Go Test (TUG), shorter time indicated better functional mobility;

P-value for time difference: .142.
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(d) Benton’s Temporal Orientation Test (BTO), lower error score indicated better

cognitive status; P-value for time difference: .718.
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(e) Happiness, higher score indicated higher level of happiness; P-value for time
difference: .337.
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Table 3. Change in health outcomes over three assessment time points.

T1vsTO T2vs TO
Outcome measures Change’ Effect 5 -iue Change’ Effect 5 -iue
(95% CI) size” (95% CI) size”
BBT (in blocks)
Dominant hand 0.7 (-0.9, 2.3) 0.05 0.391 2.4 (0.9, 4.0 0.17  0.002*
Non-dominant hand 0.7 (-0.7, 2.2) 0.05 0.327 1.9 (0.4, 3.3) 0.13  0.013*
TUG (in seconds) -05(-1.6,0.6) -0.04 0.38 -1.1(-2.2,-0.007) -0.09 0.048*

HK-MoCA 5-Min score
Overall performance  2.5(1.7, 3.2) 0.31 <0.001* 3.5(2.8,4.3) 0.45 <0.001*
Attention domain 0.5(0.2,0.7) 0.33 0.001* 0.9 (0.6, 1.2 0.65 <0.001*

Executive functions/
language domain

Orientation domain 0.3 (-0.005, 0.6) 0.14 0.054 0.5(0.2,0.8) 0.24  0.001*
Memory domain 1.0(0.5, 1.4) 0.30 <0.001* 1.2(0.7,1.6) 0.37 <0.001*

0.8(0.4,1.1) 033 <0.001* 1.0(0.7,1.3) 043 <0.001*

BTO score (in error
scores)

Happiness score -4.4(-106,1.9) -0.15 0.172 -3.5(-9.8, 2.7) -0.12  0.262

26(-7.4,126) 010 0607 -15(-11.4,83 -006 0.757

Abbreviations: BBT, Box and Block Test; TUG, Timed Up and Go Test; HK-MoCA 5-Min, Montreal Cognitive
Assessment 5-Minute (Hong Kong Version); BTO, Benton’s Temporal Orientation Test; TO, baseline; T1, six
weeks after baseline; T2, three months after baseline; Cl, confidence interval.

Indicators: Better condition is represented by an increase in transferred blocks from BBT, a decrease in time
from TUG, an increase in HK-MoCA 5-Min score, a decrease in error scores from BTO, and an increase in
happiness score.

# The change in health outcomes over time were estimated using the linear mixed-effects models, controlling
for age, gender, education level, living arrangement, dependence level, mobility status, cognitive status,
intellectual disability status, visual impairment status, history of stroke, history of fracture, mental illness, and
autism.

N Effect size is expressed in terms of Cohen’s  index, where 0.2 indicates small effect, 0.5 indicates medium
effect, and 0.8 indicates large effect.

* Significant at 5% level of significance.




Change in Health Outcomes Based on Usage Time of VR Training

Based on the linear mixed-effects models for examining usage-response
relationships, upper-limb dexterity (# = .030 for dominant hand and 2 = .019 for non-
dominant hand) and cognitive function (# < .001 for overall performance) showed
significant improvement along with increased usage of VR training whereas functional
mobility (= .336), orientation to time (2 = .982), and happiness (£ = .484) did not show
any statistically significant change (Table 4).

Table 4. Change in health outcomes based on usage time of VR training.

Estimated change per
Outcome measures minute increase in usage of P-value
VR training’ (95% CI)

BBT (in blocks)

Dominant hand 0.005 (0.0005, 0.009) 0.030*
Non-dominant hand 0.005 (0.001, 0.009) 0.019*
TUG (in seconds) -0.001 (-0.004, 0.002) 0.336
HK-MoCA 5-Min score
Overall performance 0.009 (0.007, 0.012) <0.001*
Attention domain 0.002 (0.001, 0.003) <0.001*
Executive functions/ language domain 0.003 (0.002, 0.004) <0.001*
Orientation domain 0.001 (0.0004, 0.002) 0.003*
Memory domain 0.003 (0.002, 0.005) <0.001*
BTO score (in error scores) -0.0003 (-0.025, 0.025) 0.982
Happiness score -0.005 (-0.022, 0.011) 0.484

Abbreviations: BBT, Box and Block Test; TUG, Timed Up and Go Test; HK-MoCA 5-Min, Montreal
Cognitive Assessment 5-Minute (Hong Kong Version); BTO, Benton’s Temporal Orientation Test; Cl,
confidence interval.

Indicators: Better condition is represented by an increase in transferred blocks from BBT, a decrease
in time from TUG, an increase in HK-MoCA 5-Min score, a decrease in error scores from BTO, and an
increase in happiness score.

# The usage-response relationships were estimated using the linear mixed-effects models, controlling for
age, gender, education level, living arrangement, dependence level, mobility status, cognitive status,
intellectual disability status, visual impairment status, history of stroke, history of fracture, mental illness,
and autism.

* Significant at 5% level of significance.




Feedback from Participants

Among the 135 participants, 88 (65.2%) provided positive comments#, and 63
(46.7%) provided negative ones#, and 30 (22.2%) did not provide any. Among the 88
participants who provided positive comments, 53 (60.2%) reported the VR experience
as innovative, interactive, fun, or exciting, 49 (55.7%) found the experience motivating,
and 30 (34.1%) perceived the VR games as exercises (Figure 5). Meanwhile, among the
63 who provided negative comments, 26 (41.3%) complained about the VR equipment
(such as the HMD device), 25 (39.7%) felt bored, 24 (38.1%) felt physically tired, 17
(27.0%) described the experience as scary, tense, or worrying, and 16 (25.4%) reported
the usage as complicated (Figure 6). Moreover, 38 (60.3%) of those who indicated
negative comments expressed such comments during the first two game sessions.

Moreover, 11 participants mentioned that they enjoyed Elephant Feeding
Game, followed by Handball Game (n = 5), Football Game (n = 5), Diving Scenery
Experience (n = 5), Feather Duster Throwing Game (n = 3), Home ltems Locating Game
(n = 3), and Coin Tossing Game (n = 1). At the same time, Elephant Feeding Game was
disliked by 11 participants, followed by Diving Scenery Experience (n = 3) and Seven
Must-Dos Before Leaving Home Game (n = 1).

Figure 5. Positive comments on the experience of VR training among participants

(n = 88).
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Figure 6. Negative comments on the experience of VR training among participants

(n =63).
30
B 25 26 s
c 24
a 20
o
[
(1]
& B =7 16
5]
2 10
£
=
z 5
0
Complaints Bored Physically  Scary, tense, Complicated
about VR tired or worrying
equipment

Negative comments#

# multiple answers allowed.

The participants were further classified into three groups: those who provided only
or mostly positive comments (61, 45.2%), those who provided only or mostly negative
comments (34, 25.2%), and those who had no comments or provided equal positive/
negative comments (40, 29.6%). Based on multiple multinomial logistic regression,
home-dwelling participants (” < .001) and those without autism (” = .008) were shown
to have a much higher chance of providing positive comments. On the other hand, none
of the participant characteristics was associated with a higher chance of expressing

negative comments.




Apart from the general feedback, reports on mild discomfort were obtained in
25 (1.3%) out of the 1,906 game sessions (14 of 135 participants, 10.4%). The most

common mild discomfort was dizziness (9 sessions from 7 participants), followed by

eyestrain (6 sessions from 3 participants), hand/leg pain (3 sessions from 2 participants),
blurred vision (2 sessions from 1 participant), eye redness (2 sessions from 1 participant),
hand tremors (2 sessions from 1 participant), and cramps (1 session from 1 participant).
Over half (52.0%) of these mild discomforts occurred in the first four sessions of the VR
training. None reported severe discomfort. Moreover, staff reported technical problems
in 63 (3.3%) of the 1,906 game sessions.




Chapter 5 Discussions and Conclusion

Overview

The VGP demonstrated how a universal set of VR training for rehabilitation
purpose can be applied to clients who are elders and PWDs, including those suffering
from functional impairment, mobility limitations, cognitive impairment, intellectual
disability, and visual impairment. This evaluation study explored the feasibility and
acceptability of VR training for users who are elders and PWDs. Also, the efficacy of
VR training in improving health outcomes over time was assessed. The findings from
this study informed the future development and application of VR training to elders and
PWDs in different settings.

Feasibility of Providing VR Training to Users with Different Disabilities

Few VR games have been designed for a broad coverage of different populations.
The experience with the VGP was shown to be a feasible one that people with different
disabilities could enjoy the same set of VR games. With different training components,
clients with different disabilities could participate in suitable types of training.
Nevertheless, manpower resources had to be invested in addition to the VR system,
since close supervision of the users by trained staff was required.

With a rehabilitation goal, we proposed a VR game protocol of 3 days a week
for 6 weeks, with a target of 18 sessions. Over 76% of the participants attended
13 sessions or more. Adherence to the proposed number of training sessions was
comparable to that reported in the literature (Miller et al., 2014). Flexibility for makeup
training was allowed if participants were not able to attend certain sessions. Usage
statistics showed that the majority of the sessions could offer at least 20 minutes of
game time. Scheduling was a critical element to the successful implementation of the
programme. To facilitate a 30-minute training time, the manpower, equipment, and
venue had to be made available for at least 45 minutes to allow for the necessary time
for setup, instructions, and breaks. Despite the users’ inability to attend all 18 sessions
or spend 30 minutes of training time per session, there was a significant improvement
in cognitive function and upper-limb dexterity. Hence, we propose to retain the current
usage protocol until a new one with reduced usage has been tested.




In our experience, mild discomfort was reported by 14 of 135 participants
(10.4%). In a local study examining the effects of VR cognitive stimulation activity (»
= 236) among community-dwelling elders, 1.4% of them reported severe discomfort
regarding fatigue and eye strain, blurred vision and dizziness after 20-25 minutes of VR
exposure (Chan et al., 2020). However, mild discomfort was not reported. In another
study conducted by U.S. researchers, it was reported that 12% of older people with
Alzheimer’s disease/mild cognitive impairment and 19% of older people without such
conditions dropped out from the VR game because of simulation sickness (Davis et al.,
2016). The proportion of participants reporting adverse outcomes among our users was
comparable, if not lower, than those reported in the literature. Therefore, participants
with disabilities would not put themselves at a higher risk of adverse events. At the
same time, some participants reported physical tiredness after VR training. While
the current study did not quantitatively investigate tiredness as an outcome, a meta-
analysis suggested an insignificant difference in terms of the presence of tiredness after
VR training as compared with participants engaging in traditional exercises (Ng et al.,
2019).

Acceptance of VR Training among Elders and PWDs

Generally, most of the participants accepted the use of the VGP, as 88 of 135
participants (65.2%) indicated positive comments. Those living in the community and
those without autism tended to provide positive remarks. This might be because these
participants were more expressive of themselves. On the other hand, the HMD device
and limb motion trackers might have induced discomfort, which was the major reason
for negative comments. To enhance their experience and satisfaction in terms of fit and
comfort, hardware designers may develop lighter devices. To accommodate the special
needs of clients with limitations in head and neck movement, sensors should also be
further adjusted so that clients do not need to maintain an upright position throughout
the sessions.

Some participants also perceived the VR games as complicated, but they
could still complete the session under the supervision of trained staff. Although some
users claimed the VR training were boring, there was no evidence showing that such
negative remarks were related to the proposed VR training for 18 sessions. Indeed,
those who made negative comments had such perceptions in the first two sessions.
This might suggest the need for more briefings or orientations prior to the usage of
the VR training. In the current programme, the scoring regime had been modified to




increase the users’ sense of achievement. However, there was no personalised scoring
regime to differentiate game difficulty levels for different disabilities over time. For future
development, such feature should be incorporated for motivating clients to continue
training and promoting a higher sense of achievement where progression could be felt

by users.

The VR games that involved physical activity training, Handball Game in particular,
were well received by the users. It was interesting to learn that the VR cognitive-training
game featuring the elephant kept in a zoo in Hong Kong in the '70s received both
favourable and unfavourable reviews from the users. Some loved it probably because it
recalled memories of the old days, while some disliked it might have been scared by the
elephant’s roar, which was close to real life. Future design of VR scenery should take a
balanced approach between excitement, calmness, and boredom.

Efficacy of VR Training in Improving the Health Outcomes of
Participants

Using a single-arm pretest—posttest design, the evaluation study showed
significant improvement in upper-limb dexterity assessed by the BBT and cognitive
function assessed by the HK-MoCA 5-Min. Apparently, the improvement in upper-
limb dexterity might be enhanced not only through the Handball Game but also all
games that required hand movement. As understanding and following instructions
to play VR games involved cognitive processing, improvement in cognitive function
might be enhanced in playing all the games and not necessarily restricted to the
sessions involving cognitive VR games. However, for functional mobility, although there
was a favourable trend in improvement, such improvement did not reach statistical
significance. It appeared that training intensity was not sufficient to achieve improvement
in functional mobility. Despite the significant improvement in the oriental domain of the
HK-MoCA 5-Min scale, there was insignificant change in BTO score, further research
is suggested to examine the reasons. Similarly, there was insignificant change in users’
level of happiness.

In our evaluation study, the HK-MoCA 5-Min overall score increased by 3.5 units.
In terms of standardised effect size, such improvement was considered as moderate
according to Cohen’s  index, which was consistent with a recent review (Kim et al.,
2019). As for BBT, the improvement among our participants was considered small in
terms of Cohen’s  effect size. This was consistent with a current review, which found




that VR training attained small-to-moderate effects in terms of physical performance (Ng
et al., 2019). Nevertheless, we would be cautious about clinical significance in terms of
the improvement in BBT. Our insignificant effect in terms of mobility was also consistent
with the absence of an effect in terms of gait as reported by the same review (Ng et al.,
2019).

The evaluation study did not show any significant change in happiness level. This
was consistent with a recent systematic review of VR exercise training that reported
insignificant effects on psychological outcomes such as calmness and enjoyment (Ng et
al., 2019). The review also suggested that immersive components of the VR training and
longer follow-up periods tended to be associated with smaller benefits, yet statistical
significance was not found. As the design of the VR games was to promote functional
and cognitive ability, if happiness was to be enhanced, the content of the VR games
might have to be adjusted, and a regular playing schedule might not be applied.

Strengths and Limitations of the Evaluation Study

The strengths of this evaluation study were its large sample size, adoption of
validated scales as outcome measures and long follow-up period. The qualitative
feedback from the participants also informed the strengths and weaknesses of the
VGP. However, the study was also subject to limitations. First, the lack of a control
group might have limited the interpretation of the results. Second, people with hearing
impairment, bed-bound, or disability in turnaround were not included in the study, and
the potential benefits or adverse effects on these users could not be reflected from the
current study. In addition, progression of game difficulty level was not standardised in

the usage protocol.

Implications for Practice

As a universal set of VR training was shown to be applicable to clients at
advanced age or with different disabilities, the service providers can be equipped with
one set for general rehabilitation purposes. The following experiences from the VGP
could be considered for the future development and improvement of VR programmes:

In terms of hardware:

e The running of a VR system installed in a desktop computer is more stable
than those in a gaming notebook. However, the latter is portable and can be

used in different places.




The quality and compatibility of the display card for a VR system is critical in
the scope of system speed and stability.

The HMD device and limb motion trackers with user-friendly design and lighter
weight can promote a comfortable usage experience and user satisfaction.
Besides, they should be able to precisely synchronise various users’ body
positions, such as standing, sitting, or even lying down.

Modified trackers should also be developed to detect extremely low physical

movement to cater to frail users.

In terms of software:

For clients with cognitive and visual perceptual limitations, the backdrop and
characters of VR games cannot be too fancy or stimulating.

Special consideration should be given to designing the range of motion and
motion-detection sensitivity within the system according to the reaction time
and limited range of motion of elders and PWDs.

A personalised and easy scoring regime, along with diversified audio and
visual reinforcement, could promote a higher success rate and sense of

achievement.

Scaling the difficulty of the participants’ goals, as well as setting the pacing of

difficulty precisely is very important for users’ participation.

For advancement, the game difficulty level has to be progressed objectively
based on the personalised scoring regime via the system, but this may be
limited by a large database of clients’ VR game usage and confined by the
complexity of different disability conditions. Whether changes in game difficulty
level are determined by the practitioner or the system remains questionable
and needs to be further explored.

Aside from game difficulty level, a more interesting reward system could be
incorporated, such as getting special positive reinforcement after achieving
enough scores. These advancements could facilitate and maintain game
excitement and fun. The users could thereby engage with a more successful
and enjoyable VR training.




In terms of usage protocol:

e |n the VGP evaluation study, usage frequency, duration, and content of VR
training have been standardised, while at the same time, flexibility has to
be allowed to cater to individual needs or the caring schedules of disabled
participants.

e An initial decision on whether to prioritise entertainment or rehabilitation
has to be set. To achieve a rehabilitation goal, a protocol with standardised
frequency, duration, and content of VR games must be followed. On the
contrary, if the VR games are provided simply as leisure activities, such strict
protocol can be released.

In terms of research:

e Along with remarkable advancements in VR technology, future research
should continue to investigate the optimal modalities in the domain of physical,
cognitive, and psychological training for people with different vulnerable health
conditions. Moreover, a controlled trial would be preferred.

Conclusion

To conclude, this report detailed the design, implementation, and findings of
the evaluation study on the VGP developed by TWGHSs. A protocol with standardised
usage frequency, duration, and content of VR trainings was set for general rehabilitation
purposes. Findings from this study showed that a universal set of VR training was
feasible and acceptable for local elders and PWDs, including those with functional
impairment, mobility limitation, cognitive impairment, intellectual disability, and visual
impairment. Benefits to upper-limb dexterity and cognitive function were observed
despite partial compliance to the protocol. The findings informed the future planning and
application of VR training to elders and PWDs in different settings. With the experience
from the VGP, recommendations for future practice were made accordingly in terms of

hardware, software, usage protocol, and research.
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