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ABSTRACT

Innovative Virtual Reality (VR) technology shows the proven effectiveness of VR
intervention in aged care and rehabilitation services. However, there is yet little evidence to
support the usability and acceptance of using new VR technology application in community
aged care service. This doctoral study reports on research that aims to address that gap by
evaluating the usefulness and acceptance of using an innovative VR Cave Automatic Virtual
Environment (CAVE) application among Chinese older adults living with mild cognitive
impairment and dementia from Hong Kong during the COVID-19 pandemic. The research is
structured around three primary objectives: a pilot randomized control trial comparing full-
immersive VR CAVE training with group-based exercise, a single-arm exploratory study
gauging participant perceptions of the VR CAVE program, and an outcome study evaluating
the adoption of VR CAVE technology for falls prevention. Due to challenges posed by the
pandemic, a quasi-experimental quantitative approach was employed.

Regarding the primary outcome of the study, the falls incident in the intervention group (n=2)
reported a lesser rate of fall than the control group (n=5) after the study. The hospital admission
of participants (n=3) reported in the control group only. There were significant differences in
cognition (HK-MoCA, p=.008), executive function (TMT-A, p=.38, TMT-B, p=.006), balance
level (BBS, p=.032), and walk speed (6MWT, p=.001) between the two groups across time.
However, there had inconsistent results found in executive functions and the fall efficacy
between groups. Therefore, the study results indicated that the VR group has been greatly
reduced the falls incident and showed improvement in cognitive motor health performances.
Participants expressed a high level of acceptance toward VR technology for fall prevention,
highlighting the potential of full-immersive VR training as an innovative and meaningful
strategy for preventing falls in older adults with mild cognitive impairment. The significant
implication of the doctoral study reaffirms that investment in full immersive VR technology
application is evidently supported and promising for adoption in aged care and rehabilitation

services.
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CHAPTER 1: INTRODUCTION

1.1. Background

Managing falls in older persons with cognitive impairment is an international health
challenge that continues to attract research interest (Montero-Odasso & Camicioli, 2020).
About 30% of persons aged over 65 fall at least once per year, while among those with mild
cognitive impairment (MCI) and dementia, about 60-80% of individuals report falls each year
(Logan et al., 2010). In Hong Kong, there is an annual reported occurrence of 20-26.4% of
community-dwelling older-adults falling (Leung, 2019; Qian et al., 2020). According to Qian
et al. (2020) study, amongst 89,100 older adults, about 32% of older adults had a reported fall
in the past 90 days. In older fallers, 34% reported repeated falls. Importantly, fall history has
been found to be one of the strongest predicators of future falls (Lam, Leung, & Kwok, 2019),
a strong indicator of risk of a fall is having previously had a fall. The risks of falls and cognitive
impairment are closely related and the incidence of each increases with age. The risks of falls
are associated with increasing problems: declining mobility, injuries, depression, fear of falling,
institutionalization, and death (Rubenstein & Josephson, 2006). Older fallers with cognitive
impairment are five times more likely to be institutionalized than older fallers without cognitive
impairment (Myers et al., 1991). Fall-associated problems in ageing place huge burdens on
government budgets, impacting the healthcare system and increasing its expenditure (WHO,
2007).

There were reported to be 50 million dementia cases worldwide in 2017, and it is
predicted that there will be 65.7 million dementia cases in 2030 and twice that number, 132
million, by 2050 (WHO, 2017). The population with dementia in Hong Kong was estimated to
be about 100,000 in 2017 (Hong Kong Mental Health Review Report 2017). By 2040 the
projection is that there will be more than 200,000 older adults living with dementia in Hong
Kong. Dementia and mild cognitive impairment are interrelated and associated with ageing;
together they are causing a rapid increase in the number of falls (Montero-Odasso et al., 2012).
The potential exists for falls reduction or prevention through Virtual Reality Technology (VRT)
for older adults living with dementia and mild cognitive impairment (MCI); however, there is
a little evidence yet to support the research gap in this area (Mirelman, 2016).

Virtual Reality Technology (VRT) intervention is an innovative approach in health-
related applications and is growing rapidly in aged care at pandemic (Gao, Lee, & McDonough,

2020). There is few evidence to support its use in fall prevention, as well as reduction in the



fall risks among people living with dementia (Shema, 2017; Mazhar et al., 2018). As relevant
research evidence is limited, there is a knowledge gap regarding the relationship between VRT

and fall risk for people with cognitive impairments.

1.2 Research Questions

The doctoral project seeks to examine this gap by addressing the research questions:

1. What are the differences of intervention effects between a VR CAVE program and an
exercise-based program on preventing falls in older adults with mild cognitive
impairment and dementia? — 4 pilot randomized trial study

2. What are older adults’ perceptions and acceptance toward using VRT in fall prevention?
— A usability and acceptance exploratory study

3. What are the intervention effects of VR technology (VRT) application on reducing the

risk of falls in older adults with mild cognitive impairment? — An experimental study

1.3 Research Aims and Objectives

This study adopts a positivist framework which guides the researcher to investigate the
potential for the innovative intervention of VRT application to change the fall risk factors in
the experimental research. The research aims to evaluate the relationship between the VRT
intervention and the risk factors of falling such as cognitive functions, functional balance and
mobility, and fear of falling on fall prevention. The following research objectives (ROs) have
been developed:
RO1: To pilot a randomized control study on exploring and comparing the intervention effects
between VRT application and control group (exercise-based program).
RO2: To understand older adults’ perceptions and acceptance toward adopting the VRT
application in community aged care service.
RO3: To evaluate the outcomes of VRT (VirCube VR for Rehab Program) on reducing the risk

of falls in older adults with mild cognitive impairment.



1.4 Overview of Research Methodology

1.4.1 Introduction

This chapter provides an overview of three district areas and the methodology studied
in this thesis in evaluating the innovative VRT intervention for falls prevention among older
adults with mild cognitive impairment from Hong Kong. Proposed intervention model and new
training strategies are of paramount importance to the community support service in Hong
Kong and globally where shape a future investment on adoption of health technology focusing
on Virtual Reality Technology application. The chosen districts regions are good representation
of falls data in a local population from Hong Kong, and the importance is described in each of
the chapters. The availability, description of data used, duration and limitations are also
discussed. The research findings have been presented in respective chapters, this chapter
presents a brief account of the methodology and its challenges countered in the data and

methodology.

1.4.1 Study Areas

The recruitment of human research faced numerous difficulties and challenges during
the COVID-19 pandemic. The government of the Hong Kong Special Administrative Region
(HKSAR) implemented strict COVID-19 infection control precautions, including social
distancing measures and public health policies. These measures resulted in restricted face-to-
face interactions, suspended community support services, and limited access for visitors or
non-service members to non-governmental organization (NGO) facilities and government-
funded universities. These policies posed significant obstacles and limitations for subject
recruitment and study design in the preparation of this doctoral research.

There are forty-one District Elderly Community Centers (DECC) distributed across
eighteen local districts in Hong Kong (HKSAR, 2023). These centers are operated and
administered by different non-governmental organizations (NGOs), providing support services
funded by the Social Welfare Department of HKSAR. By definition ‘District Elderly
Community Centre (DECC) is a type of community support services at district level to enable
elderly persons to remain in the community and to lead a healthy, respectful, and dignified life.
DECC:s also collaborate with other service units in the district and cooperate to build a caring

community with better use of community resources

(https://www.swd.gov.hk/en/pubsvc/elderly/cat commsupp/elderly centres/). Each district




has two regional DECCs serving and covering the older population in their community.
Unfortunately, many DECCs were temporarily closed down or maintained a minimal daily
operation during the pandemic in between 2020 to 2022. Owing to limited resource, data
availability, and other considerations e.g. physical distance between selected DECCs and VR
CAVE training centre at The Hong Kong Polytechnic University, three nearest local districts
including Mongkok, Wan Chai and Causeway Bay were finally chosen for subject recruitment
and experimental study. There are approximately 122,576 older adults over 60 living in these

districts (https://www.census2021.gov.hk/en/main_tables.html).

The research is fully supported by St. James Settlement and the Salvation Army Hong
Kong which are the two largest non-governmental organisations in Hong Kong. Three regional
district Elderly District Community Centers (DECCs) have been secured to collaborate with
the research project at pandemic period. They operate district-based elderly community centres,
day care centres and home care support services for the elderly in their service clusters. Their
community aged care services are holistic and one stop service, which are easily accessible for
service users in local district regions. The research aims to recruit eligible participants in the
district-based elderly community facility through program collaboration e.g. community fall
prevention campaign and health promotion program. Each district elderly community centre is
serving around 1500 active members. Over 70% of the service users are aged 70-80, and
approximately 30% of them are prone to suspected mild cognitive impairment (MCI) or a
higher risk of cognitive decline and falls risk ((Lam, Leung, & Kwok, 2019. The research team
will co-organise a community fall risk screening assessment for members with a risk of falls
and cognitive decline in the chosen DECCs.

To recruit the potential participants in the screening program, a responsible staff
member from each DECC would make initial screening based on the proposal clinical practice
guideline to recommend the service to users to enrol in a fall risk assessment session. In
addition, the research team will collaborate with the organisations to recommend after service
for all participants after completing the experimental study. The follow up services would
comprise a comprehensive fall assessment report, falls prevention consultation session and
introduce a falls prevention referral system and practice guideline for falls prevention in

respective DECCs.



1.4. 2 Methodology

This doctoral research adopts a quantitative methodology approach and aims for
planning a randomized control trial study, i.e. a pilot randomized control trial study (RCT) and
an experimental comparison study and investigating the participants’ perceptions and
acceptance on using new VRT engaging in daily and leisure activities. By addressing the
research questions, the cause-effect relationship of VRT technology and fall risk factors will
be evaluated, which could contribute to a positive prediction of the effects of VR technology
intervention in a targeted population from Hong Kong. The chosen methodology will evaluate
and compare how effective the innovative VR CAVE technology could be in reducing fall risks
among older adults with mild cognitive impairment (MCI) or potential risk of cognitive decline
during pandemic in Hong Kong society. The data of the research is anticipated to be reliable
and promising for possible implications in future research. Adding to the data of participants’
perceptions and acceptance on VRT application, it is expected to explore and investigate the
adopting VRT application in falls prevention for older adults in future aged care and

rehabilitation service.

1.4. 3 Training Program — VirCube VR for Rehab Program

This VRT intervention program is called VirCube VR for Rehab program, locally
designed by Motion Force Technology Limited in Hong Kong. VirCube VR is a unique VR &
AR platform that allows multi-users to be fully immersive and to interact with VR in a
stimulated virtual living environment. In line with objectives of the preliminary study, mainly
cognitive-motor training activities have been chosen and modified in the intervention program,
some VR games training modules for this study include home safety and cognitive stimulating
activities, community shopping practice in daily occupations and walking and balancing
programs in leisure engagement. The detailed description of set up and training protocol is
documented in Chapter 3 and 5. All the training modules involve dual-task component, the
research participant is expected to train up his/her cognitive and motor performances during an
8-week fall intervention program. Eligible participants are required to complete all these
training modules in each session, each module takes 15 minutes to complete, therefore, a total
of 45 minutes in total for each training session. Each session is administered by a trainer

researcher.



1.4. 4 Data Collection Methods

The design of data collections involve two timeframes; first phase is a pilot randomized-
control trial study (RCT) from July to December 2021 and the second phase is a quantitative
experimental study from September 2021 to May 2022. All participants need to meet selection
criteria: aged from 65 to 85, able to commute from their homes, had a fall history within two
years and a potential risk of cognitive decline or mild cognitive impairment (MCI) tested by a
validated test of Hong Kong Montreal Cognitive Assessment (HK-MoCA) which score under
26 out of 30, no severe visual and hearing impairment and stable health conditions. The
participants are voluntarily assigned into groups i.e. VR group and control group. The VR
CAVE training conducts in a purpose-built VR CAVE centre funded by the Department of
Rehabilitation Sciences of The Hong Kong Polytechnic University. The preliminary findings
of the pilot RCT data is expected to be valid and to replicate for predicting similar results in
the second study (Objective 3).

All responses provided by research participants are measured using validated scales and
analysed by SPSS statistical analysis method. The outcome measurements include Fall
Efficacy Scale International (FES-I) for assessing fear of falling, Berge Balance Scale (BBS),
Timed Up & Go test (TUG), 6-minute walk test (6MW) and Hong Kong Montreal Cognitive
Assessment Scale (HK-MoCA) and Trial Marking Test A and Test B (TMTA and TMTB) for
measuring the cognitive motor performances. Objectives 1 and 3 are designed to measure three
intervals including pretest, post-test and post three-month follow up measurements to evaluate
the possible changes in risks factor of falls compared with VR group and control group. Lastly,
the Objective 2 adopts a usability and acceptance study on users’ perceptions and acceptance
on VRT application to explore and investigate the perceptions among VR participants in the

doctoral research.

1.4. 5 Recruitment Method (Data Source)
Two hundred and three participants (203) had been recruited for screening assessments; they
were service members from 3 DECCs in three districts regions. All participants had given
informed consent prior to participate in the screening sessions and the research study held from
July 2021 to May 2022. About 52.2% participants fell into age range from 70-79 which was
similar age range with other DECCs in 18 local districts regions. About 70% participants had
a secondary or higher education level, over 60% participants lived with the family (Table 1.1).

Among 203 participants, about 84.6% participants had a fall experience before the recruitment



and about 22.7% participants had reported fracture due to falls (Table 1.2). Past health

conditions related to falls concern were recorded in Tablel. 3.

1: Age Group Distribution:
Age range Frequency Percent Valid Cumulative
Percent Percent
60-65 5 2.5 2.5 2.5
65-69 45 222 222 24.6
70-79 106 52.2 52.2 76.8
80-85 47 232 232 100.0
Total 203 100.0 100.0
2: Education Level
Years Frequency Percent Valid Cumulative
Percent Percent
0-3yrs 28 13.8 13.8 13.8
4-6yrs 30 14.8 14.8 28.6
7-9yrs 32 15.8 15.8 443
10-12yrs 65 32.0 32.0 76.4
>12 years 48 23.6 23.6 100.0
Total 203 100.0 100.0
3: Living Status
Frequency Percent Valid Cumulative
Percent Percent
With family 132 65.0 66.3 66.3
Alone 67 33.0 337 100.0
Total 199 98.0 100.0
Missed 4 2.0
Total 203 100.0

Table 1. 1 Demographic data including age range, education level and living status.

1: Fall History

Frequency Percent Valid Percent Cumulati
ve Percent
Yes (<24 months) 86 424 42.8 42.8
Yes (<12 months) 84 414 41.8 84.6
None 31 153 154 100.0
Total 201 99.0 100.0
Missing 2 1.0
Total 203 100.0
2: Fracture after falls
Frequency Percent Valid Percent Cumulati
ve Percent
No 157 773 773 773
Yes 46 22.7 22.7 100.0
Total 203 100.0 100.0

Table 1. 2 Past fall history and frequency of fracture.




1. Osteoarthritis Knee (OA knee)

Frequency Percent Valid Percent Cumulative
Percent
No 111 54.7 54.7 54.7
Yes 92 453 453 100.0
Total 203 100.0 100.0
2.0Osteoporosis
Frequency Percent Valid Percent Cumulative
Percent
No 147 72.4 72.4 72.4
Yes 56 27.6 27.6 100.0
Total 203 100.0 100.0
3.Chronic Pain
Frequency Percent Valid Percent Cumulative
Percent
No 121 59.6 59.6 59.6
Yes 82 40.4 40.4 100.0
Total 203 100.0 100.0
d.Cancer (fatigue)
Frequency Percent Valid Percent Cumulative
Percent
No 189 93.1 93.1 93.1
Yes 14 6.9 6.9 100.0
Total 203 100.0 100.0
S5.Vision problem
Frequency Percent Valid Percent Cumulative
Percent
Intact 94 46.3 46.3 46.3
Impaired 109 53.7 53.7 100.0
Total 203 100.0 100.0
S.Hearing problem
Frequency Percent Valid Percent Cumulative
Percent
Missed 1 5 5 5
Intact 137 67.5 67.5 68.0
Impaired 65 32.0 32.0 100.0
Total 203 100.0 100.0

Table 1. 3

Past health conditions related to falls concern




1.4. 6 Data Description

Three data sources were utilised in evaluating the pilot RCT and experimental study and the
VR usability study. Concisely, Table 1.4 describes the data used with respective sources and

other relevant details in achieving each objective.

Table 1. 4 Details of all data used in this research.

Valid Tests/ Parameters Source- NGOs Study period Proposed
Hong Kong districts | (dd-mm-yyyy) model
Tests of Cognition Mongkok -Salvation
Paper 1 . )
=
(Chapter 3) | Functions Army (SA) 01-07-2021 3
- HK-MoCA (30 score) =
> i S
g TMTA/TMTB (second) Wanchai- St. James to §
-~
a Physical Tests: Settlement (SJ) 31-12-2021 5
— =
E BBS (total 56 score) S
= TUG (second) 8
8 6MWT (meter) §
= &
g Fall Efficacy Test ~
FESI (total 64 score)
- VR Usability Mongkok (SA)
; Questionnaire by 5-point
a scale Wanchai (SJ) 01-07-2021 _
E Paper 2 2
£ | (Chapter 4) | Perceived Usefulness Causeway Bay (SJ) to 20
o (PU)
= : =
> Perceived Ease of Use 31-05-2022 ﬁ
= (PEOU)
8 Perceived Enjoyment
= (PU)
o Subjective Norms (SNs)
User Experience (UE)
Intentions to use (IU)
Same as Objective 1 Mongkok -SA
Paper 3 S
& | (Chapter 5) Wanchai- SJ 01-09-2021 §
> S
g Causeway Bay- SJ to §
[ A
2 =
- 31-05-2022 S
= S
= S
H
-]
o




For Objective 1, the aggregated data from two DECCs chosen from Hong Kong (Mongkok
and Wanchai districts) were used to conduct the first pilot RCT study. The sample size was
smaller, 18 eligible participants were recruited for a comparison study. The data period was
between 01-July-2021 to 31-December-2021. Chapter 4 provided more details regarding data
processing and its usage.

For Objective 2, the data from the same source as Objective 1 and Objective 3 were
adopted. However, the study focussed on 3 chosen DECCs (Mongkok, Wanchai and Causeway
Bay) in Hong Kong and the longer period. Comparatively, the data source from three chosen
DECCs were more convenient to commute to the VR training centre at The Hong Kong
Polytechnic University. This factor was more favourable and challengeable for the recruitment
of doctoral research under COVID-19 pandemic in Hong Kong. The data period was between
01-07-2021 to 31-05-2022. Chapter 5 provided more details of these data.

For Objective 3, the data from three DECCS (Mongkok, Wanchai & Causeway Bay)
chosen from Hong Kong were used to conduct the experimental study. Although, the sample
size was larger than the pilot RCT study. However, the optimal sample size and the design of
RCT study were interrupted and not being achieved due to shifting a convenience sampling
method. The data collection period was longer and extended from 01-09-2021 to 31-05-2022.
Because the research project was unexpectedly suspended in February 2022 and resumed in
May 2022 due to closing all university and public social care services facilities under a special
health infection control policy hoisted in this period. A complete list of all variables, including

the detail explanations was provided in Chapter 6.

1.5 Ethical Considerations

The research has been complied with all ethical legislation and guidelines under the
Australian Code for the Responsible Conduct of Research (2018), the National Statement on
Ethical Conduct in Human Research and the framework principles and responsibilities for all
University of Southern Queensland (USQ) research workers. The doctoral research has three
quantitative experimental design requiring human subjects for participation in the data
collection method. Prior to any data collection, an approval from the USQ Human Research
Ethics Committee (application number USQ AEC H21REA(71) has been confirmed, and to
give consent to proceed with the data collection for human participations. In addition, the
research conducted in Hong Kong, so local subjects to participate in the experimental study

using the VR CAVE technology were recruited under the official authorization of the
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Rehabilitation Science faculty of the Hong Kong Polytechnic University. The research
proposal has been confirmed the ethical approval for data collection from the Human Ethics
Committee of The Hong Kong Polytechnic University (reference number
HSEARS20210317007). Thus, the doctoral research gains ethical approval from the Human
Research Ethics Committee in two respective universities.

The research participants have risk of cognitive decline or early onset dementia, they
are volunteer participants who were assigned into experimental and control groups. Informed
and written consent must be obtained from each participant before participating in the study.
Explanation of the study will be provided to their families for their understanding. All
participants must give consent of voluntary participation and agree to being randomly assigned
into experimental and control groups. Ethically, all participants’ personal information must be
kept confidential and restricted to use with authorized permission only. The voluntary consent
form must clearly state the purpose and process of the research, any potential risk induced and
the right of withdrawal anytime in the experimental period. Governed by the mandatory
guidelines of USQ Human Research Ethics Committee, the researcher is strictly following all
the rules before and while carrying out the data collection process. During the data collection,
only a few participants were accompanied by the family members to the training venue for
safety reasons. The research team takes all necessary precautions to compile a health and safety
policy and to provide a clean and safe training environment so that participants’ personal safety

and health can be well-protected.

1.6 Significance of Research

As VRT has potential to promote physical and cognitive health outcomes in aged care
services, the proposed research has the mission to demonstrate the effectiveness of VRT as a
fall prevention technology strategy among older adults with cognitive impairments. The
potential  contributions would be defined at three levels 1i.e., personal,
organisational/professional, and societal. First, the VRT research would promote good
quality and safe living for people living with dementia and mild cognitive impairment by
reducing the risk of falls. It would reduce the fear of fall, improve postural balance as well
as cognitive reserve, consequently the avoidance of fall injury and elimination of loneliness
and helplessness for the elderly living in the community. In addition, the VRT training as a

cognitive-motor intervention could effectively activate brain activity by means of cognitive
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and multisensory stimulations to promote cognitive reserve or slow down cognitive decline
for people with mild cognitive impairment or at the early stage of dementia.

Second, the VRT research would contribute to healthcare professionals and aged care
providers in healthcare system because the research would prove the effectiveness of
evidence based VRT practice and recommend a modified VirCube VR for Rehab program
for fall technology prevention application in aged care services. It is expected that technology
adoption in aged care will become more common, as VRT applications have shown possible
benefits in aged care services. Aged care organisations would consider VRT program as one
of the best alternative solutions to substitute the conventional fall prevention program
particularly in the Covid-19 pandemic. It is more viable option for care providers and
healthcare professionals to enrich older adults’ social connections and induce less barriers in
a virtual stimulated environment by adopting VR technology.

Third, the VRT research is expected to provide substantial evidence and advocate the
application of VRT in ageing society. As VRT intervention would be an innovative solution
to tackle the challenge and healthcare burden brought along by the problem of falls.
Potentially, it would play a significant role as one of the effective fall prevention strategies in
the healthcare system. Society should contribute and invest more resources in early
intervention of VRT in aged care facilities. In the long run, the VRT research would attract
more research attention and help foster allocation of more human resources on this research

journey.

1.7 Theis Layout

1.7.1 Thesis by Publication

This thesis is presented as a PhD Thesis by Publications, comprising three major
experimental studies, and fulfilling requirements of higher degree by research presentation
guidelines (USQ) dated 16 March 2023. The thesis covers six chapters including research
background and literature review. After three papers chapters, the discussion and conclusion
summarise the challenges, findings, limitations and implications and future work in research
and age care service.

The thesis schematic and the six chapters are as follows:

Chapter 1 describes the research background, the statement of the research problem

and overview of research methodology and outlines the thesis layout.
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Chapter 2 reviews the literature and theoretical framework used in this study. This
chapter presents a proposal VR CAVE Fall model and Technology Acceptance Model (TAM)
adopted in the research, a flow of clinical practice guideline on falls prevention is

recommended in community care service in Hong Kong.

Chapter 3 presents as a submitted journal article for under review in Virtual Reality
(28 September 2023)

Publication Type: Journal

Scopus Rated: Q1

H-Index: 57

Impact Factor: 4.69

SCImago Journal Rank (SJR): 1.081

Chapter 4 presents as a published journal article for publication in Human Behaviour
and Emerging Technologies (20 March 2024)

Publication Type: Journal

Scopus Rated: Q1

H-Index: 26

Impact Factor: 10.3

SCImago Journal Rank (SJR): 2.126

Chapter 5 presents a submitted journal article for under review in Australian
Occupational Therapy Journal (1 June 2023)

Publication Type: Journal

Scopus Rated: Q1

H-Index: 50

Impact Factor: 1.757

SCImago Journal Rank (SJR): 0.480

Chapter 6 presents the summary of the thesis with concluding discussion, limitations,
and recommendations for future works.

Appendix A: VR CAVE Training Equipment and Set Up

Appendix B: VirCube Training Program and Protocol

Appendix C: VR Usability Questionnaire
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1.7.2  Flow of Chart of Thesis Layout
The structure of this thesis and clear connections among studies are presented on the

flow chart of the thesis in Figure 1.

1.8 SUMMARY

To summarize, this chapter provided the research background context, an overview of
the research methodology, and outlined the thesis layout. It described the rationale for data
sources and limitations of the research method. The data of three quantitative studies was based
on three study areas. This doctoral research follows a Thesis by Publication format, consisting
of three papers submitted to Q1 journals. The three research questions are addressed in these
studies.

Study 1 is a pilot randomized control trial evaluating and comparing the effects of VR
CAVE technology and exercise-based training in fall prevention. Study 2 focuses on users'
perception and acceptance of VR technology. The last study, Study 3, is an experimental study
with an extended follow-up period, evaluating the effectiveness of the VR CAVE program in
fall prevention for older adults with mild cognitive impairment. The thesis layout is visually
presented in a diagram (Figure 1.1). The subsequent chapter connects the literature review to
the theoretical framework, identifying research gaps that are investigated in the three

quantitative studies.
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Figure 1. 1 Flow chart of the thesis layout
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CHAPTER 2: LITERATURE REVIEW

2.1 Cognition, Gait and Falls in People with Cognitive Impairment

‘Fall is defined as an event which results in a person coming to rest inadvertently on
the ground or floor or other lower level. Falls, trips and slips can occur on one level or from
a height (WHO, 2021). Cognition and gait are interrelated and are fall risk indicators in older
persons (Verghese et al., 2008). Walking in the real environment requires paying attention to
safety awareness, spatiotemporal orientation, cognitive judgement, and postural stability
control to avoid slips and trips. However, cognition is a complex executive brain function; it is
a set of cognitive processes which involve inhibitory control, sustained attention, cognitive
flexibility and working memory (Y ogev-Seligmann, Hausdorff & Giladi, 2008). All factors are
essential for normal safe walking (Mirelman et al., 2016). The literature suggests there is a
strong relationship between the executive function and falls; executive dysfunction doubles the
risk for future falls and increases the risks of fall injury by 40% in older persons living in the
community (Muir, Gopaul & Montero-Odasso, 2012). Older adults with mild cognitive
impairment have a higher prevalence of gait impairments and higher risk of falling when
compared to normal older adults (Verghese et al., 2008). People with mild cognitive
impairment and dementia population are at a higher risk of falling (Delbaere et al., 2012).
Therefore, there is potential evidence to use cognitive motor training as a fall prevention
strategy to reduce fall risks in this population.

This doctoral research modifies the framework adapted by Montero-Odasso et al. (2020)
Figure 1. Their first published framework, shown in 2012, suggested the emerging view as bi-
directional, indicating that low cognition function predicts mobility decline, and consequently
falls with fractures, whereas mobility decline (slow gait) predicts cognitive deterioration in
older persons, and speeds up the process from cognitive impairment to dementia. As cognition
and gait are interrelated, this research adds new views based on their potential therapeutic view.
By improving the cognition function, fall incidents e.g. fractures (figure.l shown by the red
and red dash arrow) could be reduced. This conceptual framework indicates that cognition is
a fall risk factor in the management of falls among older adults with cognitive impairment (Liu-
Ambrose et al., 2013). As cognitive impairment can reduce mobility, there exists a potential
gap and research interest to evaluate the effect of Virtual Reality Technology in fall prevention.
The innovative method adopts a newly designed VR CAVE technology program to increase

cognitive motor interaction. The expected result is that falls and fractures in people with MCI
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and dementia will be reduced (Fig 1.1). Theoretically, cognitive and motor functions should be
improved simultaneously after the VRT intervention, and hence the cognitive decline and the
clinical onset from MCI to dementia of the participants may slow down (Welmer et al., 2017).
It 1s expected the VRT intervention will assist prevention of falls as well as the promotion of
cognitive and physical health outcomes.

There is some evidence showing that cognitive-motor interventions such as virtual
reality-based interventions could reduce the risks of falls in older adults with mild cognitive
impairment and dementia (Thapa et al., 2020). But there 1s limited empirical research with MCI
and dementia in fall prevention research, with some studies in MCI and dementia population
having problems of low response rates, cognitive deterioration, and small sample sizes (Hamm
et al., 2016; Miranda-Duro et al., 2021). This intervention has identified a knowledge gap
which is to study the evidence of the training effect of cognitive-motor intervention as an

alternative fall prevention intervention program in aged care.

Instability Falls -

Slow
\\\ /
e
m'/‘ \
Cognitive Impairment PN .
Executive function-working memory — Dementia

Figure 2. 1 Conceptual framework of cognition and ageing adapted from Montero-
Odasso et al. (2020)

2.2 Fear of Falling

This research will focus on a specific fall risk factor - fear of falling, which may impact
on the fall risk among older adults with mild cognitive impairment and early dementia. The
fear of falling is common among older persons with a prevalence of 20-85% (Scheffer et al.,
2008). It 1s associated with a range of adverse health and psychosocial outcomes, including
increased risk of falls, poorer physical functioning, more rapid decline in cognitive function
and well-being (Peeters et al., 2018). Not everyone who experiences a fall or balance problem
develops a fear of falling, while not everyone with fear of falling has experienced a fall or

balance problem (Liu, 2008). This research will extend the conceptual framework for fear of
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falling adapted by Peeters et al. (2020). As the conceptual framework for fear of falling was
originally designed by Hadjistavropoulos et al. (2011) and Peeters et al. (2020) reviews and
extends the framework with the aim of understanding the aetiology of fear of falling because
the model ignored the component of ‘cognitive’. He has discovered that cognitive function and
other psychological domains are the inevitable factors contributing to the fear of fall (Fig. 2.2).
Difficulty with executive functions can develop into fear of falling and is a predictor of falls
(Montero-Odasso & Speechley, 2018). People with mild cognitive impairment are more likely
to develop a fear of falls than normal older persons (Uemura et al., 2012).

People have difficulty in recognizing the fear of falling if their cognitive function has
worsened due to anosognosia (Borges, Radanovic & Forlenza, 2015). The extended framework
does not indicate the importance of motor factors, and mobility decline will also increase the
fear of falling. The proposed research will target participants with mild cognitive impairment.
The extended framework will explore whether cognitive function and fear of falling are
mterrelated. There is a knowledge gap exploring whether cognitive motor intervention will

reduce the fear of falling as a risk factor of falls in older adults with MCI and dementia.

Falls
Other risk factors (visual
problems, demographic \ _
characteristics -
) — [ Balance Performance ]é

Activity avoidance
Fall Eficacy | __— :]

!

Other contributors to fear
(past falls, beliefs)

Figure 2. 2 Adapted framework from fear of falling(Peeters et al., 2020)

(orange dot arrows indicate the relationship between cognitive function and fear of fall)

23 Falls and Cognitive Impairment

Fall risk factors are normally categorized into intrinsic factors e.g. age, gender, fear of
falling, and cognitive and physical functions and extrinsic factors e.g. environmental barriers,
and footwear (Hamm, Money, Atwal, & Paraskevopoulos, 2016). Four categories of fall risk

factors in older persons are recommended: biological (e.g. age, disease), behavioural (e.g. lack
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of exercise), socioeconomical (e.g. low education) and environmental (e.g. slippery floors)
(WHO 2019). These categories can help the researcher to focus and identify the different
prevention strategies for fall management in older adults. This research adopts a dual-task
(cognitive and motor) training strategy, for example, improving cognitive and motor function
(intrinsic) in a full-immersive virtual simulated environment. The VR CAVE designs a
simulated walking environment with obstacles or challenges for walking and balance practice
and learning executive function through simulated learning scenarios, for example attention
and spatiotemporal judgement in daily walking. Constructively, this research can address
different categories of the modified fall risk prevention strategies recommended by the WHO
(2019).

Using the information presented in a systematic literature review, the fall risk factors
in older persons have been summarized in Table 2.1 (Rubenstein & Josephson, 2002). This
research implements the adapted framework proposed by Montero-Odasso and Camicioli
(2020), i.e. cognition decline predicts mobility decline (instability) and falls. Cognition and
falls have a well-established association and are interrelated. However, the mechanism of such
an association among older adults with MCI and dementia is less clear. It may be due to nature
of cognitive complexity. The risk factors for fall among people with cognitive impairment have
been proposed and generalized (Montero-Odasso & Camicioli, 2020). The dual-task training
strategy has resulted in a research gap to better understand the mechanism between falls and

cognition association in older people with MCI and dementia.

Risk factors Mean RR-OR
Muscle weakness 4.4
History of falls 3.0
Gait deficits 2.9
Balance deficit 2.9
Use of assistive device 2.6
Visual deficit 2.5
Arthritis 2.4
Impaired activities of daily 23
living
Depression 2.2
Cognitive impairment 1.8
Age > 80 years 1.7

Relative risk ratios (RR) calculated for prospective studies, odds ratios (OR) calculated for retrospective studies.

Table 2. 1 Risk factors for falls (Montero-Odasso & Camicioli, 2020)
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24 Research Gap for clinical practice guideline and in fall prevention

Clinical practice guidelines (CPGs) for fall prevention are important and are supported
by evidence-based research, giving possible recommendations for researchers to provide
consistent and effective interventions to service targets in a specific condition (Montero-
Odasso & Speechley, 2018; Montero-Odasso et al., 2022). There are several CPGs for fall
prevention for normal older persons. Two of these are the American Geriatrics Society and the
British Geriatrics Society (AGS/BGS, 2001). However, none of the CPGs is specifically
targeted at providing fall prevention for people living with mild cognitive impairment or
dementia, this has led to a knowledge gap of developing specific CPGs in the interest of people
with cognitive impairments.

Based on the updated paper of AGS/BGS guidelines (2011), an adapted algorithm (Fig
2.3) has been proposed regarding the fall risk and in association with future fall risks. The
algorithm recommends the importance of fall risk screening assessment and makes a good
reference point for the accuracy of predictive validity of future falls (Lamb et al., 2005). Fall
risk screening is a pathway of clinical practice guidelines to fall prevention because the
participants with relatively high risk of falls are the high-risk group for future intervention
research studies. Unfortunately, the updated AGS/BGS guidelines are out of date and do not
consider the cognitive screening assessment as an important criterion of fall risk screening.
And currently there is no fall prevention clinical guideline specifically for people with
cognitive impairment. This research adopts new clinical practice guideline for recruiting the

potential subjects in three DECCS centers.

Any falls in the past year? No further
Within 2 years

Yes \

Multiple falls | Single fall No

Balance/gait impairment? | ¢sssmp | Cognitive impairment?

Yes
Comprehensive Fall Risks
Assessment = | VR cave Program

Figure 2. 3 Modified flowchart adapted from ABS/BGS guidelines for fall prevention
screening algorithm for fall risk in older adults with recommended interventions (Muir et al.,
2012)

investigation, review
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Research Framework

Traditionally, exercise-based intervention 1s a well-established effective fall
mtervention strategy for older adults living in the community (Gillespie et al. 2009).
However, the single task (motor) intervention may not be adequate nor consistent for older
adults with cognitive impairment because the cognitive dysfunction is under-estimated e.g.
low attention and exercise motivation and limited social interaction in the exercise training.
To understand the possible mechanism of fall reduction, this study modifies the conceptual
framework of the “Central Benefit Model” to explain the mechanism of fall reduction in

older adults with MCT and dementia (Liu-Ambrose et al., 2013).

Falls

Cognitive Impairment

7

Figure 2. 4. Adapted from Central Benefit Model (Liu-Ambrose et al. 2013)

This model emphasizes that reduced executive and physical functions are associated
with increased fall risks and cognitive impairment. Impaired balance and gait, attentional
capacity and impaired executive processing of postural response are the possible
mechanisms of pathways to inducing the risks of fall (Liu-Ambrose et al., 2013). The
exercise-induced framework proposes that exercise can be a good cognitive-motor
mtervention, which enables the slowing down or stopping of the mechanisms of falls in
older persons. This framework supports the belief that cognition and gait can alter brain
integrity by effective dual-task intervention. To counter the limitations of an exercise-based
program, an innovative Virtual Reality Technology is expected to be a more stimulating
cognitive-motor intervention approach to stimulate the participants’ attention and interest

i a VR CAVE training platform. It is envisaged that the VRT intervention can be effective
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as a good alternative intervention to target the fall risk factors by improving the cognitive
function, postural balance, and fear of falling among older adults with MCI and dementia.

This doctoral research adopts a dual-task (cognitive and motor) training strategy, for
example, improving cognitive and motor function (intrinsic) in a virtual simulated
environment. The VRT can design a simulated walking environment with obstacles or
challenges for walking and balance practice and learning executive function through
simulated activity scenarios, for example attention and spatiotemporal judgement. However,
the mechanism of such an association among older adults with MCI and dementia is less
clear. It may be due to the nature of cognitive complexity. The risk factors for fall among
people with cognitive impairment have been proposed and generalized (Montero-Odasso
& Camicioli, 2020). The dual-task training strategy has resulted in a research gap to
investigate and evaluate the mechanism between falls and cognition association in older
adults with MCI and dementia.

Virtual Reality (VR) is defined as a high-end computer interface that involves real time

or simulated environment and interactions through multiple sensory channels (Mirelman et
al., 2016). VR technology is mainly classified as semi-immersive and fully immersive
interfaces. This research uses a full-immersive VR technology named “Cave Automatic
Virtual Environment” “(CAVE)”. The VR CAVE technology asks the participants to wear
stereoscopic glasses which enable them to see 3D graphics and images so that they can
walk all the way around the objects in a simulated scenario and get a full view and a proper
understanding of exactly how those objects would look in the real time environment,
although it is virtual.
From a systematic literature review, evidence has shown that the immersive VR technology
provided a simulated real-life environment and scenarios, which engaged the users with the
sensation of physical existence (Baus & Bouchard, 2014 & Moreno et al., 2019). It is
expected that VRT intervention could improve mobility and cognitive functions among
older persons (Tsang & Fu, 2015; Mazhar, Shi & Laura, 2018; Nath et al., 2019). This
intervention may support the physical activity of people living with dementia (Shema, 2017;
Mazhar et al., 2018).

Traditionally, the fall prevention intervention strategy uses a human-guided exercise
with trained professionals leading the fall prevention program to make a positive impact on
overall health conditions (Ohman, Savikko & Strandberg, 2016). During the Covid-19
pandemic, human-guided practice was severely impacted and therefore changed to an

online simulated platform. The VR technology becomes more accessible and affordable to
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operate as compared with therapist-lead exercise, indicating potential to develop it as an
interactive (alternative) approach to fall prevention strategy and other engagement in
community aged care service.

Although, there have been some arguments that the wearing of a head-mounted device may
possibly induce discomfort and agitation associated with wearing the technology in older
people (Bourrelier & Ryard, 2016). To minimize the impact of motion sickness or dizziness
when using VR technology applications, the VR CAVE technology is designed to be more
user-friendly as 3D stereoscopic glasses are more convenient and comfortable for older

adults.

251 VR CAVE Fall Prevention Model (Study 1 and Study 3)

Based on the literature review, there exists a major gap that no current research has
been done on VR CAVE technology for preventing falls in older persons (Zahabi & Abdul
Razak, 2020). In addition, there is no unified research framework which describes the
essential components and mechanisms of VRT intervention in fall prevention. Therefore,
this research serves as a pioneering attempt to make a potential contribution to developing
VR CAVE research and advocating VRT-based activity training in aged care services. As
substantial evidence indicates that risk factors of falls are interrelated and associated with
each other such as gait and balance, fear of falling and cognitive factors (Peeters et al.,

2018), the research proposes an alternative training model named as VR CAVE Fall

Prevention model (Figure 2.5). -

Falls Efficacy

Figure 2. 5 VR CAVE Fall Prevention Model
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The proposed model builds on and integrates the concepts of the two models mentioned
1.e. Fear of Falling (FoF) and Central Benefit models into a human centred technology
approach. It indicates the risk of falls in older persons with mild cognitive impairment is
expected to be lowered by improving the cognition and motor functions via a virtual learning
platform. The VRT human interface attracts the old adults’ interest and motivation in a
multisensory stimulation and reminiscence experience. It is expected to draw their cognitive
attention to recall pleasant memory experiences, and to stay active and meaningful by
engaging in a virtual simulated learning environment e.g., shopping in an old market and
walking in a beautiful scene. By participating in virtual cognitive motor activities, the
participant is expected to increase cognitive functions and other balance domains.
Consequently, the doctoral research has great potential contributions by providing promising
evidence of the intervention effects of VRT on reducing the risk of falls and the older adults’
acceptance to use VRT as an alternative fall prevention training and meaningful engagement

in community aged care service.

2.5.2 Technology Acceptance Model (Study 2)

The framework of Technology Acceptance Model (TAM) is applied in Study 2 for
investigation of participants’ acceptance of a new technology in VR CAVE application.
Technology acceptance model is a well-known model for predicting technological acceptance
(Davis, 1989; Kamal et al., 2020). It helps to anticipate and explain users’ behaviours. In
addition, it suggests a theoretical groundwork to understand the relationships between various
variables, user perception, and benefits of technology application (Hsiao and Yang, 2011). The
Study 2 applies a TAM scale including perceived usefulness (PU), perceived ease of use
(PEOU), and intention to use (IU). The perceived usefulness (PU) and perceived ease of use
(PEOU) are defined as the degree to which the older adults perceived that using VR would
increase their daily activities and be free of effort (Venkatesh et al., 2003). Predictably, PU and
PEOQOU are one of predictive factors in the acceptance of a technology in our study (Venkatesh,
2000).

VR usability questionnaire (HK-version) also includes social norms (SNs) and
perceived enjoyment (PE) to indicate the participants’ perception and acceptance on using VR
technology application (Syed-Abdul, 2019). Commonly, SNs are defined as older adults’
perception to consider whether they should use VR. The perceived enjoyment (PE) is defined

as older adults perceived using the technology as fun, stimulating, and interactive. All factors
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are counted as the predictive factors to influence the acceptance and intention to use VR in
older adults. According to previous research, user experience (UE) indicates a strong effect on
usage intentions and the older adults’ behaviour during and after using VR technology
intervention (Kim and Ning, 2012). In view of TAM model and reviewed literature, the study
adopts to use the VR usability questionnaire (HK-version) as an instrument to compare the
changes of these variables across the time intervals. This study serves the purpose to examine
and review the questionnaire internal validity and reliability using for older adults from Hong

Kong.
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CHAPTER 3: PAPER 1 —-VIRTUAL REALITY ACTIVITY-
BASED TRAINING FOR PREVENTING FALLS AMONG
COMMUNITY-DWELLING OLDER ADULTS WITH MILD
COGNITIVE IMPAIRMENT: A PILOT RANDOMIZED
CONTROL TRIAL STUDY

1.5 Introduction

This was a first pilot research study employing VR activity-based training (VR CAVE)
to prevent falls among community-dwelling older adults with mild cognitive impairment in
Hong Kong. Implemented during the COVID-19 pandemic, the study encountered numerous
challenges and limitations related to sampling methods and data collection. The VirCube VR
for Rehab program utilized VR CAVE technology, providing a full-immersive virtual
learning environment for multi-service users. The VR program encompassed various modules,
including sport exercises, community living simulations, memory games, leisure activities,
and more, all tailored for fall prevention training in older adults. The project team underwent
comprehensive training in operating VR CAVE facilities and the application of the VR
CAVE program, with technological support and maintenance services monitored and
provided by the product owner at The Hong Kong Polytechnic University.

Commencing with a pilot randomized control trial study, a small group of subjects was
identified and recruited for a six-month study. Study 1 aimed to investigate and compare the
training effects between the VR group and the exercise-based group in fall prevention training.
The insights gained from this pilot experience in Study 1 were crucial for planning the

subsequent studies in Chapter 4 and 5.
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VIRTUAL REALITY ACTIVITY-BASED TRAINING FOR PREVENTING FALLS AMONG
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Abstract

Using a Virtual Reality (VR) games-based application as an innovative falls prevention technology in an
aged care service. The study explored and evaluated the effects of VR activity-based training on falls prevention
among community-dwelling older adults with mild cognitive impairment. A pilot randomized control trial study
was applied to compare the effects on falls prevention between participants who experienced a full-immersive VR
training and group-based exercise (Baduanjin) training. Eighteen participants were recruited using convenience
sampling and were randomly assigned into the VR group and the exercise group (non-VR). The participants in
both groups attended 16 falls prevention training sessions over eight weeks. Eligible participants identified with
a higher risk of mild cognitive impairment and early dementia undertook three measurements. The primary
outcomes assessed included changes in physical risks factor of falls, and the secondary outcomes assessed
included changes in cognition and fall efficacy. The results showed VR group had significantly greater
improvement than the exercise group on measures of cognitive-motor performance, such as cognition (HK-
MoCA), functional mobility (TUG), balance (BBS) and walk speed (6MWT) across time occasion. There were,
however, no significant differences in executive functions (TMTA and TMTB) and the fall efficacy (FES-I)
between the two groups. In conclusion, the study provides promising evidence on possible effects of VR training
for preventing falls among community dwelling older adults with mild cognitive impairment. But the study does

not support the evidence to reduce the fear of falling and executive functions between two groups.
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Introduction

In Hong Kong, there is an annual reported occurrence of 20-26.4% of community-dwelling older-adults
falling (Leung 2019; Qian et al. 2020). According to a previous study, amongst 89,100 older adults, about 32%
older adults fell in the past 90 days (Qian et al. 2020). Dementia and mild cognitive impairment are interrelated
and associated with aging; together they are associated with a rapid increase in the number of falls. Cognition and
gait are interrelated and are fall risk indicators in older adults (Verghese et al. 2008). Walking in the real
environment requires paying attention to safety awareness, spatiotemporal orientation, cognitive judgement, and
postural stability control to avoid slips and trips. However, cognition is a complex brain executive function; it is
a set of cognitive processes which involve inhibitory control, sustained attention, cognitive flexibility and working
memory (Yogev-Seligmann 2008). All these factors are essential for normal safe walking (Mirelman 2016). The
literature suggests there is a strong relationship between the executive function and falls; executive dysfunction
doubles the risk for future falls and increases the risks of fall injury by 40% in community-dwelling older adults
(Muir 2012). Older adults with mild cognitive impairment have a higher prevalence of gait impairments and higher
risk of falling when compared to healthy ageing (Verghese 2008).

The pilot study applies and modifies the framework adapted by Montero-Odasso et al. (2020). Their first
published framework shown in 2012, suggested the emerging view as bi-directional, indicating that low cognition
function predicts mobility decline, and consequently falls with fractures, whereas mobility decline (slow gait)
predicts cognitive deterioration in older adults, and speeds up the process from cognitive impairment to dementia
(Montero-Odasso 2012). As cognition and gait are closely interrelated, this research suggests new views based on
their potential therapeutic view. By alternating the cognition function, fall incidents e.g., fractures and injuries
(Figure 1 shown by the red and red dash arrow) could be reduced. The conceptual framework indicates that
cognition is a fall risk factor in the management of falls among older adults with mild cognitive impairment and
dementia (Liu-Ambrose 2013). As cognitive impairment can predict functional instability, there exists potential
evidence to support using VR technology-based Intervention on falls prevention. The comparison methods involve
using an innovative designed VR Cave Automatic Virtual Environment (CAVE) technology and traditional
exercise training to enhance cognitive-motor interaction. The expected result is that falls and fractures in people
with MCI and dementia may be reduced (Figure 1). Theoretically, cognitive and motor functions should be
improved simultaneously after the VR intervention, and hence the cognitive decline and the clinical onset from
MCI to dementia of the participants may slow down (Welmer 2017). It is expected the VR CAVE intervention

will assist prevention of falls as well as the promotion of cognitive health outcomes.
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There is some evidence showing that cognitive-motor interventions such as virtual reality interventions
could reduce the risks of falls in older adults with mild cognitive impairment and dementia (Thapa 2020). However,
there is little empirical research with MCI in falls prevention intervention research, with few studies in MCI and
dementia population all having problems of low response rates, cognitive decline, and small sample sizes. This
intervention has identified another knowledge gap to provide an alternative falls prevention intervention program

in aged care.

Instablllty Falls -
Slow /,,.
AN
Cognitive Impairment / g
Executive function-working — Dementia
memory

Figure 1. Modified framework adapted from Montero-Odasso et al. (2020)

Traditionally, exercise-based intervention is a well-established effective fall intervention strategy for
older persons living in the community (Gillespie 2009; Ohman 2016; Montero-Odasso 2022). However, the single
task (motor) intervention may not be adequate nor consistent for older adults with cognitive impairment because
the executive dysfunction is under-estimated e.g., low attention and exercise motivation and low cognitive
learning capacity in the exercise-based training. To counter the limitations of an exercise-based program, an
innovate full-immersive VR intervention is expected to be an alternative falls prevention strategy to stimulate the
participants’ attention and slow down a cognitive decline in a new virtual reality simulation. It is envisaged that
new VR games-based intervention can be effective as a good alternative intervention to reduce the fall risk factors
by improving the cognitive function, postural balance and fall efficacy among older adults with cognitive
impairment (Ge 2018).

Due to the Covid-19 outbreak between 2020-2022, the human-guided fall prevention program had been
severely restricted or reduced in community aged care service (Gao 2020). This could lead to an adverse effect
on older persons’ physical activity and cognitive functioning, but also induced loneliness and social isolation. The
new development of VRT based training can be an alternative training platform to provide a virtual simulated

environment for the older adults at post-pandemic. The use of VR intervention will become more affordable and
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attractive to develop equally important with other professional-led exercise on falls prevention strategies. It offers
good potential as a user friendly and interactive (alternative) approach to falls prevention in adoption of new VR
technology. Therefore, the objective of the study is to pilota VR games-based training program on falls prevention

among community-dwelling older adults in aged care services from Hong Kong.

Methods

Trial Design

This pilot study was a randomized control trial study using convenience sampling to recruit participants.
The trial was registered with ClinicalTrials.gov (identifier number NCT05971420). It was a comparison group
design with 3-interval measurements from pre-test (T1), post-test (T2) and follow up (T3). Under Covid-19
restrictions between 2020 and 2022, the recruitment method for community-dwelling older adults from Hong
Kong faced challenges and limitations. Older adults participating in public services including community aged
care services were limited and restricted; potential participants and other collaborative parties were more hesitant
to participate in the research study. Therefore, the study required additional safety procedures and fulfilled
infection control health policies to meet the requirements of human ethics application from research institutions.

With permission and approval from all stakeholders, all falls prevention training sessions, measurements,
and clinical observations were taken either in the VR research centre at the Hong Kong Polytechnic university or

at either of two community aged care centres in Hong Kong.

Participants

Fifty-five participants were recruited from two community aged care centres in Hong Kong using
convenience sampling. They were invited for screening sessions of fall risks assessments co-organized by the
research team and operators of aged care facilities. All participants received a formal invitation from respective
centre staff or through a centre promotion leaflet of a pilot falls prevention research program held between June
2021 and September 2021. Initially, the participants gave consent to enrol in the recruitment sessions and indicated
interest and needs to attend fall risk assessment and pilot study. They were worried about falling and had
experienced falls because of general health decline in ageing. The research team provided clear explanations of
the research purpose for the participants prior to the screening assessments. Finally, eighteen participants were

volunteers who met the selection criteria and were provided with an informed consent form (Figure 2.).
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Inclusion Criteria

The target population included the service members from two aged care settings in Hong Kong
community. The inclusion criteria were (1) aged 65 years to 85 years inclusive; (2) had a history of a fall within
the past 2 years; (3) community-dwelling older adults; (4) at a higher risk of mild cognitive impairment and
dementia, assessed by a validated screening tool of Hong Kong Montreal Cognitive assessment test (HK-MoCA
score <22); (5) walk independently e.g. able to access publicly - VR research centre or local community aged care
facilities. These criteria were pre-set and chosen for a pilot randomized control study design.
Exclusion Criteria

Participants were excluded if they had a medical diagnosis of unstable health conditions such as dizziness,
Meniere’s disease, epilepsy, Parkinson’s disease, severe hearing impairment and visual impairments, or mental
illness. These exclusions were for participants’ safety to meet the set requirements governed by the university

ethics approval committee and mutual agreement from all stakeholders.

Intervention

The comparison groups involved VR activity-based and exercise-based (Baduanjin) falls prevention
groups. The VR training was used VirCube VR for Rehab program locally designed from Hong Kong. The
ownership of the VR program was wholly managed by the Department of Rehabilitation Sciences of The Hong
Kong Polytechnic university. All research logistics and communications and operational management were fully
supported by the research team of Department of Rehabilitation Sciences.

Originally, the VirCube VR for Rehab program was funded for research purposes under the Department of
Rehabilitation Sciences of the Hong Kong Polytechnic university. It was a VR & AR (Augmented Reality)
platform that allowed participants to fully immerse and interact with VR in a stimulated cave automated virtual
environment (CAVE) platform. This program was eligible for different service users. To match the aims of the
pilot study, VR games activities were chosen for simulated cognitive-motor training in the VR group. The VR
training modules for this study included fire drill, walking exercise, balancing game activities and community
shopping practices. These training modules involved dual task components; the participant was expected to train
up his/her physical and cognitive motor performances in an 8-week VR activity-based program. VR group
participants received 2-sessions per week, 16 training sessions in total. Each session consisted of three to four
training modules. Each module took 10 minutes to complete with a short break before the next module. Therefore,

each training session lasted approximately 45 minutes. All VR training sessions were structured and supervised
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by the research team. The set up and application of the VirCube VR for Rehab program was modified and
designed for VR group training (additional file 1 & 2).

The non-VR exercise group participants received 16-session group exercise training in eight weeks held
in community aged care centres. The exercise group used a traditional Chinese Qigong Baduanjin exercise
incorporating a fall prevention education strategy. Based on reviewed literature, the Baduanjin exercise had
evidence support on improving the balance function and positive effects on reducing the fall risks for older adults
(Zhang 2022; Xia 2021; Cheng2023). The participants learned and practiced Qigong exercise for 20 minutes per
session to train up the balance function, breathing exercise and body coordination. In addition, they learned some
practical tips for preventing falls and understanding of possible falls scenarios to improve the problem-solving
skills and provide cognitive stimulation training. Therefore, every session lasted for about 45 minutes and the
exercise group was led by a trained research staff member. After completion of the exercise group training, the
group participants were taken the post-test and follow up measurements in respective centres. All repeated

measurements were administered by a principal investigator and two research occupational therapists.

Procedure

The VirCube VR for Rehab program and VR CAVE equipment were set up in the VR research centre
at the Hong Kong Polytechnic University. All participants had signed the consent form and given permission for
the research team to conduct the pilot study. The research team would arrange a pickup service, particularly for
the first VR session which provided a demonstration and trial run service including how to wear VR 3D eyewear
and motion trackers. Before the first VR session, participants were given a simple demonstration, VR trial and a
briefing on safety precautions to make sure the participants could undergo the VR Cave program without motion
sickness or physical complaint.

For each session, group participants were kept under close supervision and supported by the trained
researchers. They were allowed to take a rest or stop at any time if necessary or before the next training. The VR
research Centre and community aged care centres were considered a safe environment and comfortable for all
participants. After each training session, the trained researchers asked the participants’ feedback on experiencing
full immersive VR game activities or practice qigong exercise group training. Photo A to F display the training

activities of exercise group (additional file 3).
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Data Collection Methods

All participants were assessed and provided information including demographic and health information
on the screening assessment at community aged care centres. The basic information included age, gender, living
status, education level, falls history and number of chronic illnesses, cognitive status, and other health outcomes
(e.g. body mass index, chronic pain, and other health conditions). The primary outcome measurements focused
on physical risk factors of falls (WHO 2008). The secondary outcome measurements focused on level of cognitive

functions and fear concern (Scheffer 2008; Yardley 2005).

Physical Measures

The study measured the physical risk factors and determinants of falls risk level by assessing the postural
balance, walking speed and functional mobility in 3-intervals (T1, T2 and T3). We included three validated
assessment tools such as Berg Balance Scale (BBS), 6-minute walk test (6MWT) and Time Up and Go test (TUG)
to predict the fall risk and measure changes in physical health outcomes across three assessment time points in
two intervention groups (Bandara et al. 2020).

The Berg Balance Scale (BBS) assessed the balance level of participants. It consisted of 14
predetermined tasks; each scale ranged from O (unable) to 4 (independent). The higher the score, the better the
balance. Originally, this scale was designed for older adults aged 65 or above. The cut off score below 45 indicated
the individuals with a greater risk of falling. A score below 51 with history of falls indicated a predictive risk of
fall (Muir et al. 2008).

Another validated fall risk assessment tool was measured by the Time Up and Go test (TUG). The
participants were asked to get up from a chair, walk 3 meters, turn around, walk back to the chair, and sit down,
and the time taken was recorded (Bischoff et al. 2003). The older adults aged between 65 to 85 living in the
community were expected to be able to perform the TUG test within 12 seconds, which indicated a reduced risk
of fall. Shorter walking time for participants indicated lesser fall risk. The six-minute walk test (6MWT) measured

a longer walking distance with better physical health condition.

Cognitive Measures
Cognitive function was measured using the Hong Kong Montreal Cognitive Assessment (HK-MoCA
version). This validated assessment tool covered four domains including attention, executive functions/language,

orientation, and memory. The total score ranged from 0 to 30, with a higher score indicating better cognitive

33



function. This screening tool had a good validity in detecting older adult with mild cognitive impairment and
dementia (Yeung et al. 2020). For a cutoff point, a score of 22 or below indicated a higher risk of cognitive
impairment and dementia. In addition, the study assessed the executive function for the participants by Trail
Making Tests (TMT-A and TMT-B) to measure the changes of executive functions in two intervention groups

(Lei and Erin 2000).

Fall Efficacy

Fear of falling was measured by the Fall Efficacy International Scale (FES-I). It was a 16-item
questionnaire where participants were instructed to score their concern of falling during an activity on a 4 -
point Likert scale with 1 as not concerned at all and 4 as very concerned. The item scores were summed up
to obtain a total, with the higher the score, the higher the fear of falling. The cutoff score of community-
dwelling older adults divided into three levels, a score 16-19 indicating low concern of falling, a score 20-27
indicating moderate concern and a score 28-64 indicating high concern (Yardley et al. 2005). The study used the

validated FES-I tool to compare the level of fall concerns between groups.

Statistical Analysis

The primary outcome measured the changes of physical risk factors, and secondary outcomes measured
the changes in cognitive performances and fall efficacy at assessments time points. The statistical outcomes were
analysed using SPSS version 27 and a p significance value set <.05. Eligible participants’ information was
summarized using descriptive statistics (Table 1.). The baseline demographic characteristics of participants
included age, gender, educational level, living and cognitive status, history of fall and other health history such as
chronic pain, osteoporosis, and fracture.

To compare the health outcomes between two groups from pre-test, post-test and follow up, the repeated
measures analysis of variance (ANOVA) was used for data analysis. The time factor was used as the independent
variable, the dependent variables including cognitive, fall efficacy and physical risk factors.

Results

Characteristics of the Participants

Eighteen participants were randomly assigned into groups and were given an informed consent to enrol
in the study (Figure 2). All participants successfully completed all measurements, a mean age of 76.84; 88.9% of

the participants were female, 33.3% of the participants had an education level of secondary or above, and 44.4%
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of the participants were living alone. They were classified as a higher risk of mild cognitive impairment or
dementia (mean score HK-MoCA= 18.28 below cutoff score 21/22). and with the history of fall within 12 months
(72.2%). In the participants’ group 50% reported chronic pain and an average 3 or more chronic illnesses, and

27.7% had a history of fracture due to a fall.

Figure 2. Flow chart of the pilot randomized control trial study

Screening Inclusion Criteria:
1.  Age between 65-85
2. With a past fall history
3. Cognitive status (MoCA<25)
4.  Walk independently.
5. Community-dwelling
Enrollment Exclusion Criteria:
1.  Severe heanng & visual
impairment.
2. Dizziness
3. Meniere’s disease, Epilepsy,
Parkinson’s disease
4. Mental illness
Intervention
T2 (after intervention) ‘ VR (u=9) EX (n=9)
|
T3 (Post 3-month Follow up) Analyzed (n=9) Analyzed (n=9)

As shown in Table 1, there were no significant differences between the two groups in the demographic
information except older age in the exercise (EX) group. All participants were female chosen in the VR group,
only 2 participants were male in the EX- group. Comparatively, VR group had a higher education level with
secondary level but higher incident rate of history of fall (<12 months), fracture and OA knee than the EX-group.
Two groups showed a higher incident rate of overweight (VR=44.4%, EX=33.3%) and chronic pain (VR=44.4%,

EX=56.6%) at the baseline measurements.
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Table 1. Demographic characteristics of the participants (n=18)

Characteristic VR Group Exercise *P
(n=9) Group (n=9) value

Age (years), M (SD) 73.67(6.144) 80.00(4.359) .023"

Gender n (%) 150

Male 0 2(22.2%)

Female 9(100%) 7(77.8%)

Education Level (years), 461

n (%) 5(55.6%) 7(77.8%)

Primary or below 4(44.4%) 2(22.2%)

Secondary or above

Living Status, n (%) 372

Live alone 3(33.3%) 5(55.6%)

With family/carer 6(66.7%) 4(44.4%)

History of Fall, n (%) .661

<12 months 8(88.9%) 5(55.6%)

> 12 months 1(11.1%) 4(44.4%)

Number of Chronic Illness .097

0 1(11.1%) 0

1-2 3(33.3%) 5(55.6%)

3 or above 5(55.6%) 4(44.4%)

Body Mass Index (BMI) 141

Normal 5(55.6%) 6(66.7%)

Overweight 4(44.4%) 3(33.3%)

History of Chronic Pain, .661

n (%) 4(44.4%) 5(55.6%)

Yes 5(55.6%) 4(44.4%)

No

History of Fracture, n (%) 128

Yes 4(44.4%) 1(11.1%)

No 5(55.6%) 8(88.9%)

History of Osteoporosis, n 555
(%)

Yes 1(88.9%) 2(22.2%)

No. 8(11.1%) 7(77.8%)

History of OA knee, n (%) .165

Yes 5(55.6%) 2(22.2%)

No 4(44.4%) 7(77.8%)

Pearson’s chi-square (two-sided) was used for categorical data. * p <.05
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Baseline Data

As shown in Table 2, there were no significant differences (p>.05) between two groups in all outcome
measurements. The HK-MoCA mean score =18.28 of cognitive status in the participants’ groups indicated a major
risk of cognitive decline such as mild cognitive impairment and dementia. The cut-off score of HK-MoCA
standardized tool was 21/22, indicating a higher risk of cognitive impairment, recommended for further medical
investigation (Sarah et al. 2005; Yeung et al. 2020). For the physical risk measurements, the functional mobility
(TUG, mean score=12.47) and the balance level (BBS, mean score=50.39) showed the participants in two groups
indicated a moderate and predictive risk of fall. For a fear of falling, the fall efficacy score (FES-I, mean
score=40.39) indicated a high concern of falling when FES-I >28. Regarding the results of executive function
(TMTA/B) and walk speed (6MWT) measurements used for baseline comparison, there were no specific
standardized cutoff score and interpretation applied for community dwelling older adults with cognitive

impairment.
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Table 2. Baseline outcome measures of participants (n=18)

Outcome
s, M* + SDP
Variables All (N=18) VR Gp (n=9) Exercise P value<.05
Gp (n=9)
Cognition: 18.28(3.611) 19.89(1.616) 16.67(4.387) .055
HK-MoCA®
Executive Function
Trail Making Test A 82.096(42.461) 79.194(50.291) 84.998(35.820) 182
(TMT-A) 159.371(94.716) 147.362(102.920) 171.380(90.258) .606
Trail Making Test B
(TMT-B)
Time Up and Go 12.472(2.420) 12.165(2.825) 12.780(2.062) .605
Test (TUG)
Berg Balance Scale 50.39(4.217) 50.89(4.755) 49.89(3.822) .630
(BBS)
6-minute walk test 306.766(49.247) 301.833(57.231) 311.700(42.703) .684
(6MWT)
Fall Efficacy Scale 40.39(11.030) 43.67(5.635) 37.11(14.234) 217

International (FES-I)

M?: Mean. SD°: Standard Deviation. HK-MoCA®: Hong Kong- Montreal Cognitive Assessment.
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Primary Outcomes

The outcomes of the study are illustrated in the table of multivariate and univariate of dependent variables
between groups and time effects (Table 3 and table 4). The primary outcomes including functional mobility
(p=-002) and balance (p=.01) indicated greater improvement effects in VR group. For the physical outcome
measures, the balance mean score (BBS, at post-test=52.22 and follow up =53.00) indicated less predictive risk
of falls (BBS score > 51) in the VR group. In addition, the mean score of functional mobility of the VR group at
post-test (9.48s) and follow up (9.14s) below 12s indicated a lessor risk of falls compared with the EX-group
(TUG=12.60s). Although there was no significant difference on walk speed (6 MWT, p=.061) between the two
groups and times interactions, the VR group showed significant improvement across three time points. Therefore,

the results of physical outcomes showed better improvement and lesser predictive fall risks by VR intervention.

39



Table 3. Comparison of outcomes measures between groups at post-test and follow up.

Variables Intervention Post (T2) Follow up (T3)
VR & EX P value<.05 P value<.05

Cognition: HK-MoCA .013 .021

Executive Function

Trail Making Test A (TMT-A) 084 023

Trail Making Test B (TMT-B) 280 033

Time Up and Go Test (TUG) 013 .075

Berg Balance Scale (BBS) 021 .193

6-minute walk test (6MWT) 372 .103

Fall Efficacy Scale 691 788

International (FES-I)

HK-MoCA: Hong Kong Montreal Cognitive Assessment.
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Table 4. Comparison of outcome measures between and within groups (VR n=9, EX n=9)

Out U *
come measures Group Pre-test +SD ] M nivariate P<.05
ollow up ultivariate W B
ost-test ithin group etween
g
roup
Cognition .010" 335
(HK- 19.88 23.78(3. : 002"
MoCA) R (1.616) 930) 3.89(4.457
16.67 18.44(4. )
X (4.387) 216)
8.33(4.717
)
Executive
Function
TMT-A 79.19 62.23(22 ‘ 110 103
R (50.291) .670) 8.80(19.71 227
TMT-B 84.99 95.32(48 4) 131 310
X (35.820) .893) ¢
147.3 112.12(7  9.37(44.37 585
R 6(102.920) 4.661) 4)
171.3 160.75(1 ¢
X 8(90.258) 06.897) 9.05(32.02
63)
91.34(92.8
79)
Balance .130 027"
Level 50.89 52.22(4. ! 010"
BBS R (4.755) 577) 3.00(3.240
49.89 47.44(3. )
X (3.822) 245) !
1.00(3.000
)
Walk 352 128
Speed 301.8 347.89(7 : 061
6MWT R 3(57.231) 1.416) 57.26(60.7
311.7 322.05(4 73)
X 0(42.703) 4.923) {
12.82(47.3
96)
Functiona
1 Mobility 12.16 9.48(2.7 ¢ .074 131
TUG R (2.825) 29) .14(1.839) 002"
12.78 12.60(3.
X (2.062) 215) 1.16(2.587
)
Fear  of 43.67 41.89(11 : 339 728 .063
Fall R (5.635) .230) 4.11(12.53
(FES-I) 37.11 39.78(10 4)
X (14.234) .883) {
2.56(10.40
6)

Outcome measure: A better outcome is represented by an increase in HK-MoCA, BBS and 6MWT; decrease in TMT-A &TMT-
B, TUG, and fall efficacy.

M= mean. SD= Standard Deviation

*P value: significant at <.05 level of significance.

**P <.005
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Secondary outcomes

There was significant difference in cognition (HK-MoCA, p=.010) between the two groups and times
interactions (Table 4.). The mean scores (HK-MoCA) of VR group at post-test (23.78) and follow up (23.89) were
above the cutoff point >22 indicating a greater improvement on cognition than the EX-group. In contrast, the
result of executive functions showed no significant difference between two groups, but VR group showed greater
improvement than EX group at post three month follow up. For instance, the VR group (TMT-A, mean
difference=-30.39s; TMT-B mean difference=-48.31s) showed faster performances than the EX-group (TMT-A,
mean difference= +4.38s; TMT-B mean difference=+19.96). Lastly, there was no significant difference in fall
efficacy level (FES-I, p=339) between groups and times interactions. Table 3 shows the mean score of fall
efficacy between groups and indicated no significant decrease in fear concern of falling (FES-I>28) after
intervention (FES-I p=.691) and follow up (FES-I p=.788). The results indicated VR group had better
improvement on cognition, but no evidence supported the changes of executive functions and fall efficacy in the

two groups.

Discussion
Overview

The pilot study showed promising effects on falls prevention using VR activity-based application (VR
CAVE program) for the participants from Hong Kong. The results supported the full-immersive VR intervention
had better training outcomes than traditional Chinese Baduanjin exercise training. It supported the VR CAVE
pilot program was useful and a potential falls prevention training program applicable for older adults with mild

cognitive impairment in Hong Kong aged care services (Kim et al. 2019; Kwan et al. 2021).

Full Immersive VR CAVE Training on Falls Prevention

To the best of our knowledge, this was a pioneer research project using VR CAVE program on falls
prevention for older adults with mild cognitive impairment from Hong Kong. Primarily, the VirCube in Rehab
program was designed for VR simultaneous cognitive-motor games and recreational purposes open for different
service targets. The study piloted and invented the application of VirCube program in aged care service and
redesigned some simulated VR games and training activities into falls prevention program for older population in
Hong Kong. Our results were consistent with recent reviews, it supported the promising evidence on VR CAVE

intervention in falls prevention, showed greater effects on cognitive motor outcomes than exercise-based training
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program (Law et al. 2014; Stanmore et al. 2019). Accordingly, the VR CAVE technology intervention was
innovative and useful for older population, possibly a huge potential development in post pandemic era.

With similar findings on literature review, the study piloted a falls prevention training program using a
flexible VR training schedule as 2 to 3 sessions per week, each VR session within 45 minutes, 16 training sessions
in total (Law et al. 2014; Yang et al. 2020). Because the study allowed flexibility for participants to complete 16-
session longer than 8 weeks because of the unexpected occasion during pandemic in Hong Kong. The VR
participants reported that a wearable 3D stereoscopic was handy and much more comfortable than head-mounted
headset, so the new headset largely eliminated VR simulator sickness during VR CAVE training. Throughout the
intervention period, the feedback of VR participants was very positive and encouraging. They enjoyed the VR
activities engagement; the attendance rate was 100%. They reported the VR training provided a stimulating
experience and was very helpful for improving their physical and balance functions. A similar future study should
be considered to investigate the user experience and perception toward the use of VR intervention in aged care

services.

Training Effects of VR Training and Exercises-based Training on falls prevention

Our research findings supported that VR training was more effective at simulating dual-mode cognitive-
motor training than traditional exercise intervention (Irazoki et al. 2020). According to a recent review, people
with mild cognitive impairment showed higher risk of falls and poorer instability than healthy adults (Welmer et
al. 2017). When compared with traditional exercise group training, the simulated VR CAVE experiences were so
interesting and stimulating for VR activity-based engagement. Though, the practice of Baduanjin exercise was
healthy and a good balance exercise, relatively it demanded more cognitive challenge for participants with
memory decline to follow and memorize every single step. Therefore, the 8-step Baduanjin exercise was a routine
repetitive training and less cognitive stimulation for the participants with cognitive impairment. In contrast, the
VR participants showed good attention, engaging, interactive and good acceptance of VR use. According to results
shown in table 3 and table 4, the VR participants found greater training effects and significantly improvement on
the physical performances after the use of VR intervention.

However, the findings did not show any change in executive function and fall efficacy after VR and
exercise groups intervention. A recent review indicated that the fall efficacy scale international (FES-I) might not
be sensitive and not reliable for community-dwelling older adults with cognitive frailty (Uemura et al. 2012).

Likely, the 14-item self-reported questionnaire was too demanding for the participants to understand the level of
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rating and make an accurate judgment in daily living tasks. For the participants’ groups with cognitive decline,
the aim of executive functions training was maintaining or slowly improving. The results showed no significant
improvement between groups but the mean scores of TMTA and TMTB in VR group were decreasing and EX-
group remained no change across time occasions. Unexpectedly, the VR group showed significantly longer
improvement on executive function at follow up. Further study is recommended to investigate the effect of

cognitive training on VR intervention.

Limitations

Compared with similar VR research in a recent review (Chau et al. 2021; Zahabi and Abdul 2020), the
recruitment of the human study had limitations particularly due to COVID-19 restrictions. Firstly, the response
rate of study recruitment was very low. Only two community aged care services operators responded and agreed
to collaborate with the pilot study from June 2021, as such the sample size of the study was small. Secondly, the
convenience sampling method for this pilot randomized control study might lead to a volunteer bias and low
generalizability of the findings in local population. However, the study was a pilot research project to evaluate the
effects between VR and exercise-based training on falls prevention for community-dwelling older adults from
Hong Kong. The small sample size was justified to start a pilot randomized control trial study. Thirdly, the validity
and reliability of results might be affected because the participants were required to wear face masks and follow
social distancing policy during the falls prevention training. Therefore, the actual performance of participants
might be limited and restricted.

Fourthly, the changes of cognitive and executive function tests as repeated measured by MoCA and
TMTA/B results could be affected by repeated learning effects (Sarah et al.2015). Lastly, there was a significant
age difference in the study, the VR group was younger than EX-group. Predictably, the VR participants seemed
to have higher motivation and be physically active to engage with the VR training; the age factor could be

considerable as a challenge and contributing to a potential bias effect.
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Conclusion

Our study supported the promising evidence on the effects of Virtual Reality activity-based training on
preventing falls among community-dwelling older adults with mild cognitive impairment. However, the study did
not support the evidence to reduce the fear of falling and executive functions for the participants between two
groups. To the best of my knowledge, the study was a first pilot research project to pioneer the VirCube VR for
Rehab program in falls prevention and to compare the effects with traditional exercise (Baduanjin) in aged care
services from Hong Kong. Prior to adoption of full immersive VR intervention and expanding the use of existing
VR applications in aged care and rehabilitation services, the special considerations of VR CAVE application are
technological support and adaptation for ageing population. A future study should be replicated but employing a
larger randomized control trial design, to improve the generalisation and provide greater evidence for falls

prevention programs adopting a full immersive VR application in aged care service.
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1.6 Links and Implications

The findings of this study supported that VR CAVE training had significant training
effects in the VR groups, demonstrating greater improvement than the exercise-based group in
physical and cognitive health outcomes. However, the fear of falling and executive function
did not show improvement between the two groups. Furthermore, the data collected from the
VR group were utilized for the analysis in Study 2. Similarly, all three quantitative studies
employed similar research methods and shared data sources. Study 1 examined the feasibility
of the VR CAVE fall prevention framework and provided predictive results for reference in

the next study.
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CHAPTER 4: PAPER 2 - INNOVATIVE VIRTUAL REALITY
(VR) APPLICATION FOR PREVENTING OF FALLS AMONG
CHINESE OLDER ADULTS: A USABILITY AND
ACCEPTANCE EXPLORATORY STUDY

4.1 Introduction

This paper was a first exploratory study to investigate the user’ perception and
acceptance on using VR CAVE application for older adults in Hong Kong. The data collected
from study 1 and study 3 were shared and utilized for analysis in this chapter. This study was
a single-arm exploratory study, VR participants were recruited who completed the full VR
CAVE training sessions in respective studies. The data collection period was taken longer
between July 2021 and May 2022. Based on TAM and the review literature, a usability
questionnaire was employed to investigate the participants’ results in measuring the change of
different perceived factors on using VR technology in fall prevention and leisure engagement
at pandemic. The findings supported the usefulness and acceptance of using full-immersive VR

training on fall prevention among Chinese older adults.
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Abstract

Objective: Full immersive Virtual Reality (VR) technology shows potential for reducing the risks of
falls in older adults. There is yet little evidence to support the usability and acceptance on using VR technology
application in community aged care service. The study reports on research that aims to address that gap by
evaluating the usefulness and acceptance of using an innovative VR application among Chinese older adults from

Hong Kong.

Methods: A single-arm exploratory study was conducted to evaluate how the participants experienced
the use of a fully immersive Cave Automatic Virtual Environment (CAVE) VR program on fall prevention. Thirty-
one participants were recruited by convenience sampling based on their fall concerns and potential risk of falls.
The participants completed 16 training sessions over eight weeks using VR CAVE application. They were asked
to complete a VR usability questionnaire (HK-version) based on the Technology Acceptance Model and previous

research, and they took fall risk assessments at pretest, post-test and follow up.

Results: The participants’ group significantly showed improvements on reducing the risk factor of falls
including balance, functional mobility, walking speed and fear of falling after VR intervention. Perceived
usefulness (PU), perceived enjoyment (PE), user experience (UE) and intention to use (IU) had an overall
significant change at different time points. These are important factors to influence the participants’ acceptance
of use of VR technology application. Perceived ease of use (PEOU) and social norms (SNs) had an inconsistent
result, and some items were low validity. The findings indicated a positive training effect on fall prevention and

high acceptance of adoption of the VR technology application.

Conclusion: This study supports the growing evidence on the usefulness and acceptance of using full-
immersive VR training on fall prevention among Chinese older adults. They perceived that VR CAVE application
was useful and innovative as an effective fall prevention training. Technically, the application of VR CAVE
technology faced many challenges and not easily manageable under Covid-19 restrictions and the limitation on
technological adaptation for older adults. However, investment in full immersive VR technology application is

supported for future adoption in aged care and rehabilitation services.
KEYWORDS

Full immersive virtual reality (VR); cave automatic virtual environment (CAVE); technology

acceptance model (TAM); ageing; fall risk; usefulness and acceptance.
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Introduction

Falls in older adults is a global health challenge causing severe impacts on individuals and a financial burden
on the public healthcare system [1]. A worldwide multidisciplinary group of experts and all stakeholders proposed
a global new initiative on guidelines for fall prevention and management in older adults [2]. New worldwide
guidelines recommended healthcare professionals and aged care operators provide advice and support on falls
prevention with evidence-driven fall prevention strategies for all older adults. About 30% of older adults aged
over 65 fall at least once per year, while among those with mild cognitive impairment (MCI) and dementia, about
60-80% of individuals report falls each year [3]. In Hong Kong, there was an annual reported occurrence of 20-
26.4% of community-dwelling older-adults falling [4,5]. In [5], amongst 89,100 older adults, about 32% older
adults fell in the past 90 days. Importantly, a history of falls is found to be one of the predicators of future falls
[6]; the risks of falls and cognitive impairment are closely interrelated, and the incidence of falls increases with
health decline in ageing. The risks of falls are associated with life-changing impacts: fear of falling, fall injuries,
mobility decline, depression, loneliness, and premature death [7,8].

Virtual Reality Technology (VRT) intervention attracts more research attention in health-related applications
and is growing rapidly in recent years in aged care fields [9,10]. There is evidence to support its use in fall
prevention, as well as reduction in the fall risks among older adults living with cognitive impairment [11,12,13].
There is a research gap in exploration of the usability and acceptance of use of VRT application in older adults.

Based on a literature review, the fall risk factors in older adults have been summarized. Four categories of fall
risk factors in older adults include: biological (e.g., age, disease), behavioural (e.g., lack of exercise),
socioeconomical (e.g., low education) and environmental (e.g., slippery floors) [14]. VRT intervention adopts a
dual-task (cognitive and motor) training strategy, for example, improving cognitive-motor function in a virtual
simulated environment. VRT application can design a simulated walking environment with obstacles or
challenges for walking and balance practice and learning executive function through simulated activity scenarios,
for example attention and spatiotemporal judgement. To reduce the physical risk factors in older adults, a novel
intervention of Virtual Reality Technology is proposed to be an innovative cognitive-motor intervention approach
to stimulate the participants’ attention and interest in a virtual reality simulation. VRT intervention can be effective
as a good alternative intervention to target the fall risk factors but the perceptions and attitudes towards using VR
technologies among older adults are still under-investigated [15]. Therefore, the study applies the method of the
Technology Acceptance Model (TAM) to evaluate perceived factors on acceptance using VRT application in

older adults from Hong Kong [16].

Materials and Methods

This exploratory study involved a single-arm design and used a convenience sampling method to measure the
changes on physical health outcomes at fall risk measurements and perceived factors based on VR usability
questionnaire (HK-version) at pretest (T1), post-test (T2) and the follow up (T3). As the study was carried out
during the COVID pandemic in Hong Kong between 2020-2022, the recruitment of participants was very
challenging, and randomization was no longer feasible. Mostly, potential participants and other stakeholders such
as aged care operators were hesitant about face-to-face training both in community aged care centres and the VR

CAVE research centre at the Hong Kong Polytechnic University. Despite restrictions of Covid-19 regulations, the
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requirements from the human ethics committee application and importantly the participants’ availability, thirty-
one eligible participants were successfully recruited according to their needs, potential to use VR and other
selection criteria set in our study.

The TAM model was applied in the study for understanding of participants’ acceptance of a new technology in
VR CAVE application. It helped us to anticipate and explain users’ behaviours. In addition, it suggested a
theoretical groundwork to understand the relationships between various variables, user perception, and benefits
of technology application [16,17]. The study applied a TAM scale including perceived usefulness (PU), perceived
ease of use (PEOU), and intention to use (IU). The perceived usefulness (PU) and perceived ease of use (PEOU)
were defined as the degree to which the older adults perceived that using VR would augment their daily activities
and be free of effort [18]. Evidently, PU and PEOU were one of predictive factors in the acceptance of a
technology in our study [19].

The VR usability questionnaire (HK-version) also included social norms (SNs) and perceived enjoyment
(PE) to indicate the participants’ perception and acceptance on using VR technology application. Commonly, SNs
were defined as older adults’ perception to consider whether they should use VR. The perceived enjoyment (PE)
was defined as older adults perceived using the technology as fun, stimulating, and interactive. These factors were
counted as the predictive factors to influence the acceptance and intention to use VR in older adults. According
to previous research [20-22], user experience (UE) indicated a strong effect on usage intentions and the older
adults’ behaviour during and after using VR technology intervention. In view of TAM model and reviewed
literature, the study adopted to use the VR usability questionnaire (HK-version) as an instrument to compare the

changes of these variables across the time intervals.

Fall risk measurements:

The fall risk measurements focused on physical performances relating to intrinsic risk factors of falls [8]. The
study measured the risk factors of falls by assessing the postural balance, walking speed and functional mobility
in 3-time intervals (T1, T2 and T3). Three validated assessment tools for older adults were used such as Berg
Balance Scale (BBS), 6-minute walk test (6MWT) and Time Up and Go test (TUG) to assess the change in falls
risk using the VRT intervention [23].

Participants

Thirty-seven participants were recruited from three community aged care centres in Hong Kong (Figure 1). All
participants gave consent to enrol in the screening sessions and indicated interest and willingness to participate in
the fall risk assessment and VR study. Thirty-one participants (83.78%) were analysed after successfully
completing 16 VR trainings between June 2021 and May 2022. Volunteer participants met the selection criteria

and provided their permission with informed consent.

Inclusion Criteria

The inclusion criteria were (1) aged 65 years to 85 years; (2) had a history of falls within 2 years; (3) no
experience of VR; (4) able to walk independently and to be able to access the VR research centre; (5) HK-MoCA
<26
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Exclusion Criteria
Participants were excluded if they had a medical diagnosis of unstable health conditions such as dizziness,
epilepsy, Parkinson’s disease, and severe sensory and motor impairments. These exclusions were for participants’

safety and to fulfill the requirements of the University Ethics Approval Committee.

Intervention
A new VRT application called VirCube VR for Rehab program was used in the VR training. The VR CAVE
program was set up for research purpose, fully managed by the Department of Rehabilitation Sciences at the Hong
Kong Polytechnic University. It was a VR & AR (Augmented Reality) platform that allowed participants to fully
immerse and interact with VR in a simulated virtual living environment. The VR training modules included fire
emergency handling, walking exercise, balancing game activities and community daily practices. The participants
received 2 sessions per week, 16 training sessions in total. Each training session lasted 45 minutes. VR training

sessions were standardized and supervised by a trained researcher.

Procedure

Eligible participants signed the consent form and gave permission for the research team to provide the VR
training. The participants were required to arrange public transportation to attend the VR training sessions. At the
onset of the COVID pandemic, all participants were required to apply for a special permission permit to access
the VR research centre at The Hong Kong Polytechnic University and meet the requirements of the health
declaration. Before the first VR session, participants were given a simple demonstration, VR trial and a briefing
on safety precautions to make sure the participants could undergo the VR Cave program without physical
discomfort or complaint. To meet an additional safety requirement by the human ethics committee of the Hong
Kong Polytechnic University, the study had provided full insurance coverage for all participants.

For each session, all participants were kept under close supervision and supported by a trained researcher. They
were allowed to take a rest or stop at any time if necessary or before the next VR module training. The VR research
centre was considered a safe environment and comfortable for all participants. The participants in the waiting area
could observe the other participants playing VR game activities. After the VR training session, the researcher
asked the participants’ feedback on experiencing full immersive VR game activities, and checked and cleaned all

VR wearing devices before the next session.
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One specific full immersive VR game activity for preventing falls is displayed with a detail description. The

other similar VR games activities are displayed and documented in additional file 1.

VR Game: Jogging and balancing exercise

Purpose: Physical balance and safe walking training

Grading: 3 levels (Level 1-by hand trackers; Level 2- by hand trackers & obstacle; Level 3- by
hand/foot trackers & obstacles)

Device: 3D stereoscopic eyewear, hand, and foot trackers

Jogging in the park Sequencing & Grading:

1. Participant uses hand trackers & selects a level of activity

2. Participant runs with arms movement and keeps on a running
path (upper limb balance)

3. Participant runs with upper and lower limbs trackers and
follows a running path (whole body balance & physical training)

4. Participant runs and avoids hitting any obstacle on a running
path (advanced physical balance and coordination skill)

5. Participant runs faster and overcomes more obstacles

(physical and cognitive

training)

VR trial (video samples)

physicalmp4  balancetraining.m
p4
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Data Collection

All participants provided information including demographic and other health information in the screening
session. The basic information included age, gender, living status, education level, falls history, cognitive status,
and other medical history (Table 1.). Risks assessment was undertaken, and the participants completed a VR

acceptance questionnaire before and after VR training; there was a post 3-month follow up for statistical analysis.

VR Usability - Outcome Measure

Participants were asked to fill in a VR usability questionnaire (appendix 1) at pretest (Time 1), posttest (Time
2) and 3-month follow up (Time 3). The HK-version questionnaire was based on TAM scale and Venkatesh
studies (appendix 1: VR Questionnaire). The self-rating questionnaire was used to collect the participants’
perceptions about the usefulness and user experience of VR by six sets of questions (PU, PEOU, SNs, PE, UE &
IU). A 5-point Likert scale was used to assess a level of perception and experience on using CAVE VR technology,
scoring from (1) strongly disagree, (2) disagree, (3) neutral, (4) agree to (5) strongly agree. The higher the score

indicated greater user perception and acceptance of VR.

Health Outcome Measures

The study measured the risk factors of falls by assessing the postural balance, walking speed and functional
mobility. The Berg Balance Scale (BBS) assessed the balance level of participants. It consisted of 14
predetermined tasks; each scale ranged from O (unable) to 4 (independent). The higher the score, the better the
balance. Originally, this scale was designed for older persons aged 65 or above. The cut off score below 45
indicated the individuals with a greater risk of falling. A score below 51 with history of falls indicated a predictive
risk of fall [24].

Another validated fall risk assessment tool was measured by the Time Up and Go test (TUG). The participants
were asked to get up from chair, walk 3 meters, turn around, walk back to chair, and sit down, and the time taken
was recorded [25]. The older persons with ages between 65 to 85 living in the community were expected to be
able to perform the TUG test within 12 seconds which indicated a reduced risk of fall. Shorter walking time for
participants indicated better balance performance and lesser fall risk. The six-minute walk test (6MWT) measured

a longer walking distance with better physical condition.

Psychological consideration

Fear of falling is associated with a range of adverse health and psychosocial outcomes, including increased risk
of falls, poorer physical functioning, more rapid decline in cognitive function and well-being [26]. The Fall
Efficacy International Scale (FES-I) was a validated assessment tool to compare the level of fall concerns for the
participant’s group. It was a 16-item questionnaire where participants were instructed to score their concern
of falling during an activity on a 4-point Likert scale with 1 as not concerned at all and 4 as very concerned.
The item scores were summed up to obtain a total, with the higher the score, the higher the fear of falling.
The cut off score of older persons living in community divided into three levels, a score 16-19 indicating low

concern of falling, a score 20-27 indicating moderate concern and a score 28-64 indicating high concern [27].
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Statistical Methods

The statistical outcomes were analysed using SPSS version 27. All eligible participants’ information was
summarised using descriptive statistics (Table 1). The baseline demographic characteristics of participants
included age, gender, educational level, living and cognitive status, body mass index, history of falls and other
health history such as chronic pain and disease, and history of fracture.

To compare the outcomes measures within subjects in the same group from pre-test, post-test and follow up,
one-way repeated measures ANOVA was used in SPSS analysis. The time factor was used as the independent
variable, the dependent variables including each subset of VR acceptance questionnaire, physical and
psychological factors of falls. The reliability and validity of items on the VR usability questionnaire (HK-version)

were analysed by Cronbach’s alpha and Pearson’s product moment correlation method.

Results
Characteristics of the Participants

Table 1 shows the 31 participants (30 female, and 1 male) who were recruited into the study. The mean age of
the participants was 72.23 years old, education level was secondary (64.5%), had a fall history within 12 months
(54.8%), a history of fracture (38.7%) and chronic pain (45.2%). The body mass index (BMI) was 23.03 kg/m?
(WHO Asian BMI=23-27.5 kg/m?(overweight). The average number of chronic diseases per participant was 3.12
chronic, most commonly in older adults such as knee osteoarthritis (OA), osteoporosis, chronic pain, and
hypertension etc. In addition, the study assessed the participants’ cognition by a Hong Kong version of Montreal
Cognitive test (HK-MoCA), the mean score (HK-MoCA =23.48) was above the cut-off point (HK-MoCA =21/22)

indicating a lesser risk of cognitive decline [28].

Table 2 shows the validity test of VR usability questionnaire, it indicated PU (p<.005), PE (p <.001), UE (p
<.005) and IU (p<.001) items were tested as high validity (p value <.05 and Pearson product moment coefficient
>.361 [29]. However, three items only such as PEOUT1 (p =.075), PEOU3 (p=.123) and SN2 (p=.061) were tested
as not significant (p value >.05 and rxy < 0.361). Predictably, the VR acceptance questionnaire (HK-version) was

a good validity test in the study.

Table 3 shows summary statistics and frequency distributions of variables in the VR usability questionnaire.
The mean (M) value was ranging from 3.03-4.45 and the standard deviation (SD) was < 1.3292 in Time 1 (T1).
The mean (M) value was ranging from 3.48-4.68 and the standard deviation (SD) was < 0.922 in Time 2 (T2).
Whereas the mean (M) value was ranging from 3.191-4.81 and the standard deviation (SD) was < 1.078 in Time

3 (T3). The trend of each subset of variables (mean values) were increasing at different time assessment points.

Table 4 shows the internal consistency and reliability of the dependent variables, Cronbach’s o ranged from
0.532 - 0.833. PU, PEOU, PE, and UE showed higher internal consistency and reliability, however, SNs (a=.532)
and IU (0=.642) indicated a lesser internal consistency and reliability. Cronbach’s a reliability analysis indicates

an acceptable reliability when a > 0.700.
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Results on VR usability in older adults

Table 5 shows there was an overall significant difference (increase) between the means at different time points
from pretest, post-test and follow up in perceived usefulness (PU) F(1.975, 59.250)=4.685, p<.05), perceived
enjoyment (PE) F(1.690, 50.703)=4.852, p<.05), user experience (UE) F(1.745, 52.353)=3.289, p<.05) and
intention to use (IU) F(1.976, 59.286)=6.716, p<.005). In particular, the participants’ group indicated a
significance difference (p=.011) on user experience (UE) after VR training. Besides, PU (p=.018), PE (p=.017)
and IU (p=.005) were found significantly differences when comparing from T3 (at follow up) with T1. However,
there was no significant difference in perceived ease of use (PEOU) and social norms (SNs) among the three

assessment points. The overall means scores of all perceived factors were increasing over time effects.

Results on health outcomes (risk factors of falls)

The research found an overall significant difference between the means difference at different time points in all
health outcomes shown in Table 5 (6 MWT, TUG and FES-I p<.001; BBS p<.05). By comparison, walk speed
(6WMT), functional mobility (TUG) and fear of falling (FES-I) were found to have significant differences (p<.001)
when comparing T3 with T1. Significantly, the physical performance such as walk speed (6MWT) and functional
mobility (TUG) showed greater improvement (p<.001) after VR training (T2). The overall health outcomes

showed greater improvement indicating a lesser risk of predictive fall after the study.

Discussion

This exploratory study found improvements in usability and acceptance on use of VRT application for
preventing falls among Chinese older adults. The participants’ group significantly showed improvement on health
outcomes and the perceived factors toward accepting the use of VRT application. To a certain extent, learning to
use new VRT was innovative but a new challenge for older adults, promisingly the direct engagement of VR
CAVE technology was effective and supported by evidence from previous research. To maintain a smooth study
continuity, the operation of VR session was closely monitored, and tailor made for the participants.

The study confirmed the evidence to adopt the use of VR acceptance questionnaire (HK-version) based on
TAM scale and reviewed literature to assess the perceived factors on influence the users’ experience and behaviour
in Hong Kong [30] The used questionnaire was valid and reliable (r> 0.361; p value < 0.05) in different perceived
factors except items PEOU1, PEOU3 and SN2. Responses to the question regarding the influence of friends and
acquaintances (SN2) might have been misinterpreted from the participants under the impact of pandemic in Hong
Kong because they had limited social connection and face-to-face interaction in community. They became less
socially active and not often meeting peers as usual in daily living. Predictably, the peer influence and seeking
friends support to trial new VR application might be minimized and overlooked. Based on the participants’
behaviour and the observation from the research team, the new VR CAVE application was not easy for participants
to manage at the beginning of the study. The technological support of VR CAVE technology was critical for an
inexperienced user and the research support team, for example difficult to operate hand controller accurately and
position the limbs sensor properly in different users. Though the new VR CAVE technology encountered some
technical limitations, it indicated a great potential to develop and invest the high-tech application in future in the
aged care field. Similarly, our study indicated that the participants encountered difficulty using VR CAVE, and

they required additional help and supervision to engage with VR game activities in the training period. Practically,
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the participants might experience differently or be less skilful using the VR CAVE application without prior VR
experience. More particularly, the self-rated score was lower in perceived ease of use (PEOU) than other perceived
factors. Tables 2 and 3 indicate the low internal validity and reliability of PEOU items.

Based on the findings, PU, PE, UE, and IU were the most important factors to attract and influence the usability,
users’ behaviours, and perceptions to use a new VRT. The perceived factors were significant increases at three
assessment time points. Although the PEOU and SNS were not a significant difference in the study, the overall
means showed a small increase across time occasions. Constantly, the feedback of participants was positive, and
they were willing to learn and fully engage with all VR sessions. Partly, the negative results might be reflective
of the limitation on VR CAVE technology and the social impact during Covid-19 restrictions in Hong Kong.
Therefore, the overall results of VR usability in older adults showed promising evidence on the usefulness and
acceptance to use new VRT application in falls prevention training.

Tabe 1 shows the participants’ group had a high risk of falls at T1 e.g., 54.8% of the participants had falls within
12 months. They reported to have biological and behavioural risk factors such as overweight, three chronic
diseases per each participant and lack of physical activity. These health problems might limit physical activity
and influence the factor of fear of falling, because they were worried about falling and experienced falls in the
past. Based on their personal needs and falls concerns, they showed good intention to participate the CAVE VR
study. Possibly, it could induce a sampling bias and might influence the results of the study.

On the other hand, our results were consistent with recent reviews and supported the usefulness of an innovative
VR intervention in falls prevention, showed greater effects on reducing the risk factors of fall (Law et al., 2014;
Stanmore et al., 2019). In particular, the physical and psychological outcomes were significantly improved or
reduced, indicating the lesser risk of fall in the VR study. The fear of falling indicated a significant decrease after
the VR training (T2) and the follow up (T3), but the participants maintained a high fall concern (FES-I ranging
from 42.0 to 32.90), indicating a high fear of falling. Therefore, the training effect of VR CAVE training on fear
of falling was unmet and not enough to reduce the fall concern from high to moderate level (FES-1 =20-27). The
consequence of the high fear of falling in older community-dwelling adults may be associated with decreased
physical activity and cognitive decline [31].

Regarding physical health performances, the study showed a significant result and positive outcome on
functional mobility (TUG), walk speed (6MWT) and balance (BBS). The predictive risk of an unexpected fall
could be minimized. In particular, the functional mobility (TUG=11.25) was borderline before the VR training.
After the VR intervention, the participants could walk faster and safer, and had a better physical condition. They
became more physically active and showed intention to accept and use VR in future.

In general, the participants enjoyed and fully engaged with simulated VR games redesigned for people with old
age [32,33]. Importantly, that VR simulator sickness was largely eliminated by a newly designed headset (3D
stereoscopic eyewear) in the VR CAVE technology application [34]. Besides, the researcher provided adjustment
and modification for the older adults using new 3D handy eyewear, sensor devices and spacious CAVE setting.
Therefore, the VR CAVE design in the VR session could increase participants’ engagement and stimulate better
user experience. In conclusion, the study supported that the VR CAVE application was a useful and innovative
falls prevention training application, the older adults perceived usefulness and enjoyment in the use of new

technology in aged care services.
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Limitations

Considering the challenges of recruitment and adopting VR technology in recent reviews [35-37], our study
had some limitations. Firstly, the sample size was small due to low recruitment rate under Covid-19 restrictions
in Hong Kong. As the study was implemented in a university CAVE VR research centre instead of community
aged care centres, the older adults showed more resistance and difficulty to participate in the study. Secondly, the
study was not a randomized control trial design, it might create a sampling bias due to a convenience sampling
method and no control group comparison. The validity and reliability of the results were minimized and
overestimated. Thirdly, the intervention method focused on a pilot VR program through CAVE system design to
assess usability and acceptance on the use of VR among the older population. Fourthly, the study reported
primarily on quantitative findings, more investigations such as a participant-observational or ethnographic study
would be recommended in a follow-up study.

To the best of my knowledge, this was the first experimental research using a pilot VR CAVE application for
older adults on fall prevention in Hong Kong. The supporting evidence and similar research were limited, the
findings might not be expanded and generalized to other full immersive VR technology applications [38]. In
addition, the new CAVE VR system technology was costly and heavily reliant on governmental funding support
in Hong Kong, the technological support was inevitable compared with other VR apps and devices (Oculus (Meta)
Quest & Sony PlayStation VR), and the manpower resources to support and operate the CAVE were also
challenging. Thus, attracting similar research employing CAVE VR technology would be challenging and

becoming a new trend in future healthcare services.
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Conclusions

The study reaffirms the promising evidence on the usefulness and acceptance of using full immersive VR
technology among Chinese older persons from Hong Kong [30,39-40]. They perceived the VR CAVE application
on preventing of falls was useful and innovative. The study also shows positive perceptions and users’ experiences
adopting new VR CAVE technology in older adults. To attract similar research interests using full-immersive VR
CAVE technology, a user-friendly accessible design of CAVE VR technology is recommended to invest in future.
For future development, similar studies should be replicated by comparing different VR applications with a larger
sample and a randomized control trial study design, to generalize greater evidence on usability and acceptance of

adopting new VR technology in rehabilitation and aged care services.
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Figure 1. Flow chart of study

T1-

Refused/drop out (n=6):
Showed no interest and
quitted the VR training (n=2)
Health problems (n=4)

T2 -after

T3- post 3-month

N

Inclusion Criteria:
Age between 65-85
With a past fall history
Walk independently.

No experience to use VR

Exclusion Criteria:
Medically unfit
Dizziness
Epilepsy, Parkinson’s disease
Severe sensory and physical
impairment

Analyzed
N

Analyzed
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Table 1. Baseline characteristics of the participants (n=31)

Characteristics VR Use (n=31)

Age (years), M (SD) 72.23 (5.162)
Gender n (%)

Male 1 (3.2%)
Female 30 (96.8%)

Education Level (years), (%)
Primary or below

Secondary or above

Living Status, (%)

Alone

With family

History of Fall, (%)

< 12 months

> 12 months

Body Mass Index (BMI Kg/M?)
Cognitive Status (HK-MoCA) M (SD)
No. of Chronic Disease, mean (SD)
History of Fracture, (%)

Yes

No

History of Chronic Pain, (%)

Yes

No.

35.5%
64.5%

22.6%
77.4%

54.8%
45.2%
23.03
23.48 (.631)
3.129 (1.995)

38.7%
61.3%

45.2%
54.8%
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Table 4. Cronbach’s a values before VR training (T1)

Items

T1

Cronbach’s a

Perceived usefulness (PU)
Perceived ease of use (PEOU)
Perceived enjoyment (PE)
Social norms (SNs)

User experience (UE)

Intention to use (IU)

181
730
.833
532
7178
.642
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Additional file 3:

Baduanjin Exercise Group

Part A: Traditional Chinese Qigong - Baduanjin
Photo A: English version

6. Clench one's fist 7. Pull toes with 8. Shake head and 9. Rise and fall on
buttocks tiptoe

and glare both hands

10. Ending posture

Picture B: Chinese version

LYEFRAE=R 2EGHRSHNE 3 JSEREHASE

S.HEERE L OK 6 MTFRERE 7 MERENMRED
(HSRA: ARG ESERRAT)

4. fC{Hm &R

8. Bt CAH e
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Photo C: Practice session 1
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Part B: Fall prevention strategies.

Photo E: Practice tips for preventing falls

Photo F: Group sharing
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4.2 Links and Implications

Perceived usefulness (PU), perceived enjoyment (PE), user experience (UE), and
intention to use (IU) demonstrated significant changes at different time points. These factors
play a crucial role in influencing participants' acceptance of the use of VR technology
applications. Interestingly, perceived ease of use (PEOU) and social norms (SNs) yielded
inconsistent results, with some items showing low validity. Predictively, the operation of VR
CAVE technology and the technological demand posed challenges for older users and the
researchers. This paper supported theoretical frameworks, including TAM, and the proposed
VR CAVE FALL PREVENTION MODEL. Unlike other studies, participants in the VR group

exhibited a significant reduction in the risk of falls, including the fear of falling.

74



CHAPTER 5: PAPER 3- VIRTUAL REALITY TECHNOLOGY-
BASED TRAINING FOR REDUCING THE RISKS OF FALLS
AMONG OLDER PERSONS WITH MILD COGNITIVE
IMPAIRMENT: AN EXPERIMENTAL STUDY

5.1 Introduction

This paper aimed to evaluate the effectiveness of VR CAVE program for reducing the
risks of falls among older adults with mild cognitive impairment. The sampling size was larger
than the pilot RCT study, but this paper employed a quasi-experimental study instead due to
challenges and limitations faced on voluntary participation and full loading for utilisation of
VR technology at university research centre. This research applied the similar research method
and data analysis from paper 1 and paper 2. The data sources and operational procedures were
shared, good research experience was learned from previous studies. This study faced much
more difficulties and restrictions than previous studies because the data collection had been
suspended for three months and increased dropout rate owing to unfavourable research
environment at pandemic between Jan and May 2022 in Hong Kong. At last, the findings
showed promising evidence on the effectiveness of VR CAVE technology-based training for

reducing the risks of fall in community aged care services from Hong Kong.
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Submitted Paper
Virtual Reality Technology-based Training for Reducing the Risks of Falls among Older

Persons with Mild Cognitive Impairment: An Experimental Study

Key Points for Occupational Therapy
® Virtual Reality (VR) technology application has positive training effects on fall prevention for
older persons.
® (Qccupational Therapy assisted by VR can play a significant role on prevention of falls for older
persons with mild cognitive impairment and dementia.
® (Qccupational Therapists can support the creation, inclusion, and adoption of accessible health

technologies in future occupational therapy practice.

Abstract

Introduction: Virtual Reality (VR) technology has potential for reducing the risks of falls of
older persons. There are indications of a positive training effect of a cognitive-motor intervention
method to improve the postural balance and cognition for safer walking. There is little evidence,
however, supporting the long-term effect of VR application or the existence of a research-based falls
prevention training protocol using VR among older persons with mild cognitive impairment. This study
focused on evaluating the outcomes of deploying VR technology-based applications for preventing falls
of older persons with mild cognitive impairment.

Methods: A quasi-experimental design was applied to investigate how the participants
experienced a full-immersive Cave Automatic Virtual Environment (CAVE) VR intervention program.
Volunteer participants were recruited from three community aged care facilities in Hong Kong. Fifty-
five participants were successfully recruited by convenience sampling and randomly assigned into the
VR intervention group (n=25) or the control group (n=30). The experimental group participants
attended 16 VR falls prevention training sessions over eight weeks using a VR CAVE technology
application. The control group participants received no VR falls prevention program, only the regular
service from respective centres. All participants identified with a risk of mild cognitive impairment
undertook three falls risk assessments, one each in screening session (T1), after intervention (T2) and
three months (T3) follow up. The primary outcome assessed any falls after the study, the secondary
outcomes assessed included changes in cognition and executive function, walk speed and balance

performances, and the psychological factor such as fear of falling relating to the risk factors of fall.
Results: The VR intervention group showed significant greater improvement (p<0.05) than the

control group on measures of cognitive-motor performance, such as cognitive level (HK-MoCA),

executive function (TMT-A and TMT-B), balance (BBS) and walk speed (6MWT) across group and
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time interaction. There were, however, no significant differences on level of functional mobility (TUG
p=.938) and the fear of falling (FES-I p=.148) between the two groups.

Conclusion: This study provides promising evidence on the effectiveness of VR CAVE
technology-based training for reducing the risks of fall among older persons with mild cognitive
impairment in aged care services from Hong Kong. The remarkable results support less recurrent falls
and risks of fall in the VR intervention group. VR technology-based application supports evidence-

based practice and it is considered to be an emerging area in future occupational therapy practice.

KEYWORDS
Virtual reality (VR); cognitive-motor training; older persons; mild cognitive impairment

(MCI); fall risks; fall prevention; full-immersive: Cave Automatic Virtual Environment (CAVE) VR
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Introduction

Managing falls in older persons with cognitive impairment is a public health challenge that continues
to attract research interest (Montero-Odasso & Camicioli, 2020). Fall is defined as an event which
results in a person coming to rest inadvertently on the ground or floor or other lower level. Falls, trips
and slips can occur on one level or from a height (WHO, 2021). Significantly, older fallers with
cognitive impairment are five times more likely to be institutionalized than older fallers without
cognitive impairment (Myers et al., 1991). The literature suggests there is a strong relationship between
executive function and falls; executive dysfunction doubles the risk for future falls and increases the
risks of fall injury by 40% in older persons living in the community (Muir, Gopaul & Montero-Odasso,
2012). There is some evidence showing that cognitive-motor interventions such as virtual reality-based
interventions could reduce the risks of falls in older persons with mild cognitive impairment and
dementia (Thapa et al., 2020). However, the empirical research using VR technology intervention on
the occupational therapy area is very limited (Miranda-Dura et al., 2021). The study aims to investigate
the effects of Virtual Reality Technology (VRT) based training as a meaningful occupation and an
alternative cognitive-motor training to reduce the intrinsic risk factors of falls by altering the cognition,
postural balance, and fear of falling among older persons with mild cognitive impairment.

Virtual Reality (VR) is a high-end computer interface that involves real-time simulated environment
and interactions through multiple sensory channels (Mirelman et al., 2016). VRT can be either semi-
immersive or fully immersive. This research used a fully immersive VR technology named Cave
Automatic Virtual Environment (CAVE). The CAVE technology asks the participants to wear
stereoscopic glasses which enable them to see 3D graphics and images so that they can walk all the way
around the objects in a simulated scenario and get a full view and a better understanding of exactly how
those objects would look and what the real time environment is like. The adoption of VRT can be an
innovation for the occupational therapy (OT) profession. OT researchers could advocate to pilot use an
innovative training tool for preventing falls in older persons at the pandemic. OT is increasingly using
assistive technology and Kinect motor sensor technology for older persons on home modifications, safe
footwear device e.g., fall sensor, Kinect with Xbox or Nintendo Wii and tele-rehab educational program
for falls prevention (Elliot et. al, 2018). This study becomes a pilot and pioneer research project using
commercially VR CAVE application on fall prevention for older persons with cognitive impairment.
The study explored an emerging area for adoption of accessible technology in future occupational
therapy service (Liddle, 2023).

VRT intervention is an innovative approach in health-related applications, growing rapidly especially
in rehabilitation and aged care (Gao, Lee, & McDonough, 2020, Miranda-Duro et al., 2021). The
immersive VRT provided simulated real-life environment and scenarios, which engaged the users with
the sensation of physical existence (Baus, & Bouchard, 2014; Moreno et al., 2019). VRT may be a
useful adjunct to falls prevention approaches in health-related applications. Similarly with previous

European projects such as the iStoppFalls, Farseeing and PreventIT project, this research explored using
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technology to improve older persons’ physical health and functioning (Boulton et al., 2019). For
instance, iStoppFalls project used exergames to reduce falls in older adults. These projects provided an
essential background and supporting evidence to fall prevention by adoption of technology. Exercise
programs and interprofessional fall prevention programs are recommended as a useful fall prevention
intervention strategy, clinicians such as physiotherapists and occupational therapists can use a
professional-led fall prevention program in aged care services (Ohman, Savikko, & Strandberg, 2016,
Miranda-Duro et. al., 2021, Montero-Odasso et al, 2022). Due to the Covid-19 outbreak between 2020-
2022, the human-guided fall prevention program had been severely restricted or reduced in community
aged care service. This could lead to an adverse effect on older persons’ physical activity and cognitive
functioning, but also induced loneliness, boredom, and social isolation. The new development of VRT
exercise-based training can be an alternative training platform to provide a virtual simulated training
environment for the older persons in a post-pandemic. The use of VRT is becoming more affordable
and can be easy to operate as compared with therapist-lead exercise. It offers potential as a safe and
interactive (alternative) approach to fall prevention strategy in adoption of future healthcare application.

There have been reports that wearing a head-mounted device may induce discomfort and agitation in
older people (Bourrelier, & Ryard, 2016). To minimize the impact of motion sickness or dizziness when
using VR technology applications, the VR CAVE technology is designed to be more user-friendly as
3D stereoscopic glasses are more convenient and comfortable for older persons than the headsets. There
exists a knowledge gap in developing useful clinical practice application for fall prevention by using
VR technology to reduce the fall risks among older persons with cognitive impairment (Hamm et al.,
2016). The objective of the study is to investigate the effects of VRT exercise-based training among
older persons with mild cognitive impairment. The OT profession may consider the adoption of

accessible VR CAVE technology in future occupational therapy practice.

Methods

This experimental study involved a parallel group design with 3-interval measurements from pre-test,
post-test and post 3 months follow up. Originally, the study plan was to conduct a pilot randomized
controlled trial study. Unfortunately, Hong Kong had a social distancing policy and other public health
policies enacted in 2020 and 2022 due to the COVID19 pandemic. Older persons travelling to public
areas was not recommended during the pandemic, and participants and other collaborative parties were
more hesitant to participate in the research study under COVID-19 restrictions. The study adopted a
convenience sampling method as a feasible alternative. The study was required to request additional
safety requirements and procedures for protection of participants to fulfil the extra requirements of
human ethics application.

The operators of community aged care facilities offered two service modes including online telecare
and limited center-based social support services. With special permission and approval from all

stakeholders, all VR training, measurements, and clinical observations were taken either in the VR
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research centre at the Hong Kong Polytechnic university or three community aged care centers in Hong

Kong.

Participants

Two hundred and three participants were recruited from three community aged care centres in Hong
Kong. They were invited for screening sessions of fall risks assessments co-organized by the research
team and three operators of aged care facilities. All participants received an invitation directly from
center staff or through a promotion leaflet of the VR technology-based fall prevention research program
held between June 2021 and March 2022. Initially, the participants gave consent to enrol in the
screening sessions and indicated interest and willingness to participate in the fall risk assessment and
VR intervention study. Mostly, they were worried about falling and had experienced falls because of
general health decline in ageing. The research team provided detailed explanations of the research
purpose for the participants prior to the screening assessments. Eligible participants were volunteers

who met the selection criteria and were provided with an informed consent form.

Inclusion Criteria

The target population included the service members from three service settings in Hong Kong. The
inclusion criteria were (1) aged 65 years to 85 years inclusive; (2) had a history of a fall within the past
two years; (3) living in a non-residential age housing; (4) at risk of mild cognitive impairment, assessed
by a validated screening tool of Hong Kong Montreal Cognitive assessment test (HK-MoCA score <25),
indicating a risk of mild cognitive impairment or early dementia; (5) walk independently e.g. able to
access VR research center or community aged care facilities freely. These criteria must be satisfied

prior to enrolment procedure taken in community aged care facilities.

Exclusion Criteria

Participants were excluded if they had a medical diagnosis of unstable health conditions such as
dizziness, Meniere’s disease, epilepsy, Parkinson’s disease, severe hearing impairment, visual
impairments, or mental disorder. These exclusions were for participants’ safety and to meet the set
requirements governed by the university ethics approval committee and formal approval from all

stakeholders.

Intervention

The intervention program was called the VirCube VR for Rehab program, commercially designed
by Motion Force Technology Limited in Hong Kong. The VR company had responsibility to provide
the continuous technical and maintenance services covered in a warranty period. The ownership of the
program was wholly managed by the Department of Rehabilitation Sciences of The Hong Kong

Polytechnic university. The researcher of the study declared no conflict of interest with the VR company;
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all research logistics, communication, and operations were restricted to VR research office of the
university.

The VR research center set up the VirCube VR for Rehab program for different research purposes
under the Department of Rehabilitation Sciences. It was a VR & AR (Augmented Reality) platform that
allowed participants to fully immerse and interact with VR in a stimulated virtual living environment.
To match with the aims of the experimental study, cognitive-motor training programs were chosen for
the intervention program. The VR training modules for this study included fire emergency handling,
outdoor walking, balancing game activities and community daily practices. The training modules
involved dual task components; the participant was expected to train up his/her cognitive motor
performances in an intensive VR technology-based training program. VR group participants received
2-sessions per week, 16 training sessions in total. Each session consisted of three to four training
modules. Each module took 10 minutes to complete with a short break before the next module. Each
training session lasted approximately 45 minutes. VR training sessions were standardized and
supervised by the same research team. The application of the VirCube VR program was guided by the
VR game instruction and training protocol (additional file 2).

The control group participants did not receive any VR intervention in community aged care centres.
They received limited center-based social care service in community aged care centres as most regular
services were provided online or cancelled during Covid-19 restrictions. Some services were resumed
- regular online zoom social meetings, center-based health check service and social support services in
June 2021. The control group participants were invited by staff of respective DECCs to take pretest,
post-test and follow up measurements in same period of VR group (T1, T2 and T3 intervals) in
respective centres. All outcome measurements were administered by same research team in the study.

The research team involved a principal investigator and two occupational therapists.

Procedure

The VirCube VR for Rehab program and all VR CAVE facilities were built-in on a VR research
centre at the Department of Rehabilitation Sciences of the Hong Kong Polytechnic University. Eligible
participants had signed the consent form and given permission for the research team to provide the VR
training. The participants were required to arrange public transportation to attend the VR training
sessions. If a participant needed special assistance to access the VR laboratory, the research team would
arrange a pickup service, particularly for the first VR session which provided a demonstration and trial
run service including how to wear VR headset and motion trackers. At the onset of the COVID
pandemic, all participants were required to apply for a special permission permit to access the VR
research centre at The Hong Kong Polytechnic university and meet the requirements of the health
declaration. Before the first VR session, participants were given a simple demonstration, VR trial and
a briefing on safety precautions to make sure the participants could undergo the VR Cave program

without physical discomfort or complaint.
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For each session, all participants were kept under close supervision and supported by a trained
researcher. They were allowed to take a rest or stop at any time if necessary or before the next VR
module training. The VR research centre was considered a safe environment and comfortable for all
participants. The participants in the waiting area could observe the other participants playing VR game
activities. After the VR training session, the researcher asked the participants’ feedback on experiencing
full immersive VR game activities and checked and cleaned all VR wearing devices before the next
session. Pictures A to G display the VR wearing devices, VR CAVE physical set up and cognitive-
motor VR games (additional file 1). The VR game instruction and training protocol is documented in

additional file 2.

Data Collection and Outcome Measures

All participants were assessed and provided information including demographic and health
information on the screening assessment at three respective centres. The basic information included age,
gender, living status, education level, falls history and the reason, cognitive status, and medical history
(e.g., fracture, multiple pain, and other health conditions). Primarily, the staff of community aged care
centers recruited their members according to inclusion criteria set in the study, particularly those with
a past fall history and showing interest to take part on the fall risk assessment by research team. The
fall risk measurements focused on cognitive and motor performances relating to intrinsic risk factors of
falls (WHO, 2008). The psychological factor of risk included fall efficacy indicating the fear of falling
(Scheffer et al., 2008; Yardley et al., 2005).

Cognitive Measures

Cognitive function was measured using the Hong Kong Montreal Cognitive Assessment (HK-MoCA
full version). This validated assessment tool covered four domains including attention, executive
functions/language, orientation, and memory. The total score ranged from 0 to 30, with a higher score
indicating better cognitive function. This screening tool had a good validity in detecting people with
mild cognitive impairment (Yeung et al., 2020). A score of 25 or below indicated a higher risk of
cognitive impairment or decline. Testing executive function of research participants was one of the
indicators to detect the change of cognitive level after VR intervention. The study chose the executive
function test: The Trail Making Tests (TMT-A and TMT-B) for measuring the changes of cognitive
performance (Lei, & Erin, 2000).

Physical Measures
The study measured the risk factors of falls by assessing the postural balance, walking speed and
functional mobility in 3-intervals (T1, T2 and T3). We used three validated assessment tools for older

persons such as Berg Balance Scale (BBS), 6-minute walk test (6MWT) and Time Up and Go test (TUG)
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to assess the change in health outcomes using the VR technology-based intervention (Bandara et al.,
2020).

The Berg Balance Scale (BBS) assessed the balance level of participants. It consisted of 14
predetermined tasks; each scale ranged from 0 (unable) to 4 (independent). The higher the score, the
better the balance. Originally, this scale was designed for older persons aged 65 or above. The cut-off
score below 45 indicated the individuals with a greater risk of falling. A score below 51 with history of
falls indicated a predictive risk of fall (Muir et al., 2008).

Another validated fall risk assessment tool was measured by the Time Up and Go test (TUG).
The participants were asked to get up from chair, walk 3 meters, turn around, walk back to chair, and
sit down, and the time taken was recorded (Bischaff et al., 2003). The older persons with age between
65 to 85 living in the community were expected to be able to perform the TUG test within 12 seconds
which indicated a reduced risk of fall. Shorter walking time for participants indicated better balance
performance and lesser fall risk. The six-minute walk test (6MWT) measured a longer walking distance

with better physical condition.

Psychological consideration

Fear of falling was measured by the Fall Efficacy International Scale (FES-I). It was a 16-item
questionnaire where participants were instructed to score their concern of falling during an activity
on a 4-point Likert scale with 1 as not concerned at all and 4 as very concerned. The item scores
were summed up to obtain a total, with the higher the score, the higher the fear of falling. The cut
off score of older persons living in community divided into three levels, a score 16-19 indicating low
concern of falling, a score 20-27 indicating moderate concern and a score 28-64 indicating high concern
(Yardley et al., 2005). The study used the validated FES-I tool to compare the level of fall concerns

between intervention group and the control group.

Statistical Analysis

The primary outcome recorded the number of falls, and secondary outcomes recorded the change in
cognitive motor performances and fall efficacy after intervention and follow up. The statistical
outcomes were analysed using SPSS version 27 and a p value set <.05. All eligible participants’
information was summarized using descriptive statistics (Table 1.). The baseline demographic
characteristics of participants included age, gender, educational level, living and cognitive status,
history of fall and other health history such as chronic pain, osteoporosis, and fracture.

To compare the health outcomes between two groups from pre-test, post-test and follow up, the
repeated measures analysis of variance (ANOVA) was used for data analysis. The time factor was used
as the independent variable, the dependent variables including cognitive, executive, and physical

functions. When any variable between two groups found a significant difference at baseline
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measurement, the comparison of covariance was applied. There was missing data found in the study,

an intention-to-treat analysis was performed according to a last observation carried forward method.

Ethical Approval

This study was approved by the Human Subjects Ethics Review Committee of research institutions
(reference number XXXXXXXXX and XXXXXXXX- removed for peer review). Informed consent
was obtained from all participants. To ensure safety and suitability, the participants were provided with
a VR trial before the first VR training session. All participation was voluntary, and participants were

allowed to quit the VR intervention and terminate the study any time.

Results
Characteristics of the Participants

Sixty-five participants were considered eligible and were given a formal consent to enrol in the study
(Figure 1). Fifty-five participants were completed all measurements, a mean age of 74.84, 89.1% of the
participants were female, 52.5% of the participants had an education level of secondary or above, and
32.7% of the participants were living alone in community (non-residential aged care facility). They
were classified as a higher risk of mild cognitive impairment or dementia (mean score HK-MoCA=
21.22), and with the history of fall within 12 months (50.9%). There was 38.2% had been reported
chronic pain and 29.1% had a history of fracture due to a fall.

Some of the sixty-five eligible enrolled participants dropped out unexpectedly due to medical reasons
(n=3) and loss of interest (n=2) in the VR group, some (n=5) in the control refused to continue due to
anxiety of Covid spreading. In total 10 participants dropped out throughout the study; relatively the
refusal rate in the VR group (n=2) was lesser than the control group (n=5). Finally, 84.62% (n=55)
participants were analysed for investigating the relationship between Virtual Reality technology-based
training and the risk factors of fall.

As shown in Table 1, there were no significant differences between two groups in any of the
demographic information. All participants were female in the intervention group, they had a higher
education level (60% with secondary level) than the control group (46.7%). The intervention group had
higher incident rate (53.3%) of fall history (<12 months), the history of fracture (40%) and chronic pain
(44%). The control group had a higher incident rate (50%) of history of Osteoporosis than the
intervention group (35.3%).

Health Outcomes
Baseline Data
As shown in Table 2, there were no significant differences (p>.05) between two groups in executive
function (TMT-A and TMT-B), balance (BBS) and 6-minute walk (6MWT) tests. Three other outcome
measures included cognition (HK-MoCA), functional status (TUG) and fall efficacy (FESI) showed
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significant different (p<.05) at baseline measurement. The HK-MoCA mean score (VR M=22.68;
control M=20.00) of cognitive status in the two groups indicated a higher risk of cognitive decline such
as mild cognitive impairment or dementia. The cut-off score of HK-MoCA screening tool was 22,
indicating a higher risk of cognitive impairment, recommended for further medical investigation (Sarah
etal., 2015, Yeung et al., 2020). The functional mobility (TUG, mean score=15.01) of the control group
indicated a higher risk of fall. Regarding the fall efficacy international scale (FES-I), the two groups
indicated a high concern of falling (high concern of fall when FES-I >28). Some variables in two groups

were not totally identical at the baseline measurement.

Regarding the primary outcome of the study, the falls incident in the intervention group (n=2)
reported a lesser rate of fall than the control group (n=5) after the study. The hospital admission of
participants (n=3) reported in the control group only.

The secondary outcomes of the study were illustrated on the table of multivariate and univariate of
dependent variables between groups and time effects (Table 3). There were significant differences in
cognition (HK-MoCA, p=.008), executive function (TMT-A, p=.38, TMT-B, p=.006), balance level
(BBS, p=.032), and walk speed (6MWT, p=.001) between the two groups at pre-test, post-test and
follow up. These outcomes indicated greater improvement effects between groups and times in the
intervention group. However, there were no significant differences in functional mobility (TUG, p=.938)
and fall efficacy level (FES-I, p=.148) between groups and times occasions. The effect of executive
function (TMT-B, p=.172) had an inconsistent result within group in the follow up. The intervention
group (TMT-B, mean difference=-10.28s) showed faster time than the control group (TMT-B, mean
difference= +30.18s). For the balance outcome measure, the mean score (BBS, at post-test=52.84 and
follow up =53.21) indicated less predictive risk of falls (BBS score > 51) in the intervention group. The
mean score of Time Up and Go Test (TUG) of the intervention group at post-test (9.27s) and follow up
(8.46s) below 12s indicated a lessor risk of falls compared with the control group. The HK-MoCA
means scores of the intervention group at post-test (25.72) and follow up (25.96) were above the cut-
off point >22 indicating a lessor risk of mild cognitive impairment or decline than the control group.
Although the fall efficacy showed no significant difference between the two groups, the intervention
group showed greater improvement in the mean scores of FES-I (mean score=39.00 at post-test and
mean score=33.48 at follow up), but the mean score indicated no significant decrease in fear concern
of falling (FES-I>28) after intervention. Figure 2 to Figure 8 showed the changes of different variables

over time between groups (additional file 3)

Discussion
Overview
The evaluation study showed significant improvement on reducing the risks of falls among older

persons with mild cognitive impairment by deploying the Virtual Reality technology-based applications
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(VirCube VR). The results supported the greater improvement of health outcomes using technology-
based cognitive motor training. Alternatively, the VR CAVE technology application was recommended
as an effective training method on falls prevention program for older persons with mild cognitive

impairment (Kim, & Pang, 2019; Kwan et al., 2021; Ng et al., 2019).

Full Immersive VR Training on Falls Prevention — VR CAVE Application

To the best of our knowledge, this was the first pilot study using the new application of VirCube VR
program focusing on the risks of falls among older persons with mild cognitive impairment in Hong
Kong. The VirCube in Rehab program designed VR simultaneous cognitive-motor games for service
users. The researcher selected simulated VR games relating to the aims of the research project,
designing, and modifying a stimulated falls prevention program for the participants in the intervention
group. Our results were consistent with recent reviews and found that the VR participants’ results
supported the usefulness of VR intervention in falls prevention, showed greater improvement on health
outcomes and fully engaged with simulated VR games redesigned for people with old age (Law et al.,
2014; Stanmore et al., 2019). However, the study design encountered shortcomings in invested
manpower resources in addition to the VR system and facilities accessibility during COVID pandemic
in Hong Kong.

With similar findings on literature review, the study supported a falls prevention training protocol
using VR CAVE technology as 2-day per week for 8 weeks, each VR session within 45 minutes, 16
training sessions in total (Kim & Pang, 2019; Law et al., 2014; Yang et al., 2020). For the VR CAVE
technology program, each participant was suggested to take a break to avoid mental fatigue in between
every VR game. The feedback of VR participants was positive and encouraging. Totally, five
participants (16% drop out rate) were reported to terminate the VR training due to health and personal
reasons. The study supported that VR simulator sickness was eliminated by a newly designed headset
(3D stereoscopic eyewear) in the CAVE VR technology application. The study allowed flexibility for
participants to complete 16-session longer than 8 weeks because of the unexpected occasion during
pandemic in Hong Kong. In the end, a high completion rate (100%) of the participants was achieved in
the study. The participants also reported good satisfaction on improving their health outcomes using
VR CAVE technology training program. However, this study did not cover qualitative data to support
the participants’ subjective feedback. It could a good idea to conduct a focus group or participants’

survey on their perceptions and acceptance to use technology in the follow up e study.

Effects of VR technology-based Training on Reducing the Risk of falls of VR Participants

Our research findings confirmed the evidence that VR technology-based training was effective at
stimulating cognitive motor training for the participants (Irazoki et al., 2020; Kim, & Pang, 2019). It
further supported the evidence on effects of the VR technology intervention for reducing the risk factors

of falls among older persons with mild cognitive impairment. According to a literature review, the
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cognitive function was associated with a risk of falling and poor postural balance indicated a higher risk
of falls (Delbaere et al., 2012; Montero-Odasso, & Speechley, 2019; Fu et al., 2015). People with mild
cognitive impairment showed higher risk of falls than community-dwelling older people (Welmer et al.,
2017). Our findings also provided promising effect in follow up. Beyond that, the VR CAVE training
experience was so interactive and stimulating among VR participants. The participants showed good
motivation, cohesiveness, and training compliance on VR falls prevention training program. Positively,
they showed good learning effects and greater improvement on health outcomes after VR technology
intervention.

However, the findings did not show significant improvement in functional mobility and fear concern
of falling between two groups. At the baseline measurement (T1), the functional mobility and the fear
concern of falling between two groups showed significant difference. VR participants showed higher
functional mobility level and fear concern of falling. The intervention effect of VRT was not significant
due to a selection bias. Statistically, the mean score of the fear concern of falling between two groups
showed similar after the VRT intervention. To certain extent, the VR group had shown greater
improvement than the control group on the fear concern of falling. But two groups remained the higher
fear level of falling (FES-I>28). On the other hand, the original design of VR CAVE program focused
on cognitive motor intervention (dual-task component) which might be missing the training component
to address the fear of falling. The 16-item fall efficacy international scale (FES-I) was a subjective
assessment scale and targeted for general ageing population, these items focused on daily living tasks.
Participants with cognitive impairments found it difficult to interpret and understand each questions
particularly many restrictions for community living during the pandemic period in Hong Kong. The
FES-I international scale might not be the best standardized assessment tool to assess the fear of falling
specifically for older persons with cognitive impairment. Overall, the results might be impacted by
selection bias, the assessment tool and other environmental limitations. The intervention was conducted
in the VR research centre at The Hong Kong Polytechnic University. The participants spent a long time
travelling and it was physical demanding to undertake all the training sessions. Comparatively, those
participants with fair physical condition and higher risk of falls would become reluctant to opt for the
intervention group. The VR participants showed better functional mobility (TUG) in the intervention

group than the control group at baseline measurement.

Challenges and Limitations

Compared with similar VR research (Chau et al., 2021; Ng et al., 2019; Zahabi, & Abdul, 2020), the
recruitment of participants for this study was challenging. The sample size of the study was small, but
the dropout rate (15.38%) seemed comparatively low. Convenience sampling can lead to a volunteer
bias and affect the generalizability of the findings in local ageing population (Nikolopoulou, 2022). The
intervention group achieved a 100% attendance rate of VR training. The participants actively engaged

with the training with a positive perception towards the application of VR technology. The other

87



benefits of study showed good social and peer support, enjoyment on learning VR technology in the
study. Certainly, the positive effect of face-to-face interaction and interactive learning could promote
being mentally and physically active and eliminate social isolation and boredom during the pandemic
(Gao, Lee, & McDonough, 2020; Ng et al., 2019). These observations were identical with the findings
indicating the VR CAVE training was effective with a positive training effect. Future study is
recommended to investigate the participants’ acceptance of and perception towards using full
immersive VR technology intervention.

However, the study has some limitations. Firstly, the study was a non-randomized control trial design,
affecting the validity of the findings due to sampling bias. The researcher admitted the predictive
limitation because the study had encountered many restrictions to implement a face-to-face
experimental study in Hong Kong. Secondly, the improvement of cognitive and executive function tests
as repeated measured by MoCA and TMTA/B results could be affected by repeated learning (Sarah,
2015). Thirdly, the group size between the intervention group and control group was different, the VR
participants showed higher motivation and engagement to take part in the research, these factors could
be contributing to a potential bias effect. Fourthly, the VR CAVE intervention had limited functions
and focused on intrinsic factors of fall risks reduction because it was tailor-made a dual-task virtual
simulated training program. According to the World Health Organization (WHO), falls prevention was
complex to manage and a multifactorial program was used to reduce the multiple risks of falls because
of their complexity (WHO, 2004; Morello et al., 2019)

Finally, the challenges and demands for participants in the intervention group were greater than the
control group. The research team consumed manpower resources and faced difficulties to tackle the
research logistics including the participants’ accessibility, VR CAVE facility arrangement and other
technical issues. The data collection of follow up was heavily suspended owing to a Hong Kong lock
down between January 2022 to May 2022. The Hong Kong Polytechnic university and the community
social service centres suspended all research projects and daily services in Hong Kong. The 3-month
follow up measurement in the two groups was delayed. It might have upset the dropout rate because
some participants refused to continue the study during this period. As an alternative, the research team
adopted a special arrangement to maintain contact with the participants by telephone call and other
social mean e.g., WhatsApp group. Thus, the research adopted the intention-to-treat method for data

analysis.
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Conclusion

The pilot study supported the promising evidence on the effects of Virtual Reality technology-based
training on reducing the risk of falls among older persons with mild cognitive impairment by deploying
VR CAVE application. Its application was proved to be effective technology-based in preventing falls
and had a positive cognitive-motor training effect. VirCube VR for Rehab program in falls prevention
was supported with evidence as a potential VR technology-based application in aged care and
rehabilitation services. The case of using VR technology-based intervention was strengthened, as an
innovative occupation and alternative treatment approach on future occupational therapy practice.
Occupational therapists can expand the scope and make use of VR technology-based applications in
different rehabilitation services. However, the demand of technological support using VR applications
is high and crucial particularly for ageing population. To the end, similar studies should be replicated
by employing a larger sample and randomized control trial design to generalize the greater evidence on

VR technology-based application in future occupational therapy practice.
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Figure 1. Flow chart of the study. VR: Virtual Reality

Screening _

Inclusion Criteria:
®  Age between 65-85
®  With a past fall history
Enrclimest (T1) ®  Cognitive status (MoCA<25)
®  Walk independently.
®  Living in a non-residential
e care housing
Intervention | | Exclusion Criteria:
I | ®  Severe heaning & visual
impairment.
®  Dizziness
Refused/drop out (n=10): ®  Meniere’s disease, Epilepsy,
No interest and withdraw VR training (n=2) Parkinson’s disease
Medical problems (n=3) ®  Mental disorder
Refused due to covid (n=5)
T2 (after intervention) VR (0=25) Control (n=30)
T3 (3-month Follow up) Analysed (n=25) Analysed (n=30)
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Table 1. Baseline characteristics of the participants (n=55)

Characteristic Intervention Control *P value
(n=25) (n=30)

Age (years), M (SD) 71.96(5.11) 77.23(4.59) .067

Gender n (%) .180

Male 20%

Female 100% 80%

Education Level (years), n 179
(%) 40% 53.3%

Primary or below 60% 46.7%

Secondary or above

Living Status, n (%) .208

Alone 24% 40%

With family 76% 60%

History of Fall, n (%) .218

<12 months 53.6% 33%

> 12 months 46.4% 67%

History of Chronic Pain, n 418
(%) 44% 33%

Yes 56% 67%

No

History of Fracture, n (%) .104

Yes 40% 20%

No 60% 80%

History of Osteoporosis, n 311
(%)

Yes 35.3% 50%

No. 64.7% 50%

Pearson’s chi-square (two-sided) was used for categorical data. * p<.05
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Table 2. Baseline outcome measures of participants (n=55)

Outcomes, M?

+SDP

Variables All Intervention Control P

(N=55) (n=25) (n=30) value<.05

Cognition: HK-MoCA® 21.22 22.68(.69) 20.00(.63) .006

Executive Function

Trail Making Test A 67.91 65.84(8.45) 69.63(7.71) 742
(TMT-A) 112.64 104.28(75.44) 119.61(69.60) 421

Trail Making Test B
(TMT-B)

Time Up and Go Test 13.41 11.48(.93) 15.01(.85) .007
(TUG)

Berg Balance Scale 50.71 50.71(.98) 50.70(.90) .988
(BBS)

6-minute walk test 310.51 318.52(12.18) 303.84(12.03) 415
(6MWT)

Fall Efficacy Scale 40.11 43.04(2.31) 37.16(2.10) .043

International (FES-I)

M?: Mean. SDP: Standard Deviation. HK-MoCA®: Hong Kong- Montreal Cognitive Assessment.
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Table 3. Comparison of outcome measures between and within groups (intervention group n=25, control

group n=30)
Outcome Pre-test M +SD Univariat *P<.05
measures Group Post-test Follow up Multivariate  within group Between
group

Cognition .

(HK-MoCA) VR 22.68(.69) 25.72(.79) 25.96(.81) 008** 000** 000**
Control 20.00(.63) 20.97(.72) 21.2(.74)

Executive

Function VR 65.85(8.45) 47.29(6.93) 42.94(6.24)

TMT-A Control 69.63(7.14) 61.68(6.32) 64.52(6.07) 038* 000** 038*

TMT-B VR 104.28(13.96) 83.16(14.49) 72.88(15.41)
Control 119.61(12.74) 109.83(13.22) 140.01(14.66)

006** 172 041*

Balance Level

BBS VR 50.72(.98) 52.84(1.65) 53.21(1.16) 032* 311 047*
Control 50.70(.90) 47.33(1.15) 50.13(1.05)

Walk Speed

6MWT VR 318.51(13.18) 365.10(12.82) 373.68(13.02) 001** 002%** 002%**
Control 303.84(12.03) 298.42(11.07) 305.19(11.89)

Functional

Mobility VR 11.48(.93) 9.27(.56) 8.46(.71)

TUG Control 15.01(.85) 12.61(.51) 12.07(.66) 938 000** 000**

Fear of Fall VR 43.64(2.31) 39.00(2.35) 33.48(2.01) . . .299
Control 37.16(2.10) 38.80(2.15) 33.53(1.84) 148 001**

(FES-1)

Outcome measure: A better outcome is represented by an increase in HK-MoCA, BBS and 6MWT; decrease in TMT-A & TMT-B, TUG, and fall
efficacy.

M= mean. SD= Standard Deviation

*P value: significant at <.05 level of significance.

**p <.005
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Figure 2. Change in cognitive function (HK-MoCA), a higher score indicates better cognitive function. VR group

showed greater improvement than control group in the study (P value <.005).
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Figure 3. Change in postural balance (Berg Balance Test), a higher score indicates better balance level. VR group

showed greater improvement than control group in the study (p value<.05).
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Figure 4. Change in walk speed (6-minute walk test), a longer distance indicates faster walking speed. VR group

showed greater improvement than control group (p value <.005).
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Figure 5. Change in functional mobility (Time Up and Go Test), a shorter time (<12s) indicates better functional

level and lesser risk of fall. Two groups showed no significant difference in the study (P value >.05).
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Figure 6. Change in fear of falling (Fall Efficacy Scale), a lessor score (FES-1<28) indicates lower level of fall concern.

Two groups showed no significant difference in the study (p value >.05).
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Figure 7 & 8. Change in executive function (Trial Making Test A & B), a shorter time indicates better level of

executive function. VR group showed greater improvement than control group in the study (p value <.05).
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5.2 Links and Implications

The VR CAVE program demonstrated effectiveness with promising evidence in
reducing the risk of falls for older users. For instance, VR participants exhibited greater
improvement in physical and cognitive performance with good sustainability. The incidence of
recurrent falls in the VR group was lower than in the control group after a 6-month follow-up
period. The participation and engagement of VR research were excellent, and the results were
highly encouraging. Overall, the feedback regarding the usefulness and acceptance of VR
participants was very positive. It is advisable that future studies invest resources in qualitative
analysis to explore users' perceptions and acceptance further. To the end, service stakeholders
and health professions could expand new scope of service by incorporating innovative VR

CAVE technology into future rehabilitation and aged care services.
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CHAPTER 6: DISCUSSION AND CONCLUSION

6.1 Introduction

This thesis reports on research that aimed to evaluate the VRT intervention for reducing
the risk of falls among older adults with mild cognitive impairment and dementia from Hong
Kong. This research aimed to answer the overarching research question: “What are significant
effects on innovative VRT intervention in fall prevention for older adults with mild cognitive
impairment?”

The project addressed the research gap in the reviewed literature and explored the
perception and acceptance of older adults using VR technology application on promoting
physical well-being such as functional mobility and cognitive awareness in falls prevention.
The thesis concludes the research objectives to answer the overarching research question, three
research questions of this research are explained and the findings are discussed in three
quantitative studies. Initially, Objective one is to pilot a RCT feasible study to compare the
intervention effects between VRT and exercise-based training on reducing the risk of falls. For
Objective two, it is to investigate the VR participants’ usability and acceptance on adoption of
VRT application in fall prevention program. Lastly, the objective three is to evaluate the
effectiveness of VRT intervention study on reducing the risk of falls for older adults with mild
cognitive impairment in a longer effect. The research questions (RQs) posed were answered by
employing a three-study quantitative research design. The research hypotheses were examined
and presented in Chapters three to five.

Chapter 6 aims to summarise and conclude an in-depth discussion of the research
findings in respective quantitative studies. The significant implications and the limitations of
the research are outlined in this chapter. The summary and conclusion of the thesis for future

work are presented and proposed.

6.2  Discussion on Research Findings

This research is to evaluate the VRT intervention effects relating to the risk factors of
falls in falls prevention by examining the feasibility of an VR CAVE Fall Prevention model
proposed in Chapter 2. The pilot RCT study of Objective 1 provided the preliminary findings,
the research team republicated the same research model in the experimental study presented in
the Objective 3. Chosen VR participants from Objectives 1 and 3 were recruited in the study
2- a VR usability and acceptance study.
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This section provides detailed discussion and critical analysis of the results of the

three quantitative studies that addressed the research questions in Chapter 1.

6.2.1 Study 1- Training Effects of VRT Training and Exercise-based Training on
Falls Prevention - ClinicalTrials.gov (identifier number NCT05971420)

Our research found that VR CAVE training was more effective at simulating dual-mode
cognitive-motor training than traditional exercise-based intervention (Irazoki et al. 2020). The
results including functional mobility (TUG p=.002), balance (BBS p=.01) and cognition (HK-
MoCA p=0.01) indicated greater improvement effects in VR group. The walk speed (6MWT)
within the VR group showed significant improvement across three time points (Table 3 and
Table 4, Chapter 3). However, the executive function showed no significant between two
groups. It implied that the VR CAVE training could be improved in future program design.
Considering the participants with mild cognitive impairment, they would have some difficulties
and challenges in improving their executive functioning under the limitation of this research
design.

When compared with traditional exercise group training, the simulated VR CAVE
experiences were so interesting and stimulating for VR activity-based engagement. Though,
the practice of Baduanjin exercise was healthy and a good balance exercise, the 8-step
Baduanjin exercise was a routine repetitive training and less cognitive stimulation for the
participants with cognitive impairment. In contrast, the VR participants showed good attention,
engaging, interactive and good acceptance of VR use. Therefore, the VR group participants
found greater training effects and significantly improvement on the physical and cognitive
performances after the use of VR intervention.

Regarding the fear of falling, this study did not show any significant improvement
between two groups (FESI p=.339). A recent review indicated that the fall efficacy scale
international (FES-I) might not be sensitive and not reliable for community-dwelling older
adults with cognitive frailty (Uemura et al. 2012). Practically, the 14-item self-reported
questionnaire was cognitive demanding for the participants to understand the level of rating
and make an accurate judgment in daily living tasks. During the data collection, the research
team did observe the difficulties and challenges to interpret, and some participants found the
questionnaire difficult to respond and comprehend the meaning. Besides, the participants were
limited social engagement in community living during pandemic period. They were mostly
staying at home with limited social activity. It impacted the validity and reliability of using

FES-I as a measurement tool for fall efficacy particularly for participants with mild cognitive
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impairment. The findings of fear of falling existed a potential bias and shortcoming of design
method. As a result, the VR CAVE Fall Prevention model was mostly achieved in the pilot
RCT study.

6.2.2 Study 2 - VR Usability and Acceptance on Use of VRT Application

Based on the findings, PU, PE, UE, and IU were the most important factors to attract and
influence the usability, users’ behaviours, and perceptions to use a new VRT. The perceived
factors were significant increases at three assessment time points. Although the PEOU and SNS
were not a significant difference in the study, the overall means showed a small increase across
time occasions. Constantly, the feedback of participants was positive, and they were willing to
learn and fully engage with all VR sessions. Partly, the negative results might be reflective of
the limitation on VR CAVE technology and the social impact during Covid-19 restrictions in
Hong Kong. Therefore, the overall results of VR usability in older adults showed promising
evidence on the usefulness and acceptance to use new VRT application in falls prevention
training.

Table 1 (Chapter 4) shows the participants’ group had a high risk of falls at T1 e.g., 54.8%
of the participants had falls within 12 months. They reported to have biological and behavioural
risk factors such as overweight, three chronic diseases per each participant and lack of physical
activity. These health problems might limit physical activity and influence the factor of fear of
falling, because they were worried about falling and experienced falls in the past. Based on
their personal needs and falls concerns, they showed good intention to participate the CAVE
VR study: it could induce a sampling bias and might influence the results of the study.

Our results were consistent with recent reviews and supported the usefulness of an
innovative VR intervention in falls prevention, showed greater effects on reducing the risk
factors of fall (Law et al., 2014; Stanmore et al., 2019). In particular, the physical and
psychological outcomes were significantly improved or reduced, indicating the lesser risk of
fall in the VR study. The fear of falling indicated a significant decrease after the VR training
(T2) and the follow up (T3), but the participants maintained a high fall concern (FES-I ranging
from 42.0 to 32.90), indicating a high fear of falling. Similarly with previous study (study 1),
the training effect of VR CAVE training on fear of falling was unmet and not able to reduce
the fall concern from high to moderate level (FES-1=20-27). The consequence of the high fear
of falling in older community-dwelling adults may be associated with decreased physical

activity and cognitive decline (Uemura et.al, 2012).
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Study 2 confirmed the evidence to adopt the use of VR acceptance questionnaire (HK-
version) based on TAM scale and reviewed literature to assess the perceived factors on
influence the users’ experience and behaviour in Hong Kong (Syed-Abdul et al, 2019).
Comparatively, this questionnaire was easy to administer, and the participants found less
difficulty to respond the self-rated questions. According to research findings, the used
questionnaire was valid and reliable (r> 0.361; p value < 0.05) in different perceived factors
except items PEOU1, PEOU3 and SN2. Responses to the question regarding the influence of
friends and acquaintances (SN2) might have been misinterpreted from the participants under
the impact of pandemic in Hong Kong because they had limited social connection and face-to-
face interaction in community. They became less socially active and not often meeting peers
as usual in daily living. Predictably, the peer influence and seeking friends support to trial new
VR application might be minimized and overlooked. Based on the participants’ behaviour and
the observation from the research team, the new VR CAVE application was not easy for
participants to manage at the beginning of the study. The technological support of VR CAVE
technology was critical for an inexperienced user and the research support team, for example
difficult to operate hand controller accurately and position the limbs sensor properly in different
users. Similarly, our study indicated that the participants encountered difficulty using VR
CAVE at the first trial, and they required additional help and guidance to engage with VR game

activities when encountering any technical problem in the training session.

6.2.3 Study 3- Evaluation of Training Effects of VR Technology-based Training on
Reducing the Risks of Falls in Older Adults with MCI

The evaluation study supported the greater improvement of health outcomes using
technology-based cognitive motor training. The VR CAVE technology-based application was
a potential training method with evidence on falls prevention program for older persons with
mild cognitive impairment (Kim, & Pang, 2019; Kwan et al., 2021; Ng et al., 2019). This was
the first pilot study using this new application of VirCube VR program to adopt as a fall
prevention training program in community aged care service. The VR simultaneous cognitive-
motor games were modified, and the purposes redesigned for training community-dwelling
older adults in Hong Kong.

The research findings supported that this tailor-made VR CAVE program had promising
evidence to improve the physical and cognitive performances to reducing the intrinsic risk

factors of falls for VR participants. Our results were consistent with recent reviews that the
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participants’ results supported the usefulness of VR intervention in falls prevention, showed
greater improvement on health outcomes and fully engaged with full-immersive VR games
redesigned for people with old age (Law et al., 2014; Stanmore et al., 2019). However, the
study design faced shortcomings in invested manpower resources in addition to the VR system
and facilities accessibility during COVID pandemic in Hong Kong. This study also examined
a practice guideline on the fall prevention protocol for older adults, the optimal frequency of
VR CAVE training was recommended as 2-day per week for 8 weeks, each VR CAVE session
within 45 minutes, 16 training sessions in total (Kim & Pang, 2019; Law et al., 2014; Yang et
al., 2020).

Consistently with the pilot study (Objective 1), the findings did not show significant
improvement in executive function and fear concern of falling between two groups. Possibly,
the design of VR CAVE program primarily focused on cognitive-motor intervention (dual-task
component) which might not have a training effect on other risk factors such as psychological
fear of falling and the decision making or problem-solving skills. In addition, the fall efficacy
international scale (FES-I) might not be a reliable assessment tool to assess the fear concern of
falling specifically for older adults with mild cognitive impairment or dementia. The overall
findings of two quantitative studies concluded the proposed VR CAVE Fall Prevention model
was served as a dual-task training model. The training effect was effective in promoting

cognitive-motor function in older adults with mild cognitive impairment.

6.3 Implications of the Thesis
The findings of this research have implications in three key areas: Significance of VR

CAVE technology and benefits in health outcome and service innovations in age care.

6.3.1 Significance of VR CAVE Technology

Innovative VR CAVE technology shows great promising evidence on training, learning
and social engagement through full-immersive virtual learning and interactive gaming
experience (Theodoropoulos et al., 2023). The research participants reported good fun and
enjoyable experience and they were motivative and showed eagerness to fully engage with
every VR CAVE training session. Compared with commonly VR device such as head mounted
display (HMD) headset, 3D stereoscopic eyewear and motion sensors and CAVE room are
more age-friendly design for older population (Tuena et al., 2023). Practically, VR CAVE set

up and wearable devices are more comfortable and good interactive learning environment, also
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resulting less or even eliminating the VR motion sickness for older user. It implies the
application of VR CAVE technology has greater potential to develop in aged care service.

Currently, the setup cost for a VR CAVE is expensive and not easily accessible to the
public. The VR CAVE facility is less commonly used in community aged care facilities in
Hong Kong. Alternatively, if a portable mobile CAVE, a Mini CAVE unit, could be designed,
it could reduce costs and be more flexible to place and set up in different aged care facilities.
This would allow more service members of DECCs to attend similar training sessions and
experience VR CAVE activities.

Lastly, VR CAVE technology has already been used for research and review in
different industries including tourism, product design, engineering, medicine, and healthcare.
However, there is limited research on studying the effectiveness of VR CAVE applications in
aged care service. To my best of knowledge, this doctoral research is a first pioneering research
project using innovative VR CAVE technology-based application on fall prevention for older
adults with mild cognitive impairment in Hong Kong. Potentially, it could attract research

interest and lead to more investment in health technology research in ageing population.

6.3.2 Benefits in Health Outcomes

This research supports the benefit of human technology in aged care service. VR
technology as a kind of human-computer interaction could achieve possible health outcomes
by VR technology-based training. The VR participants had significant improvement in health
outcomes including cognitive function and physical balance to reduce the risk of fall and
potential fall risk after 6 months study. Potentially, the participants could lower risk of fall and
cognitive decline (Montero-Odasso et al, 2020). In addition, the participants were more social
engagement and training commitment during the training period. They became more socially
active and good connection with peers and positive emotion in daily living. Therefore, the
technology engagement could reduce the users’ social isolation and loneliness particularly at

pandemic (Gao, Lee, & McDonough, 2020; Chen et al., 2023).

6.3.3 Service Innovations in Age Care

This research provides an alternative fall prevention training strategy using a VR
technology approach. The VR CAVE application has been proven to be effective and suggests
a useful training protocol for a fall prevention program for older adults. Inevitably, social and
care service providers are willing to adopt new technology approaches to be a part of care

services in the post-pandemic era. Therefore, these service innovations in aged care could help
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and provide a solution to overcome the challenges of deploying VR in aged care (Zhao, 2020).
According to the findings in Study 2, older participants perceived a good user experience,
acceptance, and an intention to use the new VR CAVE technology. The VirCube VR for Rehab
program has been proven to be a cognitive-motor training program in fall prevention for older
adults. As preventing falls for older adults is one of the health policies in the local government,
this research evidence using VR CAVE technology for aged care services could be published
and promoted for service stakeholders. Possibly, VR CAVE technology application as a new
service innovation in aged care could be recommended for policy stakeholders to invest in VR

CAVE technology and resources in future aged care services.

6.4  Research Limitations and Future Use

This research findings are subjected to various limitations. Compared with similar VR
research (Chau et al., 2021; Ng et al., 2019; Zahabi & Abdul, 2020), the sampling and the
recruitment process for this research faces many challenges and restrictions particularly at
COVID-19 pandemic. The sample size of the three-qualitative studies is relatively small. Only
Study 1 is a small pilot randomized control trial study. The research methodology is using a
convenience sampling method and Study 2 and 3 are not randomized control trial studies, it
can lead to volunteer bias and affect the generalizability of findings in the local aging
population (Nikolopoulou, 2022). To improve the data reliability and generalizability, it is
recommended that future similar research employs a random sampling technique and
randomized control study design to gather larger sample size and representative data to uphold
the research quality and overall generalizability.

Secondly, all standardized tests are taken repeatedly at three assessments periods.
Potentially, paper-pencil screening assessments may create the learning effects such as
cognitive screen test (HK-MoCA) and two executive function tests (TMTA and TMTB). These
results may be a potential bias if those participants have good memorizing skills. Fortunately,
each time interval measurement takes about 3 months, the learning effect should be minimized
as possible. From the previous discussion presented in this chapter, it evaluates the fall efficacy
test (FESI) measuring the fear concern of falling not to be a best option for the participants
with mild cognitive impairment or risk of cognitive decline. Comparatively, this questionnaire
design requires a higher level of logical and problem-solving skills to interpret and respond the
self-rated questions. This 16-item questionnaire is found to be a more abstract and cognitive
demand. By reviewing, some participants did respond difficulty to make quick decision and

required further clarification for some questions. To minimize the learning effects and potential
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bias in the questionnaire design in future research, it is advisable to have a random check of
the subjects’ results and inter-rated by different examiners for testing the internal validity.

Thirdly, the VR CAVE technology and program design exists limited functions and
focuses on intrinsic factors of fall risk reduction as a dual-task virtual simulated training
program. As falls prevention is complex to manage, and a multifactorial program is used to
reduce multiple risks of falls due to their complexity (WHO, 2008; Morello et al., 2019). The
psychological factor of fear of falls and other risk factors did not be addressed in the research.
Based on the reviewed literature, the risk factor of fear of falling was one of the contributing
risk factors of falling presented in Chapter 2. Therefore, it is recommended that similar research
considers a study investigating on the psychological nexus of VR on physical activities in older
adult (Chirico et al., 2024).

Fourthly, the findings of Study 2 reported that VR participants actively engaged with the
training, displaying a positive perception towards the application of VR technology. Other
benefits of the study included good social and peer support, and enjoyment of learning VR
technology. Certainly, the positive effect of face-to-face interaction and interactive learning
could promote mental and physical activity, eliminating social isolation and boredom during
the pandemic (Gao, Lee, & McDonough, 2020; Ng et al., 2019). However, the Study 2 reported
primarily on quantitative findings, more qualitative analysis on users’ usability and
investigations such as a participant-observational, culture-based qualitative analysis or
ethnographic study would be recommended in a follow-up study.

For Study 3, presented in Chapter 5, the challenges and limitations for data collection were
unexpectedly high. Data collection for follow-up was suspended during a Hong Kong
lockdown from late January 2022 to May 2022. This doctoral research consumed additional
manpower resources and faced difficulties in tackling research logistics, including participants'
accessibility, VR CAVE facility arrangement, and other technical issues. During this lockdown
period, the VR CAVE training centre located at the Hong Kong Polytechnic University and all
DECC:s suspended all research projects and daily services in Hong Kong. The 3-month follow-
up measurement in Study 3 was delayed, potentially impacting the dropout rate as some
participants refused to continue the study. As an alternative, the research team adopted a special
arrangement to maintain contact with the participants through telephone calls and other social
means, e.g., WhatsApp groups. Inevitably, the research adopted the intention-to-treat method
for data analysis. Lastly, if this research has the chance to conduct a follow-up study, it is

worthy to plan a longitudinal study to investigate the long-term effect of VR training.
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6.5 Summary

This doctoral study supports promising evidence on the effects of Virtual Reality
CAVE technology-based training on preventing falls among community-dwelling older adults
with mild cognitive impairment from Hong Kong. Among the three quantitative studies, the
results do not prove the training effect to reduce the fear of falling and executive functions by
this special VirCube VR for Rehab program. The VR CAVE program is innovative, cognitive
stimulating, and provides a fully immersive gaming learning environment. Study 1 supports
the VR CAVE program has greater improvement in falls prevention than a traditional exercise-
based program. Study 2 shows positive perceptions and users’ experiences adopting new VR
CAVE technology in older adults. Study 3 reaffirms the effectiveness of the VirCube VR for
Rehab program in reducing the physical and cognitive risk factors of falls in older adults. To
attract similar research interests using full-immersive VR CAVE technology, a user-friendly
accessible design of VR CAVE technology is recommended to invest in the future. For future
development, similar studies should be replicated by comparing different VR applications with
a larger sample and a randomized control trial study design to generalize greater evidence on
evaluating the effectiveness and acceptance of adopting new VR technology in rehabilitation

and aged care services.
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APPENDIX A- EQUIPMENT OF VIRCUBE VR
APPLICATION

Picture A. VR headset (3D stereoscopic eyewear)

Picture B. CAVE VR Room Design
Specifications:
Room size: 2 metre x 2 metre

4 overhead projectors

Picture C. Sensors attached to headset and limbs.
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Picture D: Physical VR exercise (soccer)

Picture E: Physical VR exercise (jogging)

Picture F. Cognitive motor VR game

(IADL-community shopping)

Picture G. Executive function VR game
(emergency handling)

Table A.1 Picture A to G
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APPENDIX B- VIRCUBE VR GAME TRAINING PROTOCOL

VR Game 1: Emergency handling

Purpose: Cognitive training - executive function (Problem-solving skill)

Grading: N/A

Device: 3D stereoscopic eyewear, hand controller, hand trackers

Fire drill exercise

Sequencing:

1. When fire alarm on, participant moves tracker to
point out and touch three important things (key, mobile &
wet towel) for evacuation.

2. Participant walks to the front door and use tracker
to unlock the door (balance and hand-eye coordination)

3. Participant uses tracker to select different escape
routes (judgement)

4. Participant chooses either route 1(lift) or route

2(up/downstairs) to get out of fire scene safely (decision

making)

VR trial (video sample)

IADL.mp4

Table B.1 VR game 1
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VR Game 2: Community Living Skill Practice

Purpose: Cognitive training — executive function (classification & calculation)

Grading: 3 levels (Level 1- free choice; Level 2: shopping items- 2-3; Level 3: shopping

items- 3-5)

Device: 3D stereoscopic eyewear, hand controller

Shopping

orientation

Sequencing & Grading:

1. Participant uses hand controller selects a level of
activity

2. Participant remembers a shopping list (memory
skill)

3. Participant goes to the selected shopping regions
(making decision)

4. Participant chooses and pick up the correct no. of
items (classification & counting)

5. Participant checks and goes to cashier for payment

(calculation)

VR trial (video sample)

Shopping.mp4

Table B.2 VR game 2
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VR Game 3: Jogging and balancing exercise

Purpose: Physical balance and safe walking training

Grading: 3 levels (Level 1-by hand trackers; Level 2- by hand trackers & obstacle; Level 3-

by hand/foot trackers & obstacles)

Device: 3D stereoscopic eyewear, hand and foot trackers

Jogging in the

Sequencing & Grading:

1. Participant uses hand trackers selects a level of
activity

2. Participant runs with arms movement and keeps on
a running path (upper limb balance)

3. Participant runs with upper and lower limbs
trackers and follows a running path (whole body balance &
physical training)

4. Participant runs and avoids hitting any obstacle on
a running path (advance physical balance and coordination
skill)

5. Participant runs faster and overcomes more

park
obstacles (physical and cognitive training)
VR trial (video samples)
physical.mp4 balancetraining.m
p4
Table B.3 VR game 3
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VR Game 4: Balance & weight-shifting exercise

Purpose: Cognitive-motor training and advanced balance exercise

Grading: 4 levels:

Level 1- defender (keeping); Level 2-attacker (attacking); Level 3- penalty kick (attacking);

Level 4- penalty kick (goalkeeping)-

Device: 3D stereoscopic eyewear, hand controller, hand, and foot trackers

Soccer exercise

Sequencing & Grading:

1. Participant uses hand controller selects a level of
activity

2. Participant wears hand and foot trackers, practices
passing a soccer to other player (balance & stability)

3. Participant runs and kicks a soccer to different
position (balancing & weight shifting training)

4. Participant kicks a soccer to goalkeeper repeatedly
(balancing, stability, weight-shift training to prevent falling)

5. Participant as a goalkeeper uses hand and foot
trackers to defend the goal (advance limbs balancing and
coordination, ball tracking exercise, spatial orientation &

higher executive function skill)

VR trial (video sample)

balance.mp4 goal.mp4

Table B.4 VR game 4
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APPENDIX C- ACCEPTANCE OF THE VIRTUAL REALITY
(VR) EXPERIENCE AMONG THE ELDERLY:
QUESTIONNAIRE

¢ Perceived usefulness (PU)
1. VR s useful to me for entertainment.
= Strongly disagree
= Disagree
= Neutral
= Agree
= Strongly agree

2. VR improves engagement and motivates my daily activities.

= Strongly disagree

= Disagree
= Neutral
=  Agree

= Strongly agree

3. VRis an efficient tool to raise my mood.

= Strongly disagree

= Disagree
= Neutral
= Agree

= Strongly agree

s Perceived ease of use (PEOU)

1. Ttis easy for me to become skilful at using VR.

e Strongly disagree

e Disagree
e Neutral
o Agree
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2. Learning to operate VR was easy for me.

Strongly agree

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

3. Overall I find it easy to use VR.

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

% Perceived enjoyment (PE)

1. Ifind VR very attractive to use.

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

2. Ienjoy using VR.

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

3. 1have fun when I use VR.

Strongly disagree

Disagree
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= Neutral
= Agree
= Strongly agree

% Subjective norms (SNs)
1. My family members think I should use VR.
= Strongly disagree
= Disagree
= Neutral
= Agree
= Strongly Agree

2. People who are friends and acquaintances have influence on my intention to
use VR.
= Strongly disagree

= Disagree

= Neutral

= Agree

= Strongly agree

3. People who take care of me encourage me to use VR.

= Strongly disagree

= Disagree

= Neutral

= Agree

= Strongly agree
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¢ User experience (UE)

1. VR will give me new experiences.

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

2. VR was comfortable to use.

3. Overall, I had a positive experience when using VR.

*
*

1. In the future, I intend to use the device for mental relaxation.

2. In the future, VR will help keep my mind sharp and alert.

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

+ Intentions to use (IU)

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

Strongly disagree
Disagree

Neutral

Agree

Strongly agree
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