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Abstract: In the stage of aging society and population aging, the social needs of the elderly are
widely discussed by researchers. Especially driven by the demand of tele-medical treatment and
tele-rehabilitation therapy, it is vital for the elderly to integrate into virtual communities by combining
social virtual reality (VR) with different medical services and entertainment needs. In addition,
affected by the COVID-19 epidemic, it is more difficult for people to have face-to-face contacts. With
more remote consultation, entertainment and virtual social connectivity, the application of social VR
is more urgent and valuable. However, there is little discussion on the acceptability and influencing
factors of social VR among the elderly at present. Therefore, in order to get further data, we used
(1) early stage semi-structured interviews and then (2) Unified Theory of Acceptance and Use of
Technology (UTAUT) questionnaires for investigation. One hundred fourteen elderly people aged
60-89 living in the metropolitan area of Taipei were taken as the subjects. To help them understand
the situation and state of using social VR, these elderly people were asked to use a head-mounted
display (HMD) to experience social VR games. The preliminary results showed that the elderly had
obvious preference for entertainment (32.4%) and medical treatment (31.3%). The interview showed
that this was related to the physiological condition or medical needs of the age range. In order to
further understand how social VR would affect the social life of the elderly, we proposed the further
demand structure of UTAUT Model based on the interview of both experts and the elderly. The model
structures include (1) Performance Expectancy, (2) Perceived Enjoyment, (3) Social Influence, (4) User
Attitude, (5) Behavioral Intention, and so on. These structures were applied to conduct interviews
and questionnaires to find out the influence extent and relevance of the elderly on different structural
needs, and suggestions were given accordingly. The results of the above interviews showed that (1)
the elderly thought that the functions of entertaining and interacting of social VR could increase their
social opportunities, and also meet medical needs (teleconference, cognitive decline, etc.), (2) the
closeness of social relations (between family members, friends, doctors, and places), and also affect
the relevance of Perceived Enjoyment (3 = 0.77, p = 0.000 < 0.05). The results of these phenomena
and interviews showed the interplay between the demand structures and their special relevance.
They also indicated that as to social VR technologies, various demands and functional issues of the
elderly need to be considered, and these demands would appear in the subtle usage, and different
social VR interfaces and functions would emerge based on their special living ways and physical and
psychological demands.
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1. Introduction

1.1. The Living Problems and Social Needs of Urban Elderly

The aging population presents challenges to all aspects of society. By 2050, it is predicted that
human life expectancy will increase by another 10 years [1]. As the aging of the population continues
to increase, problems related to the physical and mental health and social relations of the elderly are
emerging. Numerous studies have shown that isolation or loneliness has a negative effect on the
physical and mental health of the elderly [2]. However, elderly individuals often feel socially lonely
as a result of their narrow social circle, retirement [3,4], loss of relatives and friends, and decline in
physical health, leading to a reduced willingness and opportunity to socialize [5].

Yang and Victor showed that the urban elderly aged over 65 years old experienced the highest
levels of loneliness [6]. Although family and social support are helpful to overcome loneliness in the
elderly [7], as children go out to work and changes in the family structure occur, the frequency of
communication declines, making them prone to loneliness and social issues. To help the elderly to age
healthily and improve their quality of life, it has been proposed that enhancing the social participation
of the elderly can improve their physical and mental health [8,9]. Methods to attract the elderly to
actively participate in social interactions, strengthen their health and mobility, and live safely have also
emerged as a key issue within global society.

1.2. Social Networks and Applications Can Effectively Reduce Social Loneliness

Social network assistance and social applications can effectively reduce the loneliness of the
elderly [10,11]. Hagan et al. [12] analyzed 17 studies related to loneliness interventions and found that
network communication technology could significantly reduce loneliness. Further studies confirmed a
positive and significant relationship between social networks and quality of life of the elderly [13-17].
The size of the social network and the satisfaction of social interactions have also been shown to
be associated with autism and depression in the elderly [18-20]. Ali et al. verified the relationship
between network diversity and the risk of death, indicating that increasing the diversity of social
networks was essential to improve the health and survival of the elderly [21,22].

1.3. Virtual Reality (VR) Technology Can Promote Social Networks within the Elderly Population

In the era of 5G networks, online social platforms, technology, and hardware, VR can impact the
social life of elderly individuals [23]. In particular, the elderly have the experience and ability to use
technology. With advancements over the next 5-10 years, elderly users who are familiar with the
use of technology products are anticipated to increase. The urban elderly are more aware of current
technology and social services, and will be more open to the application of VR technology in their
lives. Moreover, related studies highlight how VR technology can improve the quality of life of the
elderly [24] by reducing social isolation and loneliness.

2. Related Works

2.1. Social Service Provided by VR Technology

The physical health of the elderly and the fear of falling can affect how frequently elderly members
of the population go shopping [25]. The possibility of the elderly using VR for virtual shopping is
significant, accordingly. Claudia et al. discussed the positive impact of VR experience on elderly
individuals from the perspective of travelling [26] and confirmed that VR technology could provide
users with travel services and help improve their experience. Shabbir et al. showed that the social
influence and perceived enjoyment of the elderly played an important role in the intention of using
VR [27]. Roberts et al. also certified that usefulness was a key factor influencing the acceptance of VR
by the elderly, and suggested that increasing interactivity could maximize the advantages of VR to
promote social interaction with family and friends. The expected categories include travel, continued
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education, reminiscence, and self-care [28]. In addition, the behavioral intentions of the elderly when
experiencing VR leisure activities highlight enjoyment as the major aspect, indicating that when the
elderly find an activity that is interesting and relaxing, it helps to improve health [29,30]. Based on
the limitations of subjective and objective conditions, the elderly need more convenient and effective
methods in their daily life activities to meet these diversified needs.

2.2. Advantages of VR Technology in Social Development

Social VR allows users from different locations to simultaneously interact and share 3D scenes in an
immersive virtual environment (IVE). They can also enjoy real-time face-to-face communication. voices,
facial expressions, and actions [23,31-34], without being affected by the natural environment and region.
This can realize realistic social participation and improve safety. Moreover, Jie Li et al. compared the
photo sharing experience under social VR with Skype and Facebook spaces, and found that social VR
was closer to face-to-face (F2F) sharing [32,35]. Baker et al. [36] studied 22 elderly individuals to obtain
their views on social VR in the form of a workshop, and suggested that social VR virtual items could
trigger memories that could be shared with others, meeting their social needs [33]. These functions
of VR are beyond the reach of other social applications, and provide a virtual public space that can
improve the sense of social participation, ensure safety, and enhance mobility. These benefits highlight
the potential of these channels to generate social behavior within the elderly population.

2.3. Innovation and Contributions of this Study

The main innovation and contributions of this study are to propose a new direction and guidance
for the social contact solutions of the elderly, and in addition to the differences in users, the innovation
also lies in the usage of devices and situations. As has been described many times in previous sections,
the social VR used in this study is designed to help the elderly create different social content and
services in terms of visual immersion and perception, unlike previous studies that were focused only
on single-product betterment or community services for social interaction in the elderly. Meanwhile,
this study is of a regional character, including the issue of the elderly living alone caused by changing
life state of urban population, or the gap between people by COVID-19, the situation which never
happened in the past.

However, this new situation offers a new possibility and opportunity in the study, and also
contributes to the use of social VR in the elderly population, so this study tries to make a difference in
the study and provide different ideas and innovation available to the readers.

2.4. Gaps in Previous Studies

Previous studies have discussed and proposed improvement to address loneliness of the elderly,
but most have focused only on “physical products,” such as home robots for the elderly (i.e., the
use of sea dog robots to accompany the elderly) to address social loneliness and the need for virtual
companionship [37]. Other studies also showed that the loneliness of the elderly would be dispelled
via home care services. However, most are beneficial for alleviating the loneliness [38,39], but rarely
explore or really solve their social dilemmas.

Compared with the above-mentioned solutions, social VR enables a person to quickly blend into
different situations and needs due to its ability to immerse and transform the state of perception. In
such situations, social interaction could go beyond the “distance” and “space-time.” The elderly thus
have more social possibilities, including changing their self-impersonation to become another young
face [40], or interacting without the constraints of time or space, even discussing remote issues [41].
All of these can be attributed to the usage of social VR, which results in differences distinctly from the
previous studies.

The differences and strengths between this study and previous studies:
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(1) Most of the current literature on social VR is aimed at the young, with few designed for the needs
of the elderly [35,42,43].

(2) In addition, studies on the elderly centers on the design of the virtual avatar [36], with no
comprehensive consideration of multiple dimensions and variable factors, and no guidance based
on them.

(3) This study aims at the elderly group in the metropolitan areas, which is also different from the
broad elderly group targeted by previous studies. Since they are more familiar with technology
and urban life, these urban elderly people are more likely to be the key customers of social VR
investment over the next 10 years.

(4) Inthe end, the related social VR is mostly aimed at using the screen as an interactive carrier or
mobile games. To compensate for it, this study is mainly focused on the construction of social VR
under remote service, which is mainly designed under the application of immersive VR devices
according to the coherent service content and situational design, instead of a single game use or
entertainment needs.

(5) Previous studies have focused on the design of physical therapeutic products, such as the use
of therapeutic sea dog robots to accompany the elderly and provide services of therapeutic
interaction, but few studies have focused on the relationship between virtual and real world. In
the framework of social VR, such studies have highlighted the particularities and uses of virtual
situations, and activated the potential of services and study.

2.5. Summary

Due to the increase in the proportion of the elderly population in the Metropolitan Area of Taiwan,
especially in the aging society, the social needs of the elderly are particularly concerned. Coupled
with the changes in urban living conditions, a growing body of the elderly live alone, highlighting the
urgent demand of the elderly for social VR over the next decade.

Therefore, this study investigated the demand structure of the elderly, and constructed the Unified
Theory of Acceptance and Use of Technology (UTAUT) Model and its structure factor according to the
preliminary opinion of 10 extra elderly objects recruited in the earlier stage of the study. More than
that, these structures have been developed into the UTAUT Model’s demand structure questionnaire,
which was distributed to 114 elderly aged 60-89 living in the urban area of Taipei. The purpose of this
study was to conduct questionnaires and interviews in order to solve the social contact of the elderly
in the metropolitan areas, so as to identify the status and related factors of these demand factors by the
elderly. However, the elderly suffer from social barriers due to their solitary form, children’s separation
from their homes, inter-generational relations, and social isolation in the current epidemic situation.
This study could shed light on the connections and associations between the services that the elderly
want in different structures, rather than on the interaction between games and body. They are more
eager to reach medical or entertainment assistance through social VR, and to access the service and
conveniences of the technology in a simpler way. In order to obtain more authentic and representative
data, the study team conducted a long-term observational and participatory design study in the elderly
nursing home.

3. Methods

A questionnaire survey was performed on 114 elderly individuals aged 60-89. Prior to filling out
the questionnaire, the researcher asked the participants to try on the Memo VR Headset as a virtual
reality experience (Figure 1). The elderly’s understanding of social VR was improved by playing
a Facebook Horizon [44] video. During the video, the researcher explained the video content and
related services.
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Figure 1. Use of the Memo virtual reality (VR) headset to experience virtual reality.

3.1. Participants

In total, 114 elderly participants completed the questionnaire, including 79 women and 35 men,
with an average age of 68.6 years. The survey was conducted at the Taipei Elderly Activity Center.

3.2. Procedure

We focused on the generalization and application of VR technology to social development in the
elderly using the UTAUT Model to understand the user’s acceptance of new information. The UTAUT
Model adopted in this study is the acceptance and evaluation tool widely used in the application
of science and technology to the users, and the calculation method and evaluation data adopted in
this study are in accordance with the standard framework of UTAUT Model [45,46], and there is no
difference. The UTAUT Model used in this study is only adjusted according to the elements of the
structure, and uses the experimental procedures and methods set by the previous researchers [47,48].
The sample population of the experts and the elderly are required to master the reliability and validity
to improve the performance of the study.

Through early stage semi-structured interviews, we assessed the factors related to social VR video
content and old age, the elderly’s acceptance of science and technology, and summarized the factors
influencing the acceptance of technology. This analysis stage was divided into two stages (Figure 2).
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Figure 2. Specific implementation process.

Stage 1: Early stage semi-structured interviews. In the process, a head-mounted display (HMD) is
used as a tool and experimental carrier to sample the social VR, and the interactive content of the game
application program provides the elderly with a preliminary experience to help them quickly grasp
the concept of the social VR and the sense of the game. In terms of parameters, before designing the
questionnaire, the key words are extracted from the interview responses of 10 elderly as the variable
factors in the questionnaire, so as to improve the reliability of the questionnaire.

Stage 2: Questionnaire design and survey. After that, three experts were asked to revise the
questionnaire and the preliminary opinions of 10 elderly objects were collected to find out the demand
structure that the elderly wanted to obtain in the social VR, in order to verify the validity of the
questionnaire. When the questionnaire design was completed, it was used as the structure design of
UTAUT Model, and semi-structured interviews and questionnaires with the elderly ensued in order to
identify their perceptive problems.

3.2.1. Early Stage Semi-Structured Interviews

During the early stage semi-structured interview process, one-to-one interviews were performed
according to topic, with each interview lasting approximately 10 min. The interview topics included
the following questions: (1) Do you think social VR would be helpful in your life in the future? (2)
Social VR would be mature in the future, would you like to use it?

The preliminary results of the interviews provided a reference for the design of the second-stage
questionnaire. Each interview process was recorded, and brief minutes were compiled.
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3.2.2. Questionnaire Design

A preliminary questionnaire was formed based on the early stage semi-structured interviews. The
relevant questionnaire was then revised by an expert group to ensure it could be easily understood,
which could be seen the Questionnaire in Supplementary Materials.

The questionnaire consisted of two parts. Part one focused on basic information of the elderly,
including age, gender, education level, living conditions, social tools, and service types.

The second part of the survey focused on the dimensions influencing the elderly’s acceptance
of social VR, including: (1) Performance expectancy (PE), (2) Effort expectancy (EE), (3) Perceived
enjoyment (PEnjoy), (4) Facilitating conditions (FC), (5) Social influences (SI), (6) User Attitudes (UA),
and (7) Behavioral Intentions (BI). Each dimension consisted of four questions, with 28 questions in
total. The survey questions were scored using the 7-point Likert scale (from strongly disagree =1 to
strongly agree = 7).

3.3. Research Hypothesis
According to UTAUT Model, the following hypotheses was proposed (see Table 1).

Table 1. Dimensions and hypotheses of the elderly’s acceptance.

Hypothesis Research Hypothesis
H1 Performance Expectancy (PE) will positively affect User Attitude (UA)
H2 Effort Expectancy (EE) will positively affect User Attitude (UA)
H3 Perceived Enjoyment (PEnjoy) will positively affect User Attitude (UA)
H4 Facilitating Conditions (FC) will positively affect User Attitude (UA)
H5 Social Influence (SI) will positively affect User Attitude (UA)
Hé6 Social Influence (SI) will positively affect User Attitude (UA)
H7 User Attitude (UA) will positively affect Behavioral Intention (BI)

4. Results

4.1. Early Stage Semi-Structured Interviews

As shown in Table 2, after conducting interviews with 10 participants, most had a positive attitude
towards social VR. Regarding question 1, “Do you think social VR would be helpful in your life in the
future?” The answer was mainly based on the needs of life. For example, one participant mentioned
that he likes to ride heavy locomotives, and social VR can provide a group experience that he felt
was “quite interesting,” with clear social benefits. In addition, participants also mentioned that the
regular tracking of family doctors through social VR can greatly improve the medical “assistance”
of daily life. In addition, due to the reduced opportunities of outdoor activities for the elderly, the
possibility of “chatting” with peers or others via social VR can help ease loneliness. According to the
interview records, keywords such as “quite interesting,” “assistance,” “chatting,” and “family doctors”
were extracted. The involved dimensions including PEnjoy, PE, and FC were summarized, and key
factors including entertainment, chatting, medical treatment, and shopping were extracted. These
were subsequently used as the corresponding variables of the dimensions for the second stage.

a a
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Table 2. Interview topic and main responses.

Question Response Keywords Dimension Variable Factor
e “I'mstill riding a heavy locomotive... Social VR has such a e Croup experience
group experience. It should be quite interesting that my friends . QuitepinteP;estin PEnjoy Entertainment
and I can ride together again.” &
e “Icanuse VR family doctors to do regular tracking and remind  ,  pa gular tracking
me to go to the hospital... It may be more convenient than going | More convenient .
to the hospital every two weeks, so regular tracking with VR o Assist PE Medical treatment
may help a lot... Through VR, you can go for a walk and chat C}slmtst'ance FC Chatting
Ld atting

Do you think social VR would
be helpful in your life in the
future?

with the peers or other people.”

e  Medical treatment Medical treatment

e  Shopping PE Shopping
e Make friends Chatting

e “I'think it’s more helpful in medical treatment and shopping...
And through this application you can make many friends.”

e “Ithink people may be restricted by their health when they are o  Health

old... If there is medical service, it can certainly bring some help e  Medical service PE Medical treatment
in life.” e Help
e “Ican accept social VR, the reason why I came into contact with ®  Acceptable UA
these technologies is because people around me are using them, e  Used by people around SI Personal factors
and I only use some very simple functions.” . Simple function EE
p— it in the f but th X b e Will use in the future
Social VR would be mature in willuse it in the future, but the equipment must be e  Convenient enough BI
. convenient enough and the database must be abundant, so that I Technical factors
the future, would you like to . ” e  Abundant data EE
. will have the urge to buy.
use it? e  Have the urge to buy
TR TR . e  Very good
. This application is very goodf but the elderly n‘eed .guldance to 0 Need guidance UA Personal factors
operate these technological things... The operation interface e Simplif Technical factors
should be very simplified and simple.” mpy EE
e  Simple

Dimensions: PE, Performance Expectancy. EE, Effort Expectancy. PEnjoy, Perceived Enjoyment. FC, Facilitating Conditions. SI, Social Influences. UA, User Attitudes. BI,
Behavioral Intentions.
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Regarding the question “Social VR would be mature in the future, would you like to use it?” most
participants expressed a positive attitude and willingness to use it, but at the same time considered
other limiting factors, including personal and technical factors. The participants confirmed that the
technology must be convenient and abundant in content for them to purchase it. Another participant
mentioned that he was exposed to these technologies as people around him are frequently using
them. According to the second question interview record, the extracted keywords were “acceptable,”
“capable of using it,” “
SI, EE, and BI were then summarized to provide an important reference for the questionnaire in the
next stage.

convenient,” and “people around are using it.” The dimensions involved in UA,

4.2. Questionnaire Results

4.2.1. Participants

As shown in Table 3, we collected 114 valid questionnaires from 79 women (69.3%) and 35 men
(30.7%). Amongst them, 37% were 65-69 years old and 32.5% were 70-74 years old. In terms of
education level, 78 were educated to university or junior college level, accounting for 68.4% of the
cohort. In terms of living conditions, the majority (50.9%) lived with family members (referring to living
with children or living with a spouse and children), whilst only 12.3% lived alone or lived in a nursing
institution. Regarding the use of virtual social tools, the survey was verified using the chi-square
goodness-of-fit test to show statistical significance (p = 0.000 < 0.05). The social application most
frequently used by the elderly was consistent amongst 94 participants (37.8%), which was significantly
higher than all others. A total of 61 participants used Facebook (24.5%), which amongst the service
items was considered by the elderly to be comparatively important. The chi-square goodness-of-fit test
confirmed statistical significance within the survey (p = 0.000 < 0.05). The most prominent category
was entertainment followed by medical treatment, which consisted of 92 (32.4%) and 89 participants
(31.3%), respectively.

Table 3. Demographic of the participants.

Variable Description N (%)
Age 60-64 29 254
65-69 37 32.5

70-74 32 28.1
75-89 16 14.0

114 100

Gender Female 79 69.3
Male 35 30.7

114 100

Education level High school and under 29 254
University/Junior college 78 68.4

Master degree and above 7 6.1

114 100

Living condition Live alone 13 114
Live with spouse 42 36.8

Live with family 58 50.9

Live in nursing institution 1 0.9

114 100
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Table 3. Cont.

Variable Description N (%)
Use of virtual social tools Line 94 37.8
WeChat 37 14.9

Facebook 61 24.5

TencentInstant Messenger (QQ) 8 3.2

Skype 25 10.0

VR 11 44

Twitter 2 0.8

Other/none 11 44

114 100

Service type Medical treatment 89 31.3
Entertainment 92 32.4

Chatting 60 21.1

Shopping 43 15.1

114 100

4.2.2. Descriptive Statistical Analysis of the Research Dimensions

As shown in Table 4, the Cronbach’s « was used to test the reliability of the self-compiled
questionnaire. SPSS 22.0 (IBM, Armonk, N.Y., USA) statistics showed that the reliability coefficients
of all variables were higher than 0.7, indicating that the questionnaire showed high reliability. The
averages of all dimensions were above 4.6 points (4 = normal), and the averages of PE, PEnjoy, UA,
and BI were above 5 points (1-7 points; 7 means strongly agree), indicating the elderly’s acceptance of
social VR was positive.

Table 4. Descriptive statistical analysis of the research dimensions (N = 114).

Constructs No. of Questions Cronbach’s « Mean SD
PE 4 0.863 5.33 1.340
EE 4 0.921 4.75 1.536
PEnjoy 4 0.883 5.02 1.355
FC 4 0.915 4.61 1.596
SI 4 0.906 4.95 1.511
UA 4 0.896 5.15 1.372
BI 4 0.897 5.17 1.384

PE: more than 73% of the elderly believed that medical treatment, entertainment, and chatting
functions were helpful to their lives, compared to less than 14% that believed that the applications
were useless. Of the participants, less than 20% believed that the shopping function held no value.

EE: more than 60% of the elderly believed that the medical treatment, entertainment, and chatting
functions were easy to learn and use, compared to ~23% that found them difficult. In total, 58.7%
of the elderly believed that the shopping function was easy to learn and use, whilst ~30% found
it challenging.

PEnjoy: approximately 70.3% of the urban elderly thought that the entertainment experience
on social VR was interesting, whilst only 15.8% believed it was boring. In total, 62.3% of the elderly
thought that the shopping experience was interesting, whilst nearly 20% of the elderly thought it
was boring.

FC: more than 60% of the elderly cited the convenience of using social VR (support from family
and friends), compared to less than 20% with little-to-no support. In total, 58.8% of the elderly had the
knowledge and ability to use social VR, whilst 28.9% lacked the required skillsets. Of the participants,
51.7% had the time and funds to use social VR, whilst over 30% of the elderly did not.



Sustainability 2020, 12, 9345 11 of 19

SI: more than 70% of the elderly considered using medical treatment and chatting functions when
recommended by a doctor or family member, compared to 16.6% who would not. Approximately
62% of the participants considered using the shopping function when recommended by a friend or
important person, but more than 20% declined its use.

UA: more than 70% of the participants thought that medical treatment, entertainment, and chatting
functions were worth using. In total, 17.5% (medical treatment), 9.7% (entertainment), and 11.4%
(chatting) of the elderly disagreed. Of the participants, 62.3% thought that the shopping function was
worth using, compared to 21.9% who disagreed.

BI: more than 70% of the elderly expressed their willingness to use medical treatment, entertainment,
and chatting functions in the future. Of the participants, 15.8% (medical treatment), 10.6%
(entertainment), and 14% (chatting) expressed their reluctance. In total, 62.3% expressed a willingness
to use the shopping function, while 24.5% were unwilling.

4.2.3. Urban Elderly Acceptance Models of Social VR

As shown in Table 5, forced regression analysis showed that PE (p = 0.004 < 0.05), PEnjoy
(p = 0.000 < 0.05) and SI (p = 0.000 < 0.05) had a significant positive correlation with UA, whilst SI
(B=0.421) had the greatest impact on UA. SI (p = 0.000 < 0.05) and UA (p = 0.000 < 0.05) also had
significant positive effects on BI. However, EE (p = 0.071 > 0.05) and FC (p = 0.348 > 0.05) had no
significant effect on UA.

Table 5. Regression analysis between the research dimensions.

Unstandardized Standardized

Independent Dependent

. 2 g
Variable Variable b Standard B T b Adj-R b-w VIE
Error

PE 0.219 0.074 0.214 2.963 0.004 * 2.894
EE -0.125 0.069 -0.140 -1.823 0.071 3.286
PEnjoy UA 0.397 0.097 0.392 4.091 0.000 * 0.796 1.775 5.108
FC 0.066 0.070 0.076 0.943 0.348 3.642

SI 0.382 0.069 0.421 5.535 0.000 * 3.215

SI 0.285 0.067 0.312 4.277 0.000 * 3.323
UA B 0.635 0.074 0.630 8.639 0.000 * 0.819 1.873 3.323

Note: * p<0.05. Abbreviation: D-W, Durbin-Watson. VIF, Variance Inflation Factor.

According to regression analysis, PE was verified in the preliminary theoretical hypothesis to
positively affect UA (H1). PEnjoy positively affected UA (H3), SI positively affected UA (H5), SI
positively affected BI (H6), and UA positively affected BI (H7). The revised model removed EE and FC
dimensions, which did not significantly influence UA. The revised model is shown in Figure 3.

4 () (=)
20
34 63
70 PEnjoy TN SN E—— Bl
44 3
Sl

Figure 3. Unified Theory of Acceptance and Use of Technology (UTAUT) Model of the virtual reality
community application for the urban elderly.
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5. Discussion

Through the comprehensive consideration of variable factors, we found that most elderly
individuals accept social VR but still have concerns. We found that elderly participants were concerned
about the stability, security, and reliability of the payment system when using the shopping function [49],
and they are particularly sensitive to privacy and property security issues such as information leakage.
Secondly, the elderly have long been accustomed to traditional consumption patterns. They believe
that physical stores are more credible, and that the urban infrastructure is well-equipped and shopping
in physical stores is convenient. In addition, whether the 3D virtual avatar (virtual agent role) can
effectively map the users’ actual gestures and facial expressions in real time was raised as a concern.

The elderly participants assessed showed a deep interest in the medical service function.
Considering that although the urban structure contains a relatively well-developed medical service
system, some shortcomings exist, including time consumption of the patients waiting in line for
treatments, or problems with patients returning to the hospital on multiple occasions for treatments,
particularly for those with limited physical mobility. The medical service function of social VR can
solve these issues and assist the hospital service system. Elderly individuals had fewer concerns
in terms of entertainment and chatting functions, which may be related to the experience of using
virtual technology, coupled with the limited recreational venues in urban areas. Social VR can however
provide users with a large enough space. It was also noteworthy that the elderly’s need to chat is not
limited to verbal communication. Social VR can support social behaviors in life activities (such as
shopping and entertainment), which is more attractive to the elderly.

From the analysis of the technology acceptance model, SI, PEnjoy, and PE were important
indicators that affected the elderly’s acceptance of social VR. We found that for SI, when the individual
lacks experience, the social influence on the acceptance of the elderly becomes more important [50].
The decision of the elderly to use social VR is largely determined by surrounding factors such as family,
friends, and doctors. During the questionnaire, it was also found that the elderly were susceptible
to the influence of their peers to decide whether to take the questionnaire. As such, a one-to-one
questionnaire is more authentic and effective. Additionally, most participants mentioned that strong
and close ties were important. If friends around them failed to agree with the use of social VR, then
they lacked a willingness to use it. This means that encouraging the elderly to use social VR should
consider other social groups, social circles, and whether old acquaintances use the platform. These
results are consistent with previous studies [51] that showed that social influence is an important factor
affecting attitudes and behavioral intentions.

PEnjoy: We increased the explanatory power of the model from 76.7 to 79.6% through the
addition of PEnjoy dimensions, indicating that the elderly regard enjoyment as an important factor [52],
and that technical staff should consider PEnjoy as an important indicator when developing VR
applications [27,53].

PE: although the weight of PE was relatively small, it had a significant impact on the user’s
attitude of the elderly [54], which was consistent with Davis et al. [55] and subsequent research on the
acceptance of technology. This shows that activities which are helpful to daily life and hobbies will
encourage the use of social VR [56]. As such, the future social VR service system must be conceived
to meet some functional requirements, including ensuring the safety and trust in social VR [57]. A
significant positive correlation was also observed between UA and BI, consistent with previous studies
on the technology acceptance model [54]. Although the participants considered that the current
hardware was not light enough and that the database was not abundant, they thought that social VR
represented the future trend, and that the technology will improve in the future. They were therefore
willing to accept and consider its use in the future.

No significant influence of EE, FC, and UA were observed, which differed to the positive influence
of EE and FC on technology acceptance reported in previous studies. We found that EE does not
significantly impact on UA, as it may require participants to experience social VR in person to accurately
explain its difficulty of use. Secondly, most participants believed that if social VR was useful to them,



Sustainability 2020, 12, 9345 13 of 19

they would try to learn how to use it. Moreover, the vast majority of elderly individuals have experience
in technology products and social applications, so the focus on usability does not represent a decisive
factor when selecting social VR. In addition, King et al. found that in the technology acceptance model,
usability was less predictive of use intention than usefulness [58]. Further studies are now required to
investigate whether EE can affect the use attitude of the elderly.

FC also had no significant effect on the acceptance of the elderly, which is consistent with the
results of Pal et al. [59] and Hoque et al. [60]. This may be because social VR represents a relatively new
method of socializing, and it is not widely used at present. Participants are therefore still unable to
realize the convenience of resources such as a fast internet connection, and the assistance from relatives
and friends on the impact on the use of social VR. The elderly also rely less on technology in daily
life [61].

Feedback from participants of elderly people is described below.

The correlation factor analysis and suggestions are made in the results of the UTAUT Model
demand structure questionnaire and the synchronous interview, and the data showed that the
application of entertainment and medical needs in social VR content was helpful to social interaction.
Moreover, the degree of closeness of social relations and the distance of places also affects the state of
social participation (3 = 0.77, p = 0.000 < 0.05).

This study further points out that in the future, social VR can support the social behavior training
essential in the activities of the elderly through entertainment, even the improvement schemes of
rehabilitation. And the service of social VR can extend to the possibility of remote rehabilitation
and treatment, such as tele-rehabilitation visits through social VR, or combination with the needs of
shopping and entertainment, and to a certain extent, increasing the motivation interest of the elderly in
rehabilitation and socializing. And it can also slow down the cognitive deterioration of the elderly,
because these behaviors and activities can unremittingly stimulate the judgment and life management
ability of the elderly.

In the application of social VR, nostalgic therapy can be implemented as well; the visual and
interactive action and other sensory familiarity are prone to stimulate the elderly’s rich associations
and memories, thereby enhancing the social will, which is beneficial to the physical and mental health
of the elderly with or without cognitive impairment. Moreover, it can give full play to the social VR
scene’s plasticity.

In addition, more elderly say that physical behaviors tend to be inept, but in social VR,
somatosensory sports can be included in social activities, because the status of social VR changes, the
elderly can even engage in more activities that are favored by young people, such as rock climbing or
canoeing. For them, these activities cannot be achieved in real life, but while experiencing social VR,
it can be accessible despite their physiological deterioration, and thus indirectly promote the social
interaction between the elderly and different age groups.

Some findings mentioned above suggest that the elderly’s expectation of social VR is to reduce
social disorders they experience out of mental or physical decline. These social disorders concern the
lower frequency of participation due to physical inactivity, the less likelihood of outdoor activities due
to social isolation caused by distance, or less chances that they will participate in the community due
to physical diseases or cognitive decline. As described in the paper, social VR can help the elderly
master these abilities by linking different functions, reduce social barriers caused by external factors,
and at the same time help them socialize in a positive way. To some extent, social VR will help improve
social isolation and loneliness among the elderly, and simultaneously alleviate their problems caused
by cognitive impairment or physical inconveniences.

The contribution of this study is to identify the issues and service structures that may be
emphasized in the use of social VR in the elderly population over the next 10-15 years. Such products
are not yet available at this stage, and most of them are designed for younger populations. Therefore,
the discussion combining social VR in the elderly population is more innovative and distinctive. And
in the social VR used by the elderly, medical services and social entertainment is a representative
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service structure. Based on this, the design interface under this demand and the service type on the
social VR have become the focus of discussion, and the purpose of this paper is mainly to provide
guidance on this information, so that further researchers can continue to develop and conduct social
VR application.

6. Research Limitations

Some limitations of the study should be noted. Firstly, the participants” understanding of social
VR was affected by existing VR technology, and they had not used social VR for a prolonged time
period. Secondly, the majority of the elderly participants were from Taiwan and those based in other
geographical locations should be assessed to improve the scope of the study. Thirdly, the subjects
were healthy elderly individuals and those with limited physical mobility should also be assessed.
Finally, the main contribution of this paper is to point out the trend of virtual social activities of the
future elderly. The data showed that the elderly had obvious preference for entertainment (32.4%) and
medical treatment (31.3%). There will be an increase in each other’s sensitivity to social VR. However,
at this stage, as a preliminary study, or the beginning of study and the current state of use of the elderly,
we have not yet launched a large-scale experimental design and system development to be applied to
the real experience of the elderly. But as a tentative study, this paper has its own valuable contents,
and it is urgent to make the relevant researchers know this message.

Furthermore, in the study of this age range, the elements of medical rehabilitation and
entertainment account for a significant proportion and have a relative effect on the data indicators
made by this study, but this element is still one of the keys to be explored and guided, and in order
to gain a better understanding of the impact conditions brought about by these structures, we also
conducted interviews with 114 elderly aged 60-89 who lived in urban areas of Taipei, and the results
of these interviews led to evidence responses related to the structure. The content of the interviews
will be presented in a qualitative manner, and these will be the discussion orientation of our interviews
with the elderly, which are quite relevant and critical to the use of social VR by the elderly. So we’ll put
them into future study and future service system development.

In the future, we will focus on the development of social VR in medical and entertainment service.
The virtual social interface will be designed with social characteristics according to the preferences and
characteristics of the elderly. Hopefully, the elderly can use the language and non-language combined
multi-sensory social ways to promote positive social interaction in a relatively comfortable and safe
environment, especially interacting with friends and relatives, thus to help solve their social loneliness
and isolation. In addition, we can develop teleconference, social games, group recall, and other systems
for social VR in the future to alleviate cognitive decline of the elderly.

7. Conclusions

The main purpose of this study is to explore the structure of social VR in the elderly in the
metropolitan areas, and to discuss the results of interviews with 114 elderly aged 60-89 who lived
in urban areas of Taipei. Based on the feedback of these structures and the interview of the elderly,
UTAUT Model was also used to conduct structured questionnaires and make some relevant conclusions
and suggestions.

The final results showed that the structural factors in entertainment and medical treatment were
relatively significant, which was related to the demands of specific age. But these structures also
showed the eagerness of the elderly for social needs. And in the next 10-15 years, these elderly people
will be more likely to utilize social VR. The elderly in the study identified the following characteristics’
recommendations for the development of social VR and the contributions of this study.

(1) The social VR solves the social constraints and self-esteem issues among the elderly.

As for the elderly, there are many sports that they do not dare to try in the past or cannot participate
in because of physiological state constraints, but all of them can be achieved through the social VR.
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The social VR helps break through physical limits; such outdoor activities as rock climbing, tracing the
river, and canoeing can be achieved through virtual environment.

In the past, the elderly tended to be less likely to engage in activities because of physiological states
or physical conditions, or because of their self-esteem for fear of troubling others. However, the use of
social VR today breaks these limits or eliminates worries and gives them the confidence to participate
in different social activities. This finding echoes UTAUT Model’s performance on recreational and
medical treatment issues, which represent that entertainment and medical susceptibility to the elderly
mainly show in how they overcome their physiological state and self-esteem issues to participate in
more recreations.

(2) The social VR clears the hindrance of social restriction and interaction caused by spatial distance.

Because of COVID-19, or the lifestyle of the elderly in urban areas, the elderly were forced to
cancel the activities for their physical conditions or long distances. For example, their friends lived too
far away, or it was inconvenient for them to travel to the place where the activities are held. Even the
lack of face-to-face interaction with others as a result of the epidemic can lead to social alienation and
estrangement. However, the application of social VR can solve this problem and construct a social
interaction state in another virtual space environment, and such an application can also remove the
elderly’s problem of space and distance barrier.

This finding was also related to the closeness of the UTAUT Model in social relationships, and
such factors may also affect the influence index of the elderly on Perceived Enjoyment, indicating that
besides the intimacy of social friends, the influence factor of distance is also one of the opportunities
for social VR to develop and highlight its edge. For such, social VR services are indeed an opportunity
to address this gap.

(3) The social VR needs to take into account the relationship between different needs and properly
arrange the social context and interface design.

In different demands, plenty of related factors are highlighted in social VR. In respect of the life
situation and interface design, it needs to be configured in accordance with the conditions required in
these states, such as the relevance between medical structure and entertainment structure. How to
arrange in the specific situation and shown in the interface design, and present proper scheme design,
and in the interface information and operation? How to help the elderly quickly find the appropriate
operation plan and the corresponding use state? All of these have become the focus of not only social
situation designed by the social VR for the elderly but also the interface design.

(4) In the future hardware interface design, more consideration should be given to social VR in its
convenience the possibility of service needs.

The social VR still uses HMD as carrier and tool at this stage, but in the future, different hardware
design and software collocation will become possible to create new state service, like the fitting
combination of scarf and hat. It may become the hardware modeling of future social VR, and in the
future service, these need to be comfortable and sensitive enough for the elderly given their degraded
and weakened sensory. And how social VR designs according to their physiological perception needs
will become one of the key factors to decide whether the product can be accepted by the elderly.

(5) The social VR will still require interaction with the physical world to provide diversified services.

In the end, although social VR provides more possibilities in a virtual immersive environment,
the link to the real world is still the focus that must be considered. How to achieve and better the
link between the virtual and the real world by social VR will be the focus to be considered by the
future elderly or the social VR. Whether long-distance virtual medical treatment and rehabilitation
can be carried out in an immersive environment, or whether further treatment can be carried out in a
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home environment or in a nearby hospital. After all, physical medical behavior in some conditions
or technology has not been overcome, physical conditions and medical behavior are the inevitable
activities, and in addition, social VR will have more possibilities and challenges, and these contents
need to be considered to strengthen the services of virtual environment and physical state.
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