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Abstract—This paper is aiming to present two studies investi-
gating attitudes of older people towards different technologies
to break their social isolation and investigating the impacts
of Immersive Virtual Reality (IVR) on physical and mental
dimensions. The first study, based on focus groups conducted
with 23 older people (aged from 65 to 93 years-old) allowed
to collect attitudes and opinions of older people about different
technologies to help them to break social isolation. The second
study, based on an experiment conducted with 42 older people
(aged from 63 to 85 years-old) allowed to investigate the impact
of a specific Immersive Virtual Reality (IVR) on physical and
mental dimensions. The first study confirm that Immersive
Virtual Reality (IVR) can be a relevant digital tool for elderly
people according to them, i.e., a digital tool perceived as useful,
usable and acceptable. The second study demonstrates that
use of a specific Immersive Virtual Reality (IVR) system can
reduce the perception of social isolation and can have positive
impacts on physical dimensions such as the weight and the
waist circumference. Theoretical and applied implications are
discussed.

Index Terms—technology, acceptability, older people, social
isolation, loneliness

I. INTRODUCTION

As people generally live longer, maintaining physical au-
tonomy of older adults, and thus their independence, is a key
challenge that all modern societies must face and succeed
to ensure the economic and social well-being of the entire
population. Moreover, loneliness is also a key challenge in the
social domain related to aging. So, the ability to stay connected
to community services and to maintain social interactions is
considered today to be crucial to well-being and successful
aging [18] [56] [94] (for a synthesis, see [83]). To stay
connected with other, to maintain social interactions and to
preserve physical activity, walking is one the best activities
for older adults because it has positive effects on physical and
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mental health for older adults [50]. But, in our large and mod-
ern cities, three activities related to walking are particularly
complex for older adults [83] because there are many sensory,
motor and cognitive changes with age: walking and obstacle
negotiation, navigation, and street crossing. Finally, because
older adults are often aware of their limitations and because
our towns are more and more complex for pedestrians (e.g.,
crossing a street), more and more older adults are anxious with
outdoor activities [9], and several studies revealed a significant
relationship between anxiety and fear of falling in different
countries [3], [9], [12], [45], [60], [69]. Moreover, social
isolation is also related to mental representation about neigh-
borhood and social factors (e.g., population density, crime
rate, ethnic) that influence people’s use and perception of their
space and their activities performed outdoor [33], [70], [75].
Fear of falling is the most common public health problem,
which can lead to loss of confidence, reducing physical and
social activities, depression, loss of mobility, increased risk
of falls, physical weakness, and strong negative impact on an
older people’s quality of life. There is increasing evidence that
fear of falling is a major barrier to walking and other outdoor
activities which in turn lead to increased fall risks [27], [42].
This relationship between fear of falling and restricted physical
activity holds important implications among older and middle-
aged adults, and the fear of outdoor falling is one of the major
barriers preventing people from meeting the recommended
levels of social and physical activity [39], [54], [65].

In parallel, even if data about social isolation of older adults
varies by country (percentages from 25 in Denmark to 60
in Greece; [80], loneliness is a serious problem among older
persons, loneliness has been consistently identified as one of
the specific “social problems” which accompanies old age
and growing older in all the countries, in urban areas [37],
[43], [46], [62], [85] or in rural areas [88], [90]. While being
alone does not directly imply loneliness, actual/perceived
isolation and loneliness can negatively affect mental health



[40], [66], [68]. Living alone, having few social network
ties, and having infrequent social contacts are all markers of
social isolation. Loneliness and social isolation have direct
influences on physical and mental health [64], [67], [76],
[79], [84] and are risk factors for all-cause morbidity and
mortality with outcomes comparable to other risk factors such
as smoking, lack of exercise, obesity and high blood pressure,
and loneliness has been associated with decreased resistance
to infection, cognitive decline and mental health conditions
such as depression and dementia [31], [41], [53], [57]. Risk
factors for loneliness and social isolation among older people
include [5]: family dispersal, decreased mobility and income,
loss of loved ones, and poor health. It is thought that societal
change including reduced inter-generational living, greater
geographical mobility and less cohesive communities have
also contributed to higher levels of loneliness in the older
population. Social isolation of old people living alone is a real
problem and is directly related to the quality of life [89]. We
can note that, despite some detrimental impact on vulnerable
individuals, there was no large increase in loneliness but
remarkable resilience in response to COVID-19 [58] even for
older adults [85].

There are different interventions and methods to improve
social skills and to enhance social support [59], a series of
studies showing that technologies can be relevant and efficient
for older adults living at home or in institutional settings
[13], [15]-[18], [36], [44], [49], [101], [102] even if these
technologies are simple such as telephone [11] or radio and
TV [82]. Several studies demonstrated that Immersive Virtual
Reality (IVR) can be relevant and acceptable for older people
to promote and maintain physical and social activities [4], [6],
[7], [21], [30], [48], [81]. Moreover, several recent studies
showed that the older adults reported positive experiences
and positive attitudes with Immersive Virtual Reality (IVR)
[2], [4], [22]. So, if IVR technologies can be used as a
tool to reduce social isolation of older adults and to increase
engagement in physical activity, we assume that an IVR
system is efficient if behavioral changes are transferred from
the virtual to the real physical world.

In this vein, we present two complementary studies:

o The first study, based on focus groups conducted with 23
older people (aged from 65 to 93 years-old), is aiming to
collect attitudes and opinions about different technologies
to help them to break social isolation.

o The second study, based on an experiment conducted with
42 older people (aged from 63 to 85 years-old), is aiming
to investigate the impact of Immersive Virtual Reality
(IVR) on physical and mental dimensions.

II. STtuDY 1

The first study conducted with older people was to collect
opinions and attitudes towards different technologies to help
seniors to increase their physical activity outside.

A. Farticipants

Twenty-three French seniors participated to focus groups,
each focus group having from 3 to 6 participants (aged from
65 to 93 years-old). All participants were French native-
speakers, all were women, use some digital technologies (such
as smartphones or tablets), and live alone. The duration of
these focus groups were from 60 to 75 minutes (Fig.1).

Fig. 1. One of the focus groups conducted with volunteers older people.

B. Focus group: Design and Procedure

Focus groups are well suited to "give voice" to marginalized
groups such as older adults [93] [94] [98]. Focus groups are
particularly relevant to collect attitudes and opinions of older
adults about specific tools such as digital technologies (e.g.,
[99] [100]). The quality of discussion is not only determined
by the individual characteristics of the participants but the
overall composition of the group. One the most common
recommendations in the focus group literature is to create
groups that are homogeneous with regard to the topic [95]
[96] [94]. For example, it is easier for participants with
incontinence to discuss this sensitive topic when they know
that all the members of the group share the same problem. the
questions should be short and simple using language familiar
to older adults [97].

All the focus groups were located in the same place, i.e.,
institution where older people can practice some activities such
as cooking, practicing sports, and they were always moderated
by the same experimenters.

In our study, each focus group had three steps:

« First, after a brief presentation of the main goals of the
study, participants were asked to verbalise freely their
opinions and attitudes towards technology. Moreover,
they were asked to explain what kind of technology
they use in their daily life, for what activities, in what
context, etc. (e.g., to search for information about health,
to communicate and to share photos with their children,
to practice e-banking).



o Second, three digital tools are presented to participants by
the experimenter. These digital tools have been presented
with three videos displaying seniors using them (Fig.2)
(i) a wearable device/sensor used to collect data about
gait and balance; (ii) an Immersive Virtual Reality (IVR)
system to simulate navigation at home; (iii) a connected
watch with its smartphone. Participants were asked to
give their opinions about each of these digital tools, their
advantages and limits a priori.

o Finally, like for the first step, participants were asked
to verbalise freely their opinions and attitudes towards
technology (utility, usability, acceptability).

UTILITY USABILITY

++

e.g., “Easy to use”,

ACCEPTABILITY

ot

e.g., “If invisible, | am
”, “Only for
P

e.g., “Useful for
physicians”, “Very “No action is
small”, “Not really required”, “Not in my
useful for seniors” leg”

a short period”,
during the night”

++

e.g., “With some help,
easy to use”, “I have
just to walk”

+/-

e.g., “To complex to
use”, “Too more
actions and buttons”

e.g., “Innovative”,
“Useful for physicians
and for seniors”,
“Complementary”

+/-

e.g., “Funny”, “Easy to
wear”, “Too much
information”

e.g., “Really funny”, “I
would like to test
that”, “Very cool, like
in movies”

ot

e.g., “Useful for
physicians”, “I do not
want to be constantly

followed”

Fig. 2. Utility perceived, usability and acceptability for each of the three
digital devices displayed to elderly people during the focus groups: a wearable
device/sensor (at the top); Immersive Virtual Reality (or IVR, at the middle);
a connected watch (at the bottom line).

C. Results and discussion

Contents of verbalisation of participants produced during all
the focus groups have been analysed by using an inductive
content analysis, i.e., where coding categories are derived
directly and inductively from the raw data. In inductive con-
tent analysis, researchers avoid using preconceived categories,
allowing the categories and names for categories to ‘flow from
the data’ instead. They immerse themselves in the data to allow
new insights to emerge. Similar to a grounded theory approach,
the main purpose is to develop theories. The advantage of
the conventional approach of content analysis is that direct
information is gained from the study participants without
preconceived theoretical perspectives having been imposed.

For each technology displayed during the focus group,
a SWOT analysis (Strengths, Weaknesses, Opportunities,
Threats) has been conducted to interpret verbalisation pro-
duced by the participants. For instance, for the wearable
device/sensor, several participants express that "it is small",
"easy to wear" (Strengths), but "I do not want to use it during
the night", "I am OK to wear it only for a very short period"
(Weaknesses), and "I regret that no information is provided for

the user" (Opportunities). In the same way, for the connected
watch, some participants express that "it is easy to wear it"
(Strength) but "it is too complex to use" and "I do not want
to be constantly followed" (Weaknesses). Several examples of
verbalisation produced by the older people during these focus
groups are provided in Fig.2.

Based on this SWOT analysis, utility, usability and ac-
ceptability have been estimated. As Fig.2 summarizes, our
results obtained in the first study tend to demonstrate that an
Immersive Virtual Reality (IVR) system could be a relevant
digital tool for elderly people, i.e., a digital tool perceived as
useful, usable and acceptable.

It is the reason why we investigate more precisely, in an
experiment presented below (study II), the impacts of an
IVR on physical and mental dimensions for older people.
In particular, we hypothesize that an IVR can have positive
impacts of physical data and social isolation for elderly people.

III. STUDY 2

Results issued from the first study show that an Immersive
Virtual Reality (IVR) system can be useful, easy to use,
and acceptable by older people to help them to break social
isolation. This second study will investigate if an IVR can have
positive effects on physical and mental dimensions. To assess
the impact on loneliness and perception of social isolation,
the University of California Los Angeles (Revised UCLA)
loneliness scale can be used [49], [72]-[74]. Revised UCLA
is a 20-item scale (e.g., “How often do you feel that you
lack companionship?”, “How often do you feel you can find
companionship when you want it”) designed to measure one’s
subjective feelings of loneliness as well as feelings of social
isolation. Participants is asked to rate each item on a scale from
1 (Never) to 4 (Often). This scale has good concurrent and dis-
criminant validity, internal consistency and stability [73] and
has been validated for different cultures: Spain [87]; Canada
[23]; Korea [46]; Portugal [63]; Turkey [28]; Taiwan [93]; Italy
[10]; Ireland [78]; Belgium [34]; United Arab Emirates [25];
and France [23]. To assess the impact on physical dimension,
weight and waist circumferences are relevant because they are
very good predictors of disability among older adults (e.g.,
[35], [38], [55], and have similar predictive accuracy compared
with body mass index [92]. Moreover, studies confirmed that
weight and waist circumference are associated with functional
and physical decline, and reduced quality of life for older
adults [8], [16]: Elevated weight and waist circumference are
associated with lower quality of life, a decline in physical
function, and a slightly higher risk of disability over time.

We hypothesized that the use and navigation in an Immer-
sive Virtual Reality (IVR) system can have positive impacts on
real behaviors (walking) in the real world and on perception
of social isolation. Forty-two older adults participated to our
experiment (63-85 years-old), half of whom interacted with a
specific Immersive Virtual Reality (IVR) daily for 4 months
in their homes and half of whom served as a standard-of-care
control.



IVR group (n = 21) | Control group (n = 21) | Total (N = 42)
SEX(n, %)
Male 8 (38%) 7 (33.3%) 15 (35.7%)
Female 13 (61%) 14 (66.6%) 27 (64.21%)
AGE
Mean (SD) 78.4 (6.7) 77.8 (6.9) 78.1 (6.8)
Min.-Max. 64-85 63-84 63-85
REASONS FOR LIVING ALONE (n, %)
Never having married | 2 (9.5%) 2 (9.5%) 4 (9.5%)
Divorced 3 (14.2%) 4 (19%) 7 (16.6%)
Separated 1 (4.7%) 0 1 (2.3%)
Widowed 14 (66.6%) 15 (71.4%) 29 (69%)
SCORE MMSE
Normal (> 24) 17 (80.9%) 16 (76.1%) 33 (78.5%)
Mild (21-24) 4 (19%) 5 (23.8%) 9 (21.4%)
Moderate (10-20) 0 0 0
Severe (<10) 0 0 0
AIDS(n, %)
Using glasses 19 (90%) 20 (95.2%) 39 (92.8%)
Hearing Diff. 5 (23.8%) 6 (28.5%) 11 (26.1%)
Limited mobility 2 (9.5%) 2 (9.5%) 4 (9.5%)

TABLE I

DISTRIBUTION AND CHARACTERISTICS OF STUDY PARTICIPANTS.

A. Farticipants

Forty-two French older adults aged 65 to 85 years partic-
ipated to our experiment (percentage of female= 64.2; mean
age = 78.1, SD = 7.1 years). Distribution of participants is
presented in Table I. All participants have lived alone for
different reasons (separated, widowed, divorced, never having
married). Participants are distributed in two separate groups:
21 participants in the experimental group and 21 participants
in a control group. Participants in the experimental group
were asked to interact with a specific Immersive Virtual
Reality (IVR) daily for 4 months in their homes, at least 15
minutes per day. No specific information has been provided
for participants who served as a standard-of-care control.

B. Eligibility criteria and distribution of participants

Participants were included in our study if they (1) were
adults over 65 years old; (2) could communicate in French
fluently; (3) were able to consent to participate in the study;
(4) have lived in cities located in the East of France; (5) had
normal or mild levels of cognition (scored >21 on Mini-Mental
State Examination or MMSE); and (6) live alone at least from
3 years. Individuals were excluded if they met any of the
following criteria: (1) vision impairment at a level that would
make it impossible for them to use the Immersive Virtual
Reality (IVR) system; (2) open wounds or skin conditions on
the face, or chronic neck pain/injury that might make it unsafe
to wear the IVR headset; (3) inability to provide consent; (4)
have lived alone since one, two or three years.

C. The Immersive Virtual Reality (IVR) Used

The IVR used in our study was specifically created for a
series of experiments investigating the behaviors of pedestrians
with specific needs (e.g., older adults, adults with motor
impairment) in urban areas. This IVR has been developed by
Human Games© company and requires the use of an HTC
Vive headset (Fig.3) Participants in the experimental group
were asked to spend at least 15 minutes per day, in their
home, within this specific IVR while they were seated. They
were asked to “simply explore the virtual town and to navigate
in this town to become familiar with it”. Several training
sessions were organized to familiarize participants with the
IVR system.

In this IVR system, pedestrian/user can freely navigate
in a city, i.e., s/he can cross streets, s’/he can move where
s/he wants, s/he can stop to move where s/he wants. Other
pedestrians and vehicles are also present. On the one hand,
IVR headset provides an immersion that focuses the user’s
attention on her/his actions in the virtual environment. On the
other hand, the controllers/joysticks allow natural gestures to
be reproduced to catch, use or throw objects.

D. Dependent Variables

Whatever the group (experimental vs. control), each partic-
ipant was asked to come in the laboratory to collect several
objective and subjective data related to his/her daily life
activity and his/her affect:

o Weight (in kg.);

e Waist circumference (in cm.);



Fig. 3. Two screenshots of urban scenes extracted from the IVR created by Human Game®© used in our experiment.

o The number of steps per day, outside, assessed with a
pedometer (Fitbit©) provided for each participant;

o The time of use per day of the IVR (in min.), only for
the experimental group;

o Perception of intensity of activity, assessed by a Likert-
scale: “According to you, over the past 7 days, how
often did you take a walk outside your home or yard for
any reason? For example, for fun or exercise, walking,
walking the dog, etc. (from 0 “Never” to 7 “Often”);

o Assessment of loneliness, by using the French version
of the Revised UCLA Loneliness Scale (R-UCLA; [74];
French version: [19]. This scale is a 20-item scale de-
signed to measure one’s subjective feelings of loneliness
as well as feelings of social isolation where respondents
were asked to rate each item from one of four choices:
“Never”, “Rarely”, “Sometimes” or “Often”. The average
loneliness score on the measure is 20. A score of 25 or
higher reflects a high level of loneliness. A score of 30
or higher reflects a very high level of loneliness. In this
study, each participant was asked to complete the scale
twice (at the beginning and at the end of the experiment).

E. Results and discussion

For the assessment of loneliness by using the French version
of the Revised UCLA Loneliness Scale, results indicate that
the measure are highly reliable, both in terms of internal
consistency (coefficient o = .92) and test-retest reliability over
a 4-month period (r = .73).

As Table II shows, four main interesting results have been
obtained:

e The mean weight and the mean waist circumference
of participants using the specific IVR system decrease
significantly (p. = .002) while these data remain stable
for the control group;

o The number of steps outside and the perception of in-
tensity of activity increase significantly for participants
using the specific IVR system (p. < .001), while these
data remain stable for the control group;

« the loneliness score (i.e., perception of social isolation)
decreases significantly for participants using the IVR

system (p. < .001), while this score remains stable for
the control group;

o The positive impacts related to the use of the IVR exist
even if the time spent to use this IVR system decreases.

In other words, the use of IVR has positive impacts on
physical dimensions (weight, waist circumference) and on
mental dimensions (loneliness score) because it has a positive
influence on the number of steps performed outside. This result
is really interesting because positive impacts exist even if the
time spent to use the IVR decreased (p. = .02).

IV. GENERAL DISCUSSION

Results obtained in the first study, based on focus groups
conducted with 23 seniors, confirmed that an Immersive Vir-
tual Reality (IVR) system can be a relevant digital tool for
elderly people according to them, i.e., a digital tool perceived
as useful, usable and acceptable.

Results obtained in the second study, based on an experi-
ment conducted with 42 seniors, have mainly shown that use of
a specific Immersive Virtual Reality (IVR) system can reduce
the perception of social isolation and can have positive impacts
of physical data (weight and waist circumference) for older
adults because activity performed with the IVR stimulates
activity performed outdoor (i.e., walking as pedestrian). In
other words, walking in the virtual world has a direct and
positive impact on walking activity performed outdoor, in the
real world.

Even if walking comes an increased risk of injury as a
pedestrian, walking has plenty of health benefits for older
adults [32], [52], [83], [91], [101], including more positive
feeling, better social life, inexpensive, may reduce social iso-
lation and anxiety, help to reduce chronic pain, controls blood
sugar more effectively, helps joint flexibility, improves coordi-
nation and balance, helps bone and muscle health, maintains
weight and waist circumference, and increases confidence.
There is currently a growing interest in social issues globally,
such as the isolation—as well as physical or mental health
decline—of older people, social participation lowers the risk
of future isolation [29].



Fist session (Week 1) | Last session (Week 10) | p.

WEIGHT (in kg.; Mean and SD)
IVR group (n = 21) 66.8 (7.9) 63.7 (8.7) .002
Control group (n = 21) 67.1 (9.1) 67 (8.8) ns
WAIST CIRCUMFERENCE (in cm.; Mean and SD)
IVR group (n = 21) 102 (12.3) 97.5 (14.2) .003
Control group (n = 21) 101 (13.9) 100.5 (11.2) ns
NUMBER OF STEPS OUTSIDE (Mean and SD)
IVR group (n = 21) 3890 (878) 7604 (754) <.001
Control group (n = 21) 4002 (652) 3791 (448) ns
TIME OF USE OF IVR (in min. per day; Mean and SD)
IVR group (n = 21) 15 (3.8) 12 (4.7) .02
Control group (n = 21) - - -
PERCEPTION OF INTENSITY OF ACTIVITY (from O to 7; Mean and SD)
IVR group (n = 21) 1 (0.1) 5.5(0.3) <.001
Control group (n = 21) 0.8 (0.2) 1.3 (0.3) ns
LONELINESS SCORE (Mean and SD)
IVR group (n = 21) 37.06 (4.2) 21.43 (6.1) <.001
Control group (n = 21) 37.02 (5.7) 36.71 (6.6) ns

TABLE 1T

MEAN (AND SD) OBTAINED IN THE EXPERIMENT CONDUCTED IN THE STUDY 2, FOR THE TWO GROUPS (IVR GROUP AND CONTROL GROUP), AT THE
BEGINNING AND THE END OF THE EXPERIMENT.

Even if future studies are needed to control the possi-
ble impact of some individual factors (e.g., gender, status,
hobbies), our experiment confirms that as Immersive Virtual
Reality (IVR) has become more accessible, affordable, and
comfortable, it provides a unique opportunity to use these
technologies to enable older adults to escape from their often
confined area [4], [6], [7], [102]. More precisely, the use of a
specific IVR can modify positively human behaviors of older
adults from the virtual to the real and physical world. In other
words, impacts of an Immersive Virtual Reality can be positive
because its use can help individuals (here, older adults) to
adopt new intentions and new positive behaviors in real and
physical world.
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