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ARTICLE INFO ABSTRACT

Keywords: Sedentary behavior among hospitalized older adults is a well-described challenge that can increase the risk of loss

Vlrt'_lal r'eahty of function and mortality. Therefore, it is important to encourage physical activity (PA) during hospitalization.

I\R/IO}:“]';‘I}OH' Exertion Games (exergames) have repeatedly been suggested as a tool to encourage and sustain motivation in
ehabilitation

rehabilitation programs. This article presents early findings from a convergent parallel mixed methods study
that explored whether social presence and PA could be combined through the novel use of immersive virtual
reality technology in a feasible group exercise constellation. Inpatients (n =10, 50% female, 80.3+8.2 years) were
invited to participate in a bi-weekly VR group session. Most participants (62%) responded that it was a good
experience to a large/great extent, which they would like to use repeatedly (76%). The technology was easy for
untrained healthcare professionals and had minimal adverse events for the participants. However, a major finding
illustrates that the enclosing immersiveness of the headset hindered conversation during exercise sessions. The
exclusion of sight likely had a negative effect on forming relations between the participants, which conversely
caused the participants to experience a lack of cohesion and relatedness with the other participants. VR-mediated
group therapy may be a promising solution to existing physiotherapy practices since it may incorporate basic
psychological needs. However, to optimize for social interaction, future systems will need to afford a higher
degree of social presence, e.g., through avatar embodiment in a shared virtual environment, to support older
adults’ autonomous motivation for PA through social interaction and novel technologies.

Self-determination theory
Social presence
Older adults

pivotal priority in this population with well-established positive effects
on physical- and mental health and quality of life (Gill et al., 2013;

1. Introduction

Sedentary behavior, i.e., staying physically inactive for long periods Gopinath et al., 2018). A popular device to assist PA in both in- and out-
of time, tends to increase with advanced age (Suryadinata et al., 2020).
Unfortunately, this tendency amplifies the risk of metabolic disorders
and chronic diseases, which require hospitalization and rehabilitation
and may result in 3.2 million annual deaths in the geriatric popula-
tion (Taylor, 2014). Sedentary behavior during hospitalization is well
described by Zisberg et al. (2011); Pedersen et al. (2013) with studies
finding that older adults capable of walking independently spend 83%
of a hospital stay in bed (Brown et al., 2009). Consequently, muscle
mass may decrease by 10% within just two weeks, which can decrease

patient settings is the cycle ergometer, which has been demonstrated to
be a safe exercise method that may improve postural balance (Bouil-
lon et al., 2009; Oja et al., 2011; Bouaziz et al., 2015), reduce fall risk
(Buchner et al., 1997), and reverse frailty in older adults (Bray et al.,
2016). Additionally, loneliness and social isolation are increasingly rec-
ognized concerns in the aging population, which is associated with poor
health and well-being (Courtin & Knapp, 2017; Grenade & Boldy, 2008),
cognitive decline (Steptoe et al., 2013; Wilson et al., 2007), depression

functional capacity and increase the mortality risk (Covinsky et al.,
1997, 2000; Hespel et al., 2001). Thus, maintaining sufficient physi-
cal activity (PA) levels during hospitalization and post-discharge is a
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(Heikkinen & Kauppinen, 2004), and increased risk of mortality similar
to the effects of smoking, obesity, and physical inactivity (Heikkinen &
Kauppinen, 2004; Holt-Lunstad et al., 2010).
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1.1. The role of motivation and need satisfaction in physical activity

Motivation plays a major role in health and health behavior change
Ryan et al. (2008), and in exercise interventions, patients often display
low adherence and motivation (Maclean et al., 2000; Bassett, 2003;
Teixeira et al., 2012; Valenzuela et al., 2018). A main tenet of the
earlier operant behavior theories was that self-regulation could only
be achieved through external reward contingencies (Skinner, 1965;
Vansteenkiste et al., 2010). An important advancement in motivation
theories came with the recognition that humans are capable of au-
tonomous behavioral drive, which is a shared premise of Self-Efficacy
Theory (SET) and (Bandura, 2006) and Self-Determination Theory
(SDT) (Ryan & Deci, 2000). SDT is a broad macro theory on human mo-
tivation and well-being, which seeks to explain why individuals decide
to engage, participate, and exert effort in activities (Ryan & Deci, 2020).
Moreover, SDT researchers argue that humans have three basic psy-
chological needs: autonomy, competence, and relatedness. Autonomy
implies control over the consequences of one’s own behavior. Compe-
tence refers to the need to achieve mastery over (optimally challenging)
activities. Finally, relatedness addresses the desire to feel a sense of be-
longing and connection to other people (Ng et al., 2012; Ryan & Deci,
2020). SDT researchers posit that if any of these needs are thwarted
or undermined, it can be detrimental to an individual’s autonomous
motivation and well-being Ng et al. (2012). One of the more popular
concepts from SDT is intrinsic motivation, i.e., the tendency to engage
in activities due to the perceived interest, enjoyment, and inherent sat-
isfaction (Ryan & Deci, 2000, 2020). However, research suggests that
both intrinsically oriented motives and need satisfaction, such as social
engagement, optimal challenges, and skill development, are associated
with greater exercise participation and effort (Teixeira et al., 2012).
In addition to commonly used subjective measures that constitute regu-
lar SDT questionnaires (intrinsic motivation inventory or self-regulation
questionnaires), SDT researchers also employ objective measures such
as the free-choice paradigm to assert intrinsic motivation. In the free-
choice paradigm, participants can engage in an activity of their own
volition after they believe they are no longer observed. If they persist
in the activity, it indicates intrinsic engagement (Vansteenkiste et al.,
2010; Peters et al., 2018).

1.2. Computer-mediated technologies to support motivation and well-being

Exertion games or exercise games (exergames) Bogost (2005);
Mueller et al. (2008), have repeatedly been suggested as a tool to en-
courage and sustain motivation in rehabilitation programs (Staiano et
al., 2012; Marker & Staiano, 2015; Levac et al., 2017; Keshner et al.,
2019; Reis et al., 2019; Hoeg, Povlsen, et al., 2021; Koivisto & Malik,
2021). Researchers have explored how novel computer-mediated tech-
nologies, such as virtual reality (VR), can foster patients’ feelings of
enjoyment and satisfaction while undergoing tedious (or even painful)
exercises (Anderson-Hanley et al., 2011; Feltz et al., 2011; Gorsi¢, Cika-
jlo, Goljar, et al., 2017; Kaos et al., 2019; Pereira et al., 2019; Gorsic et
al., 2020; Hpeg, Povlsen, et al., 2021). Yet, although there is plenty of
examples of how VR technology can influence the gaming experience
positively by increasing enjoyment, happiness, and a sense of compe-
tence, the underlying mechanisms remain largely understudied (Reer et
al., 2022). A new SDT-based theoretical framework, the Motivation, En-
gagement, and Thriving in User Experience (METUX) model (Peters et
al., 2018), provides a minimal set of well-being requirements applicable
to all kinds of technologies, i.e., they should fulfill the three basic psy-
chological needs (Peters, 2022). Therefore, researchers and developers
must rely on designs that promote sustained motivation and well-being
by supporting the basic psychological needs (Peters et al., 2018; Reer et
al., 2022).

1.3. Virtual reality and cycle ergometers

Historically, the term ‘VR’ has been used to describe both non-
immersive VR (NVR) and immersive VR (IVR) based on the system’s im-
mersive capabilities (Nilsson et al., 2016; Hgeg, Povlsen, et al., 2021).
IVR systems utilize, e.g., head-mounted displays (HMDs) that allow the
user to view the virtual environment (VE) in all directions. Recently,
360-degree video, captured in real-world scenarios (sometimes called
360° VR) has also emerged (Ortet et al., 2022). In contrast, NVR sys-
tems only offer a limited field-of-view (FOV), e.g., through a computer
screen, televisions, or projection systems (Hgeg, Povlsen, et al., 2021).

The first researchers to combine cycle ergometers with interactive
VEs were Johnson et al., who conducted an experiment on severely
brain-injured adults (N=20) by combining cycle ergometers with an
NVR environment displayed on a 29-inch monitor positioned in front
of an exercise bike (Johnson et al., 1996). Kim et al. were the first
to utilize immersive technology for developing a purposeful rehabil-
itation training prototype for postural balance rehabilitation (Kim et
al., 1999). Yet, it is worth noting that the prototype was evaluated on
healthy adults. Most of the previous research has largely utilized NVR
applications, likely because the cost of immersive devices in the early
millennium was too high to integrate into clinical settings. Within the
last 12 years, there’s been increasing interest in IVR and NVR appli-
cations for health purposes. For example, as an exergame experience
to promote health and fitness following stroke (Ranky et al., 2010;
Deutsch et al., 2013; Ranky et al., 2014), to motivate PA in nursing
home residents (Bruun-Pedersen et al., 2014, 2016a, 2016b) and pul-
monary rehabilitation (Rutkowski et al., 2021; Hgeg, Bruun-Pedersen
& Serafin, 2021), as well as for home-based exergaming (Arlati et al.,
2019).

1.4. Social interaction in virtual environments

There is a dearth of research on the impact of different social game
styles in immersive experiences in rehabilitation contexts (for instance,
co-action, cooperation, collaboration, and competition) Marker and Sta-
iano (2015); Pereira et al. (2019); Hgeg, Bruun-Pedersen, Cheary, et al.
(2021). In NVR studies, social experiences have been previously been
addressed. For instance, Anderson-Hanley studied the effect of social fa-
cilitation and competitiveness against virtual avatars on a video screen
(Anderson-Hanley et al., 2011, 2012), Kaos et al. discovered that par-
ticipants who primarily engaged in group play had superior adherence
compared to participants who played alone (Kaos et al., 2019), Arlati et
al. utilized virtual biking to increase elderly’s exercise adherence (Ar-
lati et al., 2019), and Hgeg et al., investigated the social impact of a
co-located immersive tandem-bike exergame among older adult outpa-
tients (Hgeg, Bruun-Pedersen, Cheary, et al., 2021).

In social interactions, the concepts of co-presence, i.e., the feeling of
sharing the same virtual space with another person and being mutually
aware of each other, originated from Goffman’s work on behavior in
public places (Goffman, 1966). Slater et al. distinguish co-presence as
a separate attribute from social presence in VEs, arguing that a simple
phone call conversation with someone can create a strong social feeling
of being with them but may not necessarily instill a sense of physically
being in the same virtual space with them (co-presence) (Slater et al.,
2000). This implies that users can still experience social presence even
with limited or no avatar fidelity and appearance, similar to how it
occurs in a phone call or virtual meeting.

Against this background, we aimed to offer the older adult inpatients
an activity that combined social interaction and PA with the overall
perspective of improving their well-being by supporting the need for au-
tonomy, competence, and relatedness. More specifically, the goal of the
study was to explore the influence of social presence on engagement,
feasibility, safety, and self-perceived exercise benefit of IVR group cy-
cling from the inpatients’ point of view.



E.R. Hpeg, N.B. Andersen, N. Malmkjcer et al.

Fig. 1. The commercial solution from Syncsense LCC presented 360-degree
recorded videos of scenic walks through a Pico G2 VR headset.

2. Methods
2.1. Study design

The study was based on an idiographic research approach designed
as an exploratory phenomenological study. A convergent mixed meth-
ods design was used, a type of design where both qualitative and quan-
titative data are collected in parallel, analyzed separately, and then
merged (Creswell & Creswell, 2018). The reason for collecting both
quantitative and qualitative data was to create an integrated interpreta-
tion (Creswell & Poth, 2015) and explore convergence, contradictions,
and incongruence through data triangulation (Creswell, 2013).

The study was conducted between October and November (2021),
during a low-incidence period of the COVID-19 pandemic. Participants
were recruited from an inpatient care unit in the Danish municipality of
Frederiksberg. Potential participants were screened for eligibility by a
physiotherapist through a non-probability purposive sampling approach
Creswell and Poth (2015).

2.2. Ethical approval

Aalborg University’s Technical Faculty of IT and Design prospec-
tively approved that the study complied with the Danish Code of Con-
duct for Research Integrity. The study protocol (ID: NVK-21065364)
was submitted for approval by the Danish National Committee on
Health Research Ethics (NVK), which concluded that the study did not
require additional ethical approval.

2.3. Materials

The equipment used in the study included four Pico G2 4K VR
headsets (Pico Immersive Pte. Ltd., San Francisco, USA) paired with a
commercial hardware/software solution (Syncsense LLC, Copenhagen,
Denmark) (see Fig. 1). The solution contains a pedal sensor that inter-
faces with the HMD to play 360° pre-recorded videos of various walking
tours. The pedal sensor connected automatically to the HMD, and the
participants had to keep their cadence for the video to keep playing.
Thus, the pedaling speed did not influence the playback speed of the
video. The gym room was preprepared with four Lemco B'fit (Lemco
Mobility LCC, Elsinore, Denmark) portable cycle ergometers positioned
on non-slip surfaces.

2.4. Intervention

Potential participants were screened and invited to participate in the
study by the unit’s development therapist. Participants were excluded if
they were non-native speaking, delirious, febrile, or incapable of under-
standing and giving informed consent. The consenting participants were
invited to attend bi-weekly voluntary sessions for approximately 15-20

Fig. 2. A group of four participants engaged in the same selected 360-degree
experience.

minutes of PA at an individually preferred cadence. Participants were
led into the room, and the chairs were adjusted for optimal knee an-
gle and efficient pedaling. Then they were handed a leaflet containing
images and descriptions of the different virtual tours and encouraged
to agree on which VE to try. The VR headsets were fitted and adjusted,
and when all participants were ready, the VEs were started in quick suc-
cession to ensure synchronous playback (see Fig. 2). Meanwhile, on a
tablet computer, the research team could monitor the VE. Upon comple-
tion, participants were offered refreshments and encouraged to discuss
the experience among themselves.

2.5. Hygienic requirements

Since the COVID-19 outbreak, there has been increased attention to
safety and proper hygiene related to the clinical use of VR equipment
(Stradford et al., 2021; Steed et al., 2020). We used a locally approved
cleaning protocol based on World Health Organization (WHO) recom-
mendations and had it approved by the affiliated hygiene nurse spe-
cializing in Infection Prevention and Control (IPC). The equipment was
disinfected before and after each session, and the VR equipment was
subsequently stored in a closed box.

2.6. Data collection and analysis

2.6.1. Qualitative methods

Qualitative data was collected through session and interview obser-
vations performed by a research member, with low involvement with
the participants (Spradley, 2016; Bjgrner, 2016). Semi-structured single
interviews were conducted with two participants. The interview guide
contained the questions: What were your expectations before starting
the VR group exercise? What motivated you to say yes? What is your
experience of wearing the VR headset? What would make the VR head-
set better to use? What was your experience of the conversations and
the social interactions within the group? How is your general mood in
this place? What is your attitude towards rehabilitation and physical
activity?

The interviews were transcribed by verbatim method to preserve
complete accuracy (Halcomb & Davidson, 2006). We examined the indi-
vidual transcriptions through theoretical thematic analysis (i.e., work-
ing deductively with predefined themes) by identifying and marking
notable natural meaning units and explicating main themes (Braun &
Clarke, 2006; Kvale & Brinkmann, 2009). Both predefined and emerging
themes were included. The coding was performed using NVivo (version
12). The interviews were in [danish], and the quotations are translated
versions.
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2.6.2. Quantitative methods

Quantitative data was collected in the form of voluntary session
evaluation cards (see Supplementary Appendix) that contained four
Likert-type items, indicating agreement on a 5-point scale ranging from
“Not at all” (1), “Somewhat” (3) to “To a great extent” (5). The ques-
tions represented constructs relevant to the study: “Was group exer-
cise with VR a good experience?” (Experience quality), “Did you get
anything out of it, in terms of exercise?” (Exercise output), “Was the
social interaction meaningful?” (social meaningfulness), and “To what
extent would you like to try VR group exercising again” (Activity persis-
tence/retention). To evaluate the safety, dizziness was measured after
each training session on a numerical rating scale inspired by the simu-
lator sickness questionnaire (SSQ) Kennedy et al. (1993) based on the
severity of symptoms from “0” (“None”) to “3” (“Severe”).

The reason for not using standardized instruments was primarily out
of consideration for the older adults, to not cause information overload
during the experience. Other authors have recommended using shorter
and simpler questionnaires in similar virtual rehabilitation evaluation
studies (Gorsic, Cikajlo & Novak, 2017). Moreover, the SSQ instrument
is commonly used to evaluate VR sickness. However, recent research
has raised concerns about its validity, as it has been found to have
limited scope without accounting for visual and cognitive after-effects
Szpak et al. (2019), not considering ergonomics and wearability Genaro
Motti and Caine (2014), and digital eye strain Hirzle et al. (2021). Ad-
ditionally, the SSQ item ‘sweating’ in the scale may be misleading, as
it could be interpreted as a symptom of nausea rather than physical
exertion Hgeg, Bruun-Pedersen, Cheary, et al. (2021).

Thus, to evaluate adverse events, the instructors noted any events or
statements from participants about feeling uncomfortable (physiologi-
cal or psychological discomfort), eye strain, ergonomic or wearability
issues, and any other adverse events. The Quantitative data analysis was
handled using Microsoft Excel (version 365). The data were treated as
ordinal data and presented as descriptive statistics through mean, me-
dian, standard deviations (SD), and percentage frequency distribution
for demographics, number of sessions and session evaluations.

3. Results
3.1. Participants

Ten inpatient participants consented to partake in the study. There
was an even sex distribution of the participants (50% female) and a
mean age of 80.3 (8.2 years). Characteristics are summarized in Ta-
ble 1. Four participants completed a single VR session, two completed
two sessions, three completed three sessions, and a single participant
completed five sessions. On average, participants completed 2.2 (+1.3)
sessions. The primary reason for the difference in the number of at-
tended sessions was patient discharge. All participants fully adhered
to possible sessions they could participate in, and no drop-outs were
recorded.

3.2. Quantitative findings

A total of 21 session evaluation cards were collected during the
study. In experience quality, most respondents answered either “to a
large extent” (48%) or “to a great extent” (14%). 29% answered that it
was “somewhat” a good experience, and the rest answered either “Not
at all” (5%) or “to a small extent” (5%). In terms of exercise output, a
majority (52%) answered that it was “somewhat” beneficial, 14% an-
swered “to a large extent,” and 10% answered, “to a great extent”. 10%
answered that it was “not at all”, and 14% answered that it was only
beneficial “to a small extent”. Concerning social meaningfulness, most
respondents agreed that it was “not at all” (15%), “to a small extent”
(30%), or “somewhat” (40%) meaningful. Only 15% responded that it
was meaningful “to a large extent”. When asked if they wanted to try

Table 1

Characteristics of participants: ID, sex, age, diagnoses, and the number of ses-
sions attended. The last row indicates the number of females (%), central
tendency (mean) * dispersion as standard deviation (SD). The ‘*’ indicates an
interviewed participant, and ‘-’ denotes missing data. Change in attendance was
primarily because the participants were discharged and not because of study
drop-out.

ID Sex Age Diagnosis / admission cause Sessions

P1* F 91 Femoral neck fractures after fall 5

P2 M 86 Acetabular fracture after fall 3

P3 M 85 Frailty, dyspnoea, osteoarthritis. 3

P4 F 85 Cerebral infarction 3

PS5 M 80 - 2

P6* M 81 Pancreatic and sigmoid cancer 2

P7 M 78 Recurrent falls 1

P8 F 69 Ankle fracture 1

Po F 84 - 1

P10 F 64 Stroke 1
F=50% 80.3+8.2 2.2+1.3

VR group exercising again (activity persistence), most respondents an-
swered either “to a large extent” (43%) or “to a great extent” (33%).
See results in Fig. 3.

For the participants (P1-P5) who completed several sessions (S),
we included comparative ratings for S1-S3 (see Fig. 4). Median scores
were consistent in all three sessions for experience quality (S1:4; S2:4;
$3:4), exercise output (S1:3; S2:3; S3:3) and changed slightly in social
meaningfulness (S1:2.5; $2:2; S$3:3) and activity persistence (S1:4; S2:4;
$3:5).

3.3. Side effects and adverse events

Two participants reported feeling dizzy during VR exposure. Symp-
toms were found in two sessions among single-session participants. One
participant (P9) from session 1 responded “1” (“Slight”), and another
participant (P6), from session 4 responded that he felt (“Moderate”)
dizziness. One participant (P1) remarked that she was in an uncom-
fortable seated position during the session and thus did not want to try
again next time (she did attend again next time). There was no recorded
dizziness in 19 of the 21 instances (90%). Another participant (P3) ex-
perienced that the headset was poorly fitted and complained that: “the
headset bounced, and it was uncomfortable and blurry when it fell out of
my field of vision.” (P3). Otherwise, there were no recorded issues with
device weight or that the ergonomics of the headset were described as
uncomfortable.

3.4. Qualitative findings

Using the predetermined and emerging codes, we synopsized the
qualitative data analysis results based on the thematic analysis. The
study only succeeded in interviewing two participants. The interviewed
participants (P1 and P6) commented on aspects related to expectations
for the experience, motivation for participating, and the benefits of so-
cial interaction during a group exercise. Participants displayed positive
affirmation of their intention to continue performing PA with the VR
system. A total of five themes emerged from the analysis.

3.4.1. Finding 1: VR instilled exercise enjoyment and engagement

The participants were observed to be immersed in the experience,
with some making remarks about what they experienced “That’s when
I thought, this is incredible” (P1). P6 compared it to previous experi-
ences with cycle ergometers as part of therapy “Yes, it (previous therapy)
was extremely boring!” (P6). Observed conversations also highlighted
frequent unidirectional conversations, i.e., one participant verbalizing
what she experienced: “Oh look, there are also two ducks!” (P8). The
participants were observed to be very focused on the experience, all
completing the sessions without breaks at a steady pace.
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(A) 18% 5% 29%
(B) 10% 14%
(C) 15% 30%
(D) 10% 14% 43%
0% 25%
Not at all = To a small extent

Somewhat

48% 14%
52% 14% 10%
40% 15%
33%
50% 75% 100%

To a large extent = To a great extent

Fig. 3. Stacked frequency plot of the aggregated responses from all participants and sessions in percentage (%) agreement. (A) Was group exercise with VR a good
experience?, (B) Did you get anything out of it, in terms of exercise?, (C) Was the social interaction meaningful?, and (D) To what degree would you like to try VR group

exercising again?

[ session 1 [ Session2 M Session 3

] [ ]

o] 1
[l

Rating scale (1-5)

Experience quality Exercise output Social meaningfulness  Activity persistence

Session evaluation items

Fig. 4. Boxplot of the four session evaluation items across three consecutive
sessions (1-3), in the order the participants experienced them. Data is based on
P1-P5, who had several sessions.

3.4.2. Finding 2: immersion inhibited social interaction

Social interaction was not an active ingredient in driving the expe-
rience. It was seemingly difficult for the participants to cultivate social
relations while being visually deprived. Social presence, as described by
Slater et al. (2000) was facilitated to a small extent by the participants
recognizing the co-location, but without virtual avatars to support co-
presence, the sense of ‘community’ was of low salience. One participant
described the experience as being alone: “Yes, I could hear the other par-
ticipants.. but [. . . ] It wasn’t group training... We were just.. alone, actually”
(P1). P6 further elaborated on this by suggesting a good session would
require pre-established relationships “. .. If you don’t know the others [pa-
tients], then there are not many back-and-forths. We need to know each
other for a while first.” (P6). However, not knowing each other was not
the primary reason. The immersive experience inhibited social interac-
tion during sessions. It was repeatedly observed that participants talked
with each other before commencing the exercise. Still, once they started
cycling, they became quiet or occasionally directed their conversation
at the therapists and researchers.

3.4.3. Finding 3: the VR cycling system was safe and feasible to use

No participants were harmed during exercise sessions nor experi-
enced any severe discomfort. All participants completed the sessions
and continued participating in the following sessions until they were
discharged. One participant (P6) experienced moderate dizziness during
session 4, but it was noted that he suffered from general dizziness, thus
not necessarily caused by VR. Another participant (P2) experiences that
the headset was not properly tightened, causing it to bounce around
during the exercise, which was “uncomfortable and blurry when it (the

headset) moved outside my field of view” (P2). Comfortable seating was
also an issue for two participants. One complained that the knee angle
between the ergometer and the wheelchair was “uncomfortable” (P3).
Another participant did not want to participate again because she sat
uncomfortably on the chair (P1). She did, however, participate again in
the following session.

3.4.4. Finding 4: physical activity was perceived as somewhat beneficial

P6 remarked that the VR added ‘something extra’ making him feel
like he exerted more effort “You get much more out of the exercise ses-
sion. .. By wearing the VR headset” (P6). The system encouraged him to
work even harder in the final 5 minutes following an auditory notifica-
tion about the remaining time. When the interviewer inquired whether
he felt pressured to exert extra effort by the VR system, he responded:
“It was not the glasses (VR-headset), it was all me!” (P6), later comparing
it to a race where you sprint in “the final 100 meters”. During sessions,
it was observed that participants cycled at a steady pace and did not
increase their effort in the final minutes.

3.4.5. Finding 5: VR group exercise, as an activity, supported inpatient
well-being and psychological needs
“It’s a sad place to be in. [... ] Nothing is going on, you see? If I were to
stay in this place, I would wither” - (P6, about staying at the inpatient
facility).

The use of VR and cycle ergometers as an activity provided indi-
vidual excitement for the participants, helped with adherence during
therapy, and reinforced inpatient well-being during admission. For P6,
it seemingly maintained a level of normalcy during inpatient admission
“I couldn’t dream of saying no. Getting to go out (of the room) and talk to
you and the glasses (VR-headset). Amazing!” (P6).

3.5. Integrated findings

There was a strong agreement between the quantitative and qualita-
tive findings that the VR system was safe to use and that adverse events
were infrequent and insignificant. Most participant responses (62%)
gave the impression that it was a good experience to a large/great ex-
tent, which they would like to repeat again (76%). Only 10% responses
indicated that the participant would not try the experience again. See
an elaborate synthesis of results in Table 2.

4. Discussion

This study explored whether social interaction and PA could be com-
bined through the novel use of immersive technology in a group exer-
cise constellation. The underlying assumption was that if we supported
the basic psychological needs, primarily relatedness, well-being would
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Table 2

Summary of integrated findings in a mixed methods meta-matrix. Nomenclature: interview = int, Obs = observation, Open-ended questions = OE.

Themes

Quantitative findings

Qualitative findings

Data convergence and integration

1) VR instilled exercise
enjoyment

2) Immersion inhibited
social interaction

3) The VR cycling system
was safe and feasible to
use

5) VR therapy, as an
activity, supported
inpatient well-being and
psychological needs

Experience quality:
Generally high ratings. 62%
described that the experience
was good to a large/great
extent.

Activity persistence:

only 10% responded they
would not try again

Social meaningfulness: The
social elements were not
perceived as meaningful. 85%
responded either “not at all”,
“small extent,” or
“somewhat”).

The low incidence rate of
dizziness (10%), with other
factors likely being the cause.
OE described incidences of
discomfort affecting activity
persistence negatively P1 in
one instance.

Activity persistence:

90% responded that they
would, to some extent, like to
try again. Complete
adherence during therapy (no
withdrawals). Six participants
completed several (2-5)
sessions, and the rest
completed a single session.
There was an increasing
tendency in activity
persistence between sessions
1-3 (see Fig. 4).

INT: it was described as “incredible”.
P6 compared it to “boring” normal
exercise.

OBS: participants were generally
observed as being immersed.

OE: P5 complained that the visual
quality was “poor”.

INT: Participants felt alone once they
put on the headset. Participants could
not cultivate social presence while
being visually deprived or immersed.
OBS: Except for a few remarks,
participants did not interact much
during the session.

INT: No dizziness mentioned

OBS: No observed instances of
participants stopping or describing
severe discomfort during sessions.
OE: Discomfort was described due to
poor seating.

INT: The experience provided
excitement and supported adherence
during therapy. Moreover, it offered
volition and a sense of purpose in a
“sad place” (P6).

OBS: Therapy adherence was generally
high, with no observed cases of
participants stopping withdrawing.
Participants. The ones who completed
only single sessions expressed interest
in trying again but were unable due to
schedule conflicts or discharge.

Description and interpretation converged in the
findings.

Implications: IVR to support cycle ergometer exercise
provided individual excitement and maintained
psychical activity during therapy. Hence, it could
apply to other older adults who may display low
adherence and low well-being during hospital
admission.

Description and interpretation converge in the
findings.

Implications: IVR may inhibit social interaction in
games/experiences that do not support social
presence through embodied avatars. Social
interaction through co-action activities may require
meaningful relationships and/or interactions with
other patients, which is not cultivated among new
relations.

Description and interpretation converged yet with
some incongruences in the findings.

Participants equated it with performing the activity
without “visual stimuli” (IVR). Yet, therapists
remarked that it was easier to keep them going with
VR for longer periods of time.

Description and interpretation converged in the
findings.

Implications: The VR group therapy offered the
participants a novel activity, making it more “fun”.
(“It is fun. Instead of just sitting and grinding away
on a bike”, P6). The participants were seemingly
autonomously motivated to engage in the PA.
Although the PA was only perceived as somewhat
beneficial compared to regular therapy (theme 4), it
was still more engaging (theme 1). Presumably, it has
the potential to counteract the low activity levels and
loneliness of inpatients.

likely be enhanced (Peters et al., 2018; Ryan & Deci, 2020). In this
study, we sought to explore older adult inpatients’ experience of, and
attitude towards, engaging with the technology in this context, but also
the feasibility of this type of setup integrated into physiotherapeutic
inpatient regimens. The participants generally described the interven-
tion as a fun and enjoyable experience. Most participants expressed a
desire to pursue it continuously since it helped them with exercise ad-
herence, i.e., the median activity persistence remained constant across
several sessions. The experience also reinforced the well-being during
the inpatient stay at least one participant (P6). Both findings indicate
the autonomous motivation for this experience, which may positively
influence patient well-being during hospitalization. These findings are
in accordance with previous research that highlights exergames as a
promising solution when promoting PA (Larsen et al., 2013; Marston et
al., 2016; Mouatt et al., 2020; Hgeg, Bruun-Pedersen & Serafin, 2021;
Hgeg, Bruun-Pedersen, Cheary, et al., 2021; Shah et al., 2022).

The participants perceived the exercise output as limited and benefi-
cial. However, physiotherapists remarked that getting them to exercise
with VR for longer durations was generally easier. Previous research
suggests that older adults frequently find PA to be ‘boring’ (Costello et
al., 2011). This contradiction may stem from the participants’ inabil-
ity to reconcile their enjoyment of the experience with their general
perception of PA.

A major finding illustrates that the enclosing immersiveness of the
headset hindered conversation during exercise. While the participants
engaged in conversation before wearing the headset, the moment they
put it on, the conversations fell silent. This could suggest that visual re-
liance is an important factor when trying to sustain social engagement.

Still, it could also imply that the participants were too immersed in the
experience to perform dual tasks. However, the exclusion of sight likely
had a negative effect on forming relations between the participants,
which conversely caused the participants not to experience cohesion
and relatedness to the other participants. Several explanations could be
derived from this. Not surprisingly, previous research has found that the
sense of co-presence is greater when a visual representation is available
(Oh et al., 2018). Roberts et al. found that similar VR systems (Sam-
sung Gear VR) that did not directly facilitate social interaction led to
inadequate social connectedness, with participants calling for greater
social interaction (Roberts et al., 2019). Abeele et al. argue that shared
experiences, including avatar customization and facial expressions, are
an important design requirement for older adults (Abeele et al., 2021).
These design considerations are supported by previous literature, which
argues that social presence is contingent on intimacy and immediacy
that is determined by both verbal and nonverbal cues (such as facial ex-
pressions) (Short et al., 1976). However, much of the previous research
on exergames and rehabilitation games have utilized NVR solutions,
where various social game modes are more easily integrated since the
players can be co-located and see each other simultaneously (Anderson-
Hanley et al., 2011; Feltz et al., 2014; Gorsi¢, Cikajlo, Goljar, et al.,
2017; Arlati et al., 2019; Kaos et al., 2019; Pereira et al., 2019).

The type of task likely influences social engagement as well. In a pre-
vious NVR study, it was found that collaboration promotes more social
involvement than both competition and co-action (Pereira et al., 2019),
and an IVR study likewise suggested that social interaction can be facili-
tated in co-located situations with low avatar fidelity when participants
were required to perform a collaborative task (Hgeg, Bruun-Pedersen,
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Cheary, et al., 2021). Our study relied on social presence as a modus
through the co-located activity. Introducing more overt conjunctive
tasks that utilize cooperation, collaboration or competition would likely
lead to higher levels of interactivity and sense of coherence. Therefore,
we cannot disregard that the type of game mode also most likely influ-
ences social engagement.

4.1. Safety and feasibility

Compared to previous VR solutions used in the unit, the therapists
found the commercial solution to be easier to use Moreover, the study
recorded a minimal amount of adverse events among the participants
(see 3.3). Only two participants (P9 and P10) reported feeling dizzy
during VR exposure in two sessions (1 and 4). However, it was not un-
pleasant enough for them to stop the experience. One participant (P1)
complained about poor seating, and another participant (P3) experi-
enced a poorly fitted headset. There were no other recorded issues with
device weight or ergonomics.

However, it was difficult to synchronize the playback time of the
different headsets since they had to be initiated manually. From a prac-
tical perspective, this would need to be centrally controlled, e.g., from
a tablet, to be feasible in future therapeutic situations. Synchronization
would also likely make the experience more coherent for older adults.

4.2. Strength and limitations

This study included several oldest-old participants, who are gener-
ally underrepresented in virtual rehabilitation interventions (Marston
et al., 2016). We perceive this as an important step towards represent-
ing this population segment in literature and gaining a preliminary
understanding of how older adults engage and experience VR-based
therapy and how this may support well-being and healthy aging. Al-
though social presence was not a facilitating feature of the experience,
a co-located group setup is still practical for the therapist because mul-
tiple patients can exercise simultaneously while being monitored and
assisted. Although there is no specific sample size estimation in qualita-
tive or mixed methods research, it is generally suggested that saturation
(Malterud et al., 2016; Creswell & Creswell, 2018) or information power
(Malterud et al., 2016) is considered. In user experience research, it is
suggested that as little as five participants are sufficient when uncov-
ering system problems or gathering user insights. However, we cannot
be certain that the sample (N =10) was sufficient to reach saturation in
all facets of the investigation. Although both observations and quanti-
tative results indicate information power and saturation (results were
consistent and did not spark new insights or reveal new properties),
additional interviews could have uncovered variations in the reasons
for self-reported or observed behavior. Credibility could have been im-
proved by utilizing, e.g., member checking to determine the accuracy
of the findings (Creswell & Creswell, 2018). However, we could no
longer access study participants upon completing the analysis. More-
over, the interviewed participants both participated in multiple sessions
(five and two), which may have affected their attitude towards the VR
experience. Preferably, interviews should have been carried out with
maximum variation in mind, i.e., also interviewing the ones who did
not participate in multiple sessions.

4.3. Perspectives

During the COVID-19 pandemic, healthcare facilities worldwide
faced unprecedented circumstances that forced them to introduce strict
policies on social activities and access to common areas, television
rooms, and exercise machinery (Kheirbek et al., 2021). Although in-
tended to protect weakened individuals, it also left many inpatients
frustrated with being deprived of interpersonal relations due to re-
stricted visitor access and/or socializing with the other inpatients. VR-
mediated group therapy may be a promising solution to existing physio-

therapy practices if it incorporates a design that supports basic psycho-
logical needs. However, to achieve social engagement, a future system
will need to afford a higher degree of social presence, e.g., through
shared avatar embodiment (co-presence) (Oh et al., 2018; Roberts et
al., 2019; Abeele et al., 2021) or beyond passive social interaction (co-
action) (Marker & Staiano, 2015; Arlati et al., 2019; Kaos et al., 2019;
Pereira et al., 2019; Hgeg, Bruun-Pedersen, Cheary, et al., 2021) to facil-
itate social interaction through engaging game modes for older adults.
Moreover, it will be necessary to conduct elaborate studies on the physi-
ological efficacy of the intervention to determine if interventions can be
considered as physiotherapy or as an additional offer to prevent seden-
tary behavior and improve inpatient well-being.

Several other authors have pointed out a dearth of research con-
cerning the underlying psychological mechanisms of what constitutes
a well-designed gaming experience (Reer et al., 2022; Peters et al.,,
2018). We would argue further that the context in which these gam-
ing experiences are used is equally vital to their success. For instance,
for older adults undergoing hospital treatment, engaging in exergam-
ing activities may have the capacity to instigate greater enjoyment and
adherence. Still, it could also risk isolating them if it is not carefully
integrated into existing practices. In our case, a central premise was
that the voluntary VR experience catalyzed increased PA and height-
ened social interaction between inpatients. The underlying assumption
was that this combination of technology and context would be need-
supportive (autonomy, competence, and relatedness) and (in the long
term) improve inpatient well-being. This study does not confirm nor
reject this hypothesis. However, we believe it is an important step to-
wards increasing the knowledge of how exergames for older adults can
promote sustained motivation and well-being through the support of
basic psychological needs as a guiding principle.
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