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Abstract: Life expectancy has increased in recent years. Physical activity has been postulated as
a key element in active aging strategies. However, adherence to physical exercise programs has
traditionally been low among the elderly, and the current situation of the COVID-19 pandemic has
added extra impediments. Immersive virtual reality (IVR) devices could motivate this population
to practice exercise. This study aimed to analyse the use of IVR exergames as a tool to facilitate
physical exercise in older people. Four healthy older adults (males, 65–77 years) participated in the
study. They carried out two exergaming sessions with HTC Vive ProTM. Outcomes were evaluated
using the Simulator Sickness Questionnaire (SSQ), System Usability Scale (SUS), Game Experience
Questionnaire (GEQ post-game module), an ad hoc satisfaction questionnaire, and perceived effort.
All participants completed the sessions without adverse effects, with no SSQ symptoms reported. SUS
scores were high in both sessions (SUS > 85/100). Post-game GEQ scores were 3.08–3.41/4 (positive
experiences) and 0.08–0.16/4 (negative experiences). Opinions showed high levels of satisfaction
with the experience. Exergaming programs, based on commercial head-mounted displays, are a
feasible alternative to traditional senior exercise, and could be a solution to the current situation that
has arisen from the impact of the COVID-19 pandemic.

Keywords: virtual reality; older adults; video games; healthy aging; exergaming; health promotion;
games for health; physical therapy modalities

1. Introduction

Life expectancy has increased in recent years and, as a result, subjects relating to older
people in our society have become especially relevant [1]. In this new reality, active aging
policies seem to be important [2] in the desire to keep the senior population healthy, active,
and autonomous for as long as possible [3], thus avoiding their functional decline [4].

One of the cornerstones of active aging is the practice of physical activity, the main
objective of which is to maintain or improve the individual’s functionality. Firstly, exer-
cise combats sedentary lifestyle but it also contributes to increased feelings of personal
achievement, competence, and self-efficacy, as well as having a positive impact socially [5].

There are numerous scientific studies showing that physical exercise programs play
an essential role not only in slowing down the degenerative process, but also in improving
the individual’s conditional and coordination capacities, having a positive impact on their
functional independence and, consequently, on their quality of life [6,7].

Adherence to programs based on the practice of physical exercise and sports has
traditionally been low across this age group [8].
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Furthermore, systematic reviews indicate that the proportion of older adults who
complete group exercise programs ranges from 65 to 86%, attendance rates at sessions
fluctuate between 58 and 77%, and the average number of exercise sessions completed at
home is between 1.5 and 3 days per week [9,10].

An added and unexpected difficulty has been the situation caused by the outbreak of
coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2. The current pandemic has
caused unprecedented disruption to all aspects of our lives worldwide [11]. Governments
have enacted numerous measures to prevent the spread of the virus, including mass
lockdowns, which have reduced social activities to an absolute minimum [12], including
sports and leisure activities. The wearing of masks in all public places is another measure
that has been widely adopted [13]. Recent studies have found that the practice of physical
activity whilst wearing a mask increases the physiological load of the body, raising the
heart rate and perceived effort. This fact is one that should be especially considered in
more vulnerable, older, or comorbid populations [14].

The COVID-19 pandemic is bringing about a decrease in physical activity. Mutz
and Gerke [15] analysed this situation in Germany—which has not had a lockdown as
restrictive as the one imposed in Spain—and although they found that 55.8% of those over
65 years of age were considered active, 53% of these had reduced their physical activity.

To alleviate this exercise deficit, different initiatives have emerged that encourage the
practice of physical exercise, seeking to motivate individuals to engage in physical activity
and maintain adherence to exercise, in addition to preventing COVID-19 infection [16].
Adherence to exercise programmes is fundamental to achieving and maintaining the
health benefits that they provide. Active video games (exergames), originally created for
entertainment, are a potentially fun and motivating alternative for exercising at home [17].

There are examples of the use of exergames across different population groups, in-
cluding older people. Subjects have played different games and activities on the Nintendo
Wii [18] or Xbox Kinect [19] platforms, and the physiological effects of different activities
have been evaluated after exergaming. Other studies have also proven the capability of
exergames to improve physical activity levels, the performance of daily activities, balance,
and cognitive functions in older people [20].

A further step would be to use the innovative head-mounted displays (HMDs) and
immersive virtual reality (IVR), with which users can try out completely immersive ex-
periences in three-dimensional environments on demand—experiences that are pleasant,
and motivate users to engage in physical exercise [21,22]. This exercise can be carried
out conveniently, without having to travel to sports facilities, and can also offer the pos-
sibility of participating in group activities, but without social contact. Some structural
problems (access to technology, the need for initial training, or cybersickness) have limited
the application of this VR technology in the most vulnerable groups, such as the senior
population [23].

However, our previous work reported that the use of this technology by older people
is lacking [24], in most cases have addressed the use of assessment or rehabilitation tools
in people with pathologies such as Parkinson’s disease [25] or post-stroke symptoms [26].
This study aimed to analyse the use of IVR exergames using a commercial HMD, as a tool
to facilitate physical exercise in healthy older people.

2. Materials and Methods
2.1. Participants

Four healthy older adults participated in the study (Table 1). After being invited to
participate in the IVR physical activity test, they completed a brief questionnaire about
their physical health, previous experience with video games, frequency of physical activity,
and absolute or relative contraindications for exercise. Subjects’ exclusion criteria were
the inability to correctly respond to the assessment protocol according to the clinician´s
judgment; the presence of cardiovascular, pulmonary, or musculoskeletal conditions that,
according to the physiotherapist’s judgment, affect patients’ ability to participate in the
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study; or the presence of severe visual loss that could interfere with the ability to see
the IVR simulation, as well as vertigo, epilepsy, or psychosis. After the objectives and
procedures had been explained, informed consent was obtained.

Table 1. Demographic characteristics of the participants.

Characteristics P1 P2 P3 P4

Age (years) 77 67 65 74
Gender Male Male Male Male

BMI (kg/m2) 24.09 30.07 26.19 24.80
Gaming experience

Exercise habits
No

AE (3 d/w)
No

Sedentary
No

Sedentary
No

Sedentary
AE: aerobic exercise; BMI: body mass index; d/w: days per week.

2.2. Experimental Setup

This study was carried out in the Healthy Physical Activity Lab (Faculty of Education
and Sports Sciences, University of Vigo, Pontevedra, Spain). The immersive virtual envi-
ronment was created using the HTC Vive ProTM (HTC Corporation, Taoyuan City, Taiwan)
commercial entertainment device. This system consists of a head-mounted display, two
wireless hand controllers, two external sensors to delimit the gaming surface, a wireless
adapter, and the Viveport support software (https://viveport.com accessed on 15 July
2021), supported by a desktop computer (CPU: Intel Core I7 7700 at 3.6 GHz, 1 Tb HDD
Sata 3.5 and NVIDIA GeForce RTX 2070 GPUs). A led tv screen was used to guide activities
and set up technical aspects of the device. A 5 m2 play area was defined following the
manufacturer’s installation recommendations and taking into consideration the dimensions
of the area selected for the study.

Two interventions were set on two different days, and participants used IVR for
approximately 10–12 min. The researchers selected one experience (introduction) and
two exergames (warm-up and training). Participants were instructed to stop the session
if they experienced discomfort or excessive fatigue. In view of the characteristics of the
participants, the playing position chosen was standing. Heart rate (HR) was monitored
and, at the end of the activity, in a sitting position, the participants were asked if they had
experienced discomfort linked to cybersickness. Each participant had an individual session
guided and supervised by a physiotherapist with experience with older people (Figure 1).
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2.3. Related Work
2.3.1. Acclimatization

Since none of the participants had any previous gaming experience, an intermediate
activity (acclimatization) was planned to introduce them to the immersive environment.
This activity was organized in order to introduce the exergaming sessions: an introduction
talk and an explanation of how to handle the device, both by demonstration and by
allowing the participants to try out the trackers and the HMD. Steam VR Home (available
in the library of https://viveport.com, accessed on 15 July 2021), which simulates being in
a room with a door opening onto an exterior mountain landscape, served as a test scenario
(Figure 2) (duration: ~8 min). During this time, they answered questions that the therapists
asked about the environment, in order to test their presence and immersion in the game, as
well as performing body movements (real and virtual). This previous experience was led
by health and exercise professionals, who chose to provide a first contact with the IVR in a
nice, fun, and quiet virtual scenario to ensure good acceptability.
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2.3.2. Exergaming Session 1

For the first training, BOX VR (available in the library of https://viveport.com, ac-
cessed on 15 July 2021), which simulates being in a gym with a boxing theme, was selected.
The continuous presentation of different stimuli requires coordinated movements in time
and space of the upper limbs, trunk, and head, but also of the lower limbs, thus varying
the initial static standing position with squats and lateral movements. The music aids the
performance, and was selected for its multicomponent function (aerobic, balance, strength,
coordination, and agility), highly recommended in the target population and supported by
four physical therapists from our lab (duration: ~6 min).

Since the initial experience was feasible, safe, and the participants reported a high
level of satisfaction, it was decided to schedule a new session two weeks later. Furthermore,
in view of the previous positive experience, the acclimatization test was eliminated and
replaced with a warm-up activity.

2.3.3. Exergaming Session 2

This session began with a warm-up activity using the NVIDIA VR Fun House experi-
ence (available in the library of https://www.steamvr.com/en/, accessed on 15 July 2021),
where users find themselves at a carnival scenario where they can take an active part in
the experience by playing minigames with different activities, such as throwing objects,
archery, handling a sword, etc. (Figure 3). These activities require repetitive movements
in all planes, and could be considered a suitable warm-up prior to a training session. As
in the previous sessions, control measures included supervision by the physiotherapist,
answers about discomfort, and HR monitoring (duration: ~5 min).

https://viveport.com
https://viveport.com
https://www.steamvr.com/en/
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For the training, the same virtual experience as session 1 (BOX VR) was used (Figure 4),
for the same length of time, and with the same control and safety measures.
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2.4. Assessment Tools

All participants completed the following questionnaires:

• Safety of the immersive experience through the Simulator Sickness Questionnaire
(SSQ) [27]. This questionnaire, originally designed to be applied in simulators, consists
of 16 items, grouped into 3 subscales and divided by symptomatology. Each item is
assessed on a four-point scale (0 = I feel nothing, 1 = a little, 2 = medium, and 3 = a
lot), and the total score results from the sum of the scores of the three subscales. This
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tool has been widely used to measure the frequency of cybersickness in the general
population [28,29].

• Usability of the proposed system through the System Usability Scale (SUS) [30]. The
SUS was developed as a survey that allows professionals to evaluate the usability of
a product/service in a quick and easy manner. The SUS is a Likert-type scale that
includes 10 questions. Participants rate each question from 1 to 5 according to their
degree of agreement or disagreement with what they are reading, where 5 means
that they completely agree and 1 means that they completely disagree. The resulting
algorithm determines a score out of a maximum of 100 points [31].

• Opinions using the Game Experience Questionnaire (post-game GEQ) module [32].
The GEQ is a questionnaire that consists of three modules (main module, social
module, and post-game module). Modules 1 and 2 investigate the player’s feelings and
thoughts, while module 3 assesses how players felt after they stopped playing. This
last module, as used in our study, is a Likert-type scale consisting of 17 items, where the
responses are rated according to the intensity of the feelings (where 0 is nothing and
4 is extreme). These items are framed over 4 components that are scored individually,
and whose average results in a maximum score of 4, encompassing the following:
positive experiences, negative experiences, tiredness, and return to reality [33].

• An ad hoc satisfaction questionnaire consisting of 5 questions was developed to
identify the strengths and weaknesses of the intervention. The questionnaire was
the same as one used in a previous study [22], and includes the following questions:
“How was the experience?”; “Would you repeat the experience with IVR”; “Would
you recommend the experience of IVR?”; “Do you think the exercise is suitable for
people of your age? Why?”; and free comments.

• Effort scores (perceived effort and HR), using the Borg perceived effort scale [34], and
by monitoring the average HR with a Mi Smart Band 4 wristband and the Mi Fit
version 4.0.14 app (Xiaomi, Haidian, Pekin).

These assessment tools have been previously used in similar research [25,35], and
they are intended to evaluate the feasibility and applicability of physical exercise/sports
activities based around completely immersive VR environments for an elderly population.

3. Results

All participants completed the training sessions successfully, without any adverse
effects, in both sessions. Table 2 shows effort scores (HR and perceived exertion) and BOX
VR scores. The results of the other qualitative variables, described individually, are shown
below.

Table 2. Effort scores (HR and perceived exertion) and BOX VR scores for each session.

Exergaming Sessions P1 P2 P3 P4

Session 1 (training)
HR mean -bpm- 90 105 115 108
Borg score (TS) 3/10 5/10 5/10 5/10
BOX VR score 1825 3613 3505 1967

Session 2 (training)
HR mean -bpm- 86 110 125 118
Borg score (TS) 3/10 7/10 7/10 8/10
BOX VR score 1965 5441 6656 2361

bpm: beats per minute; HR: heart rate; TS: training session.

Participant 1

The SSQ did not show cybersickness symptoms in either session. The SUS determined
a very good usability (100/100) in both experiences. High average values were recorded for
positive experiences in the post-game GEQ (3.08/4), and low or zero values for negative ex-
periences (0.08/4). The satisfaction questionnaire reported positive experiences, describing
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it as being “motivating, de-stressing and useful for people of his age”. He also considered
“the virtual exercise to be useful”, and commented that in the immersive environment he
had not noticed the diplopia from which he suffers.

Participant 2

No cybersickness symptoms were reported in either session after training. The SUS
was good (85/100 first session and 90/100 s session). The item “I think the device was
easy to use” obtained the lowest score in the first session and the highest in the second.
In the personal experiences post-game GEQ, participant 2 logged high average markers
in positive experiences (3.49/4) and low markers in negative experiences (0.08/4) for
both sessions. Qualitatively, he considered the experience to be “positive, relaxing and
to be repeated”, and demonstrated his preference for the exergaming session because “it
motivates you to exercise and it is recommendable for older people”.

Participant 3

SSQ showed no symptoms associated with cybersickness. Usability was rated with the
highest score in the SUS (100/100). The values obtained in the post-game GEQ indicated
that the experience was positive (3.41/4 in positive items and 0.08/4 in negative items),
though participant 3 was notable in differing from the other participants, stating in item
17 that the feeling of having returned from a trip was moderate. In the satisfaction ques-
tionnaire, the characteristic that he liked the most was that the experience was “positive
and that it transports you to another reality”, also stating that it is “motivating, facilitates
cognitive development and physical mobility” and that he would repeat the experience.

Participant 4

No symptoms associated with cybersickness were reported over the two sessions after
completing the SSQ. The SUS showed that usability was good (85/100 and 95/100 in the
first and second sessions, respectively), although he stated that he “would need someone’s
help to use the device”. The experiences were considered good after the sessions, with high
average scores on positive experiences (3.24/4) and low scores on negative experiences
(0.16/4) in the post-game GEQ. In the satisfaction questionnaire, he noted that “it was a
very positive experience, being able to exercise as if you were in a gym, as well as improving
your reflexes”.

4. Discussion

Our outcomes support the feasibility of the HTC Vive ProTM commercial HMD device
as a tool to provide safe practice of physical exercise by healthy older people. In accordance
with previous studies that have proposed guided and supervised sessions to facilitate
senior populations’ access to new technology [22,36], we consider it important to maintain
these sessions, or at the very least to conduct initial training that will allow for future
self-management at homes.

Furthermore, the answers on the usability and experience scales predict more learning
and greater confidence in the handling of the tool the more it is used. We consider that
this point, together with the absence of adverse symptoms, highlights the safety of the
proposed games. Finally, adding a wireless technology to the HMD resulted in a major
improvement to the safety of the immersive experiences and the comfort of the participants,
as we have suggested in previous works [22].

We found high levels of user satisfaction which, as pointed out in other studies [22,37,38],
seems to position this virtual tool as an important element in the motivation of this group
towards engaging in physical activity. According to Heredia et al. [39], the adherence to
these exergaming programmes could help to make the physical and psychosocial benefits
of exercise more accessible to the elderly, especially in the difficult times in which we are
currently living.

To assess the suitability of the intended activities, the evaluation of both the perceived
effort and HR during the immersive tasks was proposed. This point, which has already been
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raised in previous research with young adults (18–37 years) [40], has not yet been studied
in older people. It could be of interest for possible incorporation into future protocols,
not only as a control measure, but also to achieve a more individual, tailored design of
the physical workload, or in its adaptation to possible existing disabilities. Even so, BOX
VR seems to be a good option—an exergame that is quite close to the physical exercise
workload in the real world, and without adverse effects (no cybersickness symptoms).

In line with the points outlined above, and as proposed by Donegan et al. [41], the
suitability of the proposed exercises depends on a gradual increase in difficulty, with easy
tasks comprising the first experiences, followed by more difficult tasks in the next. In the
case of the present study, the second session was better accepted over all factors, with scores
improving in the general indicators of usability, personal experiences, and satisfaction.
Proof of this was also evident in an improved performance of the tasks, since 100% of the
participants’ scores improved when compared to their first attempts. This fact also led to
an increase in the effort levels (mainly in the perceived effort), and confirms—as one of the
participants stated: “a very positive experience, being able to exercise as if you were in a
gym”—that the proposed exergaming could recreate virtually at home the possibilities and
benefits of engaging in physical exercise/sporting activities in real environments.

Furthermore, the protocols for the current health emergency discourage group activi-
ties, meetings, and unnecessary movements of the population, especially for the groups
most at risk from the virus. It is also fundamental to ensure that a safe social distance is
observed. Nevertheless, it is also important to maintain a level of physical activity, and
even more so to achieve healthy aging.

Furthermore, in line with the findings of recent publications [42], the use of this tool as
an aid in these difficult times could represent a good opportunity to encourage sedentary
people to establish healthy habits that endure over time.

Nevertheless, IVR also has its weaknesses. One of these is the cost of complex immer-
sive VR devices, traditionally only available in research centres or specialised laboratories,
and far beyond the reach of the general public. Fortunately, the availability of commercial
HMDs has narrowed the gap, and these are now available for around EUR 500. This opens
up the possibility of these devices being brought into the home environment [41].

Limitations
These preliminary outcomes are promising, but there are some limitations: One of

them is that most of the variables are qualitative, and the fun and novel VR training may
have favoured our findings. In addition, the low number of participants (without women),
limited number of sessions, and similar VR environment may have impacted our results.

Therefore, we encourage future research with larger sample sizes, training protocols
with several sessions per week and adapted to the target population, clinical trials with
longer interventions, and a variety of virtual scenarios and proposed tasks. All of these
improvements, when combined with the positive, entertaining, and useful nature of VR
exercise as expressed by the participants, should help in the success of immersive virtual
exercise programs and improve the roll-out of exergaming programmes focused on this
population, as well as their possible future applications in their homes.

5. Conclusions

The IVR video games presented, based on commercial HMDs, are feasible in healthy
older adults, and could motivate the practice of physical exercise in this population. In the
cases reported, the sessions were safe (no adverse events), with positive opinions of the
experience, very good usability, and high participant satisfaction.

The outcomes of this first approach at emulating motions based on best exercise
practices recommended for older people provide motivation for future work. In addition,
software, HMD, and IVR exergames that are commercially available were tested, and
achieved enough exertion to be compared with conventional exercise activities.
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Exergaming is a viable alternative to traditional senior exercise, and could be a solution
to the current situation arising from the impact of the COVID-19 pandemic. Nevertheless,
further work is needed in this field to confirm its long-term feasibility.
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