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ABSTRACT

Background: To investigate the effect of a virtual feedback environment on compliance to prescribed session exercise load and
to understand the user experience related to exercise participation.

Methods: Adult clients referred to an exercise physiology clinic wore a heart rate monitor while performing prescribed exer-
cise twice per week over 2 intervention blocks of 2 weeks each. Participants undertook aerobic exercise both with and without
a virtual feedback environment in random order. Compliance to prescribed exercise was assessed as heart rate relative to pre-
scribed levels both within and across sessions. Participants reported average pain and rating of perceived exertion for the ses-
sion and completed the PACES-8 enjoyment of exercise questionnaire at session completion. Treatment effects were assessed
longitudinally using mixed-effects linear regression. At study completion, 2 focus groups (n = 12) were conducted and reported
using thematic analysis.

Results: Participants (n = 14) demonstrated higher mean compliance to prescribed exercise under the treatment (101 + 10%)
compared to control (50 = 10%) condition (MD = 51%; 95% CI: 21-80; P = 0.001). Similar scores were observed under both
the treatment and control conditions for rating of perceived exertion (12.3 vs. 12.2: P = 0.86), pain (2.37 vs. 0.85: P =0.29),
and enjoyment of exercise (41.2 vs. 38.6: P = 0.49). Focus groups identified themes related to biofeedback, interactivity and
engagement, goal setting, and the visual environment.

Conclusion: Immersive feedback technologies can be effective to assist individuals with chronic clinical conditions to perform
aerobic exercise within prescribed intensity ranges. Wide acceptability requires linking the exercise modality to the immersive
environment and developing clear and meaningful goals. J Clin Exerc Physiol. 2022;11(3):91-98.
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accounting for 9% of premature mortality globally (1)

with the cost of physical inactivity on health care sys-
tems estimated at 53.8 billion international dollars annually
(2). Despite the well-recognized benefits of physical activity
(PA), 31% of adults worldwide do not meet minimum rec-
ommendations to maintain health (3). Lifestyle interventions
including exercise prescription are effective at improving PA

Physical inactivity is a major contributor to ill health

participation and associated health outcomes; however,
ongoing support and feedback is required to maintain these
changes (4). Technological solutions such as activity track-
ers and exergames are useful and effective ways of provid-
ing support with multiple reviews demonstrating their ben-
efits for PA participation in a range of populations including
older adults and those diagnosed with chronic conditions
(5,6).
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Exercise is safe and effective for individuals at higher
risk of acute medical events such as those with stable chronic
medical conditions including multimorbidity or complex
clinical status, the prevalence of which is higher in older
adults (7). Exercise reduces incidence of falls and bone frac-
tures, risk of cardiovascular and metabolic diseases, and
assists independence while aging (8,9). However, it is
important that risk assessments are conducted, and exercise
prescribed and supervised using methods that mitigate
potential risks of adverse events (10). A common way of
minimizing risk is prescribing exercise within heart rate
(HR) zones predetermined as safe and effective for the cli-
ent, taking into account their age and clinical status. How-
ever, for this to be effective the client must have a means of
monitoring HR during exercise and either understand the
importance of staying within prescribed zones or for the
supervising exercise professional to monitor HR and provide
feedback as warranted.

E-health (i.e., electronic delivery of health care or com-
monly termed telehealth) has the potential to enhance health
care services, particularly for those with chronic health
issues (11) and has gained prominence as an important
method for safe provision of treatment during the COVID-
19 pandemic (12). E-health is increasingly considered a
viable means of health care delivery to improve access to
primary health care for those experiencing health inequity
(13). Such disadvantages include but are not limited to a lack
of transport, living in regional and remote areas, and low
socioeconomic status (13,14). Older adults (>65 year) are
especially vulnerable to disadvantage, and thus barriers in
primary health care access (14). Furthermore, with an aging
population we may see continual increase in strain on the
primary health care system (11). The last decade has seen the
introduction of a broad range of e-health projects and pro-
grams ranging from web-based information portals to wear-
able technologies designed to remotely monitor individuals
for a range of physiological functions (11,15-17) and to
guide treatment (18). Program reviews suggest that such
systems may motivate clients to undertake home-based exer-
cise programs (11,16). However, for this to be achieved,
individuals with chronic health conditions (often older
adults) must be willing to use the technologies (19).

While barriers exist for older adults to use e-health
applications (20,21), their adoption has the potential to assist
independent living (14,22). Technologies are more likely to
be used if they are engaging, nonintrusive and easily acces-
sible (22). This points to the need to consult with proposed
users, to ensure that proposed applications meet intended
health and well-being goals while addressing client needs
(16,23). Appropriately designed technology has the potential
to support clients to comply with prescribed exercise by
assisting them to exercise at effective and safe intensities.
There is currently little evidence supporting the use of tech-
nology in facilitating compliance to prescribed exercise
intensities.

The purpose of this study was to assess the compliance
of a group of clinical exercise physiology clients with

chronic medical conditions to a prototype immersive virtual
feedback environment monitoring system developed by the
researchers. Using a randomized, controlled, longitudinal,
crossover design, this study aimed to investigate the effect of
use of the virtual feedback environment on compliance to
prescribed exercise load and understand the user experience
of the virtual feedback environment on factors affecting
exercise participation.

The primary hypothesis was that the virtual feedback
environment would improve compliance to prescribed exer-
cise compared to a no feedback control condition.

METHODS

This study was a randomized, controlled, longitudinal,
crossover design. Adult participants were recruited from
clients undergoing treatment for a variety of chronic medical
conditions at the University of Tasmania Exercise Physiol-
ogy Clinic. Each intervention period lasted for 2 weeks with
2 supervised exercise sessions per week for a total of 8 exer-
cise sessions over 4 weeks. The sessions were monitored by
a member of the research team to ensure participant safety
and effective operation of exercise equipment. The team
member provided no feedback on the performance of the
exercise during the sessions. This project received ethical
approval from the Tasmanian Health and Medical Research
Ethics Committee (HO015313).

Participants attended an initial screening and exercise
assessment session to inform exercise prescription. The sub-
maximal YMCA cycling test (24) was used to prescribe HR
levels and align prescribed HR with rating of perceived
exertion (RPE). Exercise prescription for the intervention
was prescribed using HR zones based on clinical exercise
guidelines (25) and the accredited exercise physiologist’s
clinical judgment to ensure safe and effective exercise inten-
sity individualized for each participant based on their clini-
cal conditions and current activity levels. The participants
were instructed to exercise in a range of RPE that corre-
sponded to their prescribed target HR zones as is common
exercise prescription practice for clients exercising without a
heart rate monitor.

Individuals were excluded if they were clinically unsta-
ble with contraindications to exercise, already engaged in
high levels of PA, or had a cognitive impairment preventing
them from providing informed consent. Participants for
whom HR was an inappropriate or potentially unsafe way of
prescribing exercise intensity (e.g., beta blocker medication)
were also excluded.

Treatment Intervention

Participants undertaking the treatment intervention were fit-
ted with a HR monitor (Equivital EQ02 Sensor, Cam-
bridgeshire, UK), which inputted real time data directly into
the virtual environment software, and were asked to com-
plete their prescribed exercise using the immersive software
providing visual feedback (described below). The exercise
involved cycling on an exercise bike (Monark Ergomedic
828E, Vansbro, Sweden) at the prescribed RPE with the
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software open on a large screen in front of them. Participants
progressed through the software storyline according to their
instantaneous compliance (HR within prescribed training
zone) to the prescribed exercise. At the end of each session
participants received feedback via the software of their
achievement towards the prescribed daily, weekly, and pro-
gram exercise goals.

Control Intervention

Participants in the control intervention underwent the same
exercise protocol as the treatment intervention; however,
they did not use the virtual software and received no feed-
back other than the time spent exercising in that session.
During the control intervention a HR monitor was worn for
data collection but feedback on HR was not provided to
participants.

Description of the Virtual Feedback Environment

The prototype software involves an immersive visual envi-
ronment developed by the researcher team using real-time
participant HR during exercise to direct user experience.
Participants experience a first-person view from inside a
submarine within an aquatic environment. The visual envi-
ronment represents a forward window on the submarine,
with an instrument panel underneath (Figure 1). The subma-
rine is powered by the participant’s HR (normalized to the
prescribed exercise HR), which determines the speed of the
submarine. The purpose of this feature is to create a natural
approach to prescribed HR, so the submarine slows as HR
lowers and overheats (warning lights, auditory alarm, and
stops) when HR exceeds prescribed levels. A power bar on
the instrument panel represents normalized HR as submarine
power, with colored zones for HR below, within, and above
prescribed levels. The design was informed by exercise
physiology client feedback following demonstration of an
earlier design concept, which emphasized the importance of
engagement and an intuitive approach to the prescribed HR
(20). It was also considered important that the feedback be
neutral to the type of aerobic exercise undertaken to allow it
to be more flexibly used in combination with a variety of
exercise equipment (e.g., rowing machine, treadmill, exer-
cise bike, stepper).

FIGURE 1. Participant view of instrument panel and external
environment.

Each session has specific environmental features,
including flora, fauna, and a novel end point or goal. Session
compliance is represented as progress through this environ-
ment with the goal reached at completion of prescribed ses-
sion exercise load. Participants experience a narrative jour-
ney which progresses through a storyline arc both within and
across exercise sessions, with individual sessions compris-
ing story chapters. Session goals include unique aquatic
features such as a whale or a shipwreck. Once the goal is
reached, the user can choose to continue their exercise, with
the submarine circling the goal. This design aimed to
improve adherence to exercise through both enhanced
engagement and increased time spent in prescribed HR
zones. The software was designed to be immersive and intui-
tive with a natural interface.

Outcome Measures
Compliance to Prescribed Exercise Duration and
Intensity

Compliance was measured using HR relative to prescribed
levels as well as consistency of HR and total time within an
individual session. Compliance was determined by the time
exercised within the prescribed HR zone as a fraction of
prescribed exercise time. Periods of exercise outside the HR
zone (either above or below) did not contribute to compli-
ance. For example, exercise at a constant HR at the pre-
scribed HR for a period of the prescribed exercise corre-
sponds to 100% compliance. A compliance of greater than
100% was achievable if the client maintained a HR in the
target zone for longer than the prescribed time.

Compliance(%) =

Total Exercise Time — Exercise Time outside prescribed HR zone 100
X

Prescribed Exercise Time

Enjoyment of Exercise

The Physical Activity Enjoyment Scale-8 (PACES-8) (26), a
validated 8-item questionnaire modified from the Physical
Activity Enjoyment Scale to suit older adults, was used to
determine enjoyment levels after each exercise session.
PACES-8 is based on a 7-level bipolar rating scale where
higher scores reflect greater levels of enjoyment.

Pain and Perceived Exertion

Pain and perceived exertion were assessed using self-
reported scales. At the end of each session, participants
reported the pain experienced during the exercise session on
a scale of 0 to 10, where 0 indicates “no pain” and 10 indi-
cates “the worst pain experienced” by the participant. Par-
ticipants also reported their session RPE using the 6 to 20
point Borg scale (27).

Focus Group Interviews

At the completion of the study, 2 focus groups were con-
ducted and digitally recorded. Five to 7 participants attended
each group. Focus groups (mean duration 43.6 min), were
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FIGURE 2. CONSORT flow diagram for study progression.

transcribed verbatim, producing 31 pages (Arial, size 11) of
raw transcription data for further analysis. Both focus groups
were run by a researcher (JOB) with experience in facilitat-
ing focus groups, who had not previously had any direct
contact with the research participants, to ensure participants
felt comfortable expressing their opinions.

Statistical Design

An a priori sample size calculation indicated 13 participants
would be required to demonstrate a clinically meaningful
between-group difference of 20% in exercise compliance
with coefficient of variation of 25% and 80% power. To
allow for a 10% anticipated withdrawal rate, 16 participants
were recruited. All participants were assigned to complete
both control and treatment interventions, with assignment
performed using computer-generated randomization con-
ducted by a person not directly involved in the study and
recorded in sealed opaque envelopes.

Treatment effects were assessed on an intention-to-treat
basis for compliance to prescribed exercise, pain, and RPE,
using mixed-effects linear regression with repeated mea-
sures for sessions. Carry-over effects were controlled by
including intervention order as a covariate. Analyses were
performed using Stata 14.2 (Stata, College Station, Texas).

Transcription was performed using an online transcrip-
tion service (Smartdocs.com.au, Queenland, Australia).
Transcripts were coded and thematically analyzed using a
qualitative descriptive approach using MS Office (Micro-
soft, Redmond, Washington) (28). Coding was completed in
2 stages. During the initial stage, 2 researchers (AW and
JOB) independently coded transcripts inductively to ensure
themes were organically identified without researcher bias.
In stage 2 these 2 researchers generated a preliminary list of

themes that were discussed and refined to ensure all themes
captured those previously coded.

RESULTS

Sixteen individuals expressed an interest in the study, with
15 assessed as eligible to participate after initial assessment.
Participants were randomized to either software (n = 7) or
control (n = 8) interventions in the first period of the cross-
over design (Figure 2). One participant began the first ses-
sion before being identified as having a cardiovascular con-
dition meeting the exclusion criteria and was withdrawn.
Twelve completed 8/8 sessions over the 4-week intervention.
One participant attended 7/8 sessions (3 software and 4 con-
trol), and another attended 3/8 sessions (3 control and 0
software) with data from both participants included in the
analysis. In total, data from 14 participants (9 female) were
analyzed (Figure 2), and the statistical significance of the
results were not different when participants with missing
data were excluded in a sensitivity analysis. While the inclu-
sion criteria were for adults (age > 18 years), participants
were mostly older adults (64 + 8§ years) ranging in age from
44 to 74 years. As the participants were recruited from a
clinical exercise physiology clinic, many had chronic condi-
tions including cardiovascular disease, metabolic disease,
arthritis, chronic pain, cancer, asthma, and mental health
conditions. Many participants had more than 1 chronic con-
dition with the mean number of conditions of 2.2 + 1.1
(Table 1).

Quantitative outcome measures (Table 2) demonstrate
higher mean compliance (P = 0.001) to prescribed exercise
for the treatment condition (mean = 101 + 10%) compared to
the control condition (mean = 50 + 10%). The mean weekly
session compliance for each order group demonstrated
higher mean compliance at each week of the study for the
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TABLE 1. Participant demographics and prescribed exercise
parameters.

Value? Range
Participant demographics
Age (years) 64.4£8.2 44-74
Female sex 9 (64)
Clinical conditions 22+11 04
Cardiovascular disease 9 (64)
Metabolic disease 5(36)
Arthritis 5 (36)
Chronic pain 7 (50)
Cancer 2 (14)
Asthma 2 (14)
Mental health 1(7)
Prescribed exercise parameters
Duration (min) 23.5+5.0 15-30
Heart rate (b-min~")
Lower bound 105+ 12 75-130
Upper bound 124 £+ 11 100-150

*Mean = SD or n (%)

treatment condition (Figure 3). According to the real-time
calculation of compliance under both treatment and control
conditions, this increase in compliance could be due to an
increased proportion of time spent exercising within the
prescribed HR zones, and/or increased total exercise time.
While the data collection method did not allow for these 2
possibilities to be assessed separately, they both relate to
improved exercise adherence.

There were no significant differences observed between
treatment and control conditions in RPE, pain, or enjoyment
of exercise. Mean scores for RPE were 12.3 + 0.4 for treat-
ment and 12.2 + 0.5 for control conditions, corresponding to
“somewhat hard” under both conditions (P = 0.86). Pain
scores were “mild” under both treatment (2.27 + 0.85) and
control (mean = 1.3 + 0.6) conditions (P = 0.29). PACES-8
results demonstrate moderate enjoyment of exercise for both
treatment (41.2 = 3.6) and control (38.6 + 2.6) conditions
(P = 0.49). The scores for both groups had the same clini-
cally relevant reporting for the measures of pain, RPE, and
PACES-8 indicating that differences were not clinically

TABLE 2. Mixed-effects linear regression results for treatment effects.

significant. Order effects were tested for each outcome mea-
sure with no effects observed.

Participants reported varying experience and interest in
technology, for example some used it for work, while most
used it for basic functions at home. Only 1 participant was
not interested in technology.

Analysis of the focus groups identified 4 themes (Sup-
plemental Table):

» Relationship between game visuals and actual activity are
important;

* Interactivity of the software influences engagement;

* Ability to set or recognize goals affected engagement; and

» Biofeedback is important to achieve exercise compliance.

DISCUSSION

A major finding of this study was that under the control con-
dition, the compliance to exercise was only half the load
prescribed by the accredited exercise physiologist, while
under the software intervention prescribed load was met.
The greater compliance when using the software was related
to better maintenance of HR in the prescribed range for the
individual and/or increased exercise time. Better mainte-
nance of HR using the feedback environment occurred with-
out providing the instantaneous HR explicitly. Importantly,
this higher compliance did not result in higher perceived
exertion and was not associated with negative outcomes for
participants in terms of increased pain or decreased enjoy-
ment of the exercise sessions. These results were observed
over the short timeframe of the study, with further investiga-
tion required to assess the long-term effects on compliance
to an exercise program. The improved compliance was
compared to a no-feedback control condition and hence
demonstrate the benefits of the virtual feedback compared to
no feedback.

The control results indicate that even in controlled and
monitored environments participants have difficulty main-
taining their HR within prescribed zones. Without external
feedback, clients rely on subjective RPE to guide their exer-
cise intensity, which may not reflect HR. However, RPE
correlates well with exercise HR across a range of ages
including older adults (29), and preliminary exercise tests in
this study used both RPE and HR with the prescribed zones
directly related with the target exercise RPEs given to each
participant. The differences in compliance with no differ-
ences in RPE may be due to greater within-session variation

Control® Treatment? Mean Difference? 95% CI P Value
Compliance (%) 50+ 10 101 +£10 51+15 21.2,80.3 0.001
RPE 122+0.4 12.3+0.5 0.1+£0.6 -1.1,13 0.86
Pain 1.3+0.6 2.3+07 1.0+£9.5 -0.9,2.9 0.29
PACES-8 38.6+27 412+ 3.6 26+3.7 -4.7,9.9 0.49

"Mean + SE
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FIGURE 3. Mean compliance by intervention order group with standard error (SE) bars.

in RPE (above and below prescribed), which did not affect
average session RPE during the control intervention.

The use of biofeedback related to HR zones allowed
participants in the treatment intervention to intuitively
modify their exercise intensity to match prescribed HR
zones. Biofeedback was provided when the HR was too high
(for safety) with more intuitive feedback for low HR related
to slower submarine movement. The submarine speed repre-
sents the current HR, not the power of the exercise. The
submarine was chosen as its motion in water relates to the
relationship between exertion and HR. The changes in a
submarine’s speed are delayed from changes in power. This
relationship was chosen to naturally relate to changes in HR
lagging changes in exercise intensity. The aquatic environ-
ment was used to support continuous PA at a relatively con-
stant load, with a relaxing environment chosen rather than
maximizing the excitement of visual effects, in part to mini-
mize nonexercise related sympathetic nervous system stimu-
lation. The environmental features were selected to allow for
an increasingly rich and continuously novel environment
within and across sessions to assist with engagement.

Focus group results provided important user experience
information related to the acceptability of this type of
immersive feedback approach. Participants found the visuals
of the software important; however, most participants did
not link the visuals of the software (submarine) to the exer-
cise activity (cycling). While this affected participant
engagement, it was a deliberate design feature to allow for
the use of multiple exercise modalities (e.g., treadmill) rather
than being limited to the exercise bike, and to relate the feed-
back to HR rather than exercise intensity. Participants also
indicated that the software was limited in terms of interactiv-
ity, which may have affected their engagement. Participants
made several references to the importance of goals. They
expressed that goals and improved biofeedback could have
been linked to the software visuals or from an understanding
perspective linking the purpose of compliance.

Most participants expressed frustration with the visuals
and lack of perceived interactivity of the software. Specifi-
cally, the biofeedback received in conjunction with the soft-
ware was inadequate for many participants to consciously
understand its purpose, so even though they were receiving
biofeedback and achieving compliance there was a discon-
nect with understanding the visuals. However, 1 participant
was able to understand the purpose of the software and the
importance of the regulation of exercise intensity. This may
indicate that the improved compliance achieved during the
treatment intervention was the result of the intuitive biofeed-
back process that did not require an explicit connection by
the participant.

Participant feedback indicates that the immersive nature
of the technology in this intervention was limited. A recent
scoping review (30) found that the more immersive the tech-
nology, the greater the beneficial effects for user experience
during exercise. While the software produced improved com-
pliance in this clinical study, the user feedback indicates
likely issues with the take-up of the software outside the labo-
ratory setting. Understanding the user experience is essential
to the design of immersive technologies to support uptake
and maintenance of prescribed exercise over the long term.

Limitations

This study had several limitations. Testing apparatus, venue,
and equipment may have limited a truly immersive environ-
ment. The effect of the software was evaluated in a labora-
tory setting under researcher supervision, and the results
observed in this study may not be replicated when exercising
alone in a home-based environment for which the virtual
feedback approaches may have the most benefit. The visual
setup tended to drop out for a second or two every couple of
minutes with several participants reporting that this adversely
affected their experience. Participants had a tendency to try
to chat with the researcher particularly during the control
intervention sessions, which may also have affected their
attitudes and perceptions of that component of the
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intervention. Finally, there were issues with interpreting the
rating of pain, with participants frequently reporting discom-
fort from the cycle ergometer seat as their main source of
pain. The study design had a short duration, so the long-term
adherence for this intervention was not assessed. This study
compared the virtual feedback environment to a no-feedback
control condition and did not assess whether virtual feed-
back provides improvements compared to raw feedback (the
real-time HR). The study did not assess whether the improved
compliance was because of longer time spent in prescribed
HR zones or increased exercise session time, nor did it assess
whether clients would be more likely to undertake the pre-
scribed or additional exercise sessions.
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