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Abstract

Background: The influence of exercise deception and immersive virtual reality on ratings of perceived exertion and heart rate
during exercise have been studied in isolation, but rarely in tandem. Given that there is evidence to suggest that both factors can
affect perceived exertion and heart rate during exercise, addressing the gap in knowledge pertaining to such influences is
imperative.

Objective: This study investigated the influence of speed deception on heart rate and ratings of perceived exertion (RPE) during
immersive virtual reality (IVR) while walking on a treadmill.

Methods: Using a double-blinded, crossover research design, sixteen college-aged adults (eight females) were randomly
assigned a testing order for a total of six, ten-minute trials of treadmill walking; three trials conducted with IVR on one day and
three non-IVR trials (i.e. control) on another day at 3.3, 3.5, and 3.7 mph. A 24 hour washout period was given in between the
first and second day of testing. Participants were told that all trials occurred at 3.5 mph. Borg RPE scores were assessed after
each trial while HR was monitored throughout.

Results: The IVR trials produced lower mean RPE scores in comparison to the non-IVR trials during 3.5 and 3.7 mph (p =
0.002, 95% CI: (0.6, 1.8); p = 0.002, 95% CI (1.2, 2.7), respectively). The IVR trials also yielded a lower mean HR compared to
the non-IVR trials at the highest speed of 3.7 mph (p = 0.049, 95% CI: (2.0, 12.7)). Within group differences for the non-IVR
group were identified in RPE for the 3.3 and 3.5 mph trials compared to those at 3.7 mph (p = 0.002, 95% CI: (-1.4, -0.5); p =
0.002, 95% CI: (-1.4, -0.5), respectively). No differences were detected within the IVR group.

Conclusions: These findings suggest that using deception via an immersive virtual reality exergaming experience may affect
attenuated participant perceived effort and heart rate response without the user noticing the effect.
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Abstract
Background:  The  influence  of  exercise  deception  and  immersive  virtual  reality  on  ratings  of
perceived  exertion  and  heart  rate  during  exercise  have  been  studied  in  isolation,  but  rarely  in
tandem. Given that there is evidence to suggest that both factors can affect perceived exertion and
heart  rate  during  exercise,  addressing  the  gap  in  knowledge  pertaining  to  such  influences  is
imperative.
Objective: This study investigated the influence of speed deception on heart rate and ratings of
perceived exertion (RPE) during immersive virtual reality (IVR) while walking on a treadmill. 
Methods: Using a double-blinded, crossover research design, sixteen college-aged adults  (eight
females) were randomly assigned a testing order for a total of six, ten-minute trials of treadmill
walking; three trials conducted with IVR on one day and three non-IVR trials  (i.e.  control)  on
another day at 3.3, 3.5, and 3.7 mph. A 24 hour washout period was given in between the first and
second day of testing. Participants were told that all trials occurred at 3.5 mph. Borg RPE scores
were assessed after each trial while HR was monitored throughout.
Results: The IVR trials  produced lower mean RPE scores in comparison to the non-IVR trials
during 3.5 and 3.7 mph (p = 0.002, 95% CI: (0.6, 1.8); p = 0.002, 95% CI (1.2, 2.7), respectively).
The IVR trials also yielded a lower mean HR compared to the non-IVR trials at the highest speed of
3.7 mph (p = 0.049, 95% CI: (2.0, 12.7)). Within group differences for the non-IVR group were
identified in RPE for the 3.3 and 3.5 mph trials compared to those at 3.7 mph (p = 0.002, 95% CI: (-
1.4, -0.5); p = 0.002, 95% CI: (-1.4, -0.5), respectively). No differences were detected within the
IVR group.
Conclusions: These  findings  suggest  that  using  deception  via  an  immersive  virtual  reality
exergaming experience may affect attenuated participant perceived effort and heart rate response
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without the user noticing the effect. 
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Introduction

Awareness  of  the  physical  demands  of  exercise  will  often  determine  the  strategies  used  to
successfully complete it. Based on a combination of prior experience, ratings of perceived exertion
(RPE), biomechanical and cardio-metabolic feedback while performing the exercise, participants will
engage in a self-pacing strategy known as teleoanticipation [1]. By incorporating feedback and feed-
forward mechanisms that encompass a variety of physiological systems, the brain will engage in
selective neuromuscular regulation to efficiently and effectively complete the exercise [2].  However,
predetermining an endpoint for the exercise is necessary to ensure optimal performance under the
teleoanticipatory model [3]. In the absence of an endpoint, physiological resources will be conserved
to account for extended or intensified exercise [4, 5]. Conversely, knowledge of when an endpoint is
approaching will allow this conservation to subside while subsequently increasing the work rate [6].  
  
An individual’s  RPE,  which primarily  drives teleoanticipation,  is  commonly measured using the
Borg RPE scale  [7].  The Borg RPE scale  ranges  from ‘6’ to  ‘20,’ with each score designed to
correspond to a tenfold increase in heart rate (e.g., 8 equals 80 beats/min) [8].  In previous research,
RPE scores have been used to drive accurate,  individualized exercise prescriptions [9]. Although
RPE scores  are  subjective,  there  is  a  general  consensus  that  these  are  largely  attributed  to  the
intensity of the exercise being performed [10]. This trend has been demonstrated to be consistent
with running and resistance training,  as  a  higher  RPE has  been associated with higher  intensity
exercise [11].  
  
Utilizing deception to manipulate an exercise experience has become increasingly common. Whether
through the incorporation of a digital competitor [12] or hypnotic manipulation [13],  deception has
demonstrated the potential to change how people perceive exercise. Recently, visual hill gradients
observed through virtual reality while cycling have been shown to alter perceptions of effort and
breathlessness [14]. In this particular study conducted by Finnegan et al., participants who observed
a steeper hill  gradient experienced a higher level of breathlessness and cycled with more power
despite the resistance of the cycle ergometer remaining consistent throughout. However, a systematic
review  conducted  by  Jones  et  al.  found  that  while  a  majority  of  research  has  investigated
manipulations of the exercise endpoint,  there is little research available examining the effects of
exercise intensity deception [15]. Only two studies were identified within this review that evaluated
the effects of pre-exercise intensity deception, both of which yielded no significant differences in
selected outcome measures (RPE and heart rate, respectively) [16, 17]. However, Jones et al. contend
that  the  methodologies  used  in  these  investigations  varied  greatly,  such  as  the  way  in  which
participants were deceived and differences in training experience of the participants. As a result,
further study is required to ascertain if  there is a relationship between the deception of exercise
intensity and exercise variables.   
  
Virtual reality (VR) has emerged as a viable tool for exercise studies involving deception. VR allows
individuals to engage with simulated content in virtual environments outside of the real world [18].
More recently, as VR technology has improved, immersive virtual reality (IVR) has been developed
to enhance the experience. IVR, unlike its predecessor, incorporates unique sensorimotor elements
(i.e., visual, auditory, and/or tactile stimuli) that alter a user’s experience to make them feel as if what
they are perceiving is their actual surroundings [19]. In comparison to traditional VR environments,
IVR environments  have been found to produce a  higher  sense of presence and immersion [20].
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Furthermore, IVR has the unique potential to produce "place illusion," which refers to the sensation
of "being there" in the surroundings [21]. Early study employing IVR during exercise has yielded
encouraging  implications,  as  it  was  discovered  to  yield lower RPE  levels  while  improving
satisfaction during biking [22, 23]. These findings, while salient, highlight the need for more study
employing deception tactics with IVR to determine if they extend to other training modalities such as
a treadmill. 
 
To our knowledge, there are no studies that have investigated the efficacy of IVR in conjunction with
deception  strategies  during  treadmill  exercise.  This  study  investigated  the  performance  of
participants exposed to speed deception on heart rate and ratings of perceived exertion (RPE) during
immersive virtual reality while walking on a treadmill. We hypothesized that participants in the IVR
condition would report lower RPE scores and equally yield lower heart rates (HR) in comparison to
the non-IVR condition.   

METHODS

Participants

Sixteen  college-aged  healthy  volunteers  (eight  females)  were  recruited  from  the  University  of
California, Los Angeles (UCLA) campus. Exclusion criteria included the presence of any disorders
that would preclude moderate-to-high intensity exercise participation and testing. All participants
provided written informed consent at the beginning of the study. This research was approved by the
UCLA Institutional Review Board and carried out in accordance with the ethical standards of the
Helsinki Declaration.  

Study Design

Using a double-blinded, crossover research design, participants were tested during two separate days,
each consisting of three, 10-minute treadmill walking trials separated by a 3-minute rest period, with
a  24-hour  washout  period  in  between  each  day.  All  participants  were  randomly  assigned  to  a
participant  number  produced  from  a  random  number  generator,  which  was  operated  by  an
investigator independent from recruitment and testing. Each participant number corresponded to a
randomized sequence of testing for the two different days. The order for the speeds of the treadmill
(3.3 mph, 3.5 mph, and 3.7 mph) were randomized, as well as the order for the IVR or non-IVR trials
(i.e., IVR trials occurred on either the first day or second day of testing). The non-IVR trials used the
identical  treadmill  albeit  with  no  head-mounted  display  (HMD).  Participants  were  told  (and
deceived) that all trials occurred at 3.5 mph for blinding purposes. All testing was administered by
trained research personnel under the supervision of the lab director in the UC Fit-Digital Health
Exercise Physiology Research Laboratory at UCLA during the early spring of 2023 for a one month
period. Study participants were asked to refrain from completing moderate-vigorous physical activity
at least 24 hours prior to beginning the study until its conclusion. For baseline measures, body mass
was measured on a calibrated medical scale (accuracy ± 0.1kg), and height was determined using a
precision stadiometer (Seca,  Hanover,  MD, USA; accuracy ± 0.01 m).  Body fat  percentage was
measured  using  a  validated  octipolar,  multi-frequency,  multi-segmental  bioelectrical  impedance
analyzer  (InBody  Co.,  Seoul,  Korea  Republic)  [24].  The  instrument  measured  resistance  and
reactance using proprietary algorithms. To ensure accuracy, participants adhered to standard pre-
measurement BIA guidelines recommended by the American Society of Exercise Physiologists [25].

IVR Intervention
The IVR intervention made use of an innovative software application (Octonic VR, New York, NY,
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USA) developed to enable a variety of viewing experiences while walking on a treadmill. On a HMD
(Meta  Quest  2,  Menlo  Park,  CA,  USA),  a  standardized,  pre-selected  immersive  environment
portraying an island in the sky (i.e.,  "Sky Island") was projected.  As participants walked on the
treadmill,  in-app music played as their  view dynamically  changed in response to their  pace and
direction  of  gaze.  The visual  input  while  wearing  the  HMD entirely  concealed  the  participants'
immediate surroundings, as is customary with IVR. However, a mixed reality feature unique to this
program  permitted  a  real-world  visual  perspective  of  the  treadmill  overlayed  by  the  IVR
environment to ensure safety while walking. 

Figure 1.  Snapshot  view of  Sky  Island (Octonic  VR app)  environment  from the  head-mounted
display (HMD) during the immersive virtual reality intervention while walking on a treadmill. 

Equipment
Participants completed both IVR and non-IVR trials on a treadmill (REDLIRO, USA) while donning
a  forearm-worn  optical  heart  rate  monitor  (Rhythm+TM  2.0,  Scosche  Industries,  Oxnard,
California).  HR  data  was  collected  and  graphically  displayed  using  a  fitness  app  (iCardio®,
Cupertino, CA, USA) monitored by research administrators.  

Figure 2. Left Panel - Experimental setup during the IVR intervention mirroring participant’s HMD
to a display for  researchers;  Right  Panel  -  Perspective  from the  participants  HMD showing the
treadmill speeds settings and overlays in the IVR environment. 
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Experimental Procedures
Two independent research administrators assessed each participant individually during the 6 trials. A
designated study administrator read a standardized set of instructions prior to the start of the first
experiment. Participants were instructed that they would be performing three trials, separated by
three-minute rest periods, while always walking at 3.5 mph on a treadmill on two different days (six
trials  total).  One day of testing included three trials  while  wearing the IVR HMD, whereas the
second day included three trials sans IVR. After each 10-minute session, participants were asked to
rate their perceived exertion (RPE) using the Borg RPE Scale, with a score ranging from 6 to 20.
Furthermore, individuals' heart rates were monitored throughout every trial. After completion of the
first day of testing, a 24-hour washout period was given prior to the subsequent trials.   
 
Deception occurred in several ways, the first of which was the treadmill's speed.  Participants were
instructed that all treadmill trials would be completed at  3.5 mph. However, each day of testing
included two deceptive speed conditions (3.3 and 3.7 mph) in addition to the 'true' 3.5 mph speed
condition. The ‘manual’ option in the app menu was chosen so that the HMD did not affect the
treadmill speed.  A separate research administrator modified the in-app display beforehand so that
participants always saw a speed of 3.5 mph regardless of the deceptive pace they were actually
accomplishing. The same research administrator altered the speeds for each participant, whereas the
other research administrator was blinded to the speeds. 
 
Participants were also given false information in regard to the IVR trials. In order to ‘deceive’ the
participants from the true aim of the study, they were informed that there was a component of the
IVR background that was changing in between trials. No further details were provided, and research
administrators were not permitted to answer any questions pertaining to the background. After the
completion of the second day of testing,  participants were asked if  they noticed any differences
between the first and second days of testing. Responses were recorded and transcribed. 

Statistical Analysis
Descriptive statistics are presented as mean and standard deviation (SD). A 3 x 2 repeated-measures
analysis of variance (ANOVA) was utilized: independent variables were treadmill speed (3 levels)
and presence of immersive virtual reality (IVF) (2 levels) while dependent variables were RPE and
HR. Effect sizes of main effects and interactions were measured by partial eta squared (η2). These
calculations were followed up by paired t-tests using the Benjamini-Hochberg procedure to maintain
the  familywise error  rate.  Effect  sizes  were measured by Cohen's  d.  Statistical  significance  was
determined by α = 0.05 and all tests were two-tailed. All data were exported to IBM SPSS Statistics
for Windows, version 22 (IBM Corp., Armonk, N.Y., USA) for analysis.  

RESULTS

Demographics
All sixteen participants (mean age = 20.5 ± 1.2 years old) successfully completed the study.  Mean
height, weight, and body fat collectively for all participants was 171 ± 14 cm, 69 ± 15 kg, and 19 ±
7.5 %, respectively.   

Non-IVR IVR 

Deceptive 
Treadmill Speed

(mph) 
3.3 3.5 3.7 3.3 3.5 3.7 
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HR (±SD) (bpm) 111 (13) 110 (16) 115 (16) 107 (14) 105 (10) 107 (10) 

Borg RPE (±SD) 8.5 (1.5) 8.6 (1.1) 9.0 (1.3) 7.5 (0.5) 7.4 (0.5) 7.6 (0.6) 
 
Table 1.  Mean heart rate (±SD) and Borg RPE scores (±SD) corresponding to deceptive treadmill
speed in the non-immersive virtual reality (IVR) and IVR trials  

RPE Scores
Although there was no significant difference in RPE between the 3.3 and 3.5 mph trials within the
non-IVR group, these scores were lower compared to those associated with the 3.7 mph trials (p =
0.002, 95% CI: (-1.4, -0.5); p = 0.002, 95% CI: (-1.4, -0.5), respectively). No significant differences
in RPE were observed within the IVR group. During the 3.5 and 3.7 mph trials, the IVR group
reported lower RPE scores in comparison to the non-IVR group (p = 0.002, 95% CI: (0.6, 1.8); p =
0.002, 95% CI (1.2, 2.7), respectively) (Table 1). 

Heart Rate
In the non-IVR group, there was a significantly higher HR in the 3.7 mph trials compared to the 3.5
mph trials (p = 0.027, 95% CI: (-6.8, -1.8)). No significant differences in HR were observed within
the IVR group. Between groups,  only the 3.7 mph trials  yielded a lower HR in the IVR group
compared to the non-IVR group (p = 0.049, 95% CI: (2.0, 12.7)) (Table 1). 

Post-IVR Session Subjective Responses
Through an in-person post study interview, all but one of the sixteen participants reported “feeling no
differences  in  treadmill  speed  while  wearing  the  HMD”  between  trials.  However,  75%  (12
participants)  reported  feeling  “a  different  treadmill  speed”  between trials  while  not  donning the
HMD. Moreover, participants commonly reported that “time went by faster” during the IVR trials,
which were also deemed to be “more stimulating” and “more enjoyable.” 

Discussion

IVR exercise  has  been  linked  to  a  variety  of  benefits.  IVR exercise  has  been  associated  with
reductions in fatigue, stress and depression, as well as increases in tranquility and quality of life [26].
In addition, the capacity of IVR exergaming to be physically demanding while enjoyable allows it to
be  an  effective  and  engaging  form  of  exercise  [27].  These  advantages,  when  combined  with
generally high satisfaction and usage scores, have revealed the potential for IVR to vastly improve
health  and well-being  [28].  Despite  these  advantages,  there  is  a  scarcity  of  studies  testing  the
efficacy of deception via IVR exercise across different modalities. To the best of our knowledge, this
study is  the first  of  its  kind to  examine the effects  of  IVR in conjunction with treadmill  speed
deception. 
  
The  results  of  the  present  study  support  the  first  of  our  hypotheses,  as  the  mean  RPE scores
corresponding to the IVR trials were significantly lower than those from the non-IVR trials at 3.5
and 3.7 mph (7.4 and 7.6 versus 8.6 and 9.5; p < 0.002, respectively). This finding is consistent with
a  deceptive  study  using  a  training  bike  conducted  by  Löchtefeld et  al.,  which  found  that  the
manipulation of visual and haptic cues could allow for an increase in the user’s speed by 15.2%
without the user’s awareness [29]. Similarly, in regards to resistance training, both a 5% and 10%
deceptive increase in loading while leg pressing have been shown to elicit nearly identical strength
measures without negatively affecting physical self-efficacy [30]. In contrast to our results, however,
Leininger et al.  found no difference in RPE between exergaming and matched-intensity treadmill
walking [31]. An important distinction between both studies is the use of immersive VR versus two-
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dimensional,  VR-only.  Being engaged in  an  IVR environment  may heighten  dissociation  and/or
distract the user from the perceived effort of the exercise. 
 
The second of our hypotheses was partially supported. Only the HR response during the trials at 3.7
mph was lower in the IVR group than the non-IVR group (107 bpm versus 115 bpm; p < 0.049,
respectively). Little research has assessed heart rate trends in protocols that integrate deception and
exergaming together, but there is a limited amount of each in isolation. In an IVR exergaming study
with  geriatric  participants,  mean  HR measurements  increased  for  three  out  of  four  individuals
between two different training sessions [32]. Furthermore, a comparison between four exergames
found that 75% of the exergames produced a lower perceived exertion than actual exertion based on
their  average  heart-rate  as  a  percentage  of  their  maximum heart-rate  (66%,  78%,  and  55% of
maximum heart rate, respectively) [33]. Conversely, in a deceptive treadmill and cycling study, lower
heart rate measurements were observed during the condition in which the endpoint was not specified
compared to when an endpoint was predetermined [34]. Further research is warranted to evaluate
trends in HR during deceptive training in order to provide informed exercise recommendations, such
as appropriate training HR zones, for IVR exergaming users. 
  
The findings of the present study may be attributed to several different factors; first, the preservation
of  teleoanticipation.  Previous  research  has  shown that  manipulating  the  endpoint  can  negatively
affect exercise performance by disrupting the anticipatory setting of the pace [35]. Teleoanticipatory
pacing strategies are crucial to delay fatigue and optimize performance [36]. The protocol used in this
study did not modify the duration of the exercise nor deceive the participants of the endpoint. Hence,
participants should have been able to fully complete the exercise without calculated or spontaneous
adjustments affecting the use of physiological resources.   
  
Furthermore, the differences in RPE and heart rate between the two conditions may have been a
result of the IVR intervention. A commonly reported benefit of IVR is the ability to empower one to
escape negative emotions, stresses, and affairs [37]. IVR has even been shown to reduce discomfort
and  minimize  pain  to  a  degree  comparable  to  clinical  analgesic  treatments  [38].  However,  the
environment in which the user is immersed in also matters. Simulated urban environments have been
reported to produce feelings of increased fatigue and decreased levels of self-esteem, whereas nature-
based  environments  have  yielded  decreased  levels  of  negative  emotions  (i.e.  fatigue,  tension,
depression, etc.) [39]. In the present study, the selected environment incorporated several different
natural  elements  (e.g.,  waterfalls,  rocks,  beaches,  unique  cloud formations,  etc.)  into  view.  It  is
possible that this environment allowed participants to divert their attention away from daily stressors
and the exercise they were performing. Consequently, as we showed, a faster deceptive speed would
not  be  noticed  by the  user  or  reflected  by  their  HR response  (i.e.,  autonomic  nervous system).
Rutkowski et al. recently demonstrated a similar phenomenon through heart rate variability analysis
wherein lower heart rate responses during IVR were attributed to reductions in stress levels [40].
They  noted  the  “calming  environment”  altered  autonomic  nervous  system  activity,  which  was
responsible for the observed heart rate behavior with virtual reality immersion.

Practical Recommendations
The implications of these results should serve as a guide for IVR exergaming as it continues to
evolve. The lower HR and RPE scores corresponding to exercising with IVR may suggest that it has
the potential to lower the perceived difficulty of exercise, which may be particularly beneficial for
sedentary individuals. Furthermore, the lower HR and RPE scores produced in the 3.7 mph trials
may  suggest  that  IVR  may  have  utility  as  a  ‘deceptive’  exercise  intervention.  None  of  the
participants reported a conscious awareness of the 5.7% increase in speed, nor was it reflected in
their RPE. These results may suggest that participants can perform exercise at a greater intensity
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while using IVR. Further research is warranted to determine if prolonged IVR training in different
simulated environments can yield similar results. Moreover, a threshold for how much intensity (i.e.,
speed) can be increased before a participant notices should also be studied.   

Limitations
This study is not without its limitations. This study could have benefited from a larger sample size to
add statistical  power.  To this  end, the sample was almost entirely composed of fit,  college-aged
individuals. A more diverse sample would have been ideal to improve generalizability. Additionally,
due to the design of the protocol, the findings of the present study may be limited to short-term
effects of IVR. Future research should be conducted to examine if these effects would be consistent
over a prolonged period of time.  
  
Conclusion  
The findings of this study suggest that using deception via an immersive virtual reality exergaming
experience affects attenuated participant perceived effort and heart rate response without the user
noticing the effect. 
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