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Figure 1: The virtual coach guided users through their workout in the VR exercise application by talking to them. Depending on the
experimental condition he provided feedback with low, medium or high performance-specificity. Text annotations in this figure are
for illustration purposes only and were not part of the VR exposure.

ABSTRACT

Virtual reality (VR) exercise applications are promising tools, e.g.,
for at-home training and rehabilitation. However, existing appli-
cations vary significantly in key design choices such as environ-
ments, embodiment, and virtual coaching, making it difficult to
derive clear design guidelines. A prominent design choice is the
use of embodied virtual coaches, which guide user interaction and
provide feedback. In a user study with 76 participants, we inves-
tigated how different levels of performance specificity in feedback
from an embodied virtual coach affect intermediate factors, such as
VR experience, motivation, and coach perception. Participants per-
formed lower-body movement exercises, i.e., Leg Raises and Knee
Extensions, commonly used in knee rehabilitation. We found that
highly performance-specific feedback led to higher scores com-
pared to medium specificity for perceived realism, as well as the
anthropomorphism and sympathy of the virtual coach, but did not
affect motivation. Based on our findings, we propose the design
suggestion to include precise, performance-specific details when
creating feedback for a virtual coach. We observed a descriptive
pattern of higher scores in the low specificity condition compared
to the medium condition on most measures, which raises the possi-
bility that less specific feedback may, in some cases, be perceived
more positively than moderately specific feedback. These findings
provide valuable insights into how design choices impact relevant
intermediate factors that are crucial for maximizing both workout
effectiveness and the quality of the virtual coaching experience.
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1 INTRODUCTION

VR exercise systems offer exercise support across various domains,
e.g., general fitness, professional sports coaching, and rehabilitation
at home [9, 28, 45]. Research indicates that VR exercise systems
can effectively enhance performance [28, 45]. However, the sys-
tems used vary significantly regarding substantial design choices,
e.g., in terms of the technology employed and, consequently, their
level of immersiveness, the exercise environments, user embodi-
ment, feedback strategies, and more. This variability makes it diffi-
cult to assess the impact of individual design choices and their com-
binations on the application’s success, complicating the derivation
of clear design guidelines. As a result, the specific characteristics
that contribute to optimal effectiveness remain an ongoing area of
investigation. A key first step is understanding how design choices
influence intermediate factors that ultimately contribute to the ap-
plication’s desired outcome [2, 45]. For example, IJsselsteijn et
al. [30] found that immersion (design choice) positively influences
motivation (intermediate factor), which, in turn, increases workout
adherence, leading to greater workout effectiveness.

Most digitally enhanced training systems provide some form of
virtual coaching. The design space for virtual coaching is vast,
with almost every design decision opening up new research av-
enues [61]. A common design choice is the use of embodied virtual
coaches [22], which serve as analogs to real-life coaches and add
the benefit of a social component. A human-like embodiment of the
coach has additional advantages: the virtual coach can demonstrate
exercises and even exercise alongside the user, potentially enhanc-
ing the workout process by activating the mirror neurons [27].

Embodied virtual coaches typically introduce exercises, provide
corrective feedback, and motivate users to stay engaged [22]. The
most basic form of a virtual coach offers general guidance, poten-
tially including user-agnostic feedback, which is easy-to-implement
and cost-effective. However, this leaves much of the technology’s
potential untapped [13]. Since users in most VR exercise systems
already wear sensors that collect, for example, movement and phys-
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iological data, more advanced exercise systems can leverage the rise
of large language models and artificial intelligence to optimally tai-
lor the experience to the user’s performance, preferences, and needs
[1, 10, 29, 57]. This allows the coach to provide specific feedback
on a user’s performance. However, performance-specific feedback
is not yet standard practice, even in systems explicitly designed with
wearable technologies [56]. Consequently, little is known about
the impact of performance-specific feedback provided by embod-
ied virtual coaches in VR exercise applications.

To address this research gap, we conducted a user study in which
an embodied virtual coach provided verbal feedback in a highly
immersive VR exercise application. Participants performed lower-
body movement exercises that are commonly used in knee reha-
bilitation: Leg Raises and Knee Extensions. A virtual coach gave
feedback with low, medium, or high performance specificity. We
assessed participants’ perceptions of the VR experience, motiva-
tion, and perception of the virtual coach. Our findings show that
feedback with high performance specificity led to higher perceived
realism and made the virtual coach seem more anthropomorphic
and sympathetic compared to the medium condition. We observed
a non-significant pattern of higher scores in the low specificity con-
dition compared to the medium condition, which points to the pos-
sibility that less specific feedback may be perceived more favorably
under yet to be defined circumstances. Motivation did not differ sig-
nificantly across conditions. Based on our findings, we derive the
design suggestion to include performance-specific details when de-
signing feedback for a virtual coach in a VR exercise application.
Our results provide valuable insights into how basic design choices
influence intermediate factors crucial for maximizing both coach-
ing effectiveness and the quality of the virtual coaching experience.

2 RELATED WORK

Research uses various terms to describe adaptations of VR systems
to users, e.g., personalization, customization, or individualization
[14, 36, 42, 59]. Regardless of the specific term, adaptations gener-
ally fall into one of two categories: Adaptations initiated by users
and adaptations performed by the system based on available user
data. In our work, we focus on the latter type, referring to it as
a system-driven adaptation. Specifically, we investigate how feed-
back, adapted in terms of performance specificity and delivered by
an embodied virtual coach during a sports workout, impacts inter-
mediate factors in a VR exercise application. We concentrate on
three key intermediate factors: the overall perception of the VR ex-
perience, motivation, and the perception of the virtual coach.

Perception of the VR Experience Two central concepts re-
garding the perception of VR experiences are Presence and Immer-
sion [51]. Presence refers to the feeling of truly being in a vir-
tual environment [51], which is promoted by high levels of immer-
sion [51, 54, 59]. Slater et al. [52, 53] described immersion as a
characteristic of the medium itself, with higher-immersion media
engaging more senses and enabling more valid actions than low-
immersion systems [51, 52]. IJsselsteijn et al. [30] found that
high immersion promotes both presence and motivation in a cy-
cling task, highlighting the relevance of high-immersive systems
for VR exercise applications. Research indicates that system adap-
tations to the user can potentially enhance this immersive experi-
ence. For example, it has been shown that a user’s opportunity to
customize avatars in video games increased perceived immersive-
ness and player satisfaction [55]. In educational settings, customiz-
able avatars have been linked to a greater sense of presence and
engagement [14]. Similarly, Pardini et al. [42] found positive ef-
fects on the VR experience when users could adapt aspects of the
environment, such as weather or landscape, in a relaxation appli-
cation. However, these examples involved user-driven adaptations.
Empirical research on the perception of system-driven adaptations
remains sparse. Marougkas et al. [41] introduced content adapta-

tions by both users and systems as an important element in engag-
ing VR experiences for educational applications. However, there is
a lack of empirical studies examining the impact of system-driven
adaptations of feedback provided by virtual coaches in VR exercise
applications on the perception of the VR experience.

Motivation A commonly predicted advantage of VR exercise
systems is their potential to enhance motivation by providing en-
gaging and enjoyable experiences [28]. Motivation is the drive to
act in order to achieve a goal perceived as rewarding [50]. Key com-
ponents of motivation are perceived competence, autonomy, and
relatedness with others [16]. Motivation is central in sports, as it
is connected to an athlete’s performance [58] and it is particularly
important in physical rehabilitation, where success of the rehabilita-
tion depends on patient compliance and their motivation to exercise
at home [63]. Research has shown that feedback influences motiva-
tion. Deci and Ryan [17] state that positive feedback that enhances
perceived competence and autonomy can improve intrinsic motiva-
tion. Similarly, Mageau and Vallerand [38] emphasize that positive,
non-controlling feedback that fosters competence, refers to aspects
the athlete can actually control, and sets challenging yet achiev-
able goals may facilitate intrinsic motivation. Given the individual
differences among athletes in terms of their performance, abilities,
preferences, and needs, the adaptation of feedback is a necessity for
boosting motivation [1, 18]. While several empirical studies have
explored the relationship between feedback and motivation in the
context of embodied virtual coaches, most have focused on edu-
cational settings [34]. However, less is known about how estab-
lished theories of feedback and motivation can be applied to virtual
coaches in VR exercise applications to optimize user motivation.

Perception of the Virtual Coach In real-world coaching, a
good relationship between coach and athlete is essential for ef-
fective coaching, fostering trust, motivation, and better outcomes
[31, 38]. Research by Garcia et al. [25] suggests that how athletes
perceive their coach influences their reaction to feedback. Their
study found that positive feedback from a coach perceived as less
competent improved motivation and performance, whereas feed-
back from a more competent coach had no significant effect com-
pared to negative or no feedback. Similarly, research finds that the
relationship between users and virtual coaches is essential for effec-
tive coaching [8, 12]. Various design choices influence how users
perceive virtual coaches, e.g., external factors such as appearance,
voice, and word choice, but also internal factors such as different
feedback strategies [4, 7, 8, 34, 60]. Overall, empirical research has
concentrated more on the non-verbal than on the verbal behavior of
virtual agents. In a review article on the effects of intelligent agents’
multimodal behavior on their perception, Etienne et al. [19] list
several effects of verbal behavior. According to their findings, ver-
bal behavior may affect the virtual agent’s perceived friendliness,
dominance, competence, trustworthiness, anthropomorphism, live-
liness, and likability. The verbal behaviors included in the reviewed
studies were friendly cues such as informal language and shorter
sentences, interruption handling times, pitch, speech rate, voice re-
alism, and choice of pronouns. One study included in the review
investigated the effects of adapting verbal behavior: Biancardi et al.
[11] found that their virtual agent was perceived as more friendly
when it adapted its verbal behavior according to the user’s impres-
sions. In their review article, Etienne et al. [19] state that most
of the reviewed studies used low-immersive systems. Additionally,
empirical research on virtual coaches predominantly concentrates
on an educational context. Consequently, little is known about the
effects of system-driven adaptation of feedback provided by an em-
bodied virtual coach in a high-immersive VR exercise application.
However, since high-immersive systems potentially enhance emo-
tional reactions [23] and design choices are context-sensitive [4, 44]
it is crucial to investigate the effects of feedback adaptation in terms
of performance specificity in this realm.
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Table 1: Protocol for the verbal feedback of the virtual coach including all provided feedback sentences for the medium and high performance
specificity groups with the main differences written in bold font. Steps 2 to 9 were repeated for the second exercise. The Introduction (1), Exercise
Instruction (2), Instructions to Pause (6, 10), and the Goodbye (12) were identical across all three conditions.

Feedback Protocol Low Medium High

(1) Introduction
(2) Exercise Instruction
(3) Motivational feedb. after 7 reps none “Great, keep it up! You have already

completed a large part of the exercise!”
“Great, keep it up! You have already
completed half of the exercise!”

(4) Motivational feedb. after 10 reps none “Go on, only a few more repetitions!
Let’s go!”

“Go on, only three more repetitions!
Let’s go!”

(5) Corrective feedback after 13 reps none “Pay attention to an even movement of
your leg.”

“Pay even more attention to an even
movement of your leg.”

(6) Instruction to Pause
(7) Corrective feedback after 7 reps none “You are doing well, a good pace in the

execution of the exercise is important.”
“You are doing well, but try to do the ex-
ercise a little slower/faster.”

(8) Motivational feedb. after 10 reps none “Go on, only a few more repetitions!
Let’s go!”

“Go on, only three more repetitions!
Let’s go!”

(9) Corrective feedback after 13 reps none “Pay attention to an even movement of
your leg.”

“That was better, but continue to pay
attention to an even movement of your
leg.”

(10) Instruction to Pause
(11) Overall feedback on time spent none “You completed your workout in a good

time.”
“You completed your workout in a good
time under X minutes.”

(12) Goodbye

2.1 Summary and Hypotheses
Firstly, regarding the perception of the VR experience, research on
user-driven adaptations of employed avatars and environments in
VR applications suggests positive effects [14, 42, 55]. Based on
these findings, we hypothesize that a system-driven adaptation of
verbal feedback to the user’s specific performance will also posi-
tively impact the VR experience. Secondly, research on motivation
suggests that feedback that responds to an athlete’s particular sit-
uation can increase motivation [16, 17, 58]. We therefore expect
motivation to be higher when the verbal feedback from a virtual
coach is more performance-specific. Third, feedback adaptation di-
rectly impacts what the virtual coach is saying, thereby potentially
changing users’ perception of the virtual coach [19, 34]. Based on
these findings, we formulate three hypotheses:

H1 Performance-specific verbal feedback improves the percep-
tion of the VR experience.

H2 Performance-specific verbal feedback increases motivation.
H3 Performance-specific verbal feedback changes how users per-

ceive the virtual coach that provides the feedback.

3 STUDY

To test our hypotheses, we conducted a user study. The study design
adhered to the ethical principles of the Declaration of Helsinki. The
institution’s responsible ethics committee approved the study.

3.1 Design
In our user study, participants completed movement exercises in a
VR application. To avoid undesirable effects due to fatigue, the ex-
periment followed a between-subjects design with one independent
variable (IV): the performance specificity of feedback with three
levels – low, medium, and high specificity. On the lowest level, the
coach simply guides the user through the workout, providing basic
instructions without any additional feedback. Performance speci-
ficity of the feedback is low as it only takes into account whether
the exercise is completed or not. On the medium level, users receive
generic, performance-related feedback, which does not include spe-
cific data but offers general advice on how to improve exercise per-
formance. At the highest level, the coach delivers feedback that

includes data specific to the user’s performance, detailing progress
with concrete values, e.g., completed repetitions and time spent ex-
ercising, and offering tailored suggestions for improvement, e.g.,
to move slower or faster. Table 1 shows the verbal feedback in all
conditions. Dependent variables were the perception of the VR ex-
perience, motivation, and the perception of the virtual coach.

3.2 Material
This section describes our stimulus material, i.e., the virtual coach,
the VR exercise application, the employed measurements, and soft-
and hardware used. Our VR exercise application builds on our ear-
lier work [2], which we adapted and extended to meet the require-
ments of this study. The video included in the supplementary ma-
terial shows the VR exercise application from a first-person view.

3.2.1 Virtual Coach
Character Model Figure 1 shows the virtual coach in our VR

exercise application. Inspired by real-world coaching scenarios, we
selected a virtual human to serve as the coach. This human-like em-
bodiment offers additional benefits, as the virtual coach can demon-
strate exercises and engage in the activity alongside the user, poten-
tially enhancing the training process by activating the mirror neu-
rons [27]. Based on data regarding the gender distribution of per-
sonal trainers in the country where the study was conducted, which
showed that most sports coaches are male [21], we chose a male
virtual agent. He has an athletic physique and wears sportswear.
The 3D character model was created using Autodesk Generator 4.

Verbal Feedback In line with the review article by Gago-
Masague et al. [22], our virtual coach had three main tasks: In-
troducing the exercises and providing corrective as well as moti-
vational feedback. Feedback types observed in sports are numer-
ous and often not clearly distinct, with the most common forms
being simple praise or encouragement [15]. However, research
on motivation and performance in sports provides guidance on the
design of effective feedback. According to Deci and Ryan [17],
positive feedback that promotes athlete competence and autonomy
potentially improves intrinsic motivation. Similarly, Mageau and
Vallerand [38] describe that positive feedback that is not control-
ling but promoting competence may facilitate intrinsic motivation
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Figure 2: Left: 1st-person view of a user embodied with the female avatar during the Leg Raises exercise. Right: 1st-person view of a user
embodied with the male avatar during the Knee Extensions exercise.

if it promotes feelings of competence, refers to aspects the athlete
can actually control, and sets challenging but still achievable goals.
Following these guidelines, we scripted several voice lines for the
virtual coach. Table 1 gives an overview of the whole interaction
and lists all the verbal motivational and corrective feedback pro-
vided by the coach.

At the beginning of the VR exposure, the coach introduced him-
self, stating his name and explaining that he would guide the user
through the workout. He proceeded with an explanation of the first
exercise. The introduction and explanation were consistent across
conditions. During the exercises (see subsubsection 3.2.2 for a full
description), the coach provided feedback after 7, 10, and 13 repe-
titions. Two types of feedback were given: motivational feedback,
which aimed to encourage the user, and corrective feedback, which
focused on improving exercise performance. Performance speci-
ficity of the motivational feedback targeted the number of com-
pleted repetitions (see Table 1, lines 3-4, and 8). Performance
specificity of the corrective feedback was based on additional time
measurements, i.e., time per repetition and overall time for the ex-
ercise. The coach either commented on the movement speed or the
consistency of the movement. For feedback related to movement
speed, the system compared the elapsed time to a fixed reference
value (Leg Raises: 15s, Knee Extensions: 20s). If the elapsed
time exceeded/fell below this threshold, the coach provided feed-
back encouraging a slightly faster/slower pace (see Table 1, line 7).
Movement consistency was assessed by calculating the variance in
repetition durations across the 13 repetitions. This variance was
then compared to a predefined threshold of 0.5s. If the variance
was higher than the threshold, indicating irregular execution speed,
the coach provided feedback to promote a more uniform movement
pattern (see Table 1, lines 5 and 9). Between exercise rounds as
well as between the first and the second exercise, the coach gave
instructions on when to pause and when to resume. At the end of
the workout, the coach gave praise in all conditions, followed by
feedback regarding the total time spent in the medium and high
specificity condition (see Table 1, line 11).

The coach’s behavior was implemented using a feedback con-
troller blueprint developed in Unreal Engine. The blueprint trig-
gers distinct events based on the user’s progress in the workout se-
quence, initiating the required calculations. We recorded the voice
lines for the coach’s explanations and feedback using the sound
software Audacity5. The voice lines were spoken by a male in the
same age range as the virtual character model. We tested and im-
proved all thresholds and the initial sequences in several pilot runs.

Animation Following the review by Etienne et al. [19] that
underlines the importance of combining verbal and non-verbal be-
havior for convincing virtual agents, we created suitable animations
to go with the voice lines of our virtual coach. Specifically, idle
movements, conversational gestures, the exercise movements for
the coach to display during the instructions, as well as motivational
gestures, e.g., a thumbs-up and an encouraging motion where the
hands are swung through the air in a forward, sweeping motion.
Whenever the coach spoke, the speech was accompanied by ap-
propriate movements. For identical voice lines across conditions,
the animations were also the same. When the coach was silent,
he performed idle movements. To make the animations appear as
human as possible, we recorded movements of a real person using
the motion capture software Ikinema Orion. The hardware used
for this purpose included the HTC Vive Pro head-mounted display,
two hand controllers, and three additional Vive trackers (v 1.0), one
on each foot and one on the back. To correct inaccuracies of the
tracking system used, we post-processed the animations manually
in the Unreal Engine. Specifically, the position and rotation of the
individual bones of the model were revised and adjusted frame by
frame. In this step, we also added finger movements and facial an-
imations, i.e., random blinking and mouth movements that visually
matched the text spoken by the virtual coach. The recorded anima-
tion sequences ranged between two and 40 seconds in length.

3.2.2 Virtual Environment, Embodiment, and Exercises
Figure 2 shows the first-person view of a user exercising in our VR
application. The user’s avatar sat on a virtual mat. In front of them
was a virtual mirror. Mirrors are a common tool in VR applications
to induce a Sense of Embodiment [32, 47, 59] but also in sports
for observing one’s own motion. Next to the mirror was a sign
showing the required and completed number of repetitions and an
angle that represents the position of the user’s leg. To the right of
the user’s avatar stood the virtual coach who was also visible in the
mirror. We made sure that the user could comfortably observe the
virtual coach from their position. The virtual environment depicted
a beach by the sea, with nature sounds included, and was designed
to convey a positive atmosphere [2]. The user was represented by
a full-body avatar to support observational learning during the ex-
ercises [2, 62]. The avatar was either female or male, matching the
gender expression of the participant. We used the character mod-
els included with Ikinema Orion but with adjusted textures to look
more like typical sports clothes. We selected two simple lower body
movement exercises inspired by exercises commonly prescribed in
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Figure 3: Procedure of the user study.

knee rehabilitation [2]. To simulate a realistic VR exercise appli-
cation, both exercises incorporate basic gamification elements. The
first exercise was Leg Raises. Participants had to raise their foot
to a predefined position above the ground while keeping their leg
extended and then lower the leg again. Gamification for this ex-
ercise was a virtual ball that users moved up and down on the tip
of their foot as they performed the leg movement. The left image
in Figure 2 shows the 1st person view within this exercise. The
second exercise was Knee Extensions (see Figure 2, right). Par-
ticipants had to bend and extend their leg, pushing and pulling a
virtual box attached to their moving foot. Both the box and the ball
provided visual feedback by briefly flashing green whenever a rep-
etition was successfully completed. To track repetitions, the system
calculated the angle between the leg and the ground for the Leg
Raises and the knee joint angle for the Knee Extensions. Once the
exercise-specific predefined threshold was reached, the movement
was classified as a completed repetition.

3.2.3 Soft- and Hardware
The VR exercise application was implemented using Unreal Engine
4.17. For tracking the user’s movements, we used the HTC Vive Pro
with two hand controllers and three additional VIVE trackers (v.
1.0). Two of them were placed on the participants’ feet and one on
the lower back. IKinema Orion (v. 0.93) was used to represent the
user’s movements in the virtual environment. It uses six tracking
points and inverse kinematics to simulate full-body tracking. The
application ran on a VR-capable PC consisting of an Intel Xeon
E3-1230 v5, an Nvidia GeForce GTX 980 Ti, and 16 GB RAM.

3.2.4 Measurements
Dependent Variables We used the Presence Questionnaire

(PQ) of Witmer and Singer [64, 65] in the revised version of Ro-
billard et al. [46] to assess the subjective VR experience. This ver-
sion differentiates the subscales realism, possibility to act, quality
of interface, self-evaluation of the performance, sound, haptic, and
possibility to examine. We excluded the last two from our evalua-
tion since the system does not use haptic feedback and the tasks did
not allow users to examine the virtual environment very much. The
item scale ranged from 1 to 7 where 7 indicates stronger feelings
related to the VR experience.

To measure the participant’s motivation we used five subscales
of the Intrinsic Motivation Inventory (IMI) [20]: enjoyment, per-
ceived competence, effort/importance, pressure/tension, and relat-
edness. We did not assess the usefulness subscale, as participants
received credit points for participation, which could confound per-
ceived usefulness. Perceived choice was also excluded, since par-
ticipants only indirectly chose the task by opting into the study. The
item scale ranged from 1 to 7 with 7 indicating highest motivation.

We assessed the participant’s perception of the virtual coach with
the Godspeed Questionnaire (GQ) [3]. This questionnaire was orig-
inally developed for the evaluation of social robots but was also suc-
cessfully deployed for the evaluation of virtual agents in the past
[37, 49]. We used the subscales Anthropomorphism, Sympathy,

and Perceived Intelligence and excluded the subscales Animacy and
Perceived Safety since they are more suitable for the evaluation of
robots than virtual agents. Each subscale consists of five semantic
differentials with five levels in between the two poles.

Control Measures Our VR application focuses on physical
movement, making the body and its motion a central component.
To account for potential confounding factors, we recorded the Sense
of Embodiment (SoE) as a control variable to ensure that varia-
tions in the coach’s feedback did not influence participants’ percep-
tions of their virtual embodiment. The SoE was measured with the
Virtual Embodiment Questionnaire (VEQ) of Roth and Latoschik
[47, 48]. Specifically, we used a revised version of the Alpha IVBO
[48] with the original structure but the revised wording of the latest
version of the VEQ [47] which was not yet available at the time of
study conduction. The utilized questionnaire consists of the three
subscales Ownership, Agency, and Change. The item scale ranged
from 1 to 7 where 7 indicates a strong SoE.

An additional prominent confounding factor for VR experiences
is VR sickness. We measured the participants’ VR sickness symp-
toms before and after the experiment using the VR sickness ques-
tionnaire (VRSQ) of Kim et al. [33], which consists of 9 items
ranging from 0 to 3 resulting in a VR sickness score from 0 to 100.

Demographics and User Traits We asked participants for
several demographics, i.e., sex, age, prior VR experience, sports
habits, visual impairment corrections, and native language. In addi-
tion, we checked for differences between the groups regarding user
traits that are important in context of the study, i.e., Immersive Ten-
dencies and Global Motivation. We used the Immersive Tendencies
Questionnaire (ITQ) [65] to measure a person’s inherent capability
to become immersed in a narrative [51]. To control for an unwanted
bias due to differences between the experimental groups regarding
their general motivation participants answered the Global Motiva-
tion Scale (GMS) [26, 43]. Both questionnaires’ items range from
1 to 7 where 7 means high immersive tendency and motivation.

3.3 Procedure

Figure 3 outlines the user study procedure. Participants were ran-
domly assigned to one of three experimental conditions, gave in-
formed consent, and completed pre-questionnaires (VRSQ, GMS,
ITQ). After an introduction and safety briefing regarding the VR
setup, the experimenter equipped them with the motion trackers,
controllers, and HMD, and completed calibration for motion track-
ing. Participants then took a seat on an exercise mat. In VR, the
virtual coach introduced himself and guided participants through
both exercises (Leg Raises and Knee Extensions), each performed
in two sets of 13 repetitions, with 30 seconds of rest after each
set. Feedback was provided according to condition (Table 1). After
final feedback and farewell from the coach, participants removed
the HMD and completed post-questionnaires (IMI, Godspeed, PQ,
VEQ, VRSQ, demographics). Finally, participants removed the re-
maining trackers and were thanked and bid farewell.
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3.4 Participants
A total of N = 83 students participated in the study. We excluded
four data sets due to technical difficulties, i.e., disturbances in the
tracking. As strong VR sickness symptoms may compromise par-
ticipants potentially affecting result validity, we performed an out-
lier analysis of pre- and post-experiment VR sickness scores using
boxplots. Following this analysis, three participants were excluded
because they were outliers regarding their VR sickness score before
the experiment (n = 1 score = 55.83), after (n = 1, score = 35) or
both (n = 1, pre− score = 39.17 and post − score = 37.5). The re-
maining sample of N = 76 participants was M(SD) = 21.26(2.55)
years of age. 69.7% were female, 30.3% male. They were ran-
domly assigned to the three experimental groups. Table 2 lists the
key demographics of the sample by group. We used a Chi-square
tests to examine whether there were any significant differences in
the distribution of the key characteristics, i.e., sex, prior VR ex-
perience, and physical activity level, across groups. We found no
significant association between the condition and the participants’
reported sex, χ2(2) = 1.07, p = .605, their prior VR experience
in hours, χ2(10) = 10.45, p = .549, their prior VR experience in
number of exposures, χ2(10) = 10.66, p = .564, and the number
of weekly hours they are doing sports, χ2(10) = 7.55, p = .799. In
all groups, between 20 and 30 % had less than 1 hour of VR expe-
rience and more than 70 % had 5 hours of prior VR experience at
a maximum. Also, in all groups, between 20 and 30 % stated to do
less than 1 hour of sports activities every week and more than 70 %
reported to do 5 hours of sports activities per week at a maximum.
The participants did not differ significantly between conditions re-
garding their immersive tendencies, F(2,29.75) = 0.68, p = .515
or their general motivation, F(2,29.66) = 0.29, p = .749.

Table 2: Key demographics by experimental group. Values for sex
denote the number of female/male participants in the group.

Characteristic Low Medium High

Number of participants 25 24 27
Mean age (SD) 21.40(2.60) 20.63(1.61) 21.70(3.01)
Sex (f/m) 19/6 15/9 19/8

4 RESULTS

The analysis was conducted with IBM SPSS Statistics 29 and R
4.1.2. Due to several normality violations, we calculated robust
ANOVAs for independent samples as described by Mair and Wilcox
[39], i.e., we used the t1way function of the WRS2 package which
uses 20% trimmed means. As suggested by the authors we report
the robust effect size ξ̂ . Values of .10., .30, and .50 correspond
to small, medium, and large effects [39]. Post-hoc tests are pair-
wise comparisons calculated with the lincon function of the WRS2
package which returns pairwise trimmed mean differences (Ψ̂). See
Table 3 for the descriptive statistics as well as a summary of the
robust ANOVA test statistics.

4.1 Perception of the VR Experience
Figure 4 shows the results for the Presence Questionnaire. We
found a significant difference for perceived realism (p < .05,
ξ̂ = .38). Perceived realism was significantly higher in the
high specificity than the medium specificity condition, Ψ̂ = −.52,
95%CI[−1.04,−0.01], p = .048. There were no significant differ-
ences regarding the other subscales.

4.2 Motivation
We found no significant differences regarding the subscales of the
IMI. However, the relatedness subscale showed a non-significant
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Figure 4: Mean ratings on the subscales of the Presence Question-
naire. Error bars represent standard deviations. ∗< .05
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Figure 5: Mean ratings on the subscales of the Godspeed Question-
naire. Error bars represent standard deviations. ∗< .05,∗∗< .01

trend (p = .053, ξ̂ = .47). Participants in the condition with high
specificity tended to report higher relatedness, than participants
who received medium, Ψ̂ = −0.74,95%CI[−1.57,0.10], p = .068,
or low specificity, Ψ̂ =−0.66,95%CI[−1.39,0.06], p = .068.

4.3 Perception of the Virtual Coach

Figure 5 shows the results for the Godspeed Questionnaire. We
found a significant difference regarding the virtual coach’s per-
ceived anthropomorphism (p < .01, ξ̂ = .5) and sympathy (p <

.05, ξ̂ = .44). Post-hoc tests revealed that participants who re-
ceived highly performance-specific feedback found the coach to
be more anthropomorph, than when they received medium, Ψ̂ =
−0.89,95%CI[−1.53,−0.26], p = .004, or low specificity, Ψ̂ =
−0.75,95%CI[−1.42,−0.08], p = .017. Perceived sympathy was
higher with high specificity than with medium specificity, Ψ̂ =
−0.35,95%CI[−0.66,−0.04], p = .026. There was no significant
effect on the coach’s perceived intelligence.

4.4 Control Measures

Our control measures showed no significant influence of the inde-
pendent variable. We did not find any significant differences re-
garding the embodiment measurements body ownership, agency,
and change. Participants’ VR sickness symptoms did not differ
significantly between conditions neither before, nor after the ex-
periment. Paired samples t-tests did not show any significant dif-
ference between the pre and post measurements, neither for the
low, t(24) = −0.16, p = .874,d = −.03, the medium, t(23) =
−1.70, p = .102,d = −.35, nor the high specificity condition,
t(26) = 0.27, p = .793,d = .05.
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Table 3: Means and standard deviations for all dependent variables split into the experimental groups low, medium, and high performance
specificity of the provided feedback, and test statistic for the calculated robust ANOVAs. ∗< .05, ∗∗< .01

Low Medium High
(N = 25) (N = 24) (N = 27)

Measure M(SD) M(SD) M(SD) F df p ξ̂ [95%CI]

Perc. of VR Experience
Presence (total) 4.99(0.78) 4.71(0.63) 5.13(0.76) 2.91 (2,29.63) .070 0.37[0.15,0.56]
Realism 4.65(0.97) 4.56(0.83) 5.07(0.84) 3.38 (2,29.48) .048* 0.38[0.07,0.67]
Possibility to act 5.10(0.99) 4.52(1.03) 5.10(0.80) 1.81 (2,29.42) .182 0.35[0.10,0.60]
Quality of interface 5.00(1.05) 4.86(0.77) 5.33(0.94) 2.76 (2,29.53) .080 0.37[0.10,0.61]
Performance 6.00(1.04) 5.40(1.27) 5.80(1.12) 1.08 (2,29.92) .354 0.25[0.03,0.49]
Sound 4.93(1.01) 4.72(0.93) 4.67(1.54) 0.33 (2,28.17) .724 0.19[0.05,0.44]

Motivation
Enjoyment 3.77(1.11) 3.56(1.24) 4.20(1.26) 0.92 (2,28.82) .411 0.27[0.07,0.55]
Perceived Competence 3.87(1.25) 3.79(0.88) 3.75(0.90) 0.27 (2,28.63) .763 0.19[0.03,0.46]
Effort/Importance 4.79(0.60) 5.05(0.82) 5.07(0.90) 0.80 (2,29.80) .458 0.23[0.03,0.45]
Pressure/Tension 3.41(1.05) 3.44(1.03) 3.53(1.29) 0.14 (2,29.35) .869 0.19[0.03,0.42]
Relatedness 3.97(1.03) 3.71(1.10) 4.64(1.14) 3.25 (2,29.59) .053 0.47[0.13,0.69]

Perc. of Virtual Coach
Anthropomorphism 2.78(0.78) 2.60(0.66) 3.27(0.86) 6.50 (2,29.66) .005** 0.50[0.27,0.67]
Sympathy 4.08(0.62) 4.07(0.48) 4.44(0.41) 4.10 (2,28.08) .027* 0.44[0.17,0.69]
Intelligence 3.78(0.49) 3.61(0.69) 4.04(0.55) 3.05 (2,28.60) .063 0.37[0.13,0.58]

User Traits
Immersive Tendency 4.63(0.63) 4.74(0.66) 4.53(0.74) 0.68 (2,29.75) .515 0.24[0.04,0.53]
General Motivation 4.55(0.38) 4.51 (0.46) 4.43(0.61) 0.29 (2,29.66) .749 0.24[0.07,0.52]

VR Sickness
Pre 8.13(8.48) 9.83(7.92) 8.40(7.24) 0.47 (2,29.44) .627 0.21[0.04,0.43]
Post 8.30(8.14) 12.08(8.02) 8.18(7.76) 2.42 (2,29.01) .107 0.34[0.10,0.58]

Sense of Embodiment
Body Ownership 4.17(1.27) 4.14(1.56) 4.42(1.38) 0.23 (2,29.55) .793 0.21[0.03,0.48]
Agency 5.55(0.89) 5.45(0.98) 5.86(0.90) 1.38 (2,29.21) .267 0.30[0.08,0.73]
Change 3.55(1.06) 3.34(1.41) 3.02(1.67) 0.80 (2,29.34) .458 0.25[0.06,0.59]

5 DISCUSSION

We partially accept H1: Feedback with high performance speci-
ficity resulted in greater perceived realism compared to medium
specificity. Our system-driven adaptation of feedback had a posi-
tive impact on the perception of the VR experience, similar to what
research on user-driven adaptations has shown [14, 42, 55]. We
found no significant effects for the other subscales or between the
low and medium specificity groups. Interestingly, mean values for
the low specificity group were higher than those of the medium
group across all subscales, surpassing the scores of the high speci-
ficity group on two subscales (performance and sound), though
none of these differences reached statistical significance. While
exploratory, this pattern points to a more nuanced relationship be-
tween feedback specificity and the perception of the VR experience.

Latoschik and Wienrich’s Congruency and Plausibility Model
[35] may help interpret our findings. The model proposes that al-
terations in the manipulation space, i.e., design choices, impact an
overall perceived plausibility, which subsequently influences the
emergence of intermediate factors like presence. Following this
model, high performance specificity may have been perceived as
more plausible than medium specificity, aligning better with partic-
ipants’ expectations of a competent coach in a realistic training sce-
nario. In contrast, participants may have found the low specificity
condition — characterized by a quieter coach who mainly explained
the exercises — more coherent and less intrusive, thus more plau-
sible than the medium specificity condition, which involved more
frequent but potentially less helpful interventions.

A possible reason for the limited effects regarding all subscales
except perceived realism is the subtlety of our feedback manipula-
tion, especially between medium and high, which may not have suf-
ficiently affected ratings across all subscales, some of which (e.g.,
interface quality, possibility to act, sound) are strongly influenced
by core technological factors like visual fidelity and responsiveness.

In summary, our findings indicate that performance specificity
of feedback influences subjective perceptions of the VR experi-
ence, particularly perceived realism. However, while the significant
difference between medium and high specificity supports this hy-
pothesis for realism, the absence of significant effects on other sub-
scales, along with exploratory trends favoring low specificity, point
to a more complex interplay. Thus, although highly performance-
specific feedback may enhance the experience, minimal specificity
was not clearly less effective and warrants further exploration.

We reject H2: More performance-specific feedback did not re-
sult in higher motivation. The results do not show any significant
differences across the IMI subscales. We found a non-significant
trend (p = .053) that perceived relatedness tended to be higher
for participants interacting with the virtual coach providing highly
performance-specific feedback, compared to those in the medium
or low specificity conditions. Relatedness refers to the perceived
connection with others [16, 17]. If future studies confirm this trend,
performance-specific feedback might serve as a tool to positively
impact the development of the relationship between the user and
the coach, which is essential for effective coaching [8, 12, 31, 38].

We designed the coach’s feedback based on previous research
suggesting that feedback must promote athlete competence while
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providing an appropriate challenge to foster motivation [17, 38].
We do not consider insufficient challenge to be a likely explana-
tion for the lack of effect on motivation. While the exercises used
are standard in knee rehabilitation and on the easy side for healthy
individuals, informal feedback after the experiment indicated that
participants still found them challenging. This suggests that the ex-
ercises were sufficiently demanding for the study population. How-
ever, our results show that the level of performance specificity of
feedback applied in this study did not significantly impact partic-
ipants’ perceptions of their own competence. The coach’s feed-
back was more about how to perform the exercise well regarding
movement speed and consistency. However, a successful repetition
was counted regardless of how quickly or evenly a participant per-
formed the movement as long as their movement completely cov-
ered the predefined range. This was a conscious design decision,
as we wanted to prevent repeated failures in one of the conditions,
which could have confounded the whole VR experience. However,
it is plausible that feedback could have a stronger impact on moti-
vation if users perceived more tangible, direct benefits from it.

Consistent with the findings for H1, we observed a similar non-
significant trend, with the descriptive values for the low specificity
group exceeding (or, in the case of tension, falling below, as lower
values indicate less tension) those of the medium specificity group
on four of the five subscales (enjoyment, perceived competence,
tension, and relatedness). This is surprising as the coach in the low
specificity condition did not provide any motivational or corrective
feedback during the workout. However, it is in line with our as-
sumption that participants in the medium and high conditions felt
like they did not truly need the feedback for successful execution.

In summary, our findings lead to a rejection of the hypothesis that
performance-specific feedback improves motivation. Nevertheless,
the results highlight the complexity of motivational responses in VR
exercise applications and may inform future design considerations.

We partially accept H3: Performance specificity of feedback
influenced the perception of the virtual coach’s anthropomorphism
and sympathy. The virtual coach providing highly performance-
specific feedback was perceived as more anthropomorphic than the
virtual coach in both other conditions, and more sympathetic than
the virtual coach offering medium-specific feedback. However, we
did not find a significant difference in the perceived intelligence
of the virtual coach, even though the descriptive values showed a
similar trend (p < .07). It is possible that more pronounced and so-
phisticated performance-specific feedback could reveal differences
that were not detectable in this study.

Consistent with the findings for H1 and H2, the differences be-
tween the low and the medium condition were not significant but
we found the same interesting pattern that the medium condition
received the lowest descriptive values on all three measures related
to the perception of the coach. We cannot rule out the possibil-
ity that there was a confounding variable that we did not assess,
such as perceived uncanniness or discomfort with the virtual coach
in one of the conditions. In the medium condition, participants
experienced increased interaction with the coach compared to the
low condition, but the feedback may not have been sufficiently
helpful or specific to justify the heightened presence. This could
have drawn attention to the artificial nature of the coach, poten-
tially leading to a subtle sense of unease or detachment. In contrast,
the minimal interaction in the low specificity condition may have
avoided this effect altogether, which would be in line with Baylor
and Kim [5] who found that sometimes less can be more when it
comes to non-verbal behavior of pedagogical agents. Meanwhile, in
the high specificity condition, the more performance-specific feed-
back might have outweighed potential uncanny effects by provid-
ing more valuable guidance. Ratings were highest for all three
measures in the high specificity condition. These results fit with
our previous assumption that the coach giving the most specific

feedback was perceived as the most plausible, whereas the coach
with the medium-specific feedback may have been perceived as the
least plausible. However, this hypothesis is valid only if plausi-
bility correlates positively with the perceived anthropomorphism,
intelligence, and sympathy of a virtual human. What makes virtual
humans plausible and how plausibility influences specific interme-
diate factors remains an area of ongoing research [35, 40].

In summary, we partially accept our third hypothesis. The ob-
served increase in perceived anthropomorphism and sympathy in
the high specificity condition suggests that performance-specific
feedback may positively influence users’ basic perceptions of the
virtual coach. This, in turn, may contribute to fostering a good re-
lationship between the user and the virtual coach.

Design suggestion: Our study demonstrates that performance
specificity of feedback can positively influence users’ perception of
both the VR experience as a whole, as well as the virtual coach
in particular. We were able to produce positive effects using eas-
ily available low-cost methods to increase specificity of feedback
that were only based on the completed number of repetitions and
various time measurements. Therefore, we suggest incorporating
specific references to the user’s exercise performance, e.g., com-
pleted number of repetitions, individual times, and performance-
specific corrections when providing workout-accompanying feed-
back through an embodied virtual coach in a VR exercise appli-
cation. For performance-specific feedback to be truly effective, it
should be based on sufficiently rich information about the user’s
performance and context within the application. Without this level
of detail, the feedback may lack relevance and fail to deliver mean-
ingful support to the user.

6 LIMITATIONS AND FUTURE WORK

The following section outlines the limitations of our study and of-
fers directions for future research. First, the level of performance
specificity of feedback implemented in our study is far from fully
exploiting the technological possibilities available, and the differ-
ences in the feedback between conditions were rather subtle. We
were able to produce positive effects already with our low-cost
method that required no additional sensors or expert-knowledge on
machine learning and artificial intelligence. However, future stud-
ies could achieve greater effects by including more performance-
specific data in the design of the feedback, e.g., training history, po-
sitional or rotational data, and physiological measurements. In par-
ticular, we believe that a more comprehensive utilization of techno-
logical possibilities and performance-specific feedback that is more
tightly bound to the success of the user, might strengthen their per-
ceived competence thereby affecting their motivation.

Enhancing the performance specificity of feedback will very
likely also impact the perception of the coach. In our study, the
descriptive values regarding the perception of the coach, in particu-
lar, for anthropomorphism and intelligence, were quite low (below
the midpoint of the scale) across all conditions, suggesting consid-
erable room for improvement of the coach’s behavioral realism as
well as the performance-specific feedback. While we carefully de-
signed and tested the coach’s behavior including facial and body
movements, all interactions were pre-recorded, and the coach only
responded to the participant’s actions at predefined intervals. In the
medium and high specificity condition, the coach repeated himself
several times due to the limited number of available voice lines.
Research indicates that behavioral realism, e.g., realistic gaze be-
havior, significantly impacts the perception of virtual humans [24].

In this study, we chose a virtual coach with a stereotypical ath-
letic appearance. However, Baylor et al. [6] suggest that the ap-
pearance of a virtual coach can impact its effectiveness. Alternative
designs for the virtual coach’s appearance may be more suitable to
enhance participant motivation and the application’s overall effec-
tiveness. Therefore, the interaction between performance-specific
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feedback and the virtual coach’s appearance requires further inves-
tigation, particularly concerning the relationship between the ath-
lete and the virtual coach. Our findings indicate that performance-
specific feedback influences users’ basic perceptions of the virtual
coach. Future research should explore the impact on additional in-
termediate factors such as social presence, rapport, and trust, which
focus not only on the perception of the virtual coach but also on the
user-coach relationship.

Furthermore, the lack of significant difference between the low
specificity condition and both other conditions requires further in-
vestigation. Future studies should investigate in more detail how
different nuances of performance-specific feedback influence the
plausibility of the VR experience in general and of the virtual coach
in particular [35, 40]. The relatively broad confidence intervals ob-
served for most non-significant measures indicate a degree of un-
certainty in the effect size estimates, which is likely influenced by
the sample size and data variability. Increasing the number of par-
ticipants in future studies could help narrow these intervals, leading
to more precise and reliable estimates of the true effects.

Lastly, our participant pool consisted of university students re-
sulting in a relatively homogenous sample, particularly in terms of
age. This limits the ability to generalize the findings to more di-
verse populations. This consideration is especially important when
designing VR exercise applications for user groups with distinct
needs, e.g., older adults or individuals undergoing rehabilitation.

7 CONCLUSION

In a user study, we examined the impact of performance-specific
verbal feedback provided by an embodied virtual coach within a
VR exercise application on participants’ perception of the VR ex-
perience, motivation, and perception of the coach. While we found
no impact on motivation, our findings suggest that the level of per-
formance specificity of feedback plays a significant role in shaping
both the VR experience and users’ perceptions of the virtual coach.
Specifically, high levels of specificity have the potential to enhance
both. Therefore, we derive the design suggestion to include pre-
cise performance-specific details when designing feedback for a
virtual coach in the VR exercise context. Interestingly, while not
statistically significant, the low specificity condition showed higher
descriptive scores than the medium specificity condition on most
measures, indicating a potential trend that may warrant further in-
vestigation. It suggests that, under certain circumstances — which
should be examined more closely in future work — it may be more
effective to provide minimal performance-specific feedback than to
offer feedback that is only mildly specific. Our study provides first
insights into the influence of performance-specific feedback from
an embodied coach in the context of VR exercise applications. Fu-
ture research should explore the nuances of performance specificity
in verbal feedback to further clarify its impact on users and inform
the development of evidence-based design guidelines that connect
essential design choices to intermediate factors influencing the suc-
cess of a VR exercise application.
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