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Figure 1: (a) Participants selected their gender, hair colour and skin-tone from a basic palette of options, leading to the automatic
creation of a (b) matched feature avatar (MF) and (c) a dissimilar (D) avatar with different hair colour, skin-tone, and gender.
Both avatars were animated to display 3-move Hip-Hop dance routines, which participants learned through observation and
practice either from (d) a video on a screen or (e) in a corresponding immersive virtual environment.

ABSTRACT

Virtual environments can support psychomotor learning by allow-
ing learners to observe instructor avatars. Instructor avatars that
look like the learner hold promise in enhancing learning; however,
it is unclear whether this works for psychomotor tasks and how
similar avatars need to be. We investigated ‘minimal’ customisa-
tion of instructor avatars, approximating a learner’s appearance
by matching only key visual features: gender, skin-tone, and hair
colour. These avatars can be created easily and avoid problems of
highly similar avatars. Using modern dancing as a skill to learn,
we compared the effects of visually similar and dissimilar avatars,
considering both learning on a screen (n=59) and in VR (n=38).
Our results indicate that minimal avatar customisation leads to
significantly more vivid visual imagery of the dance moves than
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dissimilar avatars. We analyse variables affecting interindividual dif-
ferences, discuss the results in relation to theory, and derive design
implications for psychomotor training in virtual environments.
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1 INTRODUCTION

Psychomotor tasks are physical activities which require both cog-
nitive and motor processes [93]. These range from complex fine
motor vocational skills involving instrument manipulation, such as
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surgery or sewing, to full-body gross psychomotor skills including
sports and dancing. Various technologies can be used to support
and enhance psychomotor learning including the use of virtual
environments experienced on a screen [25, 153, 156], or through
immersive virtual reality setups [27, 29, 57, 71, 72, 120]. Virtual
environments are a compelling medium for psychomotor learning
because the experience can be enhanced using additional features
such as real-time augmented feedback [72, 145, 153] and gamifica-
tion [119]. As a result, virtual environments form the foundation
of digital interactive experiences for psychomotor learning.

Acquisition of psychomotor skills is commonly achieved through
observational learning: a task is learned by observing someone else
perform it [67, 107, 109, 148]. At the heart of observational learning
in virtual environments are avatars: animated digital representa-
tions of an instructor that demonstrate a task [26, 27, 79, 150]. With
the increasing popularity of virtual environments for learning —
both through screens and VR headsets — and the advent of ‘meta-
verse’ technology, avatars are becoming more and more common-
place in training and education [96, 131]. Avatars can take many
forms, with varying degrees of realism, which has been shown to
affect user behaviour and cognition [96, 105, 131, 132, 154]. This
crucial role of avatars raises the question of how instructor avatars
should be designed, and whether their design can enhance psy-
chomotor learning.

We know from learning in real environments that the likeness of
the instructor to the learner can moderate learning effects [10, 11,
138-140, 161]. The neuroscientific basis for observational learning
is thought to lie with mirror neurons, which activate both when
performing a skill as well as when observing it [85, 111, 126]. If
an instructor looks similar or is familiar to a learner, this has the
potential to increase mirror neuron activity and therefore enhance
learning [2, 33, 37, 100]. This has been utilised in feedforward learn-
ing, where a learner observes a model of themselves, typically
through video which has been edited to give the impression of
a better skill performance [39]. This has been shown to result in
rapid improvements in performance across a range of activities, in-
cluding motor tasks [36, 37, 39]. In consequence, making instructor
avatars look like the learner is promising and has been studied for
various forms of learning and behaviour change in virtual environ-
ments [3, 54, 57, 89, 92, 159]. However, apart from a comparison of
skilled versus novice self-avatars [57], and a small exploratory study
by Fitton et al. [48], it has not yet been investigated for learning
psychomotor tasks.

Instructor avatars that closely resemble the learner are not al-
ways feasible or desirable. Creating a high-quality instructor avatar
with a high resemblance typically requires specialised hardware
[46, 57], significant computation time [7], and/or a time-consuming
customisation process [42, 92]. Poor-quality avatars can lead to
negative emotions and the uncanny valley effect [112], which can
negatively affect user experience [159]. Moreover, some people
dislike looking at themselves [20], making the proposition of a self-
similar instructor avatar unattractive. Also, information about what
learners look like may simply not be available, for example, to pro-
tect their privacy. Lastly, research on observational and feedforward
learning suggests that instructor avatars with a high resemblance
to the learner may also not be necessary [37, 85], as mirror neuron
activity is thought to increase gradually with similarity [33, 100].
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How much similarity is necessary to achieve meaningful enhance-
ments in learning has not been investigated yet. This raises the
following research questions:

RQ1 Can minimal avatar customisation enhance learning of a
psychomotor skill?

RQ2 Do the effects of minimal avatar customisation differ
when learning from a screen compared to learning in VR?

We address these gaps by demonstrating how minimal customi-
sation of an instructor avatar can enhance learning of a complex
psychomotor task — modern dancing. Rather than trying to make
the instructor a digital clone of the learner, we customise only three
basic properties to make it more similar to the learner: gender,
skin colour and hair colour. Such minimal customisation mitigates
concerns of highly-similar avatars: it is very easy to implement,
requires minimal effort from the user, avoids negative effects of
poorly designed avatars and strong self-similarity, and helps pre-
serve the learner’s privacy. Basic avatar customisation of gender,
skin colour, and hair colour can be done in a matter of seconds and
is commonplace in many virtual environments [19, 125, 129]. We
demonstrate the effects of minimal avatar customisation in both
a screen-based and immersive VR virtual environment. Learning
enhancements on both platforms are particularly important be-
cause screen-based virtual environments are currently much more
ubiquitous than VR and are commonly used for observational learn-
ing, while immersive VR is becoming increasingly popular and
offers distinct possibilities for enhancing motor learning through
immersion and embodiment [91, 147].

We demonstrate learning enhancements for modern dance, a
full-body psychomotor task with widespread popular appeal that
incorporates many psychomotor challenges, such as a wide variety
of upper and lower body movements, coordination of simultaneous
movements, timing and synchronisation (to music), and artistic
expression. It is commonly taught using observation learning [142]
and forms the basis for some of the most popular exergames (e.g.,
Just Dance!, Zumba Burn It Up!?). In line with a global trend to-
wards micro-learning [69, 98], we focus on immediate learning
effects of sessions lasting only a few minutes to learn a short, self-
contained sequence of dance moves. It is difficult to reliably assess
dance performance using exact motion matching for contemporary
dance because of the individual stylistic variability [52, 75, 146],
and performance quality ratings have been found not sensitive
enough to discern learning improvements for short, simple dance
tasks [48, 101]. Therefore, we demonstrate enhancements in learn-
ing using visual imagery, an important outcome measure of psy-
chomotor learning. Visual imagery measures the immediate cogni-
tive effects of learning and the correlation between imagery abil-
ity and performance is well-documented both for psychomotor
skills [56, 87, 110] and specifically for dance [22, 30, 97].

We also analyse how interindividual differences influence the
efficacy of minimal avatar customisation. That is, we investigate
how demographic variables such as age and gender, and subjective
variables such as perceived competence, similarity to the instructor
avatar and presence in VR, are influencing the efficacy of avatar

!Just Dance 2022 ~ https://www.ubisoft.com/en-gh/game/just-dance/2022
2Zumba Burn It Up! - https://www.nintendo.co.uk/Games/Nintendo-Switch-games/
Zumba-Burn-It-Up--1662260.html
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customisation using regression analyses. This is in contrast to most
psychomotor learning studies, which consider only the overall
effects of a learning intervention irrespective of the individual
characteristics of the users [56, 57, 63, 97, 162].

To the best of our knowledge, our study is the first to investigate
1) the use of instructor avatars that resemble the learner for a com-
plex psychomotor task, 2) the effects of ‘minimal’ avatar customi-
sation on learning, and 3) the differences of instructor avatars in a
screen-based vs. a fully-immersive VR environment. By contrast,
the closest related works consider only single-action psychomotor
tasks (e.g., squats [57]), and/or only highly-customised ‘realistic’
avatars [48, 57]. Only a few works [6, 160] compare screen versus
VR for psychomotor learning, but they do not consider the effects
of avatars.

In summary, we make the following contributions:

(1) Evidence that minimal avatar customisation can enhance the
psychocognitive effects of learning in a psychomotor task.

(2) Evidence that minimal avatar customisation can be effective
both in screen-based and immersive virtual environments,
with potentially stronger effects in VR.

(3) Regression models describing how interindividual differ-
ences affect the efficacy of minimal avatar customisation.

2 RELATED WORK

Engaging with virtual environments, whether in the context of en-
tertainment [92, 129], training and education [27, 57, 96], or data in-
teraction [154], often includes interacting with avatars. Avatars are
digital models with varying levels of appearance and behavioural
realism used to represent people [8]. The appearance of avatars
is known to influence human behaviour and cognition, such as
creativity [105], motivation [19, 92, 132, 155], cognitive load [96],
and performance [114, 129, 131]. Avatars which are more similar
to the user behaviourally and aesthetically have been shown to
elicit powerful effects [54, 55]. A high degree of avatar similarity
is associated with greater engagement, reduced stress, and higher
cognitive load in children playing educational games [96]. Similarly
in adults, avatars which are most representative of the user are
associated with greater positive affect [105] and self-efficacy [131]
in online learning environments compared to dissimilar or idealised
avatars. As virtual environments continue to emerge within educa-
tion and training contexts the use and presentation of avatars used
to represent the learner [16, 57, 96, 105], instructors [27, 118, 152],
coaches [115], or peers [104] is an important consideration.
Virtual environments, both screen-based and immersive, have
been used to support the acquisition of psychomotor skills through
observational learning in a wide variety of tasks including martial
arts 25, 28, 70], dance [1, 27, 44, 150], and sports [73, 118, 153, 164].
Mimicking traditional learning, this is achieved using a virtual
instructor who demonstrates the psychomotor task for the learner
to observe and imitate. The virtual instructor can take on different
forms, from simplistic humanoid representations such as a stick
figure [70, 72, 73, 150] to generic avatars modelled on an instructor
for a given skill (i.e. dressed in appropriate clothing) [25, 27, 118].
In addition, the learner’s kinematic data can be displayed as live
feedback to the learner in the virtual environment to highlight
incorrect limb and joint positions [1, 5, 27, 44], or to overlay a
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skilled model of the movement [1, 28, 70, 72, 73, 144]. In our work,
we forego additional augmentation of the virtual environment and
instead focus on how small modifications to the instructor’s avatar
can be used to enhance learning.

At the heart of observational learning is an instructor or model
to learn from, and evidence suggests that more similar models
(e.g. in terms of demographics, physical appearance, and interests)
elicit feedforward learning effects and benefit the attentional and
motivational processes involved. Individuals are more likely to pay
closer attention to, and gain a stronger sense of self-belief from, a
model they identify with [36] and this has been shown to improve
observational learning [138-140, 161].

Similarity in terms of appearance and demographics are key
factors driving the process of identification with an avatar [34, 92].
Feedforward posits that for learning to occur, an individual must
be able to envisage themselves successfully performing the skill, by
extracting a self-model and constructing a self-simulation [37, 39].
Maximising the physical similarity between the learner and the
instructor avatar results in self-models of the user, and this has been
shown to be an effective training technique for a variety of skills
and situations [13, 37, 39, 40, 68, 149]. In virtual environments, cre-
ation of a self-model involves creating an avatar with photorealistic
likeness to the learner, also known as ‘self-avatars’ [57, 89, 159].
Observational learning using self-avatars can reduce anxiety and
improve performance in public speaking tasks [3, 89], motivate
increased physical activity and exertion during and after virtual
experiences [54, 114], and lead to perceptual-cognitive scaffolding
in basic motor actions [57].

Despite their potential benefits, self-avatars are not always desir-
able. Minor defects in the appearance or animation of a self-avatar
can become a severe distraction from the learning task [159] - for
example in a public speaking task observing a self-avatar was only
found to be effective for male participants, females did not feel the
avatar was a realistic representation of themselves [3]. In addition
to self-avatars being more at risk of producing the uncanny valley
effect [112], even a ‘perfect’ self-avatar would not be desirable as
an instructor avatar for all individuals, such as those lacking confi-
dence [159], are anxious [4], or suffer from body dysmorphic disor-
der [20] or in all learning situations (e.g. for an anxiety-provoking
task [4]). In this work, we move away from the extreme customi-
sation required to produce self-avatars. High impact features tend
to be those which are most visible, with hair colour and style re-
portedly more important than finer details which can be harder
to distinguish, such as facial features [42]. Therefore, we focus on
minimal customisation to understand if identification with avatars
that are visibly similar in appearance, with matched characteristics
such as gender, skin-tone and hair colour, elicit similar effects to
enhance learning of a psychomotor skill.

Traditional screen-based displays and immersive VR setups are
the two most popular technological platforms for psychomotor
learning using virtual environments. However, it is unclear whether
any effects of learning from a similar avatar will differ between
these two technology platforms. Prior work has shown that VR,
and the associated increase in presence and immersion, can elicit
more beneficial effects than less immersive environments, result-
ing in improved performance, motivation, engagement, and enjoy-
ment [6, 23, 113, 123, 143, 165]. In the context of skill acquisition,
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cognitive skills, such as decision making, have also been shown to
improve when using immersive VR [53], and objective improve-
ments in learning outcomes have been observed for VR compared
to a screen [6, 143].

However, the benefits of immersive VR for psychomotor skills
learning have only been realised in instances where the interactive
capabilities of an immersive VR environment are leveraged [6]. In
equivalent applications it has been found repeatedly that learning
occurs at the same rate in both screen-based and immersive VR
environments [6, 58, 81, 136]. Although the closer fidelity and di-
mensionality of an immersive VR environment to the real world is
suggested to influence learning and transfer [51, 99]. We explore
this further by comparing learning of a psychomotor skill from
avatars both in a video on a screen and in an equivalent immersive
environment experienced through a head-mounted display (HMD).

3 METHODOLOGY

This study investigates whether minimal avatar customisation can
enhance psychomotor learning (RQ1), and explores any differences
in learning outcomes between screen-based and immersive VR vir-
tual environments (RQ2). In a mixed factorial design, display type
(screen or VR) is a between-groups factor and instructor avatar
type (matched-feature and dissimilar) is a within-subjects factor.
Participants were recruited separately for the screen and VR groups.
The screen based condition was conducted online via Zoom due
to the COVID-19 pandemic, whereas the VR condition was car-
ried out in a laboratory once restrictions were eased. Participants
learned two different 3-move hip-hop dance sequences, one from a
matched feature (MF) avatar with their selected gender, skin-tone,
and hair colour and the other from a dissimilar (D) avatar with
differing characteristics. Both sets of dance moves were categorised
as ‘beginner’, and as a precaution we counterbalanced the order
of learning sequence A and B in the event that some participants
found one slightly easier or harder. To control order effects, the or-
der of learning from a MF and D avatar were counterbalanced. This
resulted in four permutations: half of participants learned sequence
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Figure 2: An individual chooses the skin-tone (4 options on
the left) and hair colour (5 options on the top) closest to their
own to determine the MF avatar appearance. Each combina-
tion is depicted here alongside photographs of real people to
show how their MF avatar would appear in each case.
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A first, the other half learned sequence B first. For each of these
permutations half of participants learned sequence A from the MF
avatar, the other half learned sequence B from the MF avatar.

3.1 Minimal Avatar Creation

Matching user-avatar key features (those with the greatest visibil-
ity), such as gender, skin-tone, and hair colour has been shown to be
sufficient for identification to occur [155]. Therefore, for matched
feature (MF) avatars, users selected the gender, skin-tone, and hair
colour which they identified with (see Figure 2). Dissimilar avatars
(D) were then automatically created by applying contrasting fea-
tures (e.g., male instead of female). Participants were not instructed
to wear the same clothes as the avatar since clothing has not been
shown to significantly affect whether people identify with avatars
[157].

This research uses traditional associations between sex and gen-
der [158], considering avatar gender as a binary characteristic. Par-
ticipants were required to choose either male or female gender
depending on which they identified with most. All participants
in this study were aware of their right to withdraw at any point
and none reported any discomfort in selecting a gender. A male
and a female Adobe Fuse CC model were created from standard
components, both wearing neutral, black clothing and trainers.

3.2 Dance

Participants were tasked with learning one of two 3-move dance
sequences which were choreographed by Mihran Kirakosian® (see
Figure 3). Avatars were fully rigged with animations of the dance
sequences captured using data from two dancers (a male and a
female) who were recruited from a university dance society. The
dancers were given the Mihran Kirkosian tutorials to learn a week
prior to the recording session. Their movements were captured in a
professional motion capture studio and converted into an animation
demonstrable by the avatars. This led to high-quality animations
which were in time with the music. The male and female dancers’
motions were applied to the male and female avatars respectively.

3.3 Apparatus & Set-up

3.3.1 Hardware. The screen condition was conducted online using
Zoom and Qualtrics, and participants were required to join the
Zoom meeting on a desktop PC or laptop. In the VR condition we
used an HTC Vive Pro Eye HMD powered by a PC with an Intel

3Mihran Kiakosian Dance Videos, Tutorials, and Vlogs YouTube channel - https://
www.youtube.com/c/mihrankirakosian

Figure 3: The simple 3-move dance sequences that partici-
pants were tasked with learning: (a - ¢) sequence A, and (d - f)
sequence B
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Figure 4: (a) In the virtual environment, presented on a screen
or in an immersive HMD, participants observed an animated
instructor avatar (MF or D). (b) In the immersive VR condi-
tion participants embodied a virtual body positioned approx-
imately 3.5m away from the instructor avatar. (c) The virtual
scene consisted of: a wooden floor, lights, and simplistic dec-
oration to mimic a dance studio, an instructor avatar, and a
virtual body with the camera positioned as the head.

17-9900k processor, an RTX 2080Ti GPU and 32GB of RAM, running
Windows 10. Participants wore four additional Vive trackers (one
on each hand and ankle) secured using velcro straps. A UV cleanbox
was used to disinfect all VR equipment between participants.

3.3.2  Virtual Reality Dance Studio. The virtual dance studio (See
Figure 4A) was created using Unity version 2019.3.12f1, using simple
3D objects, textures, and materials to mimic a real-world dance
studio. An audio source was added to play a track from Mihran
Kirakosian’s sound cloud page, matching the 8-beat timing of the
dance moves. Unity Recorder was used to capture high-quality
videos. A video was produced for every possible avatar skin-tone,
hair colour, and gender combination for both dance sequences. The
videos displayed the sequence (A or B) only once, the videos were
looped and embedded into the Qualtrics survey used for participants
in the screen condition. The videos auto-played and all navigational
functionality (e.g. pause) was disabled.

For the VR condition, the same virtual dance studio was recreated
in the Godot game engine version 3.3.1.stable and participants were
provided with a VR-body to aid with presence and involvement
in the virtual environment [141]. The VR-body that participants
embodied was a copy of their MF avatar with their chosen gender
and skin-tone, however the hair colour was not visible because the
avatar’s head was removed to prevent it from occluding the camera,
that is, obstructing the participant’s view. Participants embodied in
the VR-body faced the MF/D avatar instructor (See Figure 4). The
VR-body was scaled according to the participant’s height. Partici-
pants wore an HMD and four Vive trackers (one on each ankle and
hand) to detect their body movement. Their VR-body movement
was mapped to their actual body movement using inverse kinemat-
ics to encourage feelings of body ownership [60]. The instructor
avatar automatically cycled through the movements, participants
were unable to pause or control the simulation themselves.

3.4 Outcome Variables

The primary outcome measure in this study is vividness of move-
ment imagery, the ability to mentally simulate specific motor ac-
tions [77], to demonstrate long-term memory of the dance moves
and hence learning [21, 41, 76, 87]. The correlation between action
observation, imagery ability, and performance is well-documented
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[56, 87, 110], also specifically for dance [22, 30, 97], and has been
backed up by neurological evidence to a degree that researchers
posed a “functional equivalence” hypothesis stating that imagery
and skill execution processes share structures and mechanisms [47,
62, 77, 78]. Action observation has been shown to contribute to
improved movement imagery abilities [116, 162] and better visual
movement imagery abilities have been shown to lead to improved
performance [21, 41, 76], that is, those with better imagery display
greater movement skill than those with poorer imagery (e.g. in
trampolining [74], gymnastics [95], golf [122], tennis [135]).

We created the vividness of dance movement imagery question-
naire (VDMIQ), which is an adapted version of the revised vividness
of movement imagery questionnaire (VMIQ-2) [134], to assess par-
ticipants’ ability to imagine the movements: from their own point
of view (internal visual imagery, IVI), from someone else’s point of
view as if they were watching themselves (external visual imagery,
EVI), and finally their ability to imagine the feeling of doing the
movements (kinaesthetic visual imagery, KVI). Each scale item is
rated in terms of the vividness of the movement imagery or feeling
(1 = perfectly clear and vivid as normal vision, 5 = no image at
all). In the VDMIQ we replaced the generic movements mentioned
in the VMIQ-2 (e.g. walking, running, jumping) with the dance
moves learned by specific body parts (arm, feet, and head), as well
as rating imagery for the body as a whole. Such specific items are
preferable because generic items do not always detect differences in
task-specific imagery ability [106]. For each subscale (IVI, EVI, KVI)
the items are averaged to produce a score from 1 (best) to 5 (worst).
Moderately good visual imagery ability is indicated by scores lower
than the midpoint of the scale (3; [106]). Based on related work
[21,41,76, 95,117, 134, 162], these scores are sensitive to differences
in learning and provide valid estimates of psychomotor skill.

Secondary outcome measures included perceived competence,
measured using the Perceived Competence (PC) subscale of the IMI
[108], and kinaesthetic awareness. Kinaesthetic awareness, that is,
one’s ability to understand one’s movements within space [18, 88],
is arguably a key component of learning to dance [32, 128]. We
included this as an exploratory measure to understand whether
screen-based versus immersive VR training would affect kinaes-
thetic awareness differently [17] and therefore impact learning.
Typically awareness of body movement is measured using physical
tasks, such as balance tests, rather than validated questionnaire
measures [14]. However, to better accommodate the remote nature
of the screen-based condition, due to COVID-19 restrictions, we
developed a kinaesthetic awareness questionnaire (KAQ) which
contains four kinaesthetic awareness items related to dance (e.g. T
could not tell when I did the moves wrong’) and four kinaesthetic skill
items (e.g. Twas able to control my limbs to mirror the movement
without difficulty’). They are rated on a 7-point Likert scale yielding
a total score between 1 (worst) and 7 (best).

Other measures included existing skill, motivation, and avatar
liking. A baseline level of skill was determined using a single ques-
tion that asked participants to rate their current level of dance skill
(0 = Novice, 10 = Professional dancer), in addition to five items
measuring their perception of their dancing abilities on a 5-point
Likert scale (e.g. Tam a good dancer’). Intrinsic motivation (IM) was
measured using the Interest/Enjoyment subscale of the IMI, and
avatar liking was measured using the Liking subscale of the PAI [34].
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We also used two VR specific measures: VR sickness, a commonly
reported adverse effect of VR, and presence, which has been shown
to interact with virtual imitation [54]. The Virtual Reality Sickness
Questionnaire (VRSQ) [86], a recent adaptation of the well-known
Simulator Sickness Questionnaire (SSQ) [84], measures general dis-
comfort, eyestrain and disorientation, yielding a total VR sickness
score (the higher, the worse). The iGroup presence questionnaire
(IPQ) [137] was used to measure how present participants felt in the
virtual environment, measuring spatial presence, involvement and
realism, and yielding an overall average presence score between
1 (least presence) and 5 (most presence). To confirm whether our
avatar similarity manipulation was successful, we used the Physical
Similarity subscale of the PAI. Since the personalisation choices
were restricted to rudimentary hair colour and skin-tone options
(Figure 1A), participants were also asked to rate how closely they
felt these features matched their own on a 5-point scale (5=most
similar).

Qualitative feedback on the experience of learning dance moves
and participants’ feelings surrounding the avatars were gathered
via a semi-structured interview. Five questions formed the basis
of the interviews (1. ‘How was that? Did you manage to learn the
moves?’; 2. ‘Were you able to learn both routines equally well?’; 3.
‘Do you feel as though having an avatar teaching you as opposed to
a real person impacted the experience? In what way?’; 4. ‘How did
you feel about the avatars?’; 5. ‘Which avatar did you prefer learning
the moves from and why?’), though participants were permitted
to deviate from the questions if they had other comments, and
were encouraged to elaborate their answers. Interviews lasted 5-10
minutes.

3.5 Procedure

Participants in the different display type conditions (Screen and
VR) were supervised by the same experimenter and performed
and engaged similarly in the learning tasks. They received the
same instructions, tasks, and amount of time to practice the dance
sequences.

3.5.1  Non-Immersive Condition (Screen). Non-immersive study ses-
sions were conducted with remote participants due to COVID-19
restrictions in place at that time. The experimenter conducted the
study sessions with each participant over Zoom, using a Qualtrics
survey to provide participants with the information, instructions,
dance videos, and questionnaires used throughout the experiment.

The experimenter introduced the study to participants and pro-
vided them with a link to the Qualtrics survey, the experimenter
remained on the call to supervise participants and answer any
questions. Qualtrics provided participants with information and a
consent form before taking participants to a ‘warm up’ clip from
Mihran Kirakosian’s YouTube channel. Participants then completed
the preliminary dance skill questionnaires and answered demo-
graphic questions, which involved selecting the gender they identify
with most, hair colour, and skin-tone. Participants were encour-
aged to ask questions if they were unsure how to answer. Based
on these answers, participants were automatically assigned MF
and D avatars. Participants learned two different three-move dance
sequences (A and B), one from each avatar (MF, D). The flow logic
of the Qualtrics survey randomly assigned participants to one of
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the four permutations resulting from counterbalancing the order
of the dance sequences (A, B) and instructor avatars (MF, D).

Participants were instructed to mirror the dance moves and
practice with the video. After 3 minutes participants were directed
to a post-training questionnaire, before repeating the process for
the second avatar condition. After both conditions were complete,
the experimenter conducted a semi-structured interview which
lasted 5 - 10 minutes. Interviews were recorded using Zoom and
later transcribed. The non-immersive (screen) condition sessions
lasted approximately 40 minutes and participants were emailed a
£5 Amazon voucher afterward as a reward.

3.5.2 Immersive Condition (VR). The immersive condition took
place face-to-face in a University lab. Using the same Qualtrics sur-
vey, participants were guided through the experiment; in place of
embedded videos, messages notified participants to start each task.
After completing the initial questions, the experimenter recorded
the participant’s height and prepared the virtual scene whilst the
participant completed the warm-up. Then, the experimenter manu-
ally selected the correct avatar with the correct dance animation.
Participants were equipped with the Vive trackers and the HMD
was adjusted to fit comfortably. Participants were then informed
that they could begin learning the dance moves and were given
three minutes to mirror the avatar and practice the dance. After-
wards, they removed the headset and returned to the survey to
complete the post-task questionnaire. This process was repeated
for the second condition, followed by the semi-structured inter-
view. The immersive (VR) condition sessions lasted 60 minutes due
to equipment set-up and additional questionnaires (VRSQ, IPQ).
Participants received a £10 voucher for their participation.

3.6 Hypotheses

Similarity between an observed model and the learner is known to
enhance learning due to the feedforward effect [35-37]; therefore,
we hypothesise that learning is enhanced when dance moves are
demonstrated by the more similar avatar. We therefore pose the
following a-priori hypotheses to address RQ1 (Can minimal avatar
customisation enhance learning of a psychomotor skill?). Each hy-
pothesis breaks down into three sub-hypotheses for the a) internal,
b) external and c) kinaesthetic visual imagery measures:

H1 Internal (H1a), external (H1b) and kinaesthetic visual im-
agery (H1c) are stronger after learning from a matched-
feature avatar compared with a dissimilar avatar overall.

H2 Internal (H2a), external (H2b) and kinaesthetic visual im-
agery (H2c) are stronger after learning from a matched-
feature avatar compared with a dissimilar avatar when using
a screen.

H3 Internal (H3a), external (H3b) and kinaesthetic visual im-
agery (H3c) are stronger after learning from a matched-
feature avatar compared with a dissimilar avatar in VR.

3.7 Participants

A sample of 97 participants (42M, 55F), aged 18 - 60 (M = 31.660,
SD = 10.544) were recruited through mailing lists and social media.
Participants from around the world were able to take part in the
remote screen based condition, whilst the immersive VR condi-
tion relied on the local participant pool. 59 participants (21M, 38F)
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learned dance through a screen and 38 participants (21M, 17F) in VR.
Eligibility criteria excluded anyone under the age of 16 and anyone
with uncorrected hearing or visual impairment, but welcomed any
level of dance skill. The majority of participants were self-declared
novice dancers (Table 1).

4 QUANTITATIVE RESULTS

The results are summarised in Table 1 and illustrated in Figure 5.
The collected data satisfied the assumptions for analysis of vari-
ance (ANOVA). If Mauchly’s test indicated a violation of sphericity,
Huynh-Feldt correction was applied. If a Shapiro-Wilk test indi-
cated a violation of normality for a pairwise comparison, a non-
parametric Wilcoxon test was used instead of a t-test (for existing
dance experience and ability ratings). Power analyses indicated that
our study was able to detect small-to-medium main effects between
D and MF and interaction effects with display type overall (Cohen’s
d = 0.287), small-to-medium effects between D and MF when using
a screen (d = 0.328), and medium effects between D and MF in VR
(d = 0.411), all at @ = .05 with a power of 0.8.

4.1 Manipulation Check and Scale Reliability

Our manipulation of avatar similarity worked as intended, and
matched feature avatars resulted in significantly higher avatar sim-
ilarity scores. A two-way mixed ANOVA found a significant main
effect of avatar type on avatar similarity (F(1,95) = 195.229,p <
.001*%, etazzJ = 0.398), with MF avatars (M = 5.011,SD = 1.311) be-
ing more similar than D avatars (M = 2.315,SD = 1.697). There was
also a significant main effect of display type on avatar similarity
(F(1,95) = 21.497,p < .001*%, eta?, = 0.045) with higher avatar
similarity in VR (M = 6.852,SD = 1.669) compared to a screen
(M = 5.729,SD = 1.594). We found no significant difference in
existing dance experience rating (Mdl-ﬁrz 0.556, Z = 1277.500, p =
.245,r = 0.140) or dance ability (Mdijf: 0.103,Z = 1195.500,p =
.584,r = 0.066) between the two participant groups.

We also assessed the reliability of the kinaesthetic awareness
scale (KAQ) that was created for this study, and also the internal
visual imagery (IVI), external visual imagery (EVI), and kinaesthetic
visual imagery (KVI) measures. The McDonald’s omega score [66]
suggested that all of the scales were highly reliable, and in the ac-
ceptable range (interpretation is similar to Cronbach’s alpha) [151]
(KAQ w = .826,IVI w = .835, EVI w = .858, KVI w = .814). The scales
used for other measures indicative of avatar identification (PAI
Physical similarity w = .927, PAI Liking w = .891), perceived compe-
tence (IMI Perceived Competence «w = .947), intrinsic motivation
(IMI Interest/Enjoyment w = .929), presence (IPQ w = .856), and VR
sickness (VRSQ w = .817) were also highly reliable.

4.2 Learning Efficacy Overall

To test H1a, a two-way mixed ANOVA was conducted testing
the effect of avatar type and display on internal visual imagery
(IVI). A significant main effect of avatar type was found (F(1, 95) =
9.224,p = .003**,d = 0.308) with MF avatars (M = 2.446,SD =
0.842) resulting in clearer IVI than D avatars (M = 2.670,SD =
0.913) overall, so we accept Hla. The main effect of display type
was not significant (F(1,95) = 3.744, p = .056,d = 0.196) and there
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was no significant interaction between display and avatar types
(F(1,95) = 2.248, p = .137, etal, = 0.023).

A similar ANOVA for external visual imagery (EVI) revealed
a significant main effect of avatar type (F(1,95) = 3.976,p =
.049%,d = 0.202), once again with clearer imagery for MF avatars
(M =2.701,SD = 0.831) compared with a D avatar (M = 2.840,SD =
0.913) overall, so we accept H1b. The main effect of display type was
not significant (F(1,95) = 3.832, p = .053,d = 0.199) nor was there
any interaction effect (F(1,95) = 0.697, p = .406, eta}'{zJ =0.007).

Finally, a similar ANOVA for kinaesthetic visual imagery (KVI)
revealed a significant main effect of avatar type (F (1, 95) = 5.948,p =
.017%,d = 0.248), again with clearer imagery for MF avatars (M =
2.260,SD = 0.793) compared to D avatars (M = 2.418,SD = 0.887),
so we accept H1c. No other main (F(1,95) = 3.174,p = .078,d =
0.181) or interaction effects were found (F(1,95) = 1.297,p =
258, etaj, = 0.013).

4.3 Learning Efficacy Using a Screen or VR

Directed paired-samples t-tests comparing IVI (t(58) = 1.152,p =
.127,d = 0.150), EVI (¢(58) = 0.853,p = .199,d = 0.111) and KVI
(t(58) = 0.982, p = .165,d = 0.128) between MF and D when using
a screen were not significant, so we reject H2. Directed paired-
samples t-test comparing IVI (¢(37) = 3.283, p = .002**,d = 0.533),
EVI (¢(58) = —2.136,p = .020**,d = 0.347) and KVI (£(37) =
2.543,p = .008**,d = 0.413) between MF and D in VR were all
significant, so we accept H3.

4.4 Other Measures

A two-way mixed ANOVA to investigate whether avatar type or dis-
play had any effect on kinaesthetic awareness scores revealed no sig-
nificant main effects of avatar type (F(1,95) = 1.716,p = .193,d =
0.133) or display type (F(1,95) = 0.012,p = .914,d = 0.011).
There was no significant interaction effect (F(1,95) = 0.307,p =
.581, etaf, = 0.003). However, a similar ANOVA revealed that there
was a significant main effect of display type on perceived com-
petence (F(1,95) = 10.023,p = .002**,d = 0.321) with those
in the screen condition reporting greater perceived competence
(M = 4.306,SD = 1.484) than those in the VR condition (M =
3.375,SD = 1.299), regardless of avatar type. No other significant
main or interaction effects were found. There were no significant
main or interaction effects of avatar type and display on IMI Inter-
est/Enjoyment, indicating that levels of intrinsic motivation did not
change. Avatar liking was also unchanged between avatar types
and display types, with no significant main effects or interaction
effects.

4.5 Effects of Interindividual Differences

To investigate how interindividual differences influence the learn-
ing enhancements of minimal avatar customisation, we conducted
multiple linear regression analyses to predict learning enhance-
ments based on the following covariates: Age, Gender, Perceived
Competence (in D, as a baseline measure of a person’s dance skill),
and Avatar Similarity (in MF, where learning enhancements are
observed). In order to present a cohesive, integrated analysis, we
formalised the overall learning enhancement for a participant as an
average of the effects of our three main outcome measures (EVI, IVI
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Table 1: Summary of demographics and results of the main study (M + SD).

Condition n Demographics Variable Similarity
D MF
AS 1.580 +0.939 4.939 +£1.469
AL 4.619 £1.267  4.661 £1.296
21 M, 38F IVI 2.500 £0.934 2.373 £0.905
Screen 59 Age = 33.203 £11.462 EVI 2.691 £0.939 2.602 £0.876
Dance Experience Rating = 3.898 £2.234 KVI 2.275+0.893  2.182 £0.849
Dance Ability Score = 2.908 +1.077 PC 4.410 £1.569 4.203 £1.613
IMI Interest 5.012 £1.487 5.075 £1.353
KAQ 4.898 £1.104 4.972 +£1.060
AS 3.457 £1.972 5.124 £1.025
AL 4.822 £4.964 4.728 £3.668
IVl 2.934 £0.823 2.559 £0.729
21M, 17F EVI 3.072 £0.830 2.855 £0.741
VR 38 Age = 29.263 +8.535 KVI 2.638 £0.842 2.382 £0.690
Dance Experience Rating = 3.342 £2.529 PC 3.276 £1.541  3.474 £1.408
Dance Ability Score = 2.805 +1.027 IMI Interest  5.138 £1.173  5.028 £1.169
KAQ 4.822 +£1.134 5.005 £0.955
PQ 1.335 +1.824 1.476 £1.689
VRSQ 11.509 +8.683  12.943 +10.310
a O Screen @VR b c d
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Figure 5: Effects of D and MF avatars in the screen and VR conditions on a) Internal Visual Imagery (IVI), b) External Visual
Imagery (EVI), c¢) Kinaesthetic Visual Imagery (KVI), d) Kinaesthetic Awareness (KAQ), e) Perceived Competence (PC), f)
Interest/Enjoyment (IM), g) Avatar Similarity (AS) and h) Avatar Liking (AL). For IVI, EVI], and KVI lower scores = more vivid
imagery, for all other scales higher scores are better. Dots represent means and error bars show their 95% confidence intervals.

and KVI) as follows: We first calculated AEVI, AIVI and AKVI as the measure of the overall learning enhancement - across EVI, IVI and
respective differences observed between the conditions D-MF. Then KVI - observed for each participant. We hypothesised that people
we normalised AEVI, AIVI and AKVI using standard z-transforms, with higher Perceived Competence would show lower learning
i.e. subtracting their sample mean and dividing by their standard enhancement, as they already come equipped with dance skills and

deviation. This made the AEVI, AIVI and AKVI values comparable
to each other, allowing us to combine them by averaging to yield a
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hence have less to learn; and that Avatar Similarity would posi-
tively influence learning enhancement as predicted by feedforward
learning theory [37, 38].

For the overall results including VR and Screen, a significant re-
gression equation was found (F(4, 92) = 3.755, p = .007**), with an
adjusted R? = 0.140. Participants’ predicted learning enhancement
is equal to —0.010 X Age — 0.219 X Gender — 0.094 X Competence +
0.180 x Similarity, where Age is measured in years and Gender
is coded as 0 for male and 1 for female. Perceived Competence
(p = .036") and Avatar Similarity (p = .004**) were significant
predictors of learning enhancement, with learning enhancement
decreasing with Perceived Competence and increasing with Avatar
Similarity. Age (p = .241) and Gender (p = .213) were not sig-
nificant predictors. For the results in VR, we also considered the
overall IPQ Presence score (in D, as a baseline measure of how
present a participant feels in VR). A significant regression equa-
tion was found (F(5,32) = 2.607,p = .044"), with an adjusted
R? = 0.178. Participants’ predicted learning enhancement is equal
to —0.018 X Age — 0.348 x Gender — 0.158 X Competence + 0.148 X
Similarity + 0.072 Presence. Perceived Competence (p = .024*) and
Presence (p = .048") were significant predictors of learning en-
hancement, with learning enhancement decreasing with Perceived
Competence and increasing with Presence. Age, Gender and Avatar
Similarity were not significant predictors (p > .142).

5 OQUALITATIVE RESULTS

A reflexive thematic analysis was conducted to gain further insight
into the effects of minimal avatar customisation (RQ1). Common
themes and sub-themes emerged through a data-driven inductive
coding process conducted by the primary researcher [24]. The over-
arching themes and sub-themes are discussed using participant
quotes as illustrative examples; text in square brackets is used to
add context to a quote to make it easier to understand.

5.1 Learning Efficacy

Avatars are effective digital models to learn from, providing a
simplified (“it doesn’t look as complicated.”; “It was more simplistic
movements on a more simplistic character.”) and engaging learning
experience (“It was a really fun, really good, interactive, engaging,
loving it.”). Evidence that minimally customised avatars can elicit
feedforward effects emerged as matched-feature avatars make
it easier with participants more able to imitate the avatar that
looked similar to them compared to the dissimilar avatar (“I think
the first one was just easier to mimic there the [MF] Avatar”; “he
didn’t move in the way I thought I could, so it felt different and harder
to learn yeah [with the D avatar]”). They identified with the MF
avatar to a greater extent (“I felt like I was able to connect more with
the [MF] avatar versus the second one [D avatar]”), which made
it easier to learn (“[with the MF avatar] I felt like it was easier to
naturally replicate moves, whereas in the second one it was a female”)
and imagine their own performance (“since it looked like me it was
easier to imagine me doing those moves. I think.”; “it was easier for
me to kind of imagine that what I see is my body”), in turn enhancing
their perceived competence (“because the avatar looked somehow
like me and made me feel like I could do it too.”).
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Matched-feature avatars provide a more enjoyable learn-
ing experience (“I preferred learning it from the one that looks like
me.”; “The one that looks more like me, I think, was better.”), and
there was a preference for that condition because it made the dance

training more relatable:

Preferably one [MF avatar] you would see yourself in
the eyes of the avatar. Like more relatable if that makes
sense.; I think I prefer one looked more like me, it is
easier to kind of relate to and you can follow the moves
better

and having a relatable avatar was valued by participants:

I want to have something that I can relate to. yeah it
certainly helps.; I think what’s important to me per-
sonally [female participant] is that it was a female.;
I appreciated that [MF avatar] kind of more from the
perspective of just having a representation of a woman
of about my age and body type represented there.

5.2 Effects of Interindividual Differences

Identification with the instructor avatars was not the same
for all participants. Some participants found that the MF avatar
exhibiting the same gender, hair colour, and skin-tone was sufficient
for them to identify with the avatar (“once you get used to the routine
and and the moves it was just like you’re watching yourself in the
mirror”; “when I saw that Avatar that looked more like me, I was like
hey you know not bad.”). Some others expressed frustration that it
was not fully representative of themselves:

I’d rather it just be a completely different person than,
look, or have the same characteristics as me, but not be
me in a weird way; I didn’t really feel like it was me
or anything like that, they just happen to have Ginger
hair and be a white male.

Key features for identification include gender, with many
participants commenting on whether the avatar was male or female
and how this impacted their level of identification more so than the
other customised characteristics:

I think what’s important to me personally is that it was
a female.; I felt more comfortable with the second one,
because I guess it’s a girl; Of course I relate more to the
women characters than than men; I think things like
hair colour or skin colour didn’t make a difference to
me but gender I can read a slight difference.

The binary gender association meant that gender and physique were
directly related in this study, however participants revealed that
physique is a separate key characteristic that was not considered in
the present study (“her build was bigger than mine so it’s just it’s just
her body shape wasn’t consistent”). In particular age, body shape,
and height are important factors for identification:

I appreciated that kind of more from the perspective
of just having a representation of a woman of about
my age and body type represented there.; To be honest,
because like someone has the same hair colour and skin
colour but none of them look the same due to facial
features, physique or height.; Probably age, because,
[the avatar] looks kind of my age; although I'm female...
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I kind of have a male shaped body. Right. I'm quite slim
as well..

Hair colour and skin tone were mentioned less, with participants
accepting a basic level of similarity (“The second one was more of
my resemblance in terms of skin colour or maybe the hair colour”;
“her hair was really similar to mine when it’s down; “Picked the right
hair colour”). However, there was a general desire for greater
similarity in terms of the physical appearance of the avatar:

I think it would be interesting to have more I don’t
know more skin colours, more hairstyles.; I feel like they
should add more like beard or hairstyle or physique. I
think that would be a class.; I think my hair it’s lighter
the colour and I'm more white and I'm taller

User ability impacts speed of learning with some partici-
pants finding it naturally easier to learn the dance moves quickly,
indicating that 3 minutes was sufficient (“I didn’t necessarily need
those 3 minutes to get it”; “Yeah, I found it quite easy. Picked up quite
quickly.”), while others indicated that they would need to rehearse
over a longer period (“I needed more time to be able to do it ex-
actly the same.”). Additionally, ‘ability can lead to avatar ability
preconceptions’ (“You know your biases are still the same towards
an avatar, than to a real person”; “You’re having some subconscious
impressions of what’s going on quite quickly”). Some participants
felt as though the D avatar looked more like a dance instructor:

The first one [D avatar] looked more like someone like
in a dance studio I guess; it [D avatar] felt more like
an avatar that would teach you how to dance; The first
one [D avatar] was more like a dance instructor

and assumed that this avatar must therefore be performing better
and is a better model for them to learn from:

So I actually thought that the one that looked different
than me [D avatar] was going to be a better dancer like
as a me as a teacher, a better teacher; maybe it has a
negative impact if I don’t think I can do it and then well
this one’s [D avatar] different to me, so I can copy them

6 DISCUSSION

Overall, our findings demonstrate how minimal avatar customisa-
tion can enhance learning in virtual environments, with matched
feature avatars eliciting immediate cognitive benefits that support
psychomotor learning (RQ1). Participants’ ability to mentally sim-
ulate the dance moves, indicated by the vividness of movement
imagery, was significantly and meaningfully higher when observing
a matched feature avatar. To contextualise the differences observed,
prior work has shown how high-performing athletes competing at
national level score an average of 8% higher across IVL, EVI, and
KVI compared with recreational athletes [134]. Similarly, observing
a video of a gymnastic routine 20 times per day for two weeks can
lead to a 4% improvement in VMIQ-2 scores [95]. The improvements
observed in this study (IVI = 5.6%, EVI = 3.5%, KVI = 4%) suggest
that manipulating avatar similarity and minimal customisation can
produce similar results instantly.

Action observation facilitates movement imagery by providing
an example of what the individual should imagine, our findings
indicate that a more visually self-similar avatar provides a more
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clear and vivid example [94], resulting in improved task represen-
tation in long-term memory and contributing to greater perfor-
mance [62, 78, 87]. These findings are in line with prior work on
peer models and feedforward learning theory [9-12, 37, 38], and
demonstrate the importance of having representative and relat-
able instructors. These results have important implications for the
designers of virtual training applications: it suggests that even min-
imal customisation of an avatar can enhance learning outcomes.
This basic, cost-effective measure requires little time on the user’s
behalf (inputting basic physical characteristics) that can signifi-
cantly enhance the user’s learning experience. Not only does this
have implications for applications directly aiming to teach users,
it reinforces the importance of having representative peers in ex-
ergaming and other applications involving psychomotor tasks in
virtual environments, and wider relevance for other areas where
avatar type might be impactful (e.g. human data interaction [154]).

Certain characteristics are more important to participants
when creating minimally customised avatars. Of the features
that we customised, gender can be considered the most important
characteristic that influences avatar identification [43, 82, 129, 133],
with many participants — especially females, highlighting the im-
portance of having a same-gendered avatar as a relatable model.
However, in this study, a binary gender association meant that
participants were not only selecting a ‘gender’ but also a body type
for the MF instructor avatar. Based on participant comments the
avatar’s physique (e.g. body shape, height, and age) is a separate
characteristic that could be equally important for avatar identifi-
cation. This raises questions about the minimal level of body type
customisation required to elicit further meaningful identification
which could contribute to the feedforward effect, without overbur-
dening the user during the avatar creation process. Comparatively
rudimentary skin-tone and hair colour options proved satisfactory
for identification purposes, and participants accepted a low level of
hairstyle similarity (non-customised) indicating that hairstyle may
be a less prominent factor for avatar identification than previously
suggested [42]. Whilst a desire for greater similarity is generally
evident, our results indicate that it is not essential and highlights
the importance of minimal customisation of key features: gender,
physique, skin-tone, and hair colour, rather than generic avatars
which can be dissimilar to the user.

Our results show how individual differences affect the effi-
cacy of minimal avatar customisation. Our regression analyses
suggest that neither age nor gender impacts the efficacy of this
training technique, but that baseline skill is a limiting factor — with
those who report high levels of perceived competence following
the dissimilar avatar training benefiting less from the matched fea-
ture avatar training. This suggests that feedforward learning as
a technique is most efficacious when the user is less skilled and
has more to learn. Interestingly, a user’s feelings of presence be-
come an important factor in the efficacy of feedforward learning in
VR, with presence positively correlating with feedforward learning
effects. Other research has also identified a positive relationship
between presence and learning outcomes [123, 143], indicating that
virtual environments which elicit presence are capable of producing
stronger self-modelling effects and imitation [54].

Matched feature avatars resulted in more vivid imagery, however
not all participants reported the positive effects of learning, with
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some believing that the dissimilar avatar was a better dancer and
therefore a better teacher. Based on qualitative feedback, another
explanation as to why some participants preferred the dissimilar
avatar is the Proteus effect [166], which typically describes situa-
tions where a user embodies or acts as the avatar. Physical charac-
teristics of an avatar can give an impression of their capabilities,
impacting how users behave and feel [130], e.g. by playing better
as an athletic avatar [125, 127], perceiving physical tasks as less
arduous with muscular avatars [90], or displaying greater confi-
dence with a taller avatar [166]. This offers an explanation in the
context of our study as some novice dancers may have attributed
better dance skills to the dissimilar avatar and felt they learned
better than from the matched feature avatar which they may have
perceived to be a ‘novice’ similar to themselves.

Understanding the underlying mechanisms as to why learn-
ing benefits arise still remains unclear, and may stem from
sub-conscious processes. There were no significant effects of
avatar type on intrinsic motivation. However, it has been estab-
lished that the use of imagery in novices is primarily a cognitive
skill to aid learning and improve performance and that only experts
will use imagery as a motivational tool [64, 121]. Therefore, despite
matched feature avatars leading to significantly stronger visual
imagery, it is unlikely that this contained a motivational aspect.
Additionally, participants were not personally creating an avatar,
but just selecting a skin-tone and hair colour. Previous research
has shown that customisation of a self-model can lead to improve-
ments in intrinsic motivation [92]; however, this may not be true
where participants are not involved in the avatar creation process
or where customisation is minimal.

Similarly, we found no significant effect of avatar type on per-
ceived competence which contradicts the findings of other work
which showed that more similar avatars resulted in greater self-
efficacy [83]. This could have been due to strong self-identification
with the avatar that they embodied, and levels of self-identification,
whilst higher with the matched feature than dissimilar avatars, may
not have been strong enough to affect perceived competence in our
study. Nevertheless, our findings indicate that feedforward learning
techniques using matched feature avatars provide a scalable solu-
tion for efficacious training in virtual environments. There has been
evidence that there are underlying neurocognitive mechanisms at
play [45]. Prior work suggests the feedforward effect is continuous,
and that greater identification with a model will increase the effect
due to superior mirror neuron response [2, 33, 37, 100]. It is these
sub-conscious processes that may underpin the enhanced learning
benefits of learning from a physically similar instructor.

The technological platform used for learning may affect
the potential learning enhancements derived from minimal
avatar customisation. VR training simulations are growing in pop-
ularity [31, 61, 79], and prior work has suggested that VR may im-
prove learning of psychomotor skills compared with screen-based
conditions when interactive capabilities are leveraged [6, 143, 165].
Our results provide evidence to suggest that VR may lead to greater
learning effects with minimal avatar customisation compared with
screen conditions even without interactive capabilities (RQ2).

Vividness of visual imagery seems to be more strongly related to
avatar type in the VR condition than for the screen, and the effect
size of avatar type is greater in VR, with medium-sized effects on
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IVI, KVI, and EVI when comparing dissimilar and matched feature
avatars, compared with only small effects for screen-based video.
Minimal avatar customisation may add more value in immersive
virtual environments than in more traditional forms of media, pos-
sibly due to being more clearly visible, making them a worthwhile
consideration for VR designers.

On the other hand, perceived competence following training was
significantly higher for those who learned in the screen condition
compared to the VR condition. A first possible explanation is that
the two groups were simply different, possibly due to selecting from
a global versus local participant pool. The screen based experiments
took place remotely and attracted a global audience, thus it is possi-
ble that we attracted participants who were more interested in the
dance task and had greater belief in their ability. However, accord-
ing to baseline measures, there were no significant differences in
self-reported dance experience or ability between the two groups.
We speculate that this difference in perceived competence may
instead be due to participants in the screen condition being able to
see their own body, enabling better judgement of their accuracy.
Many participants in the VR condition indeed reported that they
were not sure how well they performed the moves because they
could not see themselves, limiting their learning [63]. This could
also explain why visual imagery following screen based training
tended to be more vivid, and may be a confounding factor which
hides the interaction effect between avatar and display types on
IVL, EVI, and KVL

Nevertheless, kinaesthetic awareness [18, 88] did not change
with avatar type or display type according to our Kinaesthetic
Awareness Questionnaire (KAQ). This suggests that the feeling of
doing the moves did not differ between conditions — an important
finding as it has been shown that immersive virtual environments
can lead to confused proprioception [17]. Seemingly, wearing the
VR equipment and not being able to see one’s own real body in the
immersive condition did not hinder participants’ ability to practice
the moves or their kinaesthetic awareness in our study [23]. There-
fore, we agree that feedforward learning of motor skills, for which
kinaesthetic and proprioceptive awareness is a key aspect [15, 163],
is feasible and effective when replicating a real-world scenario in
immersive VR [28].

6.1 Limitations and Future Work

Whilst one of the aims of this study was to approach feedforward
using minimally customised avatars — matching only gender, hair
colour, and skin-tone - the avatar creation process could be im-
proved. We allowed participants to select either gender, asking
them to select the gender that they identify with most at that time,
accommodating dynamic gender identity. However, this process
did not accommodate gender identities falling outside of gender
binary, therefore to be more inclusive of gender identity, future
work should involve participants in the creation of their avatar [59].
Additionally, different skin colours were applied over the same 3D
model which did not incorporate the nuances of racially diverse
avatars [124].

It has been shown how immediate learning improvements as a re-
sult of increases in imagery are likely to lead also to improvements
when learning sessions are prolonged and repeated [49, 50, 80], and
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while our work demonstrates how minimal avatar customisation
can enhance immediate cognitive effects that are crucial for psy-
chomotor learning, it is important to validate how these effects
manifest over longer time lengths. It is also important to better
understand whether the relationship between avatar similarity and
performance is linear and what extent of customisation is optimal.
Prior work has indicated that the role of avatar similarity is com-
plex with a number of factors, e.g. individual differences, task and
situation, impacting whether a digital-self should be used [3, 103].
Whilst our results support the use of matched feature avatars and
show that perceived avatar similarity positively influences feed-
forward learning efficacy, further investigation is required to fully
understand the relationship between avatar similarity and learning
in virtual environments. In particular, it would be useful to con-
firm whether the effects observed in the present study get larger as
avatar similarity increases or whether, and when, other factors such
as the uncanny valley [112] are introduced, resulting in negative
feelings towards the avatar and reducing its efficacy [65, 102, 159].

7 CONCLUSIONS

We demonstrated how minimal customisation of instructor avatars
can enhance learning of a psychomotor task in a virtual environ-
ment. Using the example of dance, we compared instructor avatars
with features matching the learner and avatars with dissimilar fea-
tures, revealing that matched-feature avatars enhance learning with
improved visual imagery. We conclude that:

(1) Minimal customisation of instructor avatars can enhance ob-
servational learning, while being easy to use and implement.

(2) Minimal customisation can be effective for learning in screen-
based and immersive virtual environments, with potentially
greater effects in VR.

(3) Minimal customisation works better for learners with lower
perceived competence, higher perceived avatar similarity,
and, when in VR, higher presence.

Observational learning with customised instructor avatars holds
promise as a training technique, with potential for increased efficacy
in immersive training environments. As a result, developers are
well advised to consider customisation of instructor avatars.
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