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Figure 1: Avatars were generated by Adobe Fuse CC: Self avatars (B) were produced in the likeness of a photograph of the
individual (A), while gender-matched generic avatars (C, D) were made using readily available standard components. Avatars
were then animated to display Hip-Hop dance moves (E). Users watched a video of the self or generic avatar to practice and
learn the dance moves.

ABSTRACT
Feedforward is a training technique where people observe them-
selves perform a new skill to promote rapid learning, commonly
implemented via video self-modelling. Avatars provide a unique
opportunity to self-model skills an individual’s physical self can-
not yet perform. We investigated the use of avatars in video-based
learning and explore the potential of feedforward learning from
self-avatars. Using modern dancing as a skill to learn, we compared
the user experience when learning from a human training video
and an avatar training video, considering both self-avatars (n=8)
and gender-matched generic avatars (n=8). Our results indicate that
learning from avatars can improve the user experience over learn-
ing from a human in a video, providing attentional and motivational
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benefits. Furthermore, self-avatars make the training more relatable
and immersive than generic avatars. We discuss the implications
from this preliminary work, highlighting methodological consider-
ations for feedforward learning from avatars and promising future
work.
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1 INTRODUCTION
Psychomotor learning is a broad term incorporating any short
to long-term change in motor performance induced by training,
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in essence attaining more effective movement and skill [35, 57].
Psychomotor skills are those which involve physical actions e.g.
manipulating objects, control of the body, and perceptual acuity.
Learning to dance is a rich example of psychomotor learning [33]
where dancers must transfer visual information into motor action,
maintaining control over their body, in order to replicate the dance
moves [12]. Psychomotor skills are taught through observational
learning whereby a learner, with the necessary motor ability and
motivation, attends to a ‘model’ demonstrating the skill and learns
a new behavioural pattern [5, 6]. In the context of dance, the learner
observes a dance instructor’s model of movement and mirrors it
[26]. Models which are more closely aligned to the observer, on
dimensions such as appearance, personality traits, or demographics,
are said to have a more powerful impact on learning [55]. Ordinar-
ily an instructor may or may not happen to be matched with the
identity of the learner, e.g. of the same gender or ethnicity, making
it difficult to enhance the learning outcomes. However, digital learn-
ing provides the opportunity to manipulate the learning experience
to maximise success.

Feedforward learning aims to do this by manipulating what is ob-
served, allowing learners to observe a model that they self-identify
with performing the desired skill successfully, to promote increased
motivation and rapid learning [21]. Feedforward is a continuous
effect observed gradually as people identify more with the model.
Video is the predominant medium in which the principles of feed-
forward learning have been explored [22]. Video Self-Modelling
(VSM) is achieved by recording an individual’s performance and
editing the footage to remove mistakes to produce a short video
depicting a ‘perfect’ performance [16, 22]. Individuals watch their
own successful performance several times until they are able to
improve towards the success they observed. VSM has been used
for the acquisition and improvement of many psychomotor skills.
For example, right-footed footballers shown videos of themselves
with equally good left-foot abilities make significant improvements
in left-foot kicks [59], supporting VSM as an efficacious method of
feedforward learning.

Contrary to this success, VSM remains relatively unused despite
dance being taught using video tutorials [27, 45] There are short-
comings of this method. First, it requires recordings of an individual
which may be difficult to obtain particularly in remote learning
scenarios, and even when used alongside physical practice editing
videos for VSM remains cumbersome. Furthermore it is only possi-
ble to portray an individual’s existing skills with minor stumbles
or mistakes edited out, limiting how much can be learned from
a single video. Avatars offer a unique opportunity to overcome
these limitations, allowing the simulation of an optimal future state
which the individual’s physical self cannot yet achieve [29]. It is
possible that feedforward learning with self-avatars may have even
greater potential as a training method than VSM.

Whilst we speculate the use of avatars in feedforward learning
is plausible and beneficial, feedforward learning with self-avatars
is largely unresearched. In this paper, we explore the potential role
of avatars for video-based learning, and investigate the role of self-
avatars in feedforward learning by comparing training outcomes
when learning from a self-avatar and a gender-matched generic
avatar (see Figure 1). In a user study (n = 16) participants learned
two different Hip-Hop dance sequences, one from a human training

video and one from a self/generic avatar training video. Regarding
these training methods, we address the following research ques-
tions:

RQ1 What is the user experience of learning from an avatar train-
ing video compared to a human training video?

RQ2 How does dance training with self-avatars compare with
dance training with generic avatars?

2 RELATEDWORK
Learning to dance can increasingly be accomplished in digital
domains [17, 25], and is commonly taught using video tutorials
[27, 45], especially over the course of the pandemic [9, 36]. Al-
though VSM has not been reportedly used for teaching dance, it has
been used successfully for other skills in the psychomotor domain.
Its success demonstrates the value of self-modelling in feedforward
learning of psychomotor skills, with video providing the oppor-
tunity to observe a self-model. However, it is unlikely that raw
videos of the self that can be edited for VSM are always available.
Virtual avatars can be used to provide a representation of the self
when video content is not available, and in different contexts have
demonstrated positive effects of self-avatars compared to other
avatars on the user. Avatar-based feedforward would allow greater
flexibility in its use, and here we identify related work in these
areas suggesting that being able to self-identify with an avatar is
crucial for obtaining successful feedforward effects.

Video Self-Modelling (VSM). Successful for the acquisition of
many skills; including social, behavioural, academic, and psychomo-
tor skills [13, 22, 30, 40, 44, 52], VSM is an effective implementation
of feedforward learning. Simply reviewing a 2-minute video, 6
times, over a period of two weeks is sufficient to lead to significant
improvements in a self-modelled behaviour in 78% of participants
[23]. VSM has been successful for learning and improving com-
plex psychomotor skills such as gymnasts’ pommel horse routines
[8] and swimming [58], suggesting that feedforward learning is
a valid technique for the acquisition of other psychomotor skills
such as dance. Self-modelling videos are more effective than other-
modelling videos, e.g. where a learner observers a video of someone
else [58]. This is explained by the mirror neurons involved in encod-
ing motor components of an action and reconfigured for imitation
[15] being most active when observing a self-model [51]. Hence
feedforward effects are observed more as an individual identifies
more with the model, making a self-model the most effective.

Avatar Self-Modelling. It is widely recognised that avatar appear-
ance impacts users, with certain physical characteristics giving rise
to assumptions of their capabilities which influences user behaviour
[47], for example by playing better as an athletic avatar [42, 43], per-
ceiving physical tasks as less arduous with muscular avatars [32], or
displaying greater confidence with a taller avatar [64]. Self-avatars
are those whose appearance has been customised to resemble the
user [3]. Customisation of avatars is related to increased levels of
enjoyment, immersion, effort, and intrinsic motivation [60], with in-
dividuals spending longer in an infinite runner game when using a
customised avatar that they identified with compared to a randomly
assigned avatar [10]. Self-avatars have been shown to positively
influence performance, for example users perform significantly
better on a Wii Sports Tennis game when playing as a self-avatar
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compared to a dissimilar avatar [46]. Observing a self-avatar has
also been shown to encourage behaviour change, whereas an avatar
only matched on sex and age did not lead to change [28]. Viewing
self-avatars from a third-person perspective is associated with more
pronounced effects [37] and has been used as a mechanism to in-
crease intrinsic motivation and performance in exergames through
self-competition [7, 34]. Avatar feedforward has not yet been im-
plemented for learning psychomotor skills, yet research comparing
self and other avatars suggests that a self-avatar, which the user
identifies with, could be an effective model to learn from[1].

Avatar Identification. Identification is an imaginative process in
which the individual connects cognitively and emotionally with the
avatar [18]. It involves taking the perspective of the avatar, adopt-
ing the same goals, and temporarily replacing one’s self-awareness
with that of the avatar [18]. Self-identity encompasses all aspects of
an individual, including physical and mental characteristics such as
appearance, voice, and personality [47]. Feelings of identification
are greatest when interacting with self-avatars as opposed to an-
other avatar. For example, physiological arousal was greatest when
participants were exposed to a running avatar which looked like
them as opposed to someone else [29, 41]. Thus, it is evident that
similarity in terms of appearance and demographics are key factors
driving the process of identification with an avatar [19, 34]. We
will manipulate the avatar appearance and define identification as
the extent to which the avatar is viewed as a self-model, using the
physical similarity, liking, and wishful identification dimensions of
the polythetic model of player-avatar identification (PAI) [19].

3 METHODOLOGY
We investigated learning of Hip-Hop dance moves from a human
and an avatar. The human training video used was a demonstration
of three beginner dance moves by professional dancer Mihran Ki-
rakosian [31]. The avatar training videos followed the same format,
with the avatar demonstrating three different beginner moves. In a
between-participant design, participants were randomly allocated
to the self-avatar or generic avatar condition.

Avatars (see Figure 1) were produced using blend shapes in
Adobe Fuse CC [39]. The male and female generic avatars were
constructed of non-customised components, dressed in loose-fit
clothing typical for Hip-Hop dancing. The self-avatars were cre-
ated in collaboration with each participant to produce an avatar
in their own likeness. To shorten the customisation time required
by participants, the experimenter was provided with a photo of
the participant and used this to model a resembling character (fo-
cusing on gender, hair style/colour, skin tone, and facial features).
Following this, each participant in the self-avatar condition had an
avatar customisation session conducted over Zoom for 30 minutes
in which they were given control of the experimenter’s screen and
guidance of how to use Adobe Fuse CC so that they could make
further adjustments to their self-avatar. Most participants were
pleased with the facial likeness and focused their time on person-
alising the body-type and character’s clothing. The avatars were
imported into the virtual dance studio scene created using freely
available assets in Unity. The avatars were animated to demonstrate
three Hip-Hop moves in time with the soundtrack added to the

virtual dance studio environment. A screen recording software was
used to produce a video of each avatar.

3.1 Outcome Variables
Amain outcome measure in this research was dance skill. Perceived
skill level was measured at the start by asking participants about
their prior dance experience (‘Please list any/all of your dance
experience to date’) and rating their own dancing abilities (e.g.
‘I am a good dancer’) on a 5-point Likert scale. During the study,
dance skill was measured by scoring the participants’ performances.
A bespoke grade of execution was produced for each dance, which
resembled the well-used RCampus iRubric for dance [49], but taking
a move-by-move approach as with figure skating [56]. The grade
of execution contained four categories; the overall quality of the
movement (‘performance’), memory of the routine (‘composition’),
the ability to reproduce a hip-hop style (‘technical skills’), and
the ability to maintain an 8-count beat (‘rhythm/tempo’). Each
category was graded on a 5-point scale, with 5 indicating no faults,
4 indicating a minor fault, 3 indicating a major fault, 2 indicating
two major faults, and 1 indicating more than two major faults. Each
dance move was scored out of 20, and each three-move routine
scored out of 60.

Competence, that is, how confident people felt in their ability
to dance (e.g. ‘I think I am pretty good at this activity’), was mea-
sured after each dance using the Perceived Competence subscale of
the well-validated Intrinsic Motivation Inventory (IMI) [38], which
scores perceived competence from 1 (lowest) to 7 (highest). Fur-
thermore, we used the Interest/Enjoyment (e.g. ‘I enjoyed doing
this’), Effort/Importance (e.g. ‘I put a lot of effort into this’), and
Pressure/Tension (e.g. ‘I felt very tense whilst doing this activity’)
subscales of the IMI to measure intrinsic motivation, i.e. the enjoy-
ment participants gained from dancing as opposed to motivation
from external pressures and rewards [53]. Avatar identification
was measured using the Physical Similarity (e.g. ‘I physically re-
semble this avatar’), Liking (e.g. ‘I like this avatar’), and Wishful
Identification subscales (e.g. ‘Sometimes I wish I could be more
like this avatar’) of the PAI [19], to verify whether the self-avatar
manipulation was successful.

To check whether individual differences in immersive tendency
affected learning from the avatars, we used the 18-item Immersive
Tendency Questionnaire (ITQ)[63] as a pre-study measure to indi-
cate how easily an individual becomes immersed (e.g. ‘Do you easily
become deeply involved in movies or tv dramas?’). After the avatar
video training, the Film Immersive Experience Questionnaire (Film
IEQ) [50] was used to assess how immersive participants found
the training video (e.g. ‘To what extent did the video hold your
attention’). The original Film IEQ is a 24 item questionnaire, items
17, 18 and 19 were not relevant and were excluded. Each item is
scored on a 7-point Likert scale, all items are summed to produce a
score.

Finally, six open-ended questions were used to further under-
stand how participants felt they performed (e.g. ‘What did you
think of your performance after the main training exercise?’ i.e.
your final performance after learning from the avatar), how they
found learning from an avatar (e.g. ‘How do you feel about learning
from a digital model (avatar)?’), and what they liked/disliked about
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the experience (e.g. ‘What, if anything, did you dislike about the
dance training experience (learning from an avatar)?’).

3.2 Procedure
Due to the COVID-19 pandemic this study was conducted via a
Microsoft Teams meeting between the experimenter and each par-
ticipant. Participants who signed up were randomly allocated to
the self-avatar (n = 8) or generic avatar (n = 8) training condition.
Those in the self-avatar condition completed the pre-study avatar
customisation process. Those in the generic avatar condition were
allocated a gender-matched generic avatar (Figure 1C/D). Each ex-
periment session lasted 60 minutes. A Qualtrics survey was used to
provide participants with information, instructions, and question-
naire measures. Initially participants completed a demographics
questionnaire and a 5-minute warm-up video to stretch before mov-
ing on to the dance training. In part one, participants were given
5 minutes to practice with the 18-second human training video.
After practicing, participants were required to perform what they
had just learned. Microsoft Teams’ meeting recording function was
used to capture this performance, to avoid affecting participant be-
haviour the experimenter did not observe the live performance, the
recording was reviewed and scored by the experimenter afterwards.
Participants then returned to the online survey to answer questions
about their experience of this training exercise. Part two followed
the same procedure of 5-minute practice, recorded performance
and questionnaire measures but with the 18-second avatar training
video. Afterwards participants were fully debriefed, gave final con-
sent for their data to be used, and could enter into a prize draw to
win a £20 Amazon voucher.

3.3 Participants
Volunteers were recruited using a call for participants distributed
via the university noticeboard, social media, and mailing lists. Eli-
gibility criteria excluded any participants who were not aged 16+,
physically fit to dance, and did not have access to a strong Internet
connection from a computer/laptop equipped with a webcam. In
total 16 participants were recruited (11 M, 5 F), aged 17 - 48 (M =
25.688, SD = 7.804).

4 RESULTS
4.1 Quantitative Results
The data met the assumptions for conducting independent and
paired samples t-tests, the data were normally distributed and homo-
geneous as assessed by the Shapiro-Wilk (𝑝 > .05) and Levene’s test
(𝑝 > .05). Dance performance scores were not normally distributed
(𝑝 = .019) so a non-parametric Wilcoxon signed-ranks test was
used. Internal reliability tests suggests that the bespoke measure
for perceived dance ability (𝛼 = 0.730) and the adjusted Film IEQ
(𝛼 = 0.856) were highly reliable and in the acceptable range. Equal-
ity of groups tests revealed there were no significant differences
in existing dance skill (𝑀diff = 0.625; 𝑡 (14) = 0.919, 𝑝 = .373, 𝑑 =

0.460) or ability (𝑀diff = 0.05; 𝑡 (14) = 0.148, 𝑝 = .884, 𝑑 = 0.074)
between the two participant groups. There was also no signifi-
cant difference in immersive tendencies (𝑀diff = 3.625; 𝑡 (14) =

0.696, 𝑝 = .498, 𝑑 = 0.348). However, the self-avatar group (𝑀 =

43.714, 𝑆𝐷 = 2.215) significantly outperformed the generic-avatar
group (𝑀 = 37.625, 𝑆𝐷 = 5.502) in the first dance learned from the
human training video (𝑡 (13) = 2.731, 𝑝 = .017, 𝑑 = 1.413, Figure
2a). The avatar manipulation was successful with participants in
the self-avatar condition reporting significantly greater avatar sim-
ilarity (𝑀diff = 2.075; 𝑡 (14) = 2.910, 𝑝 = .006∗∗, 𝑑 = 1.455), liking
(𝑀diff = 1.375; 𝑡 (14) = 2.439, 𝑝 = .014∗, 𝑑 = 1.220), and wishful
identification (𝑀diff = 1.708; 𝑡 (14) = 2.243, 𝑝 = .021∗, 𝑑 = 1.121)
than those in the generic avatar condition (Figure 2d). Dance skills
improved as a result of the training, with participants’ reported
dance ability being significantly higher after training than before
(𝑀diff = 1.55, 𝑡 (15) = 4.810, 𝑝 < .001∗∗, 𝑑 = 1.203, Figure 2b).

Human vs. Avatar Dance Training. There were no significant dif-
ferences in performance scores (Human 𝑀𝑑𝑛 = 41.000, Avatar
𝑀𝑑𝑛 = 42.000;𝑇 = 38.000, 𝑝 = .624, 𝑟 = 0.165, Figure 2a), per-
ceived competence (Human 𝑀 = 2.542, 𝑆𝐷 = 0.973, Avatar 𝑀 =

2.927, 𝑆𝐷 = 0.901; 𝑡 (15) = 1.572, 𝑝 = .137, 𝑑 = 0.393, Figure
2c), or pressure/tension (Human 𝑀 = 3.663, 𝑆𝐷 = 1.188, Avatar
𝑀 = 3.275, 𝑆𝐷 = 1.133; 𝑡 (15) = 1.526, 𝑝 = .148, 𝑑 = 0.381, Figure 2e)
after learning from the human training video compared to the avatar
training video. Interest/Enjoyment (Human𝑀 = 4.446, 𝑆𝐷 = 1.221,
Avatar 𝑀 = 4.848, 𝑆𝐷 = 1.199; 𝑡 (15) = 2.390, 𝑝 = .030, 𝑑 = 0.597,
Figure 2f) and Effort/Importance (Human 𝑀 = 5.075, 𝑆𝐷 = 0.786,
Avatar 𝑀 = 5.400, 𝑆𝐷 = 0.999; 𝑡 (15) = 2.161, 𝑝 = .047, 𝑑 = 0.540,
Figure 2g) were significantly higher for the avatar training video
compared to the human training video.

Self vs. Generic Avatars. Performance scores for the dance learned
from the avatar was higher with the self-avatar (𝑀 = 41.571, 𝑆𝐷 =

3.735) than the generic avatar (𝑀 = 40.375, 𝑆𝐷 = 5.502, Figure
2a). Changes in perceived ability from baseline to post-training
were greater for participants in the self-avatar condition (𝑀diff =

1.500, 𝑆𝐷 = 2.507) compared to the generic avatar condition (𝑀diff =

1.00, 𝑆𝐷 = 2.777, Figure 2b). However, these differences in perfor-
mance (𝑡 (13) = 0.485, 𝑝 = .318, 𝑑 = 0.251) and perceived abil-
ity (𝑡 (14) = 0.378, 𝑝 = .356, 𝑑 = 0.189) were not statistically sig-
nificant. There were no significant differences in perceived com-
petence between the generic and self-avatar conditions (𝑀diff =

−0.021; 𝑡 (14) = −0.045, 𝑝 = .518, 𝑑 = 0.022, Figure 2c). Indicators of
intrinsic motivation were higher in the self-avatar group, but not
significantly (interest/enjoyment𝑀diff = 0.518, 𝑡 (14) = 0.856, 𝑝 =

.203, 𝑑 = 0.428, Figure 2f; pressure/tension 𝑀diff = 0.250, 𝑡 (14) =
0.429, 𝑝 = .337, 𝑑 = 0.214, Figure 2e; effort/importance 𝑀diff =

0.500, 𝑡 (14) = 1.001, 𝑝 = .167, 𝑑 = 0.501, Figure 2g). Immersion,
indicated by the Film IEQ, was significantly greater in participants
who observed a self-avatar (𝑀 = 90.375, 𝑆𝐷 = 17.912) compared
to a generic avatar (𝑀 = 74.000, 𝑆𝐷 = 14.794; 𝑡 (14) = 1.994, 𝑝 =

.033, 𝑑 = 0.997, Figure 2h).

4.2 Qualitative Results
A reflexive thematic analysis was conducted to understand partic-
ipant experiences and views of learning from the human dance
training and avatar training videos. A data-driven inductive coding
process identified a number of codes which were organised into
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Figure 2: Effects of generic and self avatars on a) Dance performance, b) Dance Ability Rating, c) Perceived Competence, d)
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and error bars show their 95% confidence intervals.

4.2 Qualitative Results
A reflexive thematic analysis was conducted to understand partic-
ipant experiences and views of learning from the human dance
training and avatar training videos. A data-driven inductive coding
process identified a number of codes which were organised into
overarching themes and sub-themes [17]. Values coding was used
to analyse how positive/negative participant attitudes were to the
avatar training [58].

Human vs. Avatar Dance Training. ‘Avatar dance training does
not meet the user’s expectations’, with respect to verbal cues,
movement style, and appearance. Participants noticed a lack of
counting or verbal instruction from the avatar ("lack of timing call
outs"), which they would expect during dance training ("It was weird
as there was no communication between myself and the avatar.”). The
avatar movement was perceived as being unnatural and restricted
compared to the human training video (“more ‘boxy’ and rigid
movements so it feels less natural”; “The real person . . . had more
variation in the movements”), and the avatar did not convey the Hip-
Hop style as much as the human (“the real person communicated the
hip hop vibe better”; “she didn’t seem as ‘cool’ as how I would normally
perceive dancers”. This lead to some suggestions for improving the
user experience of learning from an avatar (“(avatar) Required a
voice to be more realistic”; “If the avatar could look more human-like
or move more fluidly, that might improve it”).

‘Avatar dance training offers many benefits’ to the user ex-
perience, being more simplified, encouraging concentration, and
less nerve-racking than the human dance training. Participants felt

that the avatar movement was easier to follow (“It seemed easier to
learn from the avatar” ) as it seemed more basic (“avatar was easier
to follow because it used more basic movements.” ) and there was
less happening (“it felt like there was less going on so it was more
easy than the other”). The avatar dance training was more focused
(“I was more focused on the avatar than the YouTube video” ), users
found they paid more attention than in the human dance training
(“It is a very good way to keep someone engaged, I was paying much
more attention to my avatar than the dancer” ) and there were fewer
distractions ("it wasn’t speaking so I could concentrate on the moves
themselves” ). Users felt less self-conscious and nervous in the pres-
ence of an avatar compared to the human in the training video (“I
felt less self-conscious as I wasn’t being watched by a real person”;
“the human made everything more real, so there were more nerves.” )
allowing them to be more relaxed during the training ("I was slightly
more relaxed so found it a little easier to learn, and enjoyed it more” ).

Self vs. Generic Avatars. Attitudes towards the avatar training ex-
perience were overall more positive for those in the self-avatar
condition (16 statements coded as positive, 4 negative) compared
to the generic avatar condition (9 statements coded as positive, 8
negative). ‘Self-avatars make dance training relatable’, the self
is relatable (“it (self-avatar) made the dance training feel more relat-
able” ), with customisation being a key component (“I feel that if I
had spent more time making the avatar look a lot like me, I would be
more immersed in the task” ). Generic is not relatable, with generic
avatars not producing the same level of connection/interest in the
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overarching themes and sub-themes [14]. Values coding was used
to analyse how positive/negative participant attitudes were to the
avatar training [54].

Human vs. Avatar Dance Training. ‘Avatar dance training does
not meet the user’s expectations’, with respect to verbal cues,
movement style, and appearance. Participants noticed a lack of
counting or verbal instruction from the avatar ("lack of timing call
outs"), which they would expect during dance training ("It was weird
as there was no communication between myself and the avatar.”). The
avatar movement was perceived as being unnatural and restricted
compared to the human training video (“more ‘boxy’ and rigid
movements so it feels less natural”; “The real person . . . had more
variation in the movements”), and the avatar did not convey the Hip-
Hop style as much as the human (“the real person communicated the
hip hop vibe better”; “she didn’t seem as ‘cool’ as how I would normally
perceive dancers”. This lead to some suggestions for improving the
user experience of learning from an avatar (“(avatar) Required a
voice to be more realistic”; “If the avatar could look more human-like
or move more fluidly, that might improve it”).

‘Avatar dance training offers many benefits’ to the user ex-
perience, being more simplified, encouraging concentration, and
less nerve-racking than the human dance training. Participants felt
that the avatar movement was easier to follow (“It seemed easier to
learn from the avatar” ) as it seemed more basic (“avatar was easier

to follow because it used more basic movements.” ) and there was
less happening (“it felt like there was less going on so it was more
easy than the other”). The avatar dance training was more focused
(“I was more focused on the avatar than the YouTube video” ), users
found they paid more attention than in the human dance training
(“It is a very good way to keep someone engaged, I was paying much
more attention to my avatar than the dancer” ) and there were fewer
distractions ("it wasn’t speaking so I could concentrate on the moves
themselves” ). Users felt less self-conscious and nervous in the pres-
ence of an avatar compared to the human in the training video (“I
felt less self-conscious as I wasn’t being watched by a real person”;
“the human made everything more real, so there were more nerves.” )
allowing them to be more relaxed during the training ("I was slightly
more relaxed so found it a little easier to learn, and enjoyed it more” ).

Self vs. Generic Avatars. Attitudes towards the avatar training ex-
perience were overall more positive for those in the self-avatar
condition (16 statements coded as positive, 4 negative) compared
to the generic avatar condition (9 statements coded as positive, 8
negative). ‘Self-avatars make dance training relatable’, the self
is relatable (“it (self-avatar) made the dance training feel more relat-
able” ), with customisation being a key component (“I feel that if I
had spent more time making the avatar look a lot like me, I would be
more immersed in the task” ). Generic is not relatable, with generic
avatars not producing the same level of connection/interest in the
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training experience (“It (generic avatar) didn’t connect as well with
me, I don’t think” ).

5 DISCUSSION
We examined the user experience of learning from a human training
video compared to an avatar training video (RQ1), as well as compar-
ing the effects of fully customised self-avatars and gender-matched
generic avatars (RQ2) to investigate the application and effects of
feedforward learning using a self-avatar. The results demonstrate
that practically, learning from an avatar and a human in a video are
both effective, however, avatars provide additional benefits. Our
avatar design did not address all the user expectations, such as
providing verbal dance instruction and conveying the Hip-Hop
style, which could in principle be added with more design effort.
Nevertheless, learning from an avatar elicited more enjoyment,
concentration, and effort from the user compared to the human
dance training. The avatars were perceived as providing a simplified
model of movement to observe and learn the dance moves from.
There was also a general consensus that learning from an avatar
had a positive impact on the user experience, making users feel less
self-conscious of their actions or judged by the dance instructor.
Other research has also shown that people feel comfortable in the
presence of avatars and indicates that this effect may be greater for
self-avatars, with people feeling less embarrassed by their actions
in front of a self-avatar compared with another [4].

As expected self-avatars lead to greater identification compared
to generic avatars, making participants in the self-avatar group
more susceptible to the effects of feedforward learning [20, 55] as
the mirror neurons involved are more active in response to more
familiar models [51]. We anticipated that generic avatars would
result in much lower levels of identification and provide far less
benefit to learning [28] than self-avatars. This effect was evident to
a certain extent with participants in the self-avatar group generally
demonstrating higher levels of intrinsic motivation and skill than
those who learned with a generic avatar, however the difference in
the feedforward effects observed between the two groups was not
substantial.Despite baseline dance skill ratings and ability scores
suggesting equality of groups, performance differences in the hu-
man dance training task could indicate those in the self-avatar
group were more skilled, offering an alternative explanation for
these differences. Furthermore, customisation of avatars is related
to increased levels of effort and intrinsic motivation [10, 60] partic-
ipants in the generic avatar group were assigned an avatar whilst
participants in the self-avatar group personalised the avatar them-
selves, therefore the customisation process itself may play a role.
Future research will have to show avatar effects in a within-subject
design where the creation of self and other avatars involves the
same extent of customisation. High impact features for identifica-
tion with an avatar tend to be those which are most visible, such as
skin-tone [11, 62] and gender, with gender-matched avatars lead-
ing to greater avatar self-relevance [48], opposed to finer details,
e.g. facial features [24], which are harder to distinguish. In this
study, participants observed either a highly similar self-avatar or a
gender-matched white-skinned avatar. For Caucasian participants
who made up the majority of the sample, it is possible that the

generic avatar also resulted in reasonably high levels of identifica-
tion and the associated benefits to learning [2].

Limitations. Not finding significant differences between the two
avatar conditions is not surprising given the small sample size and
hence low statistical power of this preliminary study. Additionally,
it is possible that the simplicity of the task, learning three begin-
ner Hip-Hop moves, may have been insufficient for any effects to
become visible. Research has shown the effects of different avatar
characteristics may only become visible when performing more
complex tasks, such as Tai-Chi, opposed to those which are simple
[61]. Furthermore it was difficult, particularly for a non-expert, to
distinguish different levels of skill demonstrated in only three basic
movements using the dance scoring rubric. Future research should
seek to replicate this study with a larger sample size and more sensi-
tive performance measures to validate the results and provide more
concrete evidence of any avatar effects. Furthermore, the avatar
training did not meet user expectations and so work is needed
to improve the realism of the avatars to make them appear more
like professional dancers. In this study, the experimenter’s move-
ment was recorded using Vive trackers to produce the animations;
this motion capture technique likely impacted the user experience
with participants finding the movement unnatural and lacking the
Hip-Hop style compared to the human dancer. In further studies,
professional dancers should be used to model the movements which
are captured using professional motion capture equipment. Whilst
participants learned different routines from the human and avatar
training videos, the order of these conditions was not counterbal-
anced. Future research should mitigate order and sequence effects
through counterbalancing.

Impact. This preliminary investigation into the use of self-avatars
for feedforward learning is among the first to demonstrate the po-
tential success of this type of training utilising avatars. Results of
this study indicate that learning from an avatar can offer many
benefits to the user experience over learning from a human in a
video, and that these attentional and motivational benefits may be
greater with a self-avatar than a generic avatar. It is evident that
identification is a crucial factor involved in eliciting feedforward
effects, with self-models producing the greatest benefits [58]. How-
ever avatar identification is seemingly strongly influenced by the
most visible features [24, 60, 62], e.g. matching gender and skin-
tone, to lead to some level of identification which benefits learning.
Finding a balance between design effort and feedforward effects
is an important consideration for future work, as it may not be
necessary to produce highly detailed self-avatars which requires
time and expertise [24]. Overall, avatars have great potential for
feedforward learning, offering more flexibility than VSM, allowing
the user to observe and learn from ’themselves’ performing any
skill [29] and determining the extent of avatar similarity required to
promote significant learning effects whilst not requiring extensive
design effort will be important in maximising this potential in the
future.
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