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HOW DOES THE AMOUNT OF MOVEMENT AND OBSERVER EXPERTISE 
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AbStrAct
Purpose. research on empirical aesthetics suggests that specific kinematic parameters are related to the perception of mo-
tion aesthetics. Furthermore, an observer’s expertise seems to be related to the perception of motion aesthetics when com-
plex biological motion stimuli are present. the central aim of this study was to investigate whether the amount that specific 
body parts moved during a complex motor skill was related to the perception of motion aesthetics in observers with different 
levels of sensory-motor expertise.
Methods. Overall, 36 participants divided into 2 groups (18 dancers and 18 non-dancers) were asked to indicate their 
perceived motion aesthetics when they watched stick-figure video sequences of 3 different semi-standardized dance skills. 
the stick-figure video sequences were generated from original motion stimuli, and motion aesthetics were measured via 
Likert scales.
Results. the perception of motion aesthetics in relation to the amount that specific body parts move is skill- and expertise-
specific. Dance poses are perceived similarly by dancers and non-dancers, but motion aesthetics during dance jumps and 
turns are perceived differently. Furthermore, the amount that specific body parts move affects whether the observer perceives 
the motor skills as more or less aesthetic.
Conclusions. the observer’s sensory-motor expertise regarding the observed motor skills can shape their perception of 
motion aesthetics. the findings of this study demonstrate that there is a skill- and expertise-specific relationship between 
motion kinematics and motion aesthetics.
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Introduction

Imagine a dancer performing a complex turn dur-
ing a dance; the dancer’s goal is to execute the turn in 
an aesthetically pleasing manner. During the creative 
process, the dancer may implement different dance 
techniques, motions, and body expressions to satisfy 
the performance demands and attract the attention 
of the audience in terms of aesthetics. the resulting 
impression of the motor skill may differ across the 
audience members, especially across observers with 
and without sensory-motor experience related to the 
observed skill. the following questions arise: What 
shapes an individual’s impression of a skill being 
performed in terms of aesthetics? Is it affected by the 
performer’s motion kinematics, the observer’s exper-

tise, or the contextual interaction of both factors? With 
these questions in mind, the central aim of this study 
was to investigate whether the amount that specific 
body parts move during a complex motor skill is related 
to the perception of motion aesthetics in observers 
with different experience.

Previous research on (empirical) aesthetics has in-
vestigated the properties and features of aesthetic 
objects, the resulting response mechanisms to such 
objects by the observer, and the resulting interplay 
between the object and the observer in a given context 
[1–5]. When aesthetic objects associated with biologi-
cal motion are studied, as is typical in artistic sports 
and performing arts, aspects of an embodiment are 
additionally taken into account [6–9]. For the purpose 
and understanding of this paper, the following key 
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terms are defined: Motion aesthetics is defined as the 
relationship between properties and features of mo-
tion stimuli, the resulting response mechanisms to 
such stimuli by the observer(s), and the interplay be-
tween aspects of the motion stimuli and an observer’s 
response to such stimuli within a given context. Aes-
thetic motion perception or the perception of motion 
aesthetics refers to the overall perception of aesthetic 
(biological) motion stimuli. Furthermore, the term aes-
thetic features refers to parameters that are related to 
stimuli’s perceived motion aesthetics, which have the 
potential to increase stimuli’s motion aesthetics.

In dance and performing arts, the object of interest 
can, in general, not be observed independently from 
the artist’s body. compared with watching nonbiologi-
cal figural shapes or paintings of landscapes for ex-
ample, watching human biological movement evokes 
different response processes by the observer [3, 6, 10]. 
Although the brain areas whose activity is correlated 
with aesthetic perception are independent of the stim-
ulus modality [1], previous research on the so-called 
action observation network [11] has shown that spe-
cific brain regions, such as the mirror neuron system, 
as well as the premotor and occipitotemporal cortices, 
respond equally to the physical and observational 
learning of complex skills. Furthermore, it has been 
argued that cognitive bottom-up mechanisms, as well 
as relevant top-down mechanisms, are integrated dur-
ing the visual perception of biological motion [10]. con-
sequently, to shed light on the interplay of aesthetic 
motion perception, the relationship between the object-
driven aesthetic features of motion stimuli and an 
observer expertise to such motion stimuli should be 
investigated cohesively. In this study, contextual fac-
tors were controlled for and original motion stimuli 
were reduced with the use of stick-figure video se-
quences, thereby preventing biases related to visual 
perception [10].

the perception of motion aesthetics in complex 
motor skills seems to be expertise-specific. the find-
ings of studies among performers with different lev-
els of expertise are quite consistent. Motor skills pre-
sented by performers with higher expertise levels are 
perceived as more aesthetically pleasing than the same 
motor skills exhibited by performers with lower exper-
tise levels [12, 13]. However, the relationship between 
the observer’s sensory-motor and contextual experi-
ence and the perception of motion aesthetics seems 
to be complex.

Expert and novice observers of dance seem to im-
plement different strategies when watching [14], dis-
criminating [15], and evaluating [16] dance sequences. 

Novice dance observers, compared with expert dance 
observers, have longer fixation times and different 
fixation locations when watching a dance sequence 
[14]. the observer’s expertise regarding the perceived 
motion stimuli may thus be related to what the ob-
server can perceive when watching a motor skill, which 
then may also be related to their aesthetic motion per-
ception (cf. aesthetic triad) [2]. For example, female 
dancers are more able to discriminate point-light dis-
plays of female dance skills than male dancers. Al-
though dancers in general outperform both male and 
female non-dancers, authors suggest that female danc-
ers outperform their male counterparts as well as fe-
male and male non-dancers because they have both 
visual and motor experience of the female dance skills 
that are discriminated [15]. Furthermore, naïve dance 
observers seem to aesthetically prefer the dance skills 
that they do not think they are able to perform [16]. 
consequently, the degree of (multi)sensory experience 
seems to be related to an observer’s ability to perceive 
a motor skill’s motion aesthetics. Whether observers 
with sensory-motor experience differ in their percep-
tion of motion aesthetics compared with observers 
without sensory-motor experience watching the same 
motor skills is still open for investigation, and the an-
swer to this question may shed light on whether motion 
aesthetics are more strongly related to the object, the 
performer, or the interaction of both factors.

Previous research on motion aesthetics has pointed 
out specific object-driven aesthetic features. On the 
one hand, qualitative and dance-specific motion de-
scriptors, such as the direction of movement, a high 
(joint) flexibility of the performer, or a large and di-
agonal spread of the body during postures, have been 
identified [6, 7, 17]. On the other hand, quantitative and 
motion-related kinematic parameters, such as the am-
plitude or range of motion of specific joints, balance 
time, vertical angles of body segments, jump height, 
(turning) speed and movement velocity, as well as mo-
tion smoothness [6, 12, 18, 19], have been described. 
Although methodological differences within these 
studies impede the identification of overarching aes-
thetic features, the relationship between kinematic 
parameters and the perception of motion aesthetics has 
been shown to be skill-dependent. the perceptual rat-
ings of dance skills seem specific to the requirements 
and mechanics of the motor skill [6, 18]. If a motor 
skill requires the performer to jump, kinematic pa-
rameters of jumping ability seem to be related to the 
aesthetic perception of the skill. In contrast, if as kill 
requires balance and limb displacement, the balance 
time and elongation angle of the moving limb may be 



P.M. Vinken, t. Heinen, Perception of motion aesthetics in dance skills

HUMAN MOVEMENT

48
Human Movement, Vol. 23, No 2, 2022

the kinematic parameters related to the observer’s 
aesthetic ratings [17, 18]. therefore, the relationship 
between motion kinematics and motion aesthetics is 
quite skill-specific, and skill-independent relationships 
between motion kinematics and motion aesthetics 
are limited. It is thus assumed that comparing stick-
figure video sequences of motor skills with different 
requirements and modifying a skill-independent ki-
nematic parameter can provide information to fill the 
research gap and is a useful approach, especially to in-
vestigate the relationship between object-driven kine-
matic parameters, such as the amount that specific body 
parts move, and the perception of motion aesthetics.

In general, the human visual system allows an in-
dividual to perceive moving lines, corresponding body 
angles, and motions in space when they observe stick-
figure video sequences [10]. regarding angle percep-
tion and discrimination, psychophysical theories have 
suggested critical values for just-noticeable differ-
ences (JNDs) in visual perception (cf. Weber’s law or 
theory of line combinations) [20]. In psychophysical 
research, JNDs between 1.5° and 3.5° indicate that 
the human visual system detects angular changes of 
at least approximately 3°. those findings are hardly 
transferrable to the perception of complex biological 
motor skills, where multiple body angles and segment 
orientations are holistically viewed and perceived. 
However, research on body angle discrimination and 
related visual biases has suggested that there is a criti-
cal JND in the magnitude of body angles that can be 
perceived. body angles above a conservative percep-
tual threshold of 15° per body segment seem to be 
applicable for complex biological motion kinematics 
[20–23]. For example, Giblin et al. [21] investigated 
whether expert coaches, novice coaches, and tennis 
players differred in their ability to detect kinematic 
changes in tennis serves. the angle of maximum knee 
flexion, the angle of maximum trunk rotation, and the 
height of ball toss were manipulated by a tennis player 
executing the tennis serve. Observers wrote down 
whether they perceived changes in point-light sequences 
of the manipulated tennis serves. the results indicate 
that coaching expertise provides no additional bene-
fits in detecting holistic kinematic changes. However, 
with regard to perceived changes in knee flexion, ex-
perts seem more sensitive in their ability to detect knee 
flexion angle differences between –5.8° and +7.5° in 
a reference tennis serve [21].

Investigating whether the amount that specific body 
parts move affects the perceived aesthetics of dance 
skills requires a skill-independent comparison of the 
motion kinematics with the perceived motion aes-

thetics. Measuring the amount of movement in com-
plex motor skills such as dance jumps, poses, and 
turns by calculating and comparing the summed an-
gular motion difference per second of movement en-
ables kinematic parameters to be compared across 
different skills. Furthermore, this skill-independent 
approach and the kinematic measure of the summed 
angular motion difference per second of movement 
may help reveal previous research investigating the 
relationship between motion kinematics and motion 
aesthetics quantitively in terms of skill-specific kine-
matic parameters [12, 18, 19], qualitatively [13, 24], 
and technically [24].

In sum, previous research has suggested that there 
are specific kinematic parameters related to the per-
ception of motion aesthetics. However, the formerly 
assessed kinematic parameters seem to be strongly 
skill-specific, and skill-independent parameters and 
their relation to motion aesthetics still need to be in-
vestigated. Furthermore, an observer’s expertise seems 
to be related to the perception of motion aesthetics and 
should be taken into account when one aims to iden-
tify fundamental kinematic parameters of motion 
aesthetics. According to previous research, observ-
ers’ holistic impression when aesthetically perceiving 
complex motor skills has not yet been studied quan-
titively or skill-independently [17, 18, 25]. Additionally, 
observers with different expertise may implement dif-
ferent perceptual strategies when observing motion 
stimuli, which then shape their motion aesthetics dif-
ferently [13, 14]. consequently, measuring kinematic 
variations of complex motor skills in combination 
with subjective indications of motion aesthetics from 
observers with different sensory-motor expertise to 
such motor skills seems to be an appropriate approach 
to obtain insight into the relation between motion ki-
nematics and motion aesthetics. thus, it seems to be 
the method in which observers can indicate their per-
ceived motion aesthetics in the most unbiased manner 
possible [3]. Furthermore, implementing rating scales, 
such as Likert scales, is appropriate when large num-
bers of displays have to be rated aesthetically [26].

In this study, it was hypothesized that the amount 
that specific body parts move during a complex mo-
tor skill would be related to the perception of motion 
aesthetics by observers with different experience. More 
precisely, it was hypothesized that the amount that 
specific body parts move and its relation to the per-
ception of motion aesthetics would differ depending 
on the dance skill being performed. Second, it was 
hypothesized that the perception of motion aesthetics 
by observers with and without sensory-motor experi-
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ence would differ depending on the amount that spe-
cific body parts move. Moreover, how the amount 
that specific body parts move shapes the perception 
of dance skills regarding the extent to which they are 
considered aesthetically was explored.

Material and methods

Participants

the study sample consisted of 36 participants in 
2 groups: n1 = 18 participants with dance experience 
in classical, modern, and jazz dance (dancers) and n2 = 
18 participants without dance experience (non-danc-
ers). the dancers (16 females, 2 males) were 29 ± 11 
years old and had an average of 16 ± 12 years of danc-
ing experience with 6 ± 5 training hours per week. 
the non-dancers (9 females, 9 males) were 22 ± 2 
years old and reported not having any dance experi-
ence but participated in different sports regularly with 
an average of 6 ± 5 years of general sport experience 
and 3 ± 2 hours of practice per week. the subjects’ 
task was to indicate their perceived motion aesthet-
ics when they watched stick-figure video sequences 
of 3 different semi-standardized dance skills, namely, 
jumps, poses, and turns.

An additional stimulus group of 9 experienced fe-
male dancers (mean age: 29 ± 3 years) was recruited 
to generate the video stimuli. the dancers reported 
having substantial experience in different dance styles, 
such as classical dance, modern dance, and jazz dance. 
their average duration of dancing experience was 21 ± 
8 years, with 4 ± 1 hours per week of regular practice. 
the dancers’ task was to perform semi-standardized 
jumps, poses, and turns.

the study participation was voluntary. All partici-
pants received an hourly credit if administrable for 
their studies.

Instruments

Stimuli generation

the procedure used to generate stimuli was simi-
lar to the one proposed by Vinken and Heinen [17]. For 
the sake of clarity, the relevant steps are described 
here.

the dancers who visited the gymnasium were in-
formed about the general purpose of the study, as well 
as the video stimuli generation process. Each dancer 
filled out a short questionnaire about their dance ex-
perience. the dancers were asked to individually warm 

up and prepare for the upcoming task. Video stimuli for 
the 3 dance skills, namely, jumps, poses, and turns, 
were generated randomly for each dancer.

Each dancer was informed about the motion pre-
requisites of the dance skill being performed first, 
for example, the jump. the instructions and prereq-
uisites of the 3 dance skills were as follows. For the 
dance jump, the dancer was told: ‘Stand upright with 
your feet hip-width apart and your arms hanging 
loosely. Jump from the left leg with a 45° turn to land 
on the right leg and then come back to the upright 
stance with your feet hip-width apart and arms posi-
tioned to the side of the body. Please show variations 
of this jump by individually varying the movement of 
the legs, arms, trunk, and whole body as well as accen-
tuation and complexity’. For the dance pose, the dancer 
was told: ‘Stand upright with your feet hip-width apart 
and arms hanging loosely. Use the left leg as the stand-
ing leg, exhibit a one-legged pose and then come back 
to the upright stance with your feet hip-width apart 
and arms positioned to the side of the body. Please 
show variations of this pose by individually varying 
the movement of the legs, arms, trunk, and whole body 
as well as accentuation and complexity’. For the dance 
turn, the dancer was told: ‘Stand upright with your 
feet hip-width apart and arms hanging loosely. Do 
a 450° turn to the left with your right leg as the stand-
ing leg and then come back to the upright stance with 
your feet hip-width apart and arms positioned to the 
side of the body’.

the dancer was allowed to individually practise 
the skill and ask questions about the movement vari-
ations, instructions, and the video stimuli generation 
process. then, each dancer was asked to perform at 
least 4 variations of the first dance skill. Afterward, 
each dancer was asked whether they were satisfied 
with their performance or wanted to do another repe-
tition or variation. When at least 4 variations of the 
first dance skill were successfully performed and cap-
tured, the dance skill performance and video capture 
processes were repeated twice for the remaining dance 
skills. When each dancer performed at least 4 varia-
tions of each dance skill, she was debriefed.

the dance skills were performed in a capture area 
of 5 × 5 meters, and they were videotaped by 6 video 
cameras sampling at 60 Hz (640 × 480 pixels). Each 
recorded video sequence was processed with a silhou-
ette-based computer-based algorithm to extract the 
movement kinematics (iPi Motion capture tM, iPi Soft, 
russia). the video recordings from all 6 cameras were 
used to generate a 3D volume model of a human body 
consisting of a head, a trunk, 2 upper and lower limbs, 
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2 hands, 2 thighs and shanks, 2 feet, and the appropri-
ate joints, namely, the neck, shoulders, elbows and 
wrists, chest, hips, knees, and ankles.

Stick-figure video sequences were generated from 
the extracted movement kinematics. to that end, the 
original video recordings were reduced to the kine-
matic motion information, which allowed potential 
contextual and bodily biases to be controlled [10]. to 
achieve a sufficient variety of stimuli dance skills, 
uniform variations of dance skills were grouped, and 
one stick-figure sequence was randomly selected for 
the stimuli sample. the uniform variations consist-
ed, for example, of equal implementation of arm and 
leg displacement, head and trunk involvement, and 
dance skill-specific movement vocabulary. ten stick-
figure video sequences of each dance skill were se-
lected for stimuli presentation and evaluation, thus 
representing a sufficient variety of different jumps, 
poses, and turns. At the end of the steps mentioned 
above, there were 30 stick-figure video sequences of 
dance skills: 10 for jumps, 10 for poses, and 10 for 
turns.

Stimuli evaluation

the stick-figure video sequences of the dance skills 
were prepared for a randomized stimuli presentation. 
Each video sequence of the first dance skill, for ex-
ample, the pose, was presented twice at the original 
tempo on a 2.5 × 1.8-meter projection screen. the 
dancers and the non-dancers were asked to respond 
to the question: ‘How do you perceive the sequence 
aesthetically?’ [16, 27] by selecting the correspond-
ing number on a 7-point Likert scale ranging from –3 
to +3 [28] on a piece of paper. When the first dance 
skill was evaluated, the same procedure was repeated 
for the remaining 2 dance skills. this procedure took 
approximately 30 minutes per participant. Neither 
the terms ‘aesthetics’ nor ‘aesthetically’ were defined so 
that the participants answered the question in the least 
unbiased manner possible [3]. ten responses were re-
corded per participant and dance skill, which resulted 
in a total of 1080 values that were used for data analysis.

After the participants’ responses, the dance skills 
were divided into 2 groups, the 5 most and 5 least aes-
thetically perceived ones. therefore, the median splits 
of the participants’ responses to the dance skills were 
assessed for each dance skill [28].

Procedure

the dance skills were evaluated in 3 phases. First, 
each dancer and non-dancer was invited separately to 

a laboratory room at the local university. they were 
informed about the general purpose of this study, 
signed an informed consent form, and completed 
a short questionnaire about their dance experience. 
Afterward and before the data were collected, the 
experimenter introduced the evaluation procedure 
by showing exemplary stick-figure video sequences 
and explaining the data collection process. Likert scale 
assessments were performed separately for each of the 
3 dance skills, and the jumps, poses, and turns were 
presented in a random order for the participants.

Second, to collect the study data, 10 stick-figure 
video sequences of the first dance skill, for example, 
the turn, were randomly presented to each participant 
at the original tempo. Each stick-figure video sequence 
was presented twice in the middle of the screen. Af-
ter each turn, the participant responded to the ques-
tion: ‘How do you perceive the sequence aesthetically?,’ 
which was written on the presentation slide. the re-
sponses were recorded on a piece of paper with a 7-point 
Likert scale. After the participant responded, the stick-
figure sequence for the next turn was presented. this 
procedure was repeated for each of the 10 turns. After 
evaluating the first dance skill, the participants were 
allowed to take a short break. the same procedure was 
repeated twice for the remaining dance skills. the 
participants were not pressured to respond quickly, 
but they were instructed to indicate the first response 
that came to mind.

third, after data collection, each participant was 
debriefed and received an hourly credit if adminis-
trable for their studies.

Data analysis

Data analysis was conducted with the statistical 
software r (r core team, 2018). the data set of one 
trial contained angle-time information for 63 vari-
ables that were divided into 3 categories: (1) whole-
body translation was defined by 3 variables (x-, y-, 
and z-position of body); (2) whole-body rotation was 
defined by another 3 variables (x-, y-, and z-rotation of 
body); (3) the joint movements of each of the 19 joints 
were defined by 3 variables (x-, y-, and z-rotation of 
each joint). the trials lasted an average of 4.39 seconds 
with a standard deviation of ± 0.57 seconds. First, 
each trial’s variables were time-normalized by spline 
interpolation to ensure structural comparability be-
tween trials of different durations [29]. Second, the 
time-normalized trials of each dance skill in each of 
the 2 categories (more vs. less aesthetic) were aver-
aged (see Stimuli evaluation). this approach resulted 
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in one time-normalized data frame representing an 
‘average’ performance of a ‘more aesthetic’ skill and 
one time-normalized data frame representing an ‘av-
erage’ performance of a ‘less aesthetic’ skill. this was 
done for each of the 3 skills. third, the summed an-
gular motion differences of the variables correspond-
ing to each body segment (1. movements of the left arm, 
2. movements of the right arm, 3. movements of the left 
leg, 4. movements of the right leg, and 5. movements 
of the trunk and head) were calculated for each of the 
3 skills to assess the similarity between more and less 
aesthetic performances [30].

the summed angular motion differences of the 
body segments were normalized to skill duration so 
that between-trial comparisons could be performed. 
this calculation allowed the extent to which each vari-
able category contributed to the overall impression of 
motion aesthetics to be estimated. A positive differ-
ence in one variable category thus indicates that this 
category shows a larger amount of movement for more 
aesthetic skills. In contrast, a negative difference im-
plies that this category shows a larger amount of move-
ment for less aesthetic skills. A summed difference of 
zero denoted that both the more and less aesthetic 
skills exhibited the same amount of movement in the 
particular categories. For example, a movement of 90° 
in the elbow joint in one second of movement and 
another movement of 45° in the elbow joint within the 
same second were represented as a summed angular 
motion difference of 45°. this procedure was per-
formed to compare the dancers’ and non-dancers’ in-
dications of perceived motion aesthetics by the level of 
the observer’s expertise.

Finally, a conservative critical value of 15° was 
chosen to differentiate between a perceptually rele-
vant amount of movement, assuming that perceptual 
salience was larger for the larger summed angular 
motion differences [20–23].

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the au-
thors’ institutional ethics committee.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

In accordance with the median split procedure for 
the more vs. less aesthetic dance skills, a descriptive 
inspection of the means showed a clear distinction in 
the Likert scale ratings of more and less aesthetic dance 
skills among the 3 dance skills and the 2 observer 
groups (dancers and non-dancers). For the dancers, 
the rating was 1.21 ± 0.35 vs. –0.20 ± 0.78, t(8) = 3.71, 
p < 0.05 for the jumps, 1.15 ± 0.63 vs. –0.39 ± 0.58, 
t(8) = 4.54, p < 0.05 for the poses, and 1.08 ± 0.34 
vs. –0.62 ± 0.82, t(8) = 4.10, p < 0.05 for the turns. For 
the non-dancers, it was 1.64 ± 0.63 vs. –0.40 ± 1.03, 
t(8) = 4.03, p < 0.05 for the jumps, 1.33 ± 0.71 vs. 
–0.29 ± 0.42, t(8) = 4.51, p < 0.05 for the poses, and 
1.59 ± 0.50 vs. –0.34 ± 0.81, t(8) = 4.70, p < 0.05 for 
the turns. On average, the rating scales of more vs. less 
aesthetic dance skills differed by 1.7 points, equalling 
24% of the overall scale and a range of 1.41–2.04.

Figure 1 shows the dancers’ and non-dancers’ per-
ceived motion aesthetics of the dance skills and their 
summed angular motion differences (means and 
95% confidence intervals). A summed angular motion 
difference of ± 15° represents a conservative critical 
value [20–23]. Values above +15° correspond to the 
dance skills showing a larger amount of movement in 
the corresponding body part which is perceived as more 
aesthetic. Values below –15° correspond to the dance 
skills showing a larger amount of movement in the 
corresponding body part which is perceived as less 
aesthetic.

both dancers and non-dancers perceived poses 
with a larger amount of movement in the right arm 
and the left standing leg as less aesthetic. Dancers’ 
and non-dancers’ perceptions of motion aesthetics dif-
fered for jumps and turns. concerning dance jumps, 
dancers perceived dance jumps with a larger amount 
of movement in the left arm as more aesthetic and 
dance jumps with a larger amount of movement in 
the trunk and head as less aesthetic. Non-dancers 
perceived dance jumps with a larger amount of move-
ment in the left take-off leg as less aesthetic. con-
cerning turns, dancers perceived turns with a larger 
amount of movement in the left gesture leg as more 
aesthetic, while non-dancers perceived turns with 
a larger amount of movement in the left arm as more 
aesthetic.

Discussion

the central aim of this study was to investigate 
whether the amount that specific body parts move dur-
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ing a complex motor skill was related to the percep-
tion of motion aesthetics by observers with different 
experience. It was hypothesized that the amount that 
specific body parts moved and its relation to the per-
ception of motion aesthetics would differ depending 
on the dance skill and the observer’s sensory-motor 
expertise. Additionally, it was explored how the amount 
that specific body parts moved shaped the perception 
of dance skills, which are perceived as more or less 
aesthetic. the results indicate that the perception of 
motion aesthetics in relation to the amount that spe-
cific body parts move is skill- and expertise-specific. 
For dance poses, the amount that specific body parts 
move affects dancers’ and non-dancers’ perception 
of motion aesthetics similarly, whereas dancers’ and 
non-dancers’ perceptions of motion aesthetics differ 
for dance jumps and turns.

Interestingly, for dance poses, a larger amount of 
movement in the right arm and the left standing leg 
was perceived as less aesthetic by both dancers and 
non-dancers. this finding may indicate that, concern-
ing dance poses, less is more. Observers with and with-

out sensory-motor experience related to the observed 
stimuli may perceive several accentuations within the 
motor skill as less aesthetic than a single accentuation 
[17]. Furthermore, this finding implies that simple 
dance skills are perceived as more aesthetic when they 
are executed softly and expansively [25]. However, in 
this case, simplicity is not related to the difficulty of 
the executed motor skill but rather the overall amount 
that the body segments move. In general, dance poses 
may demonstrate the performer’s ability to remain 
balanced while reducing the magnitude of movement 
of specific body parts. therefore, observers seem to 
prefer motor skills that may focus, for example, on 
a single but large inclination of the gesture leg com-
pared with several accentuations where the gesture leg 
is, for example, moved up, then down, and additionally 
rotated at the hip and knee joint.

In dance jumps, dancers’ and non-dancers’ per-
ceptions of motion aesthetics differed concerning the 
amount that specific body parts moved. Dancers per-
ceived a larger amount of movement in the left arm 
as more aesthetic and a larger amount of movement in 

Figure 1. Illustration of the dancers’ and non-dancers’ perception of motion aesthetics of the dance skills in relation  
to the summed angular motion differences in the corresponding body parts (means and 95% confidence intervals [cI]). 
the dashed lines indicate a conservative critical value. Values above +15° correspond to the dance skills showing larger 
summed angular motion differences in the corresponding body part which are perceived as more aesthetic. Values below 
–15° correspond to the dance skills showing larger summed angular motion differences in the corresponding body part 

which are perceived as less aesthetic. the summed angular motion differences are normalized to skill duration,  
thus representing the amount of movement in the corresponding body part per second of movement
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the head and trunk as less aesthetic. In contrast, non-
dancers perceived a larger amount of movement in 
the left take-off leg as less aesthetic. A larger amount 
of movement in the head and trunk may be related to 
the performer’s inability to stabilize the head and 
trunk while implementing arms and legs to perform 
the dance jump. to master a jump skill, the performer 
must be able to take off from the floor, remain a suf-
ficient flight phase, and then prepare an appropriate 
landing. In general, a performer’s aim during jump-
ing is to achieve the impression of ease [6]. A lack of 
strength and motor control for explosive jumping can 
be partly compensated by using a countermovement 
in the trunk during take-off and landing [28]. this 
aspect may be ‘detectable’ or not depending on the 
observers’ sensory-motor and contextual experience 
related to the observed skill and thus may be related 
to their perception of motion aesthetics.

Previous research has indicated that motor skills 
involving energetic jumping are perceived as more 
aesthetic than motor skills lacking significant hori-
zontal or vertical displacement of the performer in 
space [6]. Moreover, the extent to which limbs move 
during jumping seems to be related to the observer’s 
aesthetic perception of a jump. When specific body 
parts, namely, the left arm, move by a larger amount, 
dancers with sensory-motor experience related to the 
observed skill may perceive the movement to be more 
aesthetic. However, when different body parts, namely, 
the left take-off leg, move by a larger amount, observers 
without sensory-motor experience related to the ob-
served skill may perceive the movement to be less aes-
thetic. therefore, the level of accentuation and imple-
mentation of the moving limbs during jumping, as well 
as the observer’s expertise level, can affect the percep-
tion of motion aesthetics in general.

regarding turns in dance, the dancers’ and non-
dancers’ perceptions of motion aesthetics differed in 
relation to the amount that the left gesture leg and the 
left arm moved. Dancers perceived dance turns in 
which the left gesture leg moved more as more aes-
thetic. Non-dancers perceived dance turns in which 
the left arm moved more as more aesthetic. In general, 
moving the limbs away from the performer’s longitu-
dinal axis increases the performer’s moment of inertia, 
which challenges physical laws [29] and thus the per-
former’s ability to successfully master turning. Hence, 
this study results suggest that motor skills which seem 
more difficult and challenging to perform are perceived 
as more aesthetic [16].

Dancers and non-dancers perceive motion aesthet-
ics differently depending on the amount that different 

body parts move, which may indicate that observers 
with and without sensory-motor expertise may imple-
ment different strategies when perceiving and evalu-
ating motion aesthetics. As eye-tracking studies sug-
gest, expert and novice dance observers fixate on 
different body parts when watching a dance perfor-
mance [14]. therefore, the amount that different body 
parts move may be related to dancers’ and non-dancers’ 
perception of motion aesthetics. However, according 
to the results of this study, non-dancers perceive dance 
turns in which the left or the right arm moves a large 
amount differently in relation to motion aesthetics. 
Non-dancers perceive dance turns with a large amount 
of movement in the right arm as less aesthetic, while 
dance turns with a large amount of movement in the 
left arm are perceived as more aesthetic. this finding 
may be related to the aesthetic fundamental of sym-
metry [1, 26]. the dance turn performed in this study 
used the right leg as the standing leg. One may argue 
that non-dancers seek symmetry in the limbs of the 
same body side. While the right standing leg shows 
a restricted amount of movement, non-dancers may 
perceive asymmetry when the corresponding right arm 
shows a large amount of movement, an aspect that may 
shape motion aesthetics in such a way that the corre-
sponding dance turns are perceived as less aesthetic.

the findings of this study reveal a relationship 
between motion kinematics and motion aesthetics. the 
summed angular motion difference and amount that 
specific body parts move are parameters that allow 
the results to be interpreted independently of the skill. 
It is assumed that in the perception of complex motor 
skills, motion aesthetics and motion kinematics are 
related and that, specifically, motion kinematics affect 
motion aesthetics [13, 19]. Different skills can be com-
pared via a single kinematic parameter. this finding 
expands upon previous knowledge on the relationship 
of skill-specific parameters and their relations to the 
perception of motion aesthetics. Finally, the expertise-
specific relationship between motion kinematics and 
motion aesthetics builds upon previous research among 
observers with [12, 17] or without [6, 12, 16, 19] sen-
sory-motor experience. therefore, future studies should 
replicate these methods across different groups of ob-
servers. It seems that the relationship between motion 
kinematics and motion aesthetics is expertise-specific 
[13–15] and embodied [7–9].

When interpreting the results of this study, the 
following limitations should be taken into account. 
First, the summed angular motion difference, repre-
senting the amount that specific body parts moved, 
was considered a kinematic parameter. It remains 
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unclear whether focusing on a single joint instead of 
specific body parts can deepen our understanding of 
underlying motion kinematics. However, concentrating 
on the amount that specific body parts move by sum-
ming the kinematics of several body segments seems to 
provide a holistic assessment of movements compared 
with, for example, the inspection of single body joints 
and the amount that they move. Second, behavioural 
measures were implemented when observers were 
asked to indicate their perception of motion aesthetics 
after observing stick-figure video sequences of origi-
nal dance skills. Future studies should additionally 
incorporate other measures, such as neurological or 
eye-tracking measures, to determine whether observers 
with different sensory-motor experience implement 
different strategies when assessing the motion aes-
thetics of complex motor skills. third, the original 
motion stimuli were reduced to stick-figure video se-
quences. Future studies that manipulate a standard-
ized motor skill by, for example, artificially manipu-
lating the kinematic parameters, may deepen our 
understanding of the relationship between motion kin-
ematics and motion aesthetics.

From the results of this study, the following prac-
tical implications can be derived. When aiming to cre-
ate and perform aesthetic motor skills, the sensory-
motor and contextual expertise of the observer and 
target audience should be taken into account. Depend-
ing on the observed skill, observers with sensory-mo-
tor experience perceive dance skills in which specific 
body parts move more as more or less aesthetically 
pleasing than observers without sensory-motor ex-
pertise. Furthermore, the amount that specific body 
parts move and its relation to the perception of mo-
tion aesthetics are skill-specific. While dancers and 
non-dancers similarly perceive dance poses in which 
the right arm and left standing leg move a large amount 
as less aesthetic, dancers’ and non-dancers’ percep-
tions of motion aesthetics differ for dance jumps and 
turns. For example, dance turns with a large amount 
of movement in the left gesture leg are perceived as 
more aesthetic by dancers, whereas non-dancers per-
ceive dance turns with a large amount of movement 
in the left arm as more aesthetic.

Finally, performers, coaches, choreographers, and 
researchers should keep in mind that the amount that 
specific body parts move when a motor skill is being 
performed may shape the perception of motion aes-
thetics, especially among observers with different sen-
sory-motor expertise related to the observed motor 
skill. therefore, ways of optimizing dance motions to 
make them able to trigger the observer’s aesthetic per-

ception should be developed [7]. As a result, fruitful 
interdisciplinary collaboration between researchers 
and dancers may develop for the study of motion aes-
thetics.

Conclusions

the perception of motion aesthetics arises from 
a complex interplay between aspects of the object, the 
observer, and the context. the findings of this study 
demonstrate that there is a skill- and expertise-spe-
cific relationship between motion kinematics and 
motion aesthetics. It is concluded that an observer’s 
sensory-motor and contextual expertise related to the 
observed motor skills can shape the perception of mo-
tion aesthetics. In other words, the amount that spe-
cific body parts move is related to an observer’s percep-
tion of motion aesthetics. However, observers with 
different levels of expertise partly perceive different 
motion kinematics as more or less aesthetically pleas-
ing. Although original motion stimuli were reduced 
to stick-figure video sequences of dance skills, it is 
assumed that this study results are generalizable to 
original video sequences, laboratory performances, 
and original performances. Fruitful collaboration be-
tween researchers and dancers regarding the study of 
motion aesthetics may develop in the future, broad-
ening our knowledge on the relationship between mo-
tion kinematics and motion aesthetics. When research-
ers understand the underlying processes of motion 
aesthetics, practitioners will be able to develop and 
justify their (implicit) knowledge of creating and per-
forming aesthetic motion stimuli.
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