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Aesthetic appreciation of full-body movements is likely shaped by our cumulative bodily experiences, 
yet most of the extant literature in this domain has focused on expertise and familiarity. We ran two 
experiments exploring individual differences in embodied experience and experience with the arts: 
In Study 1, we explored how participants’ (n = 41) abilities to learn a choreography shaped their 
aesthetic perceptions while viewing learned vs. unknown movements, using functional near-infrared 
spectroscopy (fNIRS) to measure cortical activation over the Action Observation Network (i.e., inferior 
frontal gyrus [IFG], inferior parietal lobule, middle temporal gyrus [MTG]). Study 1 demonstrated that 
embodied experience enhanced ratings of enjoyment, familiarity, and reproducibility of movements, 
and that individual differences in participants’ performance of the learned choreography were not 
associated with aesthetic ratings, but rather cortical activation in IFG and right MTG while viewing 
learned choreography. In Study 2, we combined the behavioural data from Study 1 with data 
from additional participants (total n = 141) to examine the relationship between arts experience 
and aesthetic perceptions of movements robustly. Study 2 revealed that previous arts and sports 
experience correlated with aesthetic judgements of familiarity and reproducibility of movements. 
Our findings highlight the relevance of examining individual experiences to fill theoretical gaps in our 
understanding of action aesthetics.

Our lived experiences shape our aesthetic landscape1. One robust form of evidence for this is that extensive 
bodily familiarity with movements makes movements more enjoyable to watch2,3. Following in this logic, one 
could propose that only trained ballet dancers stand a chance of appreciating ballet or that only trained actors 
enjoy watching plays or films. These propositions are quite obviously false! Ballets such as The Nutcracker and 
Romeo and Juliet have enthralled expert and non-expert audiences alike for generations, as engaging with art 
elicits a universal experience. This aesthetic experience is often described as holistic perception, involving brain 
networks that process sensory–motor, emotion–valuation, and knowledge–meaning information. Together these 
three networks have been termed the Aesthetic Triad model4. Indeed, Blacking1 advocates for the importance of 
zooming out from the stimulus, here dance or theatrical performances themselves, to focus on the sociological 
and anthropological implications of the arts more globally as an influential form of non-verbal communication.

Recent work demonstrates that arts exposure is relevant, and that details such as the culture in which this 
exposure was embedded can shape our aesthetic appreciation of movements5. Questions remain, however, 
concerning whether other forms of experience might shape our aesthetic perceptions of body movements. In 
the present study, we take a first step in exploring the extent to which an observer’s cumulative experience with 
dance and other related activities shapes their aesthetic preferences for full-body movements. To do so, we query 
participants’ involvement with and enjoyment of art forms such as theatre, music, painting, dance (in real-life 
and on social media), as well as sports.

Repeated exposure enhances aesthetic appreciation of body movements
The two most prominent theories explaining aesthetic appreciation of movements performed by fellow humans 
hinge on the repeated exposure to body movement6. The most prominent, the embodied simulation account, posits 
that one’s body and prior bodily experiences and expertise shape preferences when observing sequences of body 
movements (reviewed by Kirsch et al.7). Past research has shown increased liking of movements associated with 
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greater embodied experience or expertise2,5,8,9, whereby participants reported greater enjoyment of movements 
either following training2,8 or with increasing dance experience acquired over the lifespan5,9. Increased liking has 
also been found to correlate positively with people’s ratings of how well they could reproduce a movement–i.e., 
a self-report proxy for embodiment of movements2,5 (Table 1). These findings suggest a relationship between 
embodied experience, perceived reproducibility, and liking of watched movements. However, two studies found 
that non-dancers preferred less reproducible movements10,11, which the authors attribute to a preference for 
greater kinematic variability and complexity11. Considered together, the empirical evidence collected to date 
suggests an important modulatory influence of embodied experience on the subjective evaluation of dance 
movements.

The second most prominent theory, the fluency of processing theory, offers another potential explanation. 
This theory posits that the ease with which one’s brain processes information, such as appreciation of movement 
sequences, increases as one becomes more familiar with the information3,12,13, and one may even tend to reject 
unfamiliar movement repertoires at first. Accordingly, Orgs et al.14 revealed that observers prefer stimuli 
rated as more familiar (i.e., a self-report proxy for visual experience; Table 1), suggesting an increase in the 
ease of processing, and subsequent likability, via an exposure effect. For example, in 1913, audiences rejected 
Stravinsky’s unconventional Rite of Spring when it first premiered, as they had previously only been exposed 
to classical ballet3,15. Over time, though, modern choreographies became more commonplace, and audiences 
began to enjoy such “odd” movements increasingly so because these movements were gradually incorporated 
into their knowledge base3,16. The familiarity and fluency-based explanation of aesthetic appreciation provides 
a framework for the interaction between embodied experience or expertise and visually acquired kinematic 
knowledge in aesthetic evaluations of body movements17.

Individual differences in experience and enjoyment of the arts
In addition to a common prerequisite, i.e., repeated exposure to body movements, these theories also draw 
from the same pool of empirical evidence: Most studies operationalise dance experience, whether gained over a 
lifetime or over a short training session, to manipulate embodied experience (Table 1). There are, of course, other 
avenues beyond dance through which one can gain exposure to communicative full-body movements. While 
everyday social interaction may come to mind first, we are particularly interested how individuals’ experience 
with other art forms shapes their aesthetic perceptions of human movement. Individuals involved in artistic 
or movement-based media tend to engage in other forms of art and/or movement as well18,19, which raises the 
question as to whether people who seek arts experiences are more acutely attuned to and/or appreciative of full-
body movements than those who engage less with art. Thus, to broaden our understanding of the extent to which 
experience with the arts, beyond dance, influences aesthetic perceptions of body movements, we focus on how 
individual differences in experience with and enjoyment of visual, musical, or dramatic arts influence enjoyment 
of body movements (Table 1).

Recent work comparing aesthetic appreciation between dance movements from one’s own culture and those 
from other cultures demonstrated that inexperienced viewers of art and dance report a strong preference for 
art from their own culture, while previous experiences may foster appreciation of art from another culture5,20. 
Accordingly, an individual’s previous engagement with arts and movement activities can also influence 
preferences21,22. Indeed, Sevdalis & Raab23 found that the amount of sports training correlated with accuracy 
in identifying a dancer’s intended intensity of expression, with greater sports engagement predicting higher 
identification accuracy. Survey-based studies also indicate a tendency for people interested in one art form to 
engage in other art forms18,19. Finally, individual differences in the ability to learn and perform movements have 
also been demonstrated to impact aesthetic appreciation, with better learning and performance corresponding 
to greater appreciation2,24–26. Stemming from the embodied simulation account of aesthetics7,27, performance 
ability represents the degree to which an outside observer sees physical evidence of embodiment of specific 
movements (Table 1).

Participants’ Variable type Conceptualisation

Self-reported 
enjoyment Continuous Aesthetic judgement

The extent to which participants enjoyed observing movement.

Self-reported visual 
experience Continuous Aesthetic judgement reflecting visual fluency with movements.

The extent to which participants perceive movements as being familiar.

Self-reported 
embodiment Continuous Aesthetic judgement reflecting embodiment of movements.

The extent to which participants perceive the movements as being reproducible with their own body.

Embodied 
experience Categorical Experimental manipulation differentiating between movement sequences that participants did and did not physically perform. 

Performed movements are part of participants’ embodied experience, while movements that they did not perform are not.

Performance ability Continuous
Score of how well movements have been learned.
The extent to which the embodied experience gained through physically performing dance movements, during the training 
component of the study, is evident to an outside observer.

Engagement with 
arts and sports Categorical/Continuous

Self-report measure of experience with performing arts.
A) Do participants have experience with different arts and sports?
B) The extent to which participants enjoy various arts and sports.

Table 1.  Definitions of the dependent variables explored in this study. They are each relevant at the level of the 
individual (i.e., a participant’s embodied experience, a participant’s self-reported embodiment, a participant’s 
performance ability, a participant’s engagement with arts and sports).
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The present pair of studies
We present here our findings from two preregistered studies (Study 1: https://osf.io/cndfg/; Study 2: https://
osf.io/vfsn2/). In Study 1, we examine the extent to which gaining embodied dance experience (i.e., learning a 
choreography) impacts ratings of enjoyment, familiarity, and reproducibility when viewing learned and unknown 
body movements. In Study 1, we also explore the degree to which participants’ ability to perform a learned 
choreography and aesthetic ratings correlate with cortical responses to learned and unknown choreographies.

Participants (n = 41) first completed questionnaires querying their experience and enjoyment of several types 
of art (painting, music, theatre, dance). Second, participants rated videos of short sequences of body movements 
(i.e., dance) for enjoyment, familiarity, and reproducibility of the movements. Third, participants learned a short 
choreography composed of half of the previously rated movement sequences. Next, participants repeated the 
same rating task again while we recorded cortical activation over three bilateral action observation network 
(AON) regions (the inferior frontal gyri [IFG], the middle temporal gyri [MTG], and the inferior parietal lobules 
[IPL]) using fNIRS. We selected fNIRS for its strong temporal resolution and low sensitivity to participant 
movement, relative to other functional neuroimaging techniques28. Moreover, recent work demonstrates the 
utility of fNIRS in examining the role of the AON in aesthetic judgements of gymnastic movements29. Combining 
these behavioural and cortical measures, Study 1 assesses how embodied experience gained by learning a 
choreography, and individuals’ abilities to perform a learned choreography influence aesthetic perceptions and 
processing at a cortical level.

Midway through data collection for Study 1, we determined that additional data would be required to address 
questions pertaining to individual differences in arts experience and aesthetic judgements in an empirically 
responsible way. We thus collected data from 100 additional participants who only judged movements once 
and did not undergo dance training or brain imaging, with the intention to aggregate the matching behavioural 
data set. In Study 2, with the aggregated data (n = 141), we explore the influence of previous arts and sports 
experience on aesthetic perceptions of dance choreography.

In summary, the present work bridges existing theories and recent calls to consider individual observers’ 
lived experiences using individual experience and enjoyment of the arts, ability to learn a choreography, as well 
as self-reported familiarity and reproducibility. This combination of measures positions the present study to 
contribute meaningfully to our theoretical understanding of several facets of embodiment in action aesthetics.

Results
Study 1 – Behavioural and cortical correlates of embodied dance experience
In Study 1, as per our preregistration, we first compared behavioural perceptions of enjoyment, familiarity, and 
reproducibility of body movements, before and after participants learned half of these movements. The learned 
movements can be said to be “embodied” by participants. Next, we examined the influence of participants’ 
individual abilities to perform the choreography on their aesthetic ratings and cortical responses to the 
movement sequences they learned vs. similar, but unknown sequences.

Note: As preregistered, we also assessed cortical activation evoked by learned and unlearned movements in 
AON regions, as a replication of previous fMRI work with fNIRS. We report this analysis in the Supplementary 
Materials (Figure S2, Tables S2–S5), and in the main text, we direct our attention toward how individual 
differences shape aesthetic processing and perception.

Aesthetic ratings before and after learning a choreography
To assess differences in aesthetic ratings before and after dance training, we modelled each aesthetic measure 
separately (see "Group-level analyses–Behavioural responses and cortical activity" for detailed description 
of model selection process). For enjoyment the best model was enjoyment ~ 1 + condition*testTime + (1|ID), 
for familiarity: familiarity ~ 1 + condition*testTime + (1|ID), and for reproducibility: 
reproducibility ~ 1 + condition*testTime + (1 + condition + testTime|ID). Before participants learned a 
choreography, their (“Pre”) ratings for all three aesthetic measures were similar in known and unknown 
conditions (i.e., no significant differences, all ps > 0.05; Fig. 1A, Table S1 in Supplementary Materials). After 
learning a choreography (“Post”), participants rated all movement sequences (those that they had learned 
and those that they had not) as more enjoyable (ß = 4.73, CI = [2.46, 7.01], p =  < 0.001), familiar (ß = 10.84, 
CI = [8.23, 13.44], p =  < 0.001), and reproducible (ß = 4.62, CI = [0.89, 8.35], p = 0.003) than before (Fig. 1A, 
Table S1). Participants further rated movements they learned during the training, compared to unlearned 
movements, as more enjoyable (ß = 7.93, CI = [4.71, 11.15], p =  < 0.001), more familiar (ß = 22.53, CI = [18.84, 
26.22], p =  < 0.001), and more reproducible (ß = 9.48, CI = [4.96, 13.99], p =  < 0.001; Fig. 1A, Table S1). This 
difference in ratings between before and after learning a choreography suggests that embodied experience may 
exert a positive influence on aesthetic perceptions of full-body movements.

Individual differences in performance of learned choreography
Next, we examined the influence of individual differences in performance ability on aesthetic ratings. To do so, 
we calculated the difference between each participant’s ratings before (“Pre”) and after (“Post”) dance training 
to be employed as the outcome variable in our models. Participants’ performance of the choreography was rated 
from 1 to 10 by two dance experts (mean = 5.88, SD = 1.19; Fig.  1B; scoring procedure described in "Dance 
training and assessment of performance ability"). For each measure (fit separately) we fit the following model: 
pre-post difference in enjoyment/familiarity/reproducibility ~ 1 + performance + condition + (1 + condition|ID). We 
observed no significant relationship between ability and any aesthetic of the three ratings (Fig. 1C; Table S6 in 
Supplementary Materials; all ps > 0.05).

During the review process, we also examined the relationship between participants’ performance scores and 
their aesthetic ratings before and after learning the choreography (i.e., not as a difference score). Participants’ 
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performance scores did not predict participants’ ratings of enjoyment or reproducibility (all ps > 0.05). For 
ratings of familiarity, better performance scores were associated with lower ratings of familiarity for unknown 
movement after training (ß =  − 3.91, CI = [− 7.50, − 0.31], p = 0.033). Performance scores did not predict ratings 
of familiarity before training or for known movements after training (ps > 0.05).

Unique contributions of viewing and evaluating movement to cortical activation
Next, we sought to examine the cortical activation arising from differences in performance ability. That is, we 
focused on the extent to which individuals’ ability to perform the choreography predicted their cortical activity 
while viewing and judging movement sequences. To do this, we recorded cortical activation using fNIRS over 
regions of interest (ROIs) associated with the AON while participants viewed movement sequences (known 
and unknown in a random order) and rated them for enjoyability, familiarity, and reproducibility  (Fig.  6). 
During visual inspection of the waveforms (Fig. 2), we expected to see a positive peak in HbO, with a negative 
peak in HbR, at approximately 6 s post-video-onset, with the signal then returning to baseline with no further 
notable deviations. Instead, we observed an unexpected negative peak in HbO at ~ 6–7 s post-video-onset and 
a later positive peak at ~ 13 s post-video-onset. After careful consideration of the design of our experiment (see 
Methods section), we propose that the first negative peak aligns with the viewing of the video and the second 
peak aligns with the explicitly evaluative stage of responding to an aesthetic rating question. Exploratorily, we 
opted to fit two separate generalised linear models (GLMs), thereby estimating the amplitude of haemodynamic 
responses for each peak and gaining separate insight into the processes of viewing body movements (involving 
spontaneous aesthetic evaluation) and rating the movements for their aesthetic value (explicit consideration 

Fig. 1.  (A) Ratings of enjoyment, familiarity, and reproducibility for known (pink) and unknown (blue) 
movements before (Pre) and after (Post) learning a choreography. (B) Distribution of participants’ ability 
to perform the learned choreography with mean (solid line) and ± 1 standard deviation (dashed lines). 
(C) Relationships between participants’ performance ability and ratings of enjoyment, familiarity, and 
reproducibility of the movement sequences (note: x-axis represents post–pre training difference in ratings).
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of the aesthetic evaluation). Further details about recording and analysis procedure are found in the Methods 
sections: "fNIRS equipment and optode positioning–Group-level analyses–Behavioural responses and cortical 
activity". Our preregistered analyses replicating previous fMRI work with fNIRS (contrasting cortical activation 
for known vs. unknown) are reported and discussed in detail in Supplementary Material (pages 1–4; Study 1).

Performance ability and cortical activation
GLM analyses with a 6-s boxcar examining the influence of performance ability on cortical activation revealed 
that HbO concentrations increased with increasing ability in bilateral MTG (left: ß = 2.58, CI = [0.59, 4.58], 
p = 0.012; right: ß = 2.03, CI = [0.03, 4.02], p = 0.047) and right IFG (ß = 2.30, CI = [0.31, 4.30], p = 0.024; left 
IFG trending only: ß = 1.95, CI = [-0.04, 3.95], p = 0.055) when viewing learned movements (Fig. 3, Figure 
S3, Table S4 in Supplementary Materials). That is, individuals with greater performance ability showed less 
negative estimates in these regions while viewing movement sequences that they had learned. No significant 
associations were observed between performance ability and cortical activation using the 13-s boxcar in any ROI 
(all ps > 0.05; Table S5 in Supplementary Materials).

Study 2 – Individual differences in engagement with the arts and aesthetic perceptions of 
body movements
In Study 2, we conducted our preregistered analyses to examine whether participants’  previous experience 
with the arts and enjoyment of the arts and sports impacted aesthetic evaluations of body movements. We also 
assessed the relationships between participants’ aesthetic judgements in non-preregistered, exploratory analyses. 
We found that ratings of familiarity correlated positively with ratings of enjoyment (ß = 0.17, CI = [0.14, 0.21], 
p < 0.001) and reproducibility (ß = 0.07, CI = [0.03, 0.10], p = 0.001). Further, we observed that ratings of 
enjoyment correlated negatively with ratings of reproducibility (ß = -0.16, CI = [-0.20, -0.13], p < 0.001).

Experience with arts and sports
Many of our participants reported previous experience with one or more performing art or sport (Fig. 4A). 
As a note, when indicating the extent of their “experience,” participants were encouraged to consider any 
experience they had ever had with the arts or sports, including as a spectator. For enjoyment, the best model 
was enjoyment ~ 1 + (1|ID), with the absence of predictor terms indicating that no types of arts or sports 
experience were predictive of enjoyment ratings. For familiarity, the best model was familiarity ~ 1 + painting_
experience + dance_experience + (1|ID). Greater familiarity with the observed body movements was 
correlated with painting experience (ß = 68.2, CI = [64.7, 71.7], p =  < 0.001) and dance experience (ß = 67.5, 
CI = [64.1, 70.9], p =  < 0.001; Table S7in Supplementary Materials). For reproducibility, the best model was 
reproducibility ~ 1 + media_dance_contrast + (1|ID), where higher reproducibility ratings were associated with 
experience watching dance on social media platforms (ß = 73.2, CI = [70.0, 76.5], p =  < 0.001; Table S7).

Fig. 2.  Waveform of cortical activation in bilateral inferior frontal gyrus (IFG), middle temporal gyrus 
(MTG), and inferior parietal lobule (IPL) measured using fNIRS. HbO = oxygenated haemoglobin; 
HbR = deoxygenated haemoglobin. Dotted vertical lines indicate 6 s (end of video viewing) and 13 s (end of 
viewing and responding to aesthetic judgment), respectively. Inset head diagrams show optode location for 
each ROI. Shaded areas along the waveform represent the 95% confidence interval.
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Enjoyment of arts and sports
Participants generally reported the greatest enjoyment of music, whereas there was more variability for 
enjoyment of the other art forms and sports (Fig. 4B). For enjoyment, the best model was enjoyment ~ 1 + theatre_
enjoyment + dance_enjoyment + media_dance_enjoyment + (1|ID), though the enjoyment of these arts and sports 
was not significantly correlated with enjoyment of the choreography (ps > 0.05; Fig. 5; Table S8 in Supplementary 
Materials). For ratings of familiarity, the best model was familiarity ~ 1 + theatre_enjoyment + media_dance_
enjoyment + (1|ID). Greater familiarity of the movements was correlated with greater enjoyment of theatre 
(ß = 0.11, CI = [0.01, 0.21], p = 0.024) and social media dances (ß = 0.17, CI = [0.06, 0.27], p = 0.003). For 
reproducibility, the best model was reproducibility ~ 1 + music_enjoyment + sports_enjoyment + (1|ID), where 
greater reproducibility was associated with greater enjoyment of music (ß = 0.26, CI = [0.01, 0.50], p = 0.038) 
and sports (ß = 0.11, CI = [0.00, 0.21], p = 0.042; Fig. 5, Table S8).

Fig. 3 .  (A) Estimates of cortical activation from GLM analysis projected onto brain surface (HbO only) 
using 6-s and 13-s boxcar models. (B) Relationship between performance ability and cortical activation 
while viewing videos (6-s boxcar) per ROI and chromophore for the known condition only. (C) Relationship 
between performance ability and cortical activation while viewing videos (13-s boxcar) per ROI and 
chromophore for the known condition only.
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Discussion
In Study 1, we set out to investigate the extent to which embodied dance experience acquired through training 
and differences in individuals’ performance abilities impact behavioural and cortical perceptions of action 
aesthetics. In Study 2, we explored how individuals’ previous engagement with arts and sports shape aesthetic 

Fig. 4 .  (A) Number of participants who reported having experience with painting, music, theatre, dance, 
social media dance, and sports. (B) Distributions of reported enjoyment of painting, music, theatre, dance, 
social media dance, and sports. µ and solid vertical lines show mean; dashed vertical lines show standard 
deviation.
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judgements of action. We found that the relationships between different aesthetic judgements (positive for 
familiarity and reproducibility, as well as familiarity and enjoyment, negative for reproducibility and enjoyment) 
are consistent with previous reports2,3,11,17, and that one’s own embodied and cumulative experiences are, in 
fact, likely to influence perceptions of full-body movements.

Fig. 5.  Reported enjoyment of arts types in relation to each (A) enjoyment, (B) familiarity, and (C) 
reproducibility ratings of dance movements (ß indicated by pink line). The arts types presented for each rating 
are those which were included in the final models.
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Embodied experience, but not performance ability, predicts aesthetic judgements
In Study 1, we found that learning a short choreography resulted in higher ratings of enjoyment, familiarity, and 
reproducibility of body movements overall, but more so for movements belonging to the learned choreography. 
This is consistent with previous findings demonstrating that physical practice and embodied experience of 
specific movements, as opposed to merely watching said movements, enhance aesthetic appreciation of the 
movements26,30. Following from previous work by Kirsch et al.2, we expected that participants’ ability to perform 
the choreography might predict their aesthetic perceptions of learned movements. We did not observe this 
in Study 1, rather we observed no relationship between participants’ performance ability and their ratings for 
enjoyment, familiarity, or reproducibility (Fig. 1C). A possible explanation for this discrepancy is that our ability 
measure, i.e., ratings between 1 and 10 by two experienced dancers, may not have been sufficiently sensitive to 
capture subtle differences in embodied experience. Future research could implement a more sensitive measure, 
such as a computer-vision approach comparing the similarity of the movements performed by participants and 
by the original dancer in the stimulus videos31,32.

Dance performance predicts cortical responses to known movements
Our exploratory analyses, however, did show a relationship between cortical activation in bilateral IFG and 
right MTG and performance ability (Fig. 3B, Figure S3B). Cortical activity, as measured by HbO, while viewing 
known movement sequences was less negative (closer to zero). The negative estimates for both HbO and HbR in 
these ROIs for this time-period (the first 6 s from video-onset) may reflect the first stages (i.e., anticipation, visual 
perception and early, automatic formation of aesthetic judgement) of the complex processing required across 
each trial (i.e., visual perception, formation, and delivery of explicit judgement)33,34. Note: Further discussion 
of inverted haemodynamic responses (also called negative BOLD responses) can be found in Supplementary 
Materials, pages 2–3. Following the assumption that the first 6 s reflect early, automatic aesthetic processing, 
we must ponder why individuals who were less able to perform the choreography showed stronger inverted 
haemodynamic responses (i.e., HbO more negative that HbR) only during the early stages, and not the later 
stages of the time course of cortical activation.

With respect to the early stages of aesthetic action processing, greater experience with the movements may 
reduce the degree of simulation needed for the visuo-motor system to identify the sequence as known. We draw 
support for this, tentatively presented, interpretation from electroencephalography (EEG). In EEG recordings, 
motor simulation seems to evoke increased alpha power (8–13 Hz) and decreased beta (13–26 Hz) power35. Alpha 
power, associated with top-down attention36, correlates negatively with haemodynamic activation in frontal 
regions including IFG37. Beta power is characteristic of executed, observed, or imagined body movements38,39. 
Beta power correlates positively with haemodynamic activity in the superior temporal gyrus37, which likely 
contributes to the signal that we measured over the MTG using fNIRS, given fNIRS’ spatial resolution of 2–3 
cm40. Perhaps, negative haemodynamic responses in the IFG could plausibly be associated with increased 
alpha power, and negative haemodynamic responses in MTG could plausibly be associated with decreased beta 
power–consistent with power profile of motor simulation. We thus speculate the degree of motor simulation 
while watching known movement sequences may be greater for poor performers than good performers, as 
indicated by the positive correlation between performance and HbO in bilateral IFG (left trending only) and 
bilateral MTG. This speculation is in line with previous work demonstrating that expert dancers, relative to 
non-dancers, show reduced alpha power and increased beta power when viewing dance sequences41. Bolstering 
the plausibility of this interpretation further, unknown movement sequences evoked negative haemodynamic 
responses in the IFG and MTG that did not correlate with performance, suggesting that all participants engaged 
in substantial motor simulation while viewing unknown movement sequences. In other words, relative to poor 
performers, participants with better performance scores may engage in less motor simulation while viewing 
known movements and the same amount of motor simulation while viewing unknown movements.

Across the whole viewing and rating time window (13-s boxcar), we observed no relationship between 
performance ability and cortical activation in any ROI, suggesting that individual differences in the level of 
embodiment, as evaluated by outside observers (i.e., performance ability), may be more influential while 
encoding movements rather than while forming aesthetic judgements. This finding is, however, at odds with 
work by Kirsch & Cross8, who demonstrated that enjoyment of full-body movements is positively correlated 
with activity in the angular gyrus using fMRI. The placement of optodes over the IPL in the present work also 
covers the angular gyrus40. It is possible that the cortical activation from the angular gyrus was too focal to 
result in substantial activation in the IPL ROI. A second possibility is that, as mentioned above, our measure of 
performance ability could benefit from added sensitivity. Finally, the training manipulation in Kirsch & Cross’ 
study involved multiple days of training, i.e., much more training than the approximately 20 min provided in 
the present study.

We are open to the possibility that our measure of performance ability (ratings by two experienced dancers) 
may not be the most sensitive method of indexing evidence of embodiment. Future studies stand to benefit 
from implementing more objective measures of performance. For example, OpenPose42 or other pose-detection 
software could be used to assess the similarity between participants’ and original dancer’s body positions over 
time31, which would yield a more sensitive and objective measure of performance ability. Further, pose detection 
software could be used to obtain an objective measure of complexity, such as entropy11,43,44 from each movement 
sequence, as complexity is known to influence aesthetic judgements. This measure of movement complexity 
may be included as a regressor in statistical analyses10,11,14. Such an approach to quantifying performance ability 
could shed more fine-grained insight on the relationship between performance ability and cortical activation in 
bilateral IFG and right MTG (Fig. 3B, Figure S3B).
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Individual differences in engagement with the arts influence ratings of familiarity and 
reproducibility, but not enjoyment
Our data from Study 2, examining individual differences in experience with and enjoyment of the arts, suggested 
that engagement with certain types of arts or sports may shape evaluations of body movements. Ratings of 
familiarity were correlated with experience painting and dancing (in informal settings, as individuals with 
dance training were excluded from this study), as well as enjoyment of theatre and social media dance. The link 
between painting and dancing experience and ratings of familiarity could stem from the detailed observations 
of body postures and movements required to transfer poses to canvas or recreate the movements oneself14, 
especially when kinematic information is involved45. With respect to the association between familiarity ratings 
and enjoyment of theatre and dance on social media, we propose that both art types incorporate dramatic full-
body movements which may have resembled those shown in the present study46. These findings highlight how 
cumulative exposure to body movements through the lens of certain art types may bolster fluency, as observed 
in participants’ ratings of familiarity.

Ratings of reproducibility, a self-report proxy for embodiment47, were positively associated with reported 
enjoyment of sports, music, and dance on social media. We propose that participants’ enjoyment of sports is likely 
linked to time spent watching sporting events (although this was not quantified in the present work), and that this 
cumulative exposure may result in a stronger belief that the observed movements are not beyond the participant’s 
physical capacities. Interestingly, we did not find ratings of reproducibility to be correlated with experience with 
sports. Evidence from our research group suggests that individual differences in the attention that one pays to 
one’s bodily functions and the confidence that one has in one’s body’s physical capacities are correlated with 
ratings of reproducibility when observing snippets of a mirror game43. A possible link between sports enjoyment 
or experience and body confidence and action intention should be considered in future work23,48. As for the 
relationship between enjoyment of music and ratings of reproducibility, we suggest that perhaps participants 
who enjoy music more are better attuned to beats and rhythms, even when no music or auditory beat is present49. 
Such participants may have extracted visual rhythmic information from the choreographies or experienced a 
form of entrainment. The choreographies were performed at a steady rhythm, with no variations in timing, 
perhaps simplifying motor simulation for those with developed rhythm perception50, especially given the tight 
relationship between rhythm and motor perception51,52. Considered together, these findings offer insight into 
which art forms, including sports more generally, are most likely to offer avenues to embodiment of a wider 
variety of movements.

We found that enjoyment of dance on social media (e.g., TikTok dances) was positively associated with 
familiarity ratings, while experience with social media dance was correlated with reproducibility ratings. 
Increased exposure to dance on social media may heighten familiarity, or fluency, with body movements and, for 
certain individuals who try or master trending choreographies, increase the variety of movements they embody. 
Interestingly, neither experience nor enjoyment of dance on social media influenced enjoyment of the dance 
movements observed in Study 2. One limitation of Study 2 is that we did not query how often participants 
practiced or otherwise physically engaged with dances from social media. This information could deepen our 
understanding of the influence of social media dance on learning, understanding, and subsequently performing 
full-body movements in social and communicative settings. Further, it is important to consider the effect of 
social media engagement on young people’s development, given that emerging research reports engagement 
with social media to be both positive (e.g., enhanced multicultural experience, cultural intelligence, individual 
creativity)53 and negative (i.e., disordered body image, low self-esteem)54 for young people’s development. An 
opportunity clearly exists for further research to enhance our understanding of the extent to which engagement 
in art-based trends (i.e., dance, as opposed to dangerous behaviours) might impact its consumers.

We were surprised that no forms of experience with or enjoyment of arts or sports queried in Study 2 were 
associated with enjoyment of movement sequences. We expected participants with higher levels of experience 
with and enjoyment of arts and sports to report greater enjoyment, based on potentially greater fluency of 
processing dynamic body movements. While we might expect heightened fluency of processing, this may not 
translate to enjoyment of full-body movements in a dance context. In other words, enjoyment of dynamic 
movements may be more strongly influenced by dance-specific expertise than experience with the arts in general.

Moreover, the role of individual experiences with arts and sports in aesthetic perceptions aligns with the 
subsystems of the Aesthetic Triad model: more frequent engagement with or physical practice likely strengthens 
sensory–motor, emotion–valuation, as well as meaning–knowledge related processing4. However, the exact links 
between the model and individual’s unique profiles remain to be systematically investigated. Future work should 
further consider socio-cultural aspects beyond experience with sports and arts, such as religious beliefs, socio-
economic status, and social connectedness.

Conclusions
In this pair of studies, we examined how embodied experience and performance ability shape aesthetic action 
perception and cortical activation evoked by known and unknown movements (Study 1). We then explored the 
influence of individual differences in arts and sports engagement on aesthetic perceptions of movement (Study 
2). Our findings from Study 1 suggest that gaining embodied experience through dance training increases 
ratings of enjoyment, familiarity, and reproducibility of full-body movements, while also reducing the strength 
of inverted haemodynamic responses recorded over the bilateral IFG and right MTG during observation of 
known movements. These findings support the theoretical relevance of embodiment in explaining aesthetic 
appreciation of body movements. Study 2 demonstrated that engagement with certain art forms or sports can 
increase ratings of familiarity (i.e., processing fluency) and reproducibility (i.e., perceived embodiment), but not 
enjoyment, of movements. This suggests that arts experience may enhance embodiment of movements quite 
generally, but not sufficiently to have the same impact as acutely embodied experience on aesthetic appreciation. 
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Considering these studies together, we propose the influence of embodiment on aesthetic perceptions may be 
greater than the influence of individual differences in experience with other arts and movement-based activities, 
as measured here. Nonetheless, our explicit consideration of how an individual’s experiences can shape their 
perception of body movements offers the field of action aesthetics new directions embedded in social contexts.

Materials and methods
Study 1
Study 1 consisted of a sociocultural questionnaire, a “Pre” aesthetic rating task, a dance training session, a “Post” 
aesthetic rating task (same as “Pre”) with concurrent fNIRS measurement, and a final questionnaire (Fig. 6A).

Participants
Forty-one participants (21.59 ± 4.72 years; 26 female/14 male/1 prefered not to respond; 38 right-handed/3 left-
handed) were recruited from a pool of undergraduate psychology students at Macquarie University and from the 
wider community in Sydney, Australia. All participants were 18–40 years old, had no dance experience beyond 
basic familiarity (e.g., took ballet classes as a child), had no history of neurological or psychiatric condition 
(e.g., attention-deficit/hyperactivity disorder, depression, autism, schizophrenia, epilepsy) or of head injury (e.g., 
concussion), did not take psycho-pharmaceutical medication (e.g., SSRIs, Ritalin), and did not consume THC or 
alcohol in the 24 h before the study. Ethical approval for this study was obtained from the Macquarie University 
Human Research Ethics Committee (Ref: 520221199641492). All participants provided written informed 
consent and this research was undertaken in accordance with the Declaration of Helsinki. Participants received 
AUD $40 or course credits for their involvement.

As per our preregistered aim to embrace sociocultural diversity in our sampling of participants, this sample 
spanned a wide range of cultural backgrounds, including those with darker and thicker hair55. This had a 
substantial impact on signal quality in a subset of participants. Visual inspection of scalp-coupling indices56 

Fig. 6 .  (A) Procedure of Studies 1 and 2. Study 1 consisted of all components, and Study 2 only of the first 
two components. (B) Schematic of one trial in the aesthetic rating task, consisting of 48 trials (3 × 16 videos). 
The intertrial-interval (ITI) indicates the jittered onset of trials during fNIRS recordings. (C) fNIRS montage 
of sources (red circles) and detectors (light blue circles), and short-detector channels (navy circles) using 
International 10/10 positions. Lines connecting sources and detectors show channels belonging to each ROI: 
IFG (green), IPL (orange), and MTG (pink).
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per participant revealed this to be most severe in three participants, and mild in another seven (Figure S1 in 
Supplementary Materials), who we excluded from the group-level analyses of cortical activation, yielding 31 
participants with clean signals. All 41 participants were included in analyses of behavioural data in Study 2.

Sociocultural and final questionnaires
First, participants completed a questionnaire administered via REDCap® that queried demographics (e.g., age, 
gender), cultural background (e.g., ethnicity, religion), as well as previous engagement with the arts and sports, 
and dance efficacy. Dance efficacy refers to one’s self-assessed reflection of individual factors likely to influence 
dance participation and other wellbeing outcomes22. The final questionnaire included questions designed to 
probe participants’ feelings toward dance and other elements of the study after having gained embodied dance 
experience, which are not analysed here. Full questionnaires available on OSF (https://osf.io/cndfg/).

Aesthetic rating task
Next, participants viewed videos of sequences of full-body movements, or choreographies. In this “Pre” 
assessment, all videos are unknown to participants. Subsequently participants completed a dance training 
("Dance training and assessment of performance ability"), in which they learned movements from half of the 
videos. Their learning was assessed through a video-recorded performance, then they completed the same 
aesthetic rating task again. As a result of the training, half of the movement sequences were now known or 
learned, while half remained unknown in the “Post” rating task.

Stimuli
Two 30-s choreographies of simple, original dance movements served as the basis for the aesthetic assessments 
and for the dance training phase of the study. For the aesthetic assessments, each of the two 30-s choreographies 
was divided into 8 distinct movement sequences (total n = 16). These were recorded as short video clips (ranging 
from 3 to 7 s in length, mean = 4.82 s, SD = 1.17 s) and are available on OSF (https://osf.io/jfv43/). All videos 
were recorded with a Sony HDR-PJ410 video camera at the MARCS Institute of Western Sydney University.

Presentation
Participants viewed videos of movement sequences then answered rating questions probing aesthetic 
perceptions. We measured subjective enjoyment using the question “How much did you like the movements 
you just watched?”. To measure visual expertise (i.e., fluency of processing), we asked “How familiar did you 
find the movements you just watched?”. We measured perceived motor expertise (i.e., embodiment) using “How 
reproducible did you find the movements you just watched?”. Participants responded using a computer mouse 
to click on a sliding scale that showed no numbers and ranged from “Not at all” to “Completely” (Fig. 6B). “Not 
at all” was associated with a value of zero, and “Completely” with 100.

Each trial consisted of a fixation cross (1 s), then a video showing a sequence of movements (~ 5 s), following 
by a single rating question (i.e., liking, familiarity, reproducibility) with a slider (Fig.  6B). Each video was 
presented three times to ensure participants completed ratings for all three questions. Both videos and questions 
were presented in a randomised order on a desktop computer via PsychoPy (version 2021.2.3)57. In the “Pre” 
task, the intertrial-interval (ITI) was 2 s from the participant’s selection of a rating response. In the “Post” task, 
where fNIRS was used to measure changes in cortical oxygenation, we used a jittered ITI (8–14 s) from the 
participant’s response selection. We included one practice trial using a nature video (rated for enjoyment) before 
the first trial to familiarise participants with the procedure.

Dance training and assessment of performance ability
Participants were randomly assigned to learn one of two choreographies. In this way, we counterbalanced the 
known and unknown videos across our sample. Participants followed a training video that included multiple 
repetitions of the steps broken down individually and slowly at first, and then all together and faster as the video 
progressed. Participants were instructed to follow along with the dancer in the video and physically repeat the 
movements each time they were shown on the screen. Dance training videos are available on OSF (https://osf.
io/jfv43/). Creation, performance, and instruction of all choreography was done by CEC, a trained dancer. Both 
pieces of choreography were determined to be of approximately the same level of difficulty by the research team.

Following the dance training, the researcher video-recorded participants performing the learned 
choreography. Participants’ performance ability, i.e., execution of the learned choreography, was scored on a 
scale from 1 to 10 (1 = “poor”, 10 = “perfect”) by two experienced dancers (CEC and Andrea Orlandi). Scores 
given by CEC and AO were averaged per participant to calculate each participant’s performance ability score.

fNIRS equipment and optode positioning
While participants viewed the sequences of movements a second time, after the dance training, we measured 
changes in cortical oxygenation, a proxy for cortical activation, using fNIRS. fNIRS measurements were recorded 
with a NIRScout (NIRx Medical Technologies LLC) with 24 LED light sources and 32 avalanche photodiode 
detectors. Sources emitted near-infrared light at wavelengths of 760 and 850 nm with a sampling rate of 3.47 Hz. 
Optodes (i.e., sources and detectors) were attached onto mesh caps (Easycap GmbH) using International 10/10 
positions as a guide. Grommets and spacers were used to maintain a maximum of 30 mm of separation between 
all source-detector pairs (NIRx Medical Technologies LLC). This spacing was employed to ensure the recorded 
signal comes from the correct depth below the scalp (1.5 cm) and to maximise the signal-to-noise ratio58.

Changes in cortical oxygenation, a proxy for cortical activation, were recorded from bilateral IFG, IPL, and 
MTG using a montage of 18 sources, 16 detectors, and 8 short-channel detectors (Fig. 6C). We used the AAL2 
atlas in the fOLD toolbox40,59,60 to select optode positions. The montage consisted of 26 long channels (source-
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detector pairs with ~ 30 mm of separation) and 8 short channels (source-detector pairs with 8 mm of separation). 
Short detectors were distributed across ROIs (1 in each IFG, 1 in each MTG, and 2 in each IPL) to account for 
heterogeneity of haemodynamic signals across the scalp61.

Procedure
In study 1, participants completed the following activities: A sociocultural questionnaire, a “Pre” aesthetic 
rating task, a dance training session, a “Post” aesthetic rating task (same stimuli as “Pre” with longer ITIs) with 
concurrent fNIRS measurement, and a final questionnaire (Fig. 6A). The experiment lasted approximately 2 h.

Data analysis
Statistical analyses probed the extent to which participants’ neural and behavioural responses, to the movement 
sequences presented in the videos, changed as a function of the embodied expertise acquired through dance 
training. Cortical data recorded using fNIRS required individual- and group-level analyses, whereas behavioural 
data only required group-level analyses. All analyses were preregistered, and data are available on OSF (https://
osf.io/cndfg/).

Individual-level analyses–cortical activity  Analyses of haemodynamic response amplitude62 were performed 
using MNE (version 1.2.2)63, MNE-NIRS (version 0.0.4)64, and NiLearn (version 0.9.2)65. We first inspected the 
signal quality using a scalp-coupling index for frequencies between 0.7–1.35 Hz (Figure S1 of Supplementary 
Materials)56. Next, we generated waveforms for visual inspection (procedure detailed in Supplementary Ma-
terials), which led us to fit two separate GLMs (discussed in "Unique contributions of viewing and evaluating 
movement to cortical activation"), with 6-s and 13-s boxcar functions respectively. The calculation support-
ing these boxcar lengths are: For 6 s = mean duration of video viewing (1 s fixation cross + 4.82 s [mean video 
length], rounded up from 5.82 s to 6 s). For 12.93 s = mean time to preparation and selection of aesthetic rating 
(1 s fixation cross + 6.69 s [mean question onset] + 3.09 s [mean response time] + 2.15 s [1 standard deviation of 
response time], rounded up to 13 s).

Prior to quantifying the amplitude of evoked haemodynamic responses measured using fNIRS per participant, 
we took the following steps: First, raw absolute intensity values recorded by the NIRScoutX were converted to 
optical density, which was further converted to concentrations of oxygenated and deoxygenated haemoglobin 
(HbO and HbR, respectively) using the Modified Beer-Lambert Law66,67. We used a partial pathlength factor of 
0.1, which accounts for both differential pathlength factor (DPF) and partial volume correction (PVC), where 
(DPF = 6)/(PVC = 60) is equal to 0.168,69. Next, channels < 20 mm or > 40 mm were excluded, meaning that we 
fit each GLM using channels (20–30 mm) expected to measure from ~ 1.5 cm below the scalp58. The design 
matrix for each GLM was generated by convolving the selected boxcar function (6 or 13 s) with the canonical 
haemodynamic response function70. All principal components of short-detector channels were also included 
in the GLM to account for extracerebral and physiological signal components, and drift orders accounting for 
signal components up to 0.01 Hz were included as regression factors62. Moreover, to account for the correlated 
nature of the fNIRS signal components, the GLM was performed with a lag-1 autoregressive noise model62. 
Finally, estimates extracted from the GLM were averaged for each ROI in the brain, weighted by the standard 
error. These were entered into separate group-level analyses per boxcar function (i.e., 6s and 13s).

Group-level analyses–Behavioural responses and cortical activity  We fit linear mixed-effects models using R 
(version 4.2.1)71 in the RStudio IDE (version 2022.07.2)72. Models were constructed in a step-wise fashion using 
R package lme4 (version 1.1–30)73. We added terms one-by-one, starting with random effects and then adding 
fixed effects incrementally74,75. The maximal number of terms as allowed by model comparison (using Akaike’s 
Information Criterion, AIC) was retained. While modelling group-level cortical activation, we suppressed the 
intercept to compare each predictor term against zero, i.e., to determine whether the predicted amplitude of a 
haemodynamic response is significantly different from zero for a given ROI and condition68. For analyses of 
both behavioural and cortical responses, we used the emmeans R package (version 1.8.4–1)76 to contrast rele-
vant parameter estimates and the false discovery rate procedure77 to correct contrasts for multiple comparisons.

Study 2
Study 2 comprised the sociocultural questionnaire and the “Pre” aesthetic rating task described above for Study 
1 (Fig. 6).

Participants
One hundred participants (20.71 ± 3.76 years; 79 female, 17 male, 3 other, 1 prefered not to say; 84 right-handed, 
13 left-handed, 3 ambidextrous) were recruited from a pool of undergraduate psychology students at Macquarie 
University and from the wider community in Sydney, Australia. All participants were 18–40 years old and had 
no dance experience beyond basic familiarity (e.g., took ballet classes as a child). Ethical approval for this study 
was obtained from the Macquarie University Human Research Ethics Committee (Ref: 520221199641492). 
All participants provided written informed consent and this research was undertaken in accordance with the 
Declaration of Helsinki. Participants received AUD $10 or course credits for their involvement.

Procedure
After providing written informed consent to take part in the study, participants completed the sociocultural 
questionnaire, described in "Sociocultural and final questionnaires", with additional measures of sports 
enjoyment, dance enjoyment, and social media dance enjoyment. Next participants completed the “Pre” aesthetic 
rating task ("Aesthetic rating task"). The experiment lasted approximately 30 min.
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Data analysis
Data related to previous arts and sports experience from Study 1 and Study 2 were analysed together, using data 
from all 141 participants. Sports enjoyment, dance enjoyment, and social media dance enjoyment were added to 
the sociocultural questionnaire for Study 2, meaning that these variables were not available for participants from 
Study 1 (n = 41). To address all measures (including these 3 new ones) in the same models, we imputed missing 
values using the mean value per measure (i.e., the average across 100 participants in Study 2 for each sports 
enjoyment, dance enjoyment, and social media dance enjoyment). This allowed research questions probing 
the influence of these new measures alongside measures collected in both studies to be addressed in the same 
models. Our preregistered analyses and all data are available under the Open Science Framework (https://osf.
io/vfsn2/).

Data availability
The stimuli, datasets, and code used in this work can be found on OSF: Stimuli: “Aesthetic Processing of Dynam-
ic Movement: Dance Video Stimuli”, https://osf.io/jfv43/; Study 1: “Aesthetic Processing of Dynamic Movement: 
Evidence from Brain and Behaviour”, https://osf.io/cndfg/; Study 2: “Aesthetic Preferences of Human Movement: 
Does Experience with the Arts Matter?”, https://osf.io/vfsn2/.
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