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A B S T R A C T   

Long-term dance training offers numerous benefits, including improvements in physical health, posture, body 
coordination, and mental health and well-being. Since dance is an art form of body-to-body communication, 
professional dancers may share feelings and thoughts on dance with their partners, owing to their shared training 
experiences. Considering this perspective, one may expect that professional dancers would demonstrate pro
nounced neural similarities when viewing dancing videos, which could be associated with their training dura
tion. To test these hypotheses, we collected functional magnetic resonance imaging (fMRI) data while presenting 
ballroom dancing and neutral video clips with long durations (~100 s each) to 41 professional ballroom dancers 
(19 pairs of dance partners) and 39 age- and sex-matched nondancers. Our findings revealed that dancers 
exhibited broader and stronger neural similarities across the whole brain when watching dancing video clips, as 
compared to the control group. These increased neural similarities could be interpreted in at least two distinct 
ways. First, neural similarities in certain brain regions within the motor control circuit (i.e., frontal cortical-basal 
ganglia-thalamic circuit) were significantly correlated with dance-related information (e.g., dance partners’ 
cooperation duration), which reinforced the impact of long-term dance training on neural synchronization. 
Second, neural similarities in other brain regions (e.g., memory-related brain regions) were significantly 
correlated with subjects’ impression of the viewed videos (i.e., whether they have watched before, familiarity, 
and liking), which may not necessarily be directly linked to long-term dance training. Altogether, our study 
provided solid evidence for synchronized neural mechanisms in professional dancers due to long-term dance 
training.   

1. Introduction 

Dance is an expressive art form that involves real-time synchroni
zation of coordinated body movements in response to perceived audi
tory patterns. It is a captivating and pleasurable activity that 
encompasses various aspects of human engagement, including motor 
skills, cognitive processing, visuospatial awareness, social interaction, 
and emotional expression (Burzynska et al., 2017; Hanggi et al., 2010). 
Although everyone may dance, professional dancers are well-trained in 
a particular form of dance and good at expressing emotional intentions 
using dance movements (Christensen et al., 2023). Long-term rigorous 
dance training would promote their coordination skills (Thullier and 
Moufti, 2004), esthetic awareness (Kirsch and Cross, 2018; Kirsch et al., 

2015), and abilities for the control of rhythmic movements (Miura et al., 
2013). In line with these behavioral enhancements, recent neuro
imaging studies have demonstrated that long-term dance training could 
lead to noticeable brain anatomical and functional alterations (Hanggi 
et al., 2010; Karpati et al., 2017). For instance, dancers have exhibited 
increased brain volumes in the cingulate cortex, insula, and sensori
motor cortex (Rehfeld et al., 2018), as well as increased amplitudes of 
low-frequency resting-state functional magnetic resonance imaging 
(fMRI) fluctuations in the sensorimotor cortex (Lu et al., 2018), and 
enhanced resting-state functional connectivity in the cortico-basal 
ganglia loops (Li et al., 2015). Furthermore, professional dancers have 
shown greater activations in various brain areas, such as the premotor 
cortex, temporal cortex, and parahippocampal gyrus, when viewing 
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dancing video clips of the dance form they have been trained in (Bur
zynska et al., 2017; Calvo-Merino et al., 2005). 

Studies involving dancers often utilize video clips with a short 
duration (time length: 3–20 s) as stimuli. This choice is driven by the 
requirement of the traditional general linear model (GLM) analysis, 
which is the standard method to process fMRI data to isolate stimulus- 
induced signals from background noises and demands rapid alterna
tions of stimulus on/off states (Lindquist and Wager, 2015). However, 
the use of short video clips has two important limitations. First, short 
video clips would inevitably activate brain responses that reflect tran
sient changes of the stimuli but not associate with the video scene per se, 
e.g., the activation in the salience network (Seeley, 2019). Second, the 
short duration of the video clips would hamper the generation of a solid 
immersive experience, which is crucial to evoke strong and stable brain 
activations associated with the video scene. To address above issues, 
video clips with relatively longer durations (e.g., in a time scale of mi
nutes) are required. Although the traditional GLM analysis could not be 
adopted, the analysis of fMRI data with long video clips could rely on a 
distinct statistical approach named intersubject correlation (ISC; Has
son et al., 2004; Kauppi et al., 2010; Nastase et al., 2019). ISC analysis is 
a model-free approach that can locate brain activations by assessing the 
similarities in hemodynamic responses across subjects (Hasson et al., 
2004; Nastase et al., 2019). Since ISC analysis does not rely on a priori 
knowledge of the temporal composition of processes contributing to the 
measured signals, it has gained popularity in processing fMRI data 
collected in naturalistic environments, e.g., long video clips, yielding a 
series of novel findings (Bacha-Trams et al., 2018; Gruskin et al., 2020). 
For instance, ISC between two individuals during free viewing of natu
ralistic movies was found to be inversely related to their distance in 
real-world social networks (Parkinson et al., 2018). ISC between mar
ried couples while watching marital life-related movies predicted their 
marital satisfaction (Li et al., 2022). Additionally, highly central in
dividuals exhibited higher neural similarities with others than less 
central individuals (Baek et al., 2022). 

The ISC analysis strategy is also well suited for processing fMRI data 
when professional dancers view long dancing video clips to reveal 
neural mechanisms associated with the effect of long-term dance 
training. The application of ISC in the relevant field is well-established in 
literature. For example, Jola et al. (2013) investigated neural synchrony 
in both uni- and multi-sensory brain areas during watching unedited 
dance recordings. Similarly, Pollick et al. (2018) utilized ISC maps to 
define sensory and motor processing networks while participants 
viewed edited dance duets accompanied by a soundtrack. Additionally, 
Herbec et al. (2015) reported greater ISC for edited dance videos 
compared to unedited ones. Generally speaking, individuals who share 
similar feelings and interpretations of a viewed video would tend to 
exhibit synchronized neural responses, resulting in high neural simi
larities (Nguyen et al., 2019). Therefore, we proposed that compared to 
controls, professional dancers with similar dance training experiences 
would exhibit broader and/or higher neural similarities (i.e., more brain 
regions showing significant ISC and/or brain regions with higher ISC 
values) when viewing dancing video clips. Furthermore, the degree of 
neural similarity may increase with the amount of dancing practice. 
Specifically, professional duo dancers, such as ballroom dancers, who 
require coordination and emotional sharing during performances, are 
expected to demonstrate enhanced neural similarities as their paired 
training duration increases (i.e., positive correlations between ISC 
values and training durations) compared to random dancer pairs. Based 
on previous ISC studies on dance observation (Herbec et al., 2015; Jola 
et al., 2013; Pollick et al., 2018), we hypothesize that dancers would 
demonstrate superior neural synchrony in brain regions associated with 
motor and sensory processing, such as the precentral gyrus, postcentral 
gyrus, and temporal gyrus. Furthermore, given their familiarity with the 
movements in dancing videos and potentially prior exposure to these 
videos, as well as their heightened preference for dance content 
compared to control groups, we expect to observe significant neural 

synchrony in memory-related and emotion-related brain regions for 
dancers, such as the hippocampal gyrus and prefrontal cortex (Sabati
nelli et al., 2011; Voss et al., 2019). 

To examine these hypotheses, we conducted an fMRI experiment in 
which we presented four ballroom dancing video clips and four neutral 
video clips with relatively long durations (time length for each video 
clip: ~100 s) to 41 professional ballroom dancers (19 pairs of dance 
partners) and 39 age- and sex-matched nondancers. We applied the ISC 
analysis to investigate the impact of long-term dance training on neural 
synchrony, i.e., neural similarity, for ballroom dancers. Neural similar
ity, typically measured by calculating the correlation coefficients be
tween pairs of participants, refers to the degree of correspondence or 
concordance in neural responses between different participants (Hasson 
et al., 2004). The relationships between ISC values and dance informa
tion (i.e., years of dance, years with dance partners, the number of dance 
partners, and the age started dancing) were examined to verify the 
impact of long-term dance training. In addition, intersubject represen
tational similarity analysis (ISRSA; Chen et al., 2020; Nguyen et al., 
2019), which is an extension of ISC, was employed to determine brain 
regions where the neural similarity reflected subjects’ impression (e.g., 
degree of familiarity or preference) of the presented videos. Unlike ISC, 
which focuses on the correlation between pairs of participants, ISRSA 
relates ISC to individual traits and behaviors, operating at the level of 
single subjects. This is achieved by computing separate 
subject-by-subject distance matrices for brain data (e.g., ISC) and 
behavioral data, and then estimating the geometric relationships of 
these matrices using second-order isomorphism (Finn et al., 2020). The 
underlying principle is that individuals who exhibit greater behavioral 
similarity should also demonstrate greater similarity in their neural re
sponses. The use of ISRSA analysis would be helpful in ruling out the 
possibility that the observed results associated with the long-term dance 
training were solely driven by the impression of the videos. 

2. Methods 

2.1. Participants 

After excluding one male participant in the control group as his head 
motion exceeded 3 mm, a total of 80 healthy right-handed participants 
(41 professional ballroom dancers and 39 nondancers) were recruited 
from Beijing Sport University. All dancers have to meet the following 
criteria: (1) being listed as ballroom dancers by the Chinese Dance Sport 
Federation; (2) majoring in ballroom dancing in college; (3) having 
ballroom dancing experience for at least five years; (4) having partici
pated in professional national dance sport competition at least once; and 
(5) practicing more than 10 h a week in the past three years. In contrast, 
the control group consisted of individuals who had no dancing experi
ence or any other long-term professional kinematic training. All 
recruited participants had no history of neurological disorders, had 
normal or corrected-to-normal vision, had not consumed alcohol or 
coffee within 24 h before MRI scanning, and met all safety requirements 
for MRI. They have been provided informed consent prior to experiment 
and received monetary compensation for their participation. This study 
was approved by the Ethics Committee of the Institute of Psychology, 
Chinese Academy of Sciences. 

2.2. Video clips 

Four ballroom dancing video clips (time length for each video clip: 
98–108 s) and four neutral video clips (time length for each video clip: 
105–118 s) were meticulously selected and provided by the second 
author (Xiao Wang, a member of the China National DanceSport Pro
fessional team and an expert ballroom dancer who won many important 
accolades, such as the World Championship-quarterfinals, the Asian 
Single Dance Championship-2nd place, and the Chinese DanceSport 
Championship-2nd place). The dancing video clips present full 
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performances, from entrance to exit, featuring internationally renowned 
ballroom dancers Dmitry Zharkov and Olga Kulikova, in four styles (i.e., 
Quickstep, Waltz, Viennese Waltz, and Tango) in a world competition 
(WDSF GrandSlam Standard Finish Open 2018 Helsinki DanceSport 
Championships). Well-recognized prestigious dancers were selected to 
avoid judgment on the performance and reduce preference in dancing 
styles. Neutral video clips display natural scenes from four places (i.e., 
three in China: Beijing, Shenzhen, and Xinjiang; one in Germany) and 
predominantly show city buildings, forests, lakes, and hills etc. All video 
clips have high resolution and an inherent soundtrack to provide 
immersive enjoyment. Crucially, we did not perform any additional 
editing or cutting on the video clips to deliver a complete and immersive 
experience to the participants. 

2.3. Experimental design 

The whole experiment was composed of two separate runs (i.e., run 1 
and run 2; Fig. 1A). Each run started with a 12 s rest, followed by four 
video clip blocks. During each video clip block, there was a 4 s prompt 
signaling the start of the video, three Likert scale rating tasks after 
playing the video (see below for details of the rating tasks), and a 20 s 
rest at the end of the block. The rest between successive blocks would 
help participants refocus their attention and maintain their concentra
tion throughout the entire viewing session. The video clips were pre
sented with the same order: Quickstep → Beijing → Waltz → Germany 
for run 1, and Viennese Waltz → Shenzhen → Tango →Xinjiang for run 2. 
Please note that we presented video clips in the same order for all par
ticipants to ensure consistency and eliminate potential confounds 
arising from variances in stimulus presentation (Baek et al., 2022; 

Parkinson et al., 2018). This practice aligns with recommendations by 
Baek et al. (2022) and Parkinson et al. (2018), presenting video clips in 
the same sequential order during scanning would minimize the vari
ability in neural responses that may result from differences in the pre
sentation of stimuli rather than from inherent individual-level 
differences, specifically for the purpose of conducting ISC analysis 
(Chen et al., 2020). The three Likert scale ratings were as follows: (1) 
Have you watched this video clip before (0 = Have not watched it 
before; 1 = Not sure; 2 = Have watched it before)? (2) Are you familiar 
with the content in this video clip (0 = Very unfamiliar; 1 = Unfamiliar; 
2 = Neutral; 3 = Familiar; 4 = Very familiar)? (3) Do you like this video 
clip (0 = Very dislike; 1 = Dislike; 2 = Neutral; 3 = Like; 4 = Very like)? 

During the experiment, participants were instructed to passively 
watch video clips but attentively in a relaxing state. The stimuli were 
presented using a projector and a back-projection mirror mounted in the 
scanner suite. Participants shifted ratings using two buttons in their left 
hand and selected a rating using one button in their right hand. E-prime 
2.0 (Psychology Software Tools Inc., USA) was used to control the pre
sentation of video clips and record information of behavioral reactions. 

For each rating task, a two-way mixed-design analysis of variance 
(ANOVA) with a within-subject factor (video type: dancing or neutral 
video clips) and a between-subject factor (participant type: dancer group 
or control group) was performed on normalized ratings (i.e., the mean 
ratings for each video type was normalized to the range from 0 to 1, by 
subtracting each participant’s answer from the minimal score obtained 
and subsequently dividing it by the maximal score recorded across all 
participants on the same scale). If the data were normally distributed, 
parametric ANOVA analysis was conducted using the pingouin package 
(Vallat, 2018); if not, non-parametric ANOVA analysis was conducted 

Fig. 1. The experimental flowchart and representative fMRI BOLD timeseries. (A) All participants viewed the same set of video clips in the same order, with two 
video types presented alternatively. Dancing video clips include four different dance styles (i.e., Quickstep, Waltz, Viennese Waltz, and Tango), and neutral video 
clips showcase natural scenes from four different places (i.e., Beijing, Germany, Shenzhen, and Xinjiang). (B) fMRI images collected when subjects viewed video clips 
were extracted and concatenated according to the video type. Mean BOLD timeseries for every subregion in Brainnetome Atlas were extracted for further 
data analyses. 
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using the ARTool package (Wobbrock et al., 2011). Additionally, rating 
differences for each video clip were assessed individually using statis
tical tests, either independent-sample t-tests or Mann-Whitney U tests, 
depending on the nature of the data and the assumptions of the tests. 

2.4. MRI data acquisition 

MRI data were collected using a 3T GE Discovery MR 750 scanner 
with an 8-channel head coil at the Magnetic Resonance Imaging 
Research Center, Institute of Psychology, Chinese Academy of Sciences, 
China. High-resolution T1-weighted structural images were obtained 
using a 3D SPGR sequence (192 sagittal slices, repetition time [TR] =
6.7 ms, echo time [TE] = 2.9 ms, flip angle [FA] = 12◦, field of view 
[FOV] = 256 × 256 mm2, voxel size = 1 × 1 × 1 mm3). Task fMRI 
images (run 1 and run 2) were obtained using an echo-planar imaging 
sequence (TR = 2000 ms, TE = 30 ms, FA = 90◦, FOV = 224 × 224 mm2, 
voxel size = 3.5 × 3.5 × 3.5 mm3, slices = 37, no slice spacing, inter
leaved slice ordering). The OptoActive™ active noise canceling head
phones (Optoacoustics Ltd., Israel), which could actively reduce noise 
generated by the MRI scanner, were used to provide high-quality audio 
sounds. 

2.5. MRI data preprocessing 

Task fMRI images were preprocessed using Data Processing Assistant 
for Resting-State functional MRI toolbox (Yan and Zang, 2010) as fol
lows: removed the first five volumes; slice timing; motion correction; 
regressed out nuisance regressors including Friston’s 24 head motion 
parameters, white matter and CSF signals; regressed out an overall 

linear trend; scaled all timeseries to mean; filtered with a bandpass of 
0.01–0.1 Hz (Kauppi et al., 2010); adjusted T1 images to be parallel to 
anterior commissure – posterior commissure line; co-registered T1 im
ages to functional images; segmented T1 images via the Diffeomorphic 
Anatomical Registration using Exponentiated Lie algebra (DARTEL; 
Ashburner, 2007) method with the East Asian template for affine reg
ularization to obtain the nonlinear deformation field between native and 
Montreal Neurological Institute (MNI) space; normalized functional 
images to the standard MNI space with the deformation field; resampled 
voxel size into 3 × 3 × 3 mm3; and smoothed with a 6-mm full width half 
maximum (FWHM) Gaussian kernel. The maximal head motions were 
required to be within 3 mm translation and 3◦ rotation in any direction 
throughout the scanning for all participants, and outliers were subse
quently excluded from further analyses. 

The fMRI images while watching each video clip were extracted and 
then concatenated according to the video type (Fig. 1A), yielding in total 
209 and 227 images for dancing video and neutral video, respectively. In 
this case, fMRI images collected during motor responses were not 
included in our data analysis, i.e., time intervals with motor-related 
activations were discarded. The mean timeseries from every subregion 
in the Brainnetome Atlas (Fan et al., 2016), which parcellates the brain 
into a total of 210 cortical areas and 36 subcortical regions based on 
their anatomical and functional connectivity patterns, were then 
extracted for further analysis (Fig. 1B). 

2.6. Intersubject correlation analysis (ISC) 

ISC analysis (Chen et al., 2020; Nastase et al., 2019; Nummenmaa 
et al., 2018) was performed using the python package nltools 0.4.7 from 

Fig. 2. Whole brain ISC results. (A) ISC similarity matrices (the lower triangle part) of a representative subregion (i.e., the left inferior frontal sulcus) at four different 
experimental conditions. (B) Whole brain ISC distributions in different experimental conditions. (C) Whole brain statistical results: left, the main effect of participant 
type; middle, the main effect of video type; and right, the interaction effect. Significance was declared if pbonf < 0.05. ISC: intersubject correlation. 
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Cosan Lab (https://cosanlab.github.io/nltools). First, pairwise Pearson 
correlations between the timeseries of one participant and other par
ticipants were calculated to generate intersubject correlation matrices 
for each brain subregion (Fig. 2A) and each experimental condition, 
yielding 2 (dancer group and control group) × 2 (dancing and neutral 
video clips) × 246 (246 subregions) ISC matrices. The overall ISC value 
for each experimental condition was obtained by calculating the median 
of the lower triangle in each ISC matrix. The p-values were obtained by 
comparing the ISC value and the null distribution that was generated by 
subject-wise bootstrapping of the pairwise similarity matrix 10,000 
times, and calculating the percentage of samples from the distribution 
that was less than the observed ISC value. It should be noted that the 
nltools toolbox converts the perfect correlations in bootstrapped pair
wise similarity, caused by repeat resample, to NaNs to minimize these 
outliers on the summary statistic. Bonferroni correction was applied 
wherever multiple comparisons occurred, therefore significance was 
declared in the ISC analysis if p < 0.0002 (0.05/246 ≈ 0.0002). 

Two-way mixed-design ANOVA with a within-subject factor (video 
type: dancing and neutral video clips) and a between-subject factor 
(participant type: dancer group and control group) was performed on 
ISC values from all 246 subregions to evaluate the condition difference 
of the neural synchronization at the whole-brain level. Furthermore, the 
same two-way mixed-design ANOVA was performed on individual ISC 
values (i.e., the mean pairwise Pearson correlation coefficients between 
one participant and other participants) for each subregion. Post-hoc 
pairwise comparisons were performed to isolate subregions, in which 
(1) significantly higher neural similarities were observed for dancers 
than controls while watching dancing video clips, (2) no significant 
group difference was observed while watching neutral video clips, (3) 
significantly higher neural similarities for dancers was observed while 
watching dancing video clips than neutral video clips, and (4) no sig
nificant difference for controls was observed while watching the two 
types of video clips (Fig. 3A). Significance was declared in post-hoc 
analyses if p < 0.05/number of subregions showed significant interac
tion effects (i.e., Bonferroni correction). 

Moreover, a series of statistical analyses were performed on data 
collected from dancers while watching dancing video clips to further 

assess the impact of long-term ballroom dance training. First, potential 
outliers were excluded using a criterion of three standard deviations 
from the mean. Bayesian correlation analyses were then performed to 
examine the relationship between individual ISC values and dance in
formation (i.e., years of dance, years with dance partners, the number of 
dance partners, and the age started dancing). The Bayes factor (BF) 
explicitly provides evidence for or against the null hypothesis of no 
correlation. The interpretation of BF values was as follows: (1) 1–3.2: 
barely worth mentioning evidence for the alternative hypothesis; (2) 
3.2–10: substantial evidence; (3) 10–100: strong evidence; (4) >100: 
decisive evidence; and (5) <1: substantial evidence for the null hy
pothesis (SamPenDu, 2015). Second, an independent-sample t-test was 
performed to compare ISC values of dance partners (i.e., the correlation 
coefficient between one male dancer and his dance partner) and the 
mean ISC values between one male dancer and all other female dancers 
to assess whether the neural similarity between dance partners would be 
superior to other random pairs. Third, Bayesian correlation analysis was 
conducted to assess the possible correlation between ISC values of dance 
partners and their cooperation duration (in years). 

Furthermore, we conducted ISC analysis on an individual basis for 
each video clip. This involved estimating the ISC values for each video 
clip and participant, and then calculating the mean ISC values for each 
type of video clip (i.e., ballroom dancing video and neutral video). This 
procedure generated an ISC matrix for each experimental condition, 
consisting of 2 (dancer group and control group) × 2 (dancing and 
neutral video clips) conditions. These ISC matrices were subjected to the 
same statistical analyses as described previously. 

2.7. Intersubject representational similarity analysis (ISRSA) 

To assess whether the neural similarity could be affected by subjects’ 
impression of the presented video clips, ISRSA (Chen et al., 2020; 
Gruskin et al., 2020; van Baar et al., 2019) was performed to compare 
the ISC matrices with rating similarity matrices using second-order 
statistics akin to representational similarity analysis (Finn et al., 2020; 
Kriegeskorte and Kievit, 2013; Kriegeskorte et al., 2008). The nltools was 
also used for performing ISRSA analysis. The rating similarity matrices 

Fig. 3. Brain regions with ISC values 
showing significant interactions. (A) 
The comparisons of ISC values among 
experimental conditions in the left IFS 
(left) and left dorsolateral putamen 
(right). (B) Brain subregions with (1) 
significantly higher neural similarities 
for dancers than controls while watch
ing dancing video clips, (2) no signifi
cant group difference while watching 
neutral video clips, (3) significantly 
higher neural similarities for dancers 
while watching dancing video clips than 
neutral video clips, and (4) no signifi
cant difference for controls while 
watching the two types of video clips. 
ISC: intersubject correlation; IFS: infe
rior frontal sulcus; dlPuta: dorsolateral 
putamen; n.s.: not significant; *: pbonf <

0.05.   
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were generated using the Anna Karenina (AnnaK) model (Finn et al., 
2020) to test the prediction that people who score high on a given rating 
scale share similar patterns of brain activity, while those who score 
lower demonstrate greater variability. The Annak model, derived from 
the famous opening line of Leo Tolstoy’s novel, characterizes similarity 
by employing a metric that reflects the absolute position on the scale. In 
our study, we adopted a ranking approach to assess scores and measure 
similarity between two subjects by calculating the normalized mean 
value of their respective ranks. Consequently, a higher Annak score in
dicates that both subjects occupy higher positions in the ranking. 

Specifically, 246 ISC matrices were obtained from all participants, 
and three pairwise rating similarity matrices (i.e., whether they have 
watched before, familiarity, liking) were constructed. Only the video 
type in which ratings showed significant group differences was consid
ered in ISRSA. Spearman correlation analysis between each of the ISC 
matrices and each of the rating similarity matrices was performed, for a 
total of 246 × 3 times. Subject labels were randomly permuted for one of 
the two similarity matrices 10,000 times, and the correlation co
efficients between the two matrices were recalculated to generate a null 
distribution. The p-values were obtained by comparing the real corre
lation coefficients and the null distribution. Significance was declared in 
ISRSA analyses if p < 0.0002 (0.05/246 ≈ 0.0002). 

3. Results 

3.1. Demographic information and behavioral results 

In total, 41 dancers (21 males, age: 21.78 ± 2.36, 19 pairs of dance 
partners plus two single males and one single female) and 39 controls 
(19 males, age: 21.00 ± 2.14) were included in the final analyses 
(Table 1). There were no significant differences in age (t[78] = 1.55, p =
0.126) or years of education (t[78] = 1.16, p = 0.249) between dancers 
and controls. 

Normalized ratings about the impression of the video clips were 
summarized in Table 2. Overall, 7 dancers and 27 controls reported that 
they had not viewed any of the four dancing video clips; 37 dancers and 
37 controls reported that they had not watched any of the four neutral 
video clips. Q-Q plot showed that the ratings of ‘whether have watched 
before’ were not normally distributed. Two-way mixed-design ANOVA 
showed a significant interaction between the two factors (i.e., video type 
and participant type) (Table S1; F[1,78) = 93.67, η2

p = 0.55, p < 0.001). 
Non-parametric Mann-Whitney U tests showed significant differences 
between dancers and controls when watching dancing video clips (z =
6.13, p < 0.001) but not neutral video clips (z = 0.20, p = 0.842). 
Moreover, non-parametric Mann-Whitney U tests revealed that there 
were significant differences between dancers and controls for different 
dancing video clips (Table S2). However, no significant differences were 
observed between dancers and controls for each neutral video clip 

(Table S2). 
Q-Q plot illustrated that the ratings of familiarity and liking were 

nearly normally distributed. Two-way mixed-design ANOVA also 
showed significant interactions between the two factors (Table S1; fa
miliarity: F[1,78] = 83.30, η2

p = 0.52, p < 0.001; liking: F[1,78] =
39.65, η2

p = 0.34, p < 0.001). Post-hoc pairwise t-tests showed signif
icant differences between dancers and controls when watching dancing 
video clips (familiarity: t[74.50] = 8.45, p < 0.001; liking: t[76.63] =
6.11, p < 0.001). Significant differences were also observed for dancers 
when they were watching dancing video clips and neutral video clips 
(familiarity: t[40] = 13.09, p < 0.001; liking: t[40] = 6.59, p < 0.001). 
In addition, neutral video clips were more liked in the control group 
than in the dancer group (t[77.65] = − 2.64, p = 0.010) and were more 
liked than dancing video clips for controls (t[38] = − 2.04, p = 0.048), 
likely attributable to the beautiful natural scenes depicted in the neutral 
video clips. Independent-sample t-tests revealed significant differences 
between dancers and controls for each dancing video clip (Table S2). 
Additionally, significant differences were observed between dancers and 
controls for familiarity and liking ratings of certain neutral video clips. 
Specifically, the neutral video clips exhibiting Beijing showed significant 
group differences in familiarity (t[78] = − 2.54, p = 0.013) and liking (t 
[40] = − 2.76, p = 0.007). Similarly, the neutral video clips exhibiting 
Xinjiang demonstrated a significant difference in liking between the two 
groups (t[78] = − 2.18, p = 0.033) (Table S2). No other significant 
differences were observed (all p > 0.05). 

3.2. Intersubject correlation results 

Whole-brain ISC values showed a significant main effect for video 
type (F(1, 490) = 202.60, η2

p = 0.29, p < 0.001) and a significant 
interaction effect (F(1, 490) = 49.16, η2

p = 0.09, p < 0.001). The main 
effect for participant type was marginally significant (F(1490) = 3.88, 
η2

p = 0.01, p = 0.050). Post-hoc pairwise comparisons showed that both 
dancers (t(245) = 14.28, p < 0.001) and controls (t(245) = 5.40, p < 
0.001) had higher neural similarity when they were viewing dancing 
video clips than neutral video clips. Moreover, dancers showed higher 
neural similarity than controls when they were watching dancing video 
clips (t(490) = 3.62, p < 0.001), but not for neutral video clips (t(490) 
= − 0.54, p = 0.593), which resulted in the marginal significance for the 
main effect of participant type. 

The bootstrapping test revealed that in total 175 (Fig. 2B, the first 
plot), 100 (Fig. 2B, the second plot), 80 (Fig. 2B, the third plot), 84 
(Fig. 2B, the fourth plot) out of 246 subregions showed significant neural 
synchronization (i.e., ISC values) for dancers and controls when viewing 
dancing and neutral video clips, respectively. High ISC values were 
predominantly observed in the primary visual cortex and temporal 
cortex across all four conditions, while dancers viewing dancing video 
clips showed wider neural synchrony in more subregions, such as the 
frontal gyrus, precentral gyrus, postcentral gyrus, insular gyrus, 

Table 1 
Demographic data and dance information (mean ± standard deviation).   

Dancers (n =
41) 

Controls (n =
39) 

t p 
value 

Sex (male/female) 21/20 19/20   
Age (year) 21.78 ± 2.36 21.00 ± 2.14 1.55 0.126 
Education (year) 15.15 ± 2.03 14.67 ± 1.63 1.16 0.249 
Years of dance 8.93 ± 2.21    
Years with dance partners 8.33 ± 1.84    
The number of dance 

partners 
3.17 ± 1.48    

The age started dancing 10.61 ± 2.82    

Years of dance refer to the duration of dance training for dancers, including basic 
training without a fixed dance partner and official training with a fixed dancer 
partner; years with dance partners refer to the number of years that the dancer 
has officially danced with a fixed partner; the number of dance partners refers to 
the number of fixed partners with which the dancer has danced. 

Table 2 
Ratings on the video clips and the whole brain ISC values (mean ± standard 
deviation) in different experimental conditions.   

Dancers (n = 41) Controls (n = 39)  

dancing 
clips 

neutral 
clips 

dancing 
clips 

neutral 
clips 

Ratings on the video 
clips     

Whether have watched 
before 

0.62 ±
0.35 

0.04 ±
0.10 

0.10 ±
0.14 

0.03 ±
0.07 

Familiarity 0.70 ±
0.17 

0.28 ±
0.16 

0.34± 0.20 0.34 ±
0.21 

Liking 0.81 ±
0.15 

0.57 ±
0.17 

0.60 ±
0.16 

0.67 ±
0.15 

Mean whole-brain ISC 
value 

0.08 ±
0.07 

0.04 ±
0.05 

0.06 ±
0.07 

0.04 ±
0.05  
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amygdala, and basal ganglia. Among all the observed ISC values, the 
highest ISC value of 0.45 was found in the right rostral superior temporal 
gyrus when dancers viewed dancing video clips. Two-way mixed-design 
ANOVA performed for each subregion showed that 32, 137, and 61 
subregions had significant main effects for participant type and video 
type, and significant interaction, respectively (Fig. 2C). A significant 
main effect for participant type was mainly observed in the frontal gyrus 
(i.e., the right medial superior frontal gyrus area 10, bilateral dorsal 
middle frontal gyrus, left inferior frontal junction, middle frontal gyrus 
area 46, and left inferior frontal sulcus), superior temporal gyrus, 
amygdala, hippocampus, and parahippocampal gyrus; a significant 
main effect for video type was mainly observed in the temporal and 
parietal gyrus; and a significant interaction was mainly observed in the 
inferior frontal gyrus (IFG), precentral and postcentral gyrus, and infe
rior parietal lobule. Post-hoc pairwise comparisons revealed that 28 
subregions, with (1) significantly higher neural similarities for dancers 
than controls while watching dancing video clips, (2) no significant 

group difference while watching neutral video clips, (3) significantly 
higher neural similarities for dancers while watching dancing video clips 
than neutral video clips, and (4) no significant difference for controls 
while watching the two types of video clips (Fig. 3B& Tables 3 & S3). 
Those subregions were mainly situated in bilateral IFG, para
hippocampal gyrus, and basal ganglia. 

In the additional ISC analysis conducted on each individual video 
clip, we observed some ISC differences among different videos (Fig. S1). 
However, when examining the results using mean ISC values for each 
condition, we observed consistent ISC outcomes and statistical results 
between the previous concatenated analysis approach and the current 
itemized analysis approach (Fig. S2). 

For dancers, Bayesian correlation analyses revealed positive corre
lations of individual ISC values with the number of partners in the right 
rostrodorsal inferior parietal lobule (r = 0.42, BF = 5.05) and with the 
age started dancing in the right lateral amygdala (r = 0.42, BF = 4.89). 
Moreover, negative correlations of individual ISC values were observed 

Table 3 
Brain regions with ISC values showing significant interactions between the factors ‘participant type’ and ‘video type’.    

MNI Participant type × video type Dancing clips Dancer group 

Brain subregions Hemi x y z F pbonf η2
p t pbonf t pbonf 

Superior Frontal Gyrus (dorsolateral area 8) L − 18 24 53 19.11 < 0.05 0.20 3.84 < 0.05 4.32 < 0.05 

Inferior Frontal Gyrus (dorsal area 44) L − 46 13 24 29.07 < 0.05 0.27 4.18 < 0.05 7.23 < 0.05 

Inferior Frontal Gyrus (inferior frontal sulcus) L − 47 32 14 43.62 < 0.05 0.36 9.94 < 0.05 8.16 < 0.05 

Inferior Frontal Gyrus (inferior frontal sulcus) R 48 35 13 15.97 < 0.05 0.17 4.19 < 0.05 9.06 < 0.05 

Inferior Frontal Gyrus (caudal area 45) L − 53 23 11 24.08 < 0.05 0.24 4.75 < 0.05 6.42 < 0.05 

Inferior Frontal Gyrus (opercular area 44) L − 39 23 4 16.09 < 0.05 0.17 4.26 < 0.05 7.51 < 0.05 

Inferior Frontal Gyrus (ventral area 44) R 54 14 11 19.86 < 0.05 0.20 4.36 < 0.05 5.14 < 0.05 

Orbital Gyrus (medial area 14) L − 7 54 − 7 21.77 < 0.05 0.22 5.25 < 0.05 5.84 < 0.05 

Orbital Gyrus (medial area 11) L − 6 52 − 19 20.69 < 0.05 0.21 4.57 < 0.05 6.29 < 0.05 

Parahippocampal Gyrus (rostral area 35/36) R 28 − 8 − 33 20.82 < 0.05 0.21 4.31 < 0.05 6.03 < 0.05 

Parahippocampal Gyrus (entorhinal cortex) L − 19 − 12 − 30 23.93 < 0.05 0.23 6.59 < 0.05 6.30 < 0.05 

Parahippocampal Gyrus (entorhinal cortex) R 19 − 10 − 30 31.57 < 0.05 0.29 7.09 < 0.05 6.16 < 0.05 

Parahippocampal Gyrus (temporal agranular insular cortex) R 22 1 − 36 28.93 < 0.05 0.27 5.03 < 0.05 5.10 < 0.05 

Parahippocampal Gyrus (medial area) R 19 − 36 − 11 32.26 < 0.05 0.29 4.30 < 0.05 7.28 < 0.05    

MNI Participant type × video type Dancing clips Dancer group 

Brain regions Hemi x y z F pbonf η2
p t pbonf t pbonf 

Inferior Parietal Lobule (caudal area 39) R 45 − 71 20 29.34 < 0.05 0.27 5.36 < 0.05 11.86 < 0.05 

Precuneus (medial area 7) L − 5 − 63 51 32.18 < 0.05 0.29 6.27 < 0.05 5.56 < 0.05 

Precuneus (medial area 7) R 6 − 65 51 43.93 < 0.05 0.36 5.49 < 0.05 10.77 < 0.05 

Postcentral Gyrus (area 1/2/3) R 56 − 10 15 39.26 < 0.05 0.33 4.49 < 0.05 8.10 < 0.05 

Postcentral Gyrus (area 2) R 48 − 24 48 45.60 < 0.05 0.37 6.48 < 0.05 9.02 < 0.05 

Insular Gyrus (dorsal dysgranular insula) R 38 5 5 21.95 < 0.05 0.22 3.67 < 0.05 5.07 < 0.05 

Cuneus (rostral cuneus gyrus) L − 5 − 81 10 22.20 < 0.05 0.22 5.05 < 0.05 10.38 < 0.05 

Cuneus (caudal cuneus gyrus) R 8 − 90 12 45.97 < 0.05 0.37 6.07 < 0.05 6.17 < 0.05 

Occipital Cortex (area V5/MT+) R 48 − 70 − 1 16.01 < 0.05 0.17 4.71 < 0.05 6.14 < 0.05 

Hippocampus (rostral area) L − 22 − 14 − 19 32.65 < 0.05 0.30 7.40 < 0.05 6.85 < 0.05 

Basal Ganglia (globus pallidus) L − 22 − 2 4 27.96 < 0.05 0.26 4.85 < 0.05 7.74 < 0.05 

Basal Ganglia (ventromedial putamen) R 22 8 − 1 28.96 < 0.05 0.27 5.36 < 0.05 10.06 < 0.05 

Basal Ganglia (dorsal putamen) L − 28 − 5 2 33.38 < 0.05 0.30 4.64 < 0.05 8.76 < 0.05 

Basal Ganglia (dorsal putamen) R 29 − 3 1 20.01 < 0.05 0.20 4.62 < 0.05 6.20 < 0.05 

The columns under the “Dancing clips” and “Dancer group” summarized the post-hoc results comparing dancers vs. controls while viewing dancing video clips and 
comparing dancing vs. neutral video clips for dancers, respectively. Specifically, these brain subregions showed significantly higher neural similarities (1) for dancers 
than controls while watching dancing video clips and (2) for dancers while watching dancing video clips than neutral video clips. Brain subregions were named after 
Brainnetome Atlas. Hemi: hemisphere. 
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with years of dance in the left occipital thalamus (r = − 0.40, BF = 3.53) 
and with the age started dancing in the right caudal cuneus gyrus (r =
− 0.40, BF = 3.64; Fig. 4A). Please refer to Chen et al. (2021) for details 
regarding the subregions of the thalamus. Independent-sample t-test 
showed that neural similarity between the 19 pairs of dance partners 
was not superior to other random pairs in any subregion (all p > 0.05). 
However, Bayesian correlation analysis revealed that ISC values be
tween pairs of dance partners and their cooperation duration (in years) 
were positively correlated in the left globus pallidus (r = 0.56, BF =
3.76; Fig. 4B). 

3.3. Intersubject similarity representational results 

Since significant group differences were mainly observed in ratings 
when viewing dancing video clips, data for this video type were used in 
the ISRSA analysis (Fig. 5). Variations in ‘whether have watched before’ 
ratings were reflected in the left inferior frontal sulcus (r = 0.13, p < 
0.05). Variations in ‘familiarity’ ratings were reflected in the left rostral 
hippocampus (r = 0.14, p < 0.05), right parahippocampal gyrus (en
torhinal cortex; r = 0.13, p < 0.05), and left intermediate ventral 
inferior temporal gyrus (ITG; r = 0.09, p < 0.05). Variations in ‘liking’ 
ratings were reflected in the right medial superior frontal gyrus (r =
0.16, p < 0.05), left ventral IFG (r = 0.11, p < 0.05), and left precentral 
gyrus (tongue and larynx region; r = 0.11, p < 0.05). In all these sub
regions analyzed, significantly higher neural similarity was consistently 
observed in dancers than in controls when viewing dancing video clips. 

4. Discussion 

In this study, we investigated the impact of long-term ballroom 
dancing on neural synchrony among dancers, and we obtained three 
main findings. First, dancers showed wider and stronger neural simi
larities across the whole brain, especially in bilateral IFG, para
hippocampal gyrus, and basal ganglia, when watching dancing video 
clips than controls did. Second, neural similarities were significantly 
correlated with dance information in regions within the frontal cortical- 
basal ganglia-thalamic circuits (Alexander, 1994; Lehericy et al., 2006), 
e.g., correlations between ISC values between pairs of dance partners 
and their cooperation duration in the left globus pallidus. Third, neural 
similarities in certain brain regions were associated with subjects’ 
impression (i.e., whether they have watched before, familiarity, liking) 

of the viewed videos, e.g., variations in ‘familiarity’ ratings were re
flected in the left rostral hippocampus, right parahippocampal gyrus, 
and left ITG. Correlations with these two sets of behavioral data sug
gested that the effect of long-term dance training could be mainly re
flected by neural synchrony in the frontal cortical-basal 
ganglia-thalamic circuits, as the influence of the video impression on 
neural synchrony, although including part of the frontal region, was 
mainly observed in other (e.g., memory related) brain regions. Alto
gether, our study provided novel and solid evidence for synchronized 
neural mechanisms in professional dancers due to long-term dance 
training. 

4.1. Difference in neural similarities between dancers and controls 

Long-term dance training can enhance the perception and prediction 
of the skilled actions (Abernethy and Zawi, 2007; Calvo-Merino et al., 
2005; Cheung and Bar, 2012), as well as improve esthetic perception 
(Kirsch and Cross, 2018; Kirsch et al., 2015) and the control of rhythmic 
movements (Miura et al., 2013). In other words, professional dancers are 
able to detect some micro-movements, anticipate future movement, 
experience a deeper level of appreciation, and even “dance” with the 
dancer in their own brains. Therefore, it is reasonable to expect that 
dancers would exhibit higher levels of neural synchrony in comparison 
to controls when they are processing dancing-related information. As 
expected, we showed that the neural activities of dancers were more 
synchronized than controls when watching dancing video clips, but not 
when viewing neutral video clips. In particular, the enhanced neural 
synchrony was mainly observed in the bilateral IFG, parahippocampal 
gyrus, and basal ganglia (Table 3). Interestingly, our observation was 
strikingly similar with the findings reported in a previous study (Cross 
et al., 2006), which recorded weekly neural changes in dancers as they 
learned and rehearsed novel and complex dance sequences over the 
course of 5 weeks. It was found that activities in the left inferior parietal 
lobule, IFG and parahippocampal gyrus was modulated as a function of 
dancers’ ratings of their own ability to perform the observed movements 
and their motor experience. 

The IFG, a key component of the human mirror-neuron system 
(Rizzolatti and Craighero, 2004), was often found to be significantly 
activated during sensory observation (Engel et al., 2008; Zhou et al., 
2022). It has been found to decode intentions from subtle kinematic 
features (Koul et al., 2018) and integrate contextual information into 

Fig. 4. Correlations between ISC values and dance information for dancers. (A) Individual ISC values were negatively correlated with the age started dancing in the 
right caudal cuneus. (B) Paired ISC values between dance partners were positively correlated with the duration of their cooperation (in years) in the left globus 
pallidus. ISC: intersubject correlation; BF: Bayes factor. 
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motion prediction (El-Sourani et al., 2020). Apart from its role in motor 
processing, the IFG is involved in various other functions. A 
meta-analysis investigating the spatio-functional diversity of the IFG 
identified four distinct clusters (Liakakis et al., 2011). In the left hemi
sphere, these clusters are associated with empathy processing, semantic 
and phonological processing, and working memory, respectively, while 
the cluster in the right hemisphere is related to movement control. Our 
results align closely with the clusters associated with semantic and 
phonological processing, working memory, and movement control. The 
high neural similarities observed in the IFG of ballroom dancers may 
stem from their extensive training in performing basic body movements 
and synchronizing with movements/soundtracks from the early stages 
of their training. As a result, it is not surprising that professional dancers 
are able to mirror dance movements in their brains in a more similar 
way, as their neural networks have been shaped by their dance training. 

The parahippocampal gyrus, located inferior to the hippocampus, is 
associated with episodic memory related to associative memory, source 
memory, and processing of emotional stimuli (Aminoff et al., 2013). 
Previous studies showed that exercise, such as dancing, has significant 
effects on the parahippocampal gyrus, represented as increased neural 
excitability and increased volume of gray/white matter (see Loprinzi 
2019 for a review). It is possible that the dancing video clips actively 
activated the dancers’ past dancing experiences, which were encoded in 
the parahippocampal gyrus, along with the emotions embedded in the 
dance. Therefore, the increased neural similarity observed in the para
hippocampal gyrus while viewing dancing video clips could be attrib
uted to the dancers’ retrieval of their past experiences and emotions 
related to the dance. 

The basal ganglia, especially putamen (i.e., bilateral dorsal putamen 
and right ventromedial putamen), also showed strong neural synchrony 
while watching dancing video clips. This could be attributed to the 
rhythm of dance, as previous studies have shown that bilateral putamen 
was significantly activated when listening to beat rhythmic stimuli 
(Grahn and Brett, 2007, 2009). Further research by Grahn and Rowe 
(2013) confirmed that putamen was responsible for predicting the in
ternal generation of the beat, rather than simply detecting the beat. In 
the present study, it is likely that the professional dancers were much 

more familiar with the rhythm of the dance and were better able to 
predict the beat in a similar manner. As a result, the putamen would 
have been activated similarly for dancers due to their ability to antici
pate and generate the rhythmic patterns of the dance in a similar way. 
Alternatively, the activation observed in the basal ganglia can be 
attributed to the fact that, for dancers, dance movements become 
well-established motor routines. This implies that during the observa
tion of dance performances, a form of simulation of the performance 
takes place, which is typically implemented through the basal 
ganglia-thalamo-cortical loops (Alexander et al., 1986; Calvo-Merino 
et al., 2005). 

4.2. The effect of long-term dance training on neural similarities 

While we observed enhanced neural synchrony in several brain re
gions when dancers viewed dancing video clips, it is possible that these 
findings are not solely related to the effect of long-term dance training. 
To investigate the specific neural effects of dance training, we performed 
correlation analyses between individual ISC values and dance-related 
information. We observed a positive correlation between the age at 
which individuals began dancing and neural similarity in the right 
caudal cuneus gyrus of the visual network. This finding may suggest that 
dancers who started dancing at a younger age exhibited more similar 
patterns of primary visual processing when observing dance video. 
However, it is important to note that the correlations with dance prac
tice in our study were not particularly robust. As a result, these findings 
may require additional evidence to firmly support the drawn 
conclusions. 

The left globus pallidus, another subregion in the basal ganglia, 
showed high neural similarity among all dancers, with increased simi
larity between dance partners as their cooperation prolonged. Previous 
studies have demonstrated that the globus pallidus plays a crucial role in 
controlling conscious and proprioceptive movements (Javed and Cas
cella, 2022) and in supporting the sensorimotor process involved in ki
nematic adaption (Seidler et al., 2006). Our result further suggests that 
the left globus pallidus may also contribute to the control of the move
ment, e.g., when to turn or wiggle, rather than the movement per se. This 

Fig. 5. Whole brain ISRSA results. (A) ISC matrix of all participants in the left inferior frontal sulcus while viewing dancing videos. (B) Rating similarity matrices 
obtained using the AnnaK model. (C) Brain subregions with rating similarity reflecting neural similarity. Specifically, rating similarity on ‘whether have watched 
before’ was reflected in the left IFS (left); ‘familiarity’ rating similarity was reflected in the left rostral hippocampus, right parahippocampal gyrus (entorhinal cortex), 
and left intermediate ventral ITG (middle); ‘liking’ rating similarity was reflected in the right medial SFG, left ventral IFG, and left precentral gyrus (tongue and larynx 
region) (right). Significance was declared if pbonf < 0.05. ISC: intersubject correlation; ISRSA: intersubject representational similarity analysis; IFS: inferior frontal 
sulcus; ITG: inferior temporal gyrus; Hippo: hippocampus; Parahippo: parahippocampal gyrus; PreCG: precentral gyrus; IFG: inferior frontal gyrus; SFG: superior 
frontal gyrus. 
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is supported by the fact that male and female dancers would perform 
different body movements, although their movements become increas
ingly coordinated with prolonged cooperation. 

Notably, we did not observe a significant difference in neural simi
larities between pairs of dance partners and random pairs. This finding 
could be attributed to the fact that all participants in our study were 
professional ballroom dancers with long-term training (mean training 
duration: 8.93 ± 2.21 years). It is possible that these dancers had 
already reached a high level of expertise, resulting in a ceiling effect 
where their neural responses to dancing videos were highly synchro
nized, regardless of whether the neural similarities were assessed be
tween paired partners or random pairs. To further investigate the 
relationship between neural synchrony and paired training, it may be 
advantageous to consider using a different participant sample with 
variations in skills, such as comparing high-level ballroom dancers with 
low-level ballroom dancers. This approach may help provide more in
sights into the specific neural mechanisms underlying the coordination 
and synchronization observed between dance partners. 

4.3. The influence of video impression on neural similarities 

To isolate brain activities that may not be necessarily related to long- 
term dance training, we conducted ISRSA to explore the relationship 
between neural similarities and the subjects’ impressions of the viewed 
videos. We observed that neural similarities in some other brain regions 
reflected participants’ impressions of the videos (i.e., whether they have 
watched before, familiarity, liking). Variations in ‘whether have 
watched before’ were reflected in the left inferior frontal sulcus, where 
participants who were more likely to have seen the videos before dis
played stronger neural synchrony. This brain region is implicated in 
various cognitive functions, including cognitive control, working 
memory, semantic processing, and etcetera (Guenther et al., 2015; 
Ruland et al., 2022). Participants who were more familiar with the 
dancing video clips showed higher neural similarity in the left rostral 
hippocampus, right parahippocampal gyrus, and left ITG. Since the 
hippocampus is a traditional brain region for memory retrieval (Voss 
et al., 2019) and the ITG is responsible for object representations 
(Ranganath, 2006), our findings suggest that people who were more 
familiar with the video content could interpret it and retrieve relevant 
memories in a similar way. Moreover, variations in ‘liking’ ratings were 
reflected in the right medial superior frontal gyrus, left precentral gyrus 
and adjacent ventral IFG. These brain regions were identified to be 
related with ‘motor function’ according to the Neurosynth, a 
meta-analytic platform that employs a large-scale, automated synthesis 
of fMRI data to decipher the associations between coordinates of interest 
and related terms, ranked by their probability of association (Yarkoni 
et al., 2011). This indicates that participants who like the dancing videos 
more were more likely to show similar neural responses in these 
motor-related areas. In other words, they were more likely to imitate 
dancing in the brain along with dance video clips. 

It should be noted that significant group differences of neural simi
larities between dancers and controls were observed in all brain regions 
identified by ISRSA when they were viewing dancing video clips. In the 
meantime, dancers scored higher on all impression ratings than controls. 
This means that group differences in neural similarities may not be 
associated with the long-term dance training, and similar results may be 
obtained if participants with no dance training were highly familiar with 
the video content. 

4.4. Limitations and future directions 

Our study has several limitations that could be addressed in the 
future. First, the possible variance within dancers was not fully 
considered, particularly given that professional dancers were presented 
with videos of well-recognized prestigious dancers. While this design 
may have reduced dancers’ judgments of the performance, it could also 

have resulted in a homogeneity of performance across all dancers. 
Notably, to address potential biases introduced by judgmental viewing, 
it is recommended that future studies consider implementing post- 
questionnaires after participants have viewed all video clips. This 
design would provide a more optimal approach compared to asking 
participants to rate likeability immediately after viewing each video 
clip, which could be considered as a prime for judgmental viewing. 
Second, the relationship between dance partners’ concordance and their 
neural similarity was not fully tested. Although we checked the corre
lation between dance partners’ cooperation duration and their neural 
similarity, the concordance between partners is difficult to evaluate and 
may not be fully determined by their cooperation duration alone. Future 
studies could recruit dancers with varying levels of expertise, not only 
professional dancers, to solve this issue. Third, the same set of video 
clips was presented in the same order to all participants (normally 
required for the ISC analysis), which could confound the order effect and 
video type effect. Fortunately, the interaction effect, which is the focus 
of our study, could not be influenced by this fix-order experimental 
design. Randomizing the presentations of stimuli, which could offer 
certain advantages, could be considered in future studies. Furthermore, 
it is worth noting that contrasting a ballroom dance performance with a 
scene video may not be the optimal choice and could be improved in 
future studies, since the scenes may not serve as a strong contrast to 
elicit significant ISC in neural responses (Wang et al., 2010). Addition
ally, although videos of different lengths were used in our study to 
enhance the immersive experience, using videos of equal length would 
be more appropriate to eliminate the potential impact of video duration 
on the neural similarity results. Fourth, it would have been beneficial to 
incorporate a distinct set of controls, such as dancers who possess similar 
experience levels but engage in different forms of physical activity or 
dance, to optimize our study design. This design would have provided a 
more targeted exploration of the neural mechanisms specifically asso
ciated with ballroom dance. However, we were unable to pursue this 
design due to the considerable challenges encountered in recruiting an 
adequate number of eligible participants, e.g., pairs of classical ballet 
dancers, within our circumstances. Fifth, our findings were obtained 
based on correlational analyses, and longitudinal studies are needed to 
establish a causal link between dance training and neural synchrony. 
Sixth, while we employed ISRSA to identify brain regions exhibiting 
significant neural synchrony associated with participants’ familiarity, 
liking, or whether they had seen the stimuli before, this approach may 
not completely eliminate their potential influences of these factors. The 
dilemma we faced was presenting stimuli (i.e., dance video clips) that 
were likely to be familiar to the dancers but not necessarily to the 
controls. This dilemma could potentially be addressed by recruiting a 
sample consisting of high-level dancers and low-level dancers, which 
may help minimize these individual differences (e.g., familiarity). 

5. Conclusions 

In conclusion, our study explored the impact of long-term ballroom 
dance training on neural synchrony among dancers. We found that 
dancers exhibited stronger and broader neural similarities in the brain 
when viewing dancing video clips than controls. Correlations with two 
sets of behavioral data suggested that the effect of long-term dance 
training could be predominantly reflected in neural synchrony within 
the frontal cortical-basal ganglia-thalamic circuits, while the influence 
of subjects’ impression of viewed videos on neural synchrony was 
mainly observed in other, e.g., memory-related, brain regions. Overall, 
our study provides robust and innovative evidence for synchronized 
neural mechanisms in professional dancers due to long-term dance 
training. 

Data and code availability statement 

The data and code that support the findings of this study are 
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