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A B S T R A C T

Coordination with others in groups is crucial to group cohesion and function, yet only scant research addressed
behavioral and physiological interpersonal synchrony in groups during shared activities. We present data from
39 triads instructed to drum together. Based on video-recordings of the task and participants’ electro-
cardiograms, we computed physiological synchrony in cardiologic interbeat intervals and behavioral motion
energy synchrony among group members as they were drumming together. Overall, behavioral and physiolo-
gical synchrony were positively associated with continuous shifts from positive correlations to non-significant
ones throughout the task. Results shed light on the relational components of group bonding and elucidate the
dynamic interactions between physiological and behavioral synchrony at the group level.

1. Introduction

Belonging to groups is a fundamental aspect of everyday life, our
identity, and the way we function in society. Group theory has long
emphasized the importance of understanding how individuals bond to
form cohesive and efficacious groups [4]. Despite the inherent multi-
level structure of groups, to date, much of the literature and oper-
ationalization has focused on exploring individual level contributions
as the basic building block for analyses, and then further extrapolating
this information to learn about the group (Ballard et al., 2019; [27]).
Understanding the sources of variance between individuals in groups is
now at the core of group theory and critical for the realization of the
building blocks of group functioning [16,18,26]. Focusing on inter-
personal processes in groups will allow us to extend beyond the in-
dividual, an essential step in understanding how groups form, bond,
and function [11].

Interpersonal synchrony is the co-variation of behavioral, physio-
logical, or emotional functions over time between two or more in-
dividuals [15] and is considered a ubiquitous evolutionary-based me-
chanism supporting pro-sociality and bonding [14,21,22]. One way to
assess physiological interpersonal synchrony is to calculate the con-
tinuous covariation between cardiological interbeat intervals (IBI) of
group members. IBI represents the time between two consecutive
heartbeats and it is regulated by both sympathetic and parasympathetic
branches of the autonomic nervous system (ANS). IBI Synchrony has

been shown to support social bonding [6], and can emerge among
group members during a shared state, perhaps owing to common
emotions, communicative cues [9,10] or cooperation [16].

In this study we suggest that motion synchrony may also covary
with IBI synchrony. Motion energy (ME) synchrony (F. T. [20]) is an
objective measure of nonverbal behavioral synchrony derived auto-
matically from videos. ME synchrony and its influences have been ex-
tensively examined in healthy and patient populations (for recent ex-
amples see [7,8]. ME synchrony was predictive of the quality of
therapist-client relationships and psychotherapy outcomes (F. [19]), as
well as changes in affect in dyadic interactions [24]. The aim of the
current study was to assess the dynamics of the association between IBI
synchrony and ME synchrony in 38 three-person groups during a novel
drumming task in which participants were asked to improvise together
freely. Group drumming was chosen as it is an activity that encourages
synchronicity in tempo and can bring about conjoint body language
which the ME analysis may capture. We hypothesized that ME and IBI
synchrony will have a positive correlation.

2. Material and methods

2.1. Participants

Participants were non-musicians, undergraduate students in the
Department of Psychology at Bar-Ilan University. The study was a part
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of a larger study comprising 51 triads. For technical reasons, we had 39
usable ceiling video-recordings, the most suitable angle in our lab's
setup for the MEA. One group's physiological data were corrupted and
thus we report data from 114 individuals (91 women) nested in 38
triads. Participants’ mean age was 22.41 years (SD = 1.93).

2.2. Procedure

The study was approved by the Department of Psychology's IRB
ethical committee. Participants were asked to hydrate and avoid caf-
feinated drinks/nicotine two hours prior to the lab-visit. Upon arrival,
the experimenter explained the procedure and participants signed in-
formed consent. Participants’ electrocardiograms were monitored
throughout the study via electrodes (MindWare Technology's
MindWare Mobile Impedance Cardiograph, Gahanna, OH). Participants
were seated around a Roland V-drum electronic drum-set, modified for
the study to comprise three drum-pads. Participants were instructed to
drum using their dominant hand and avoid talking during the session.
The study was videotaped from three angles (30 frames-per-second
cameras synchronized with each other and with physiological record-
ings) capturing group members’ faces and bodies. Following an initial
drumming task1 which is not the focus of the current report, partici-
pants were asked to freely play together on the drums for 4 minutes.
Results from this improvisation task are presented in the current report.

2.3. Measures

2.3.1. Physiological measures: cardiological IBIs
2.3.1.1. Collection. Electrocardiograms were obtained from group
members using a standard lead-II configuration. Respiratory data
were derived from the standard tetrapolar electrode procedure for the
impedance cardiogram described elsewhere [23]. Electrodes were
transmitting synchronously and wirelessly to the control room at
500 Hz sampling rate.

2.3.1.2. Pre-processing. Electrocardiograms were analyzed in
MindWare Technology's HRV 3.1.4 application where they were
amplified by a gain of 1000, and filtered with a hamming windowing
function. Visual inspection and manual editing of the data by trained
RAs ensured removal of artifacts and ectopic beats [1]. The resulting IBI
time-series was spline-interpolated using Matlab 2019a (The
MathWorks, Inc.) for every 500 milliseconds to obtain an equal
interval time-series.

2.3.1.3. Computing group-level IBI synchronization. In line with previous
research [6,10], we ran a series of cross-correlation-function (CCF) with
a temporal lag of 3-seconds on the interpolated IBI time-series for each
group member using Matlab. We then extracted the maximal degree of
correlation between each dyad's time-series. A group synchronization
score was calculated as the mean of each group's three dyadic maximal
correlations.

2.3.2. Motion energy analysis (MEA; [20])
MEA is an objective automated method to calculate motion syn-

chrony between two individuals. By monitoring continuous changes in
pixels from frame to frame between consecutive video frames in pre-
defined regions of interest (ROI), the MEA software assesses body mo-
tion from a participant in their ROI (see Ramseyer [20] for full de-
scription of the MEA procedure which we followed). Video recordings
from the improvisation sessions (mp4 format) were analyzed. One ROI

per participant was chosen (Fig. 1). To quantify ME synchrony, we used
the accompanying rMEA R package [13] which involves CCF analyses
with the following parameters chosen according with the methodolo-
gical guidelines [20] and the nature of our data: within a window of 5 s,
in 60 s segments overlapping by 30 s. We extracted the absolute value
of ME synchrony at lag-zero (representing concurrent synchronization),
yielding one global value for every 60-second segment. These values
across overlapping segments were then averaged to a single ME syn-
chrony score for every pair within our group. Finally, all pairs’ scores
were averaged to reach a single lag-zero ME synchrony group score.

3. Results

All analyses were performed in IBM's SPSS 25 and Jamovi 1.1.4.0.
Fig. 2 shows a violin chart of the distribution of all ME dyadic

correlations within our data. On the right we present the real data set
(117 dyads) and on the left we present ME correlations from all random
pairs in our data (8892 shuffled dyads). As can be seen, the real data set
comprises higher ME correlations compared to the shuffled data, which
supports the notion that ME synchrony in drumming groups was sig-
nificantly larger than random and due to the actual group interaction
and not spurious or due to similar task conditions across all groups.
Results of Welch's t-test show that indeed scores in the random data set
were lower than those in the real data set: t (116)=-16.3, p < .001;
Cohen's d = -1.51 (Random: M = 0.108, SD = 0.04; Real: M = 0.175,
SD = 0.11).

ME synchrony and IBI synchrony during the improvisation session
were positively related: Pearson's r = 0.429, p = .007,
95%CI = 0.127–0.659.

To explore dyadic-level contribution in ME synchrony to physiolo-
gical synchrony, we also assessed the three dyadic ME synchronies in all
the groups: ‘lowest’, ‘medium’, and ‘highest’. See Table 1 for descriptive
statistics on these dyadic ME correlations.

A Pearson's correlation matrix for ‘lowest’, ‘medium’, and ‘highest’
dyadic correlations, and their relationship to ME synchrony can be seen
in Table 2.

As can be seen in Table 2, dyadic ME correlations comprising group
ME synchrony were highly positively correlated (lowest-medium:
r = 0.928, p < .001; highest-lowest: r = 0.762, p < .001; medium-
highest: r = 0.705, p < .001). Additionally, each dyadic correlation
was positively associated with group ME synchrony. Interestingly, only
the highest dyadic ME correlation within a group was as strongly and as
significantly related to group IBI synchrony as the group ME synchrony
aggregated score.

To assess the dynamics of changes in the association between ME
synchrony and IBI synchrony, we segmented the ME and IBI data from
the improvisation task to non-overlapping 30-second windows, which
will provide enough data points to explore dynamical changes in as-
sociations and also give of enough data to calculate meaningful IBI and
ME data. Not all groups had full ME data for the final 8th 30-seconds
segment (which is required for getting and ME synchrony score), and so
we present here information from the first seven segments comprising
3.5 min of the interaction. See Fig. 3 for ME and IBI synchrony density
and correlation plots in every 30-seconds segment. Fig. 4 displays the
dynamical changes in ME and IBI synchrony correlations as well as the
dynamics of ME synchrony and IBI synchrony on their own. As can be
seen, although ME synchrony and IBI synchrony seem consistent
throughout the improvisation task, the relationship between the two
continuously shifts from positively significant to insignificant.

4. Discussion

This study sheds light on the relationship between behavioral and
physiological synchrony during group interactions, a relationship
which we know very little about despite the critical importance of
group bonding and cohesion to everyday life. We show for the first time

1We note first that no correlations were found between the initial conditions
of the drumming task that preceded the improvisation session and physiological
synchrony (Pearson's r=.133, p=.373) or ME synchrony (Pearson's r=.065,
p=.693).
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that ME synchrony and IBI synchrony during a shared drumming ses-
sion are positively associated. These results fit with the general sense
that both ME synchrony and IBI synchrony yield prosocial effects
[15,17,22]. Our results cannot infer causal relationships as IBI syn-
chrony and ME synchrony were assessed simultaneously, and yet we
introduce here a potential behavioral-motor mechanism that can be
explored in future studies with a causal design and may explain pre-
vious reports on the emergence of IBI synchrony during shared states
[16].

Dyadic ME scores comprising group synchrony were all positively
related to each other and to physiological synchrony, yet only dyads
with the strongest ME synchrony in a group were as strongly and

significantly related to IBI synchrony as the aggregated group-level ME
score. Possibly, dyads within the group that coordinate motion most
intensely are dyads that drive the effect in this study. Pairs that were
less coordinated in their motion had a weaker association to group
physiological synchrony. Future studies are required to assess if dyads
that are more strongly synchronized can overpower other group
members and therefore contribute more to performance and what are
the consequences of variance in synchronies between dyads forming a
group. This result highlights the fact that dyadic-level representations
gives us insight into the dynamics that shape groups [16,26]. If indeed a
strong dyad can influence the entire triad, we might ask how far the
influence of a dyad can go: Will it overshadow a group of four or five or
even more? This is to be examined in further studies. In any case, we
argue that this finding further emphasizes the importance of identifying
interpersonal behavioral and physiological processes to reach a crys-
tallized understanding of groups.

The main result of the study adds to the relatively inconsistent
current knowledge regarding covariation of behavioral and ANS syn-
chrony [15,17], which should not always be expected [17], as both
physiological and behavioral synchrony are multifaceted composites
[12,25]. Results vary according to: (1) the physiological/behavioral
measure (2) the calculation of synchrony, and (3) the context. Speci-
fically, regarding context, we did not control for gender or gender
composition in the groups as this was not the focus of the current study.

Fig. 1. A snapshot of the MEA software in action, analyzing one video collected from our study. The three predefined ROIs appear in three different colors, each
capturing the whole body of a single participant. All analysis parameters can be seen in the screenshot.

Fig. 2. Violin plots depicting the dispersion of ME synchrony scores in our data set. On the left we show a plot of all possible random dyads generated by the rMEA
package. On the right, we present all real dyads from actual drumming groups in our data.

Table 1
Descriptive statistics for the three dyadic ME synchronies in the study's groups.

lowest ME dyadic
correlation

medium ME
dyadic correlation

highest ME dyadic
correlation

N 39 39 39
Mean 0.119 0.161 0.247
Median 0.090 0.140 0.230
Standard

deviation
0.080 0.083 0.124

Minimum 0.040 0.060 0.070
Maximum 0.380 0.420 0.560
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Table 2
Correlation matrix for group IBI synchrony and the three dyadic ME correlations: ‘lowest’, ‘medium’ and ‘high’.

Group IBI synchrony lowest ME dyadic correlation medium ME dyadic correlation highest ME dyadic correlation

Group IBI synchrony Pearson's r —
p-value —

lowest ME dyadic correlation Pearson's r 0.337* —
p-value 0.019 —

medium ME dyadic correlation Pearson's r 0.335* 0.928*** —
p-value 0.020 < .001 —

highest ME dyadic correlation Pearson's r 0.487*** 0.705*** 0.762*** —
p-value < .001 < .001 < .001 —
95% CI Upper 1.000 1.000 1.000 —
95% CI Lower 0.249 0.540 0.621 —

Note. Hₐ is positive correlation.
Note. * p < .05, ** p < .01, *** p < .001, one-tailed.

Fig. 3. We present the scatter plot (with 95% confidence intervals) for ME synchrony scores and IBI synchrony scores every 30 s throughout the improvisation
session. In each panel you can also see the density plots for ME synchrony scores and IBI synchrony scores separately.

Fig. 4. Group ME synchrony and group IBI synchrony scores for every 30 s throughout the improvisation session. In the black line we present the dynamical changes
in correlation between ME synchrony and IBI synchrony.
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Future studies should aim to test for gender effects in their design, as
there is evidence indicating that gender influences synchrony [5].
Nevertheless, our results reveal that the overall positive association
between motion and physiological synchrony is comprised of con-
tinuous shifts from positive relationships to very small ones. Recently,
we suggested that shifts from synchrony to asynchrony represent an
adaptive aspect of the interpersonal system as they denote metastability
and flexibility: features of synchrony essential for dynamic social ex-
changes [2,15]). We already know that more synchrony is not always
beneficial or indicative of better outcomes [3] and as such describing
the dynamical entries and withdrawals from synchrony, as we did in
this study, allows us to unpack flexibility that may be a marker of more
optimal social exchanges. Here we show that such dynamic shifts occur
at the group level, but not in synchrony itself, conversely in the
alignment between different modalities of synchrony. Future studies
should address how these dynamics in behavioral and physiological
synchrony covariation support group formation, cohesion, and perfor-
mance.
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