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Abstract
Moving in synchrony with one another is a fundamental mechanism that maintains human social bonds. Yet, not all individuals
are equally likely to coordinate their behaviors with others. The degree of interpersonal coordination is greatly influenced by pre-
existing characteristics of the interacting partners, like the cultural homogeneity of a group, shared goals, and the likability of the
other person. Considering that most research questions necessitate an experimental set-up without such uncontrolled biases, we
created a novel, unbiased paradigm: a human-avatar body sway synchronization paradigm. Participants’ body sway was mea-
sured by a force plate while being exposed to a medio-laterally moving avatar. Forty-nine participants were tested in a social
condition (motionless vs. moving avatar) and a non-social control condition (motionless vs. moving column). The results
revealed that participants increased their body sway on their medio-lateral axis while the avatar was moving. The participants
did not increase their body sway in the non-social control condition, indicating that the participant’s movement was not simply
caused by a basal motion perception process. The current study builds a methodological fundament that can help to reduce biases
due to pre-existing rapport between interaction partners and serves as a valuable experimental paradigm for future synchrony
studies.
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Introduction

Coordinating gestures and movements with one another has
been proposed as one of the fundamental mechanisms under-
lying the establishment and maintenance of human social
bonds (Bernieri & Rosenthal, 1991). The existing literature
points towards a bidirectional, conducive relationship be-
tween interpersonal coordination and affiliation: not only does
interpersonal coordination increase liking between the inter-
action partners (Valdesolo &DeSteno, 2011), traits that evoke
likeability, rapport, and similarity also increase the degree of
interpersonal coordination (e.g., McIntosh, 2006; Miles et al.,
2010; Néda et al., 2000). Considering that most research ques-
tions necessitate an experimental set-up without uncontrolled
biases resulting from pre-existing differences in rapport

between the interaction partners, the need for novel and unbi-
ased interpersonal coordination paradigms becomes clear.
Therefore, this study will present an innovative experimental
set-up that aims to eliminate any pre-existing biases and that
can be used as potential basis for future research into interper-
sonal coordination.

Prior Literature

Interpersonal coordination is generally understood as nonran-
dom, patterned or synchronized behaviors that overlap in time
and form between two or more people (Bernieri et al., 1988, p.
403). It can take the form of interpersonal movement synchro-
ny, for which the concurrent timing of the movement is criti-
cal, and behavior mimicry, where matching behaviors occur
sequentially (Chartrand & Lakin, 2013). From a theoretically
point of view, interpersonal synchrony has been argued to be a
self-organizing process like the dynamics of a cardiac pace-
maker (de Bruin et al., 1983). Movements of individuals are
coupled and become mutually synchronous over time, either
in-phase (i.e. occurring at the same time) or anti-phase (i.e.
occurring in alternation) (for an review see: Ravignani, 2015).
These coordination dynamics have been explored both
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mathematically (Haken et al., 1985) and empirically (for an
overview see: Schmidt & Richardson, 2008). The theory be-
hind mimicry has been explained through the perception-
behavior link, where representations of an action are automat-
ically followed by a behavior (Chartrand & van Baaren,
2009). Above all, interpersonal coordination is a fundamental
part of many cultural traditions, like music-making, dancing,
or singing (Hagen & Bryant, 2003). But interpersonal syn-
chrony and behavior mimicry also occur unintentionally, both
in dyadic interactions (e.g., Chartrand et al., 2005) and in large
groups of people (e.g., Néda et al., 2000). As an integral part
of human social interactions, interpersonal synchrony and be-
havior mimicry already play an important role in early ex-
changes between infants and their caregivers (Condon &
Sander, 1974). Adults have been found to synchronize their
movements in a variety of contexts; e.g. walking (Wiltermuth
& Heath, 2009), music making (Chang et al., 2019), rocking
in rocking chairs (Richardson et al., 2007)) and sequentially
match others’ gestures, postures and motor movements
(Chartrand & Lakin, 2013). Observing a point-light display
of a balancing gymnast, for example, can induce correspond-
ing body sway in participants (Tia et al., 2011).

Most research focuses on the effects of interpersonal coor-
dination on the interactants, which are usually positive. The
most commonly agreed findings are: an increase of liking and
the feeling of unity and similarity between interacting part-
ners, which can subsequently lead to an increase in costly
helping behavior and altruism (Valdesolo & DeSteno,
2011). Experiencing interpersonal coordination also leads to
enhanced social cognition skills and prosocial behavior
(Valdesolo & DeSteno, 2011; Vicaria & Dickens, 2016).

At the same time, researchers have long been intrigued by
questions about which factors cause individuals to coordinate
themselves with another person. Not all individuals were found
to be equally likely to coordinate their behavior and even incon-
spicuous traits of an individual can influence the degree of syn-
chronization. For example, groups with a strong cultural homo-
geneity (Néda et al., 2000) and participants with shared goals
(Reddish et al., 2013) are better at synchronizing their behavior.
Moreover, pro-socially orientated people coordinate their move-
ments with others better than individuals with a pro-self-
orientation (Lumsden et al., 2012) and individuals with a greater
disposition to empathic understanding show stronger behavior
mimicry (Chartrand & Bargh, 1999; Sonnby-Borgström et al.,
2003). When investigating the effect of a participant’s mood on
interpersonal coordination, results have been mixed so far: par-
ticipants in a positive mood have been found to mimic a confed-
erate significantly more often than participants in a negative
mood (e.g., Van Baaren et al., 2006), although interpersonal
movement synchrony was not found to increase after induced
positive or negative mood (Fujiwara & Daibo, 2018).

Additionally, also the traits and/or behavior of the interac-
tion partner can influence the degree of interpersonal

coordination. Miles et al. (2010) found that participants were
less likely to synchronize their movements with a confederate
who arrived late for the experiment compared to one who
arrived on time (Miles et al., 2010). Similarly, likeable con-
federates are mimicked more than unlikeable confederates
(McIntosh, 2006) and in-group members are mimicked more
than out-group members (Mondillon et al., 2007). Even shar-
ing the same name was found to lead to more coordinated
behavior (Guéguen & Martin, 2009). These findings demon-
strate the potential impact of pre-existing traits of a confeder-
ate and the possible influence of a partner’s behavior on sub-
sequent interpersonal coordination. Although interpersonal
coordination has so far mostly been investigated from the
point of view of a truly social interaction between individuals,
the presented findings also highlight the need for neutral ex-
perimental designs that allow minimizing unconscious biases
resulting from pre-existing differences in rapport with a real
interaction partner.

Due to the fact that interpersonal coordination can be found
in multiple aspects of bodily movement, researchers have so
far used many different movement tasks to assess the coordi-
nation between interaction partners, e.g. clapping (Néda et al.,
2000), walking (Van Ulzen et al., 2007), rocking in a chair
(Richardson et al., 2007), pen playing (Van Baaren et al.,
2006), or face touching (Lakin & Chartrand, 2003). Another
naturalistic and at the same time accurate way to assess body
movements (and consequentially interpersonal coordination)
in the laboratory is body sway. Natural body sway consists of
movements around an individual’s center of gravity, mostly
on the level of micro movements (Nishiyama et al., 2016),
although also larger body movements have been described
as body sway (Chang et al., 2020). Body sway can be reliably
assessed by using the technology of motion capture (Chang
et al., 2019, 2020) or of a force plate (Reynolds & Osler,
2014). Previous work on coordinated body sway found that
synchronous body movement within a musical ensemble was
greater when the individual members were told to perform a
piece with emotional expression than without this instruction
(Chang et al., 2019). Also, romantic interest in dyads is
reflected by a non-verbal body sway. It is shown that move-
ments of one partner predicted the movements of the other
partner and that a high directional coupling body sway corre-
lates with interest in long-term relationships (Chang et al.,
2020). These findings show that natural body sway is a prom-
ising candidate behavior for investigating interpersonal
coordination.

Present Study

The present study aims to present a novel coordination para-
digm that eliminates pre-existing biases between real interac-
tion partners, namely a human-avatar body sway coordination
paradigm. By combining the benefits of measuring natural
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body sway with a neutral looking avatar this experimental
paradigm can be used as potential basis for future research.
Recent human-avatar coordination studies found that human-
avatar interactions were comparable with human-human inter-
actions when participants were told to actively follow an av-
atar’s movements (Meerhoff et al., 2017; Sacheli et al., 2015).
In all these studies, movement coordination was explicitly
triggered by experimenter instructions. In this study we want
to exclude the influence of the experimenter instruction: Do
participants spontaneously and without external request syn-
chronize their movements with an avatar’s movements? To
test this, we exposed participants to the projection of a hu-
man-like, gender-neutral, life-sized avatar, which showed
body sway on the medio-lateral axis for one minute, preceded
and followed by baseline phases without movement. We
assessed whether the participants would alter their natural
body sway in response to the moving avatar. To control
whether synchronization effects were dependent on the ava-
tar’s resemblance to a human or whether they could also be
elicited by the simple perception of motion, each participant
additionally received the experimental treatment with the pro-
jection of a similarly sized, neutral object (i.e., a column).
Since we wanted to model our set-up as closely as possible
to interpersonal coordination, which can happen unintention-
ally and effortlessly (Chartrand & Lakin, 2013), we diverted
the participants’ conscious attention from the projection of the
avatar or the column to a secondary task. Additionally, we
used questionnaires to assess the participants’ dispositional
empathy and current mood.

According to our hypotheses, we firstly expected partici-
pants to unconsciously coordinate their body sway with the
moving avatar (i.e., increase their body sway when the avatar
started its medio-lateral movement). Secondly, we predicted
that participants would coordinate their movements to a higher
degree with the movement of the avatar that resembled a hu-
man figure, than with a moving neutral object. Thirdly, we
hypothesized that participants with higher empathic abilities
would be more likely to coordinate their movements with the
moving avatar, as higher empathic abilities were found to
increase interpersonal synchrony and behavior mimicry in
human-human interactions (Chartrand & Bargh, 1999;
Sonnby-Borgström et al., 2003). Since mood has been found
to positively affect mimicry (e.g. Van Baaren et al., 2006), we
expected to find a similar effect in our study.

Methods

Participants

49 healthy young adults (35 females and 14 males)
volunteered and gave written informed consent to participate
in the study (mean ± SD: female’s age 20.40 ± 2.61; male’s

age 23.36 ± 3.23). Six participants had to be excluded due to
failure of the technical equipment or experimenter error.1 The
experimental procedure was approved by the ethical commit-
tee of the University of Regensburg and conducted according
to the ethical guidelines of Helsinki.

Procedure

At arrival, the participants were asked to fill out two question-
naires: The Questionnaire of Cognitive and Affective
Empathy (QCAE) (Reniers et al., 2011) and a multidimen-
s iona l mood ques t ionna i r e (Mehrd imens iona l e
Befindlichkeits-Fragebogen - MBDF) (Steyer et al., 1994).
During the main experimental data collection, participants
were standing barefoot on a forceplate (AMTI OR6-7-2000
SeriesModel Force Platforme,Watertown,MA 02472, USA).
The participants’ feet were approximately 22 cm / 9 in. apart
and at an angle of 30° from the force plate’s middle line. The
force plate was positioned 250 cm / 98.4 in. away from two
screens: a large screen (180 × 120 cm / 70.9 × 47.2 in.) and a
small TV screen (106.7 cm / 42 in. screen diagonal) situated
on a table in front of the large screen (Fig. 1). The participants
were asked to stand quietly on both feet with their arms hang-
ing at their sides and to pay attention to the pictures on the TV
screen, which were selected neutral pictures of the IAPS
(International Affective Picture System) (Lang et al., 2008).
To assure that the participants attended to the content on the
TV screen, they were informed at the beginning of the exper-
iment that they would later be questioned about the content of
the pictures displayed there. In a debriefing, participants were
asked whether they noticed a change of movement on the
large screen after finishing the experiment. Only a very limited
number of participants reported noticing a swaying movement
on the large screen and none of them correctly deduced the
aim of our study, therefore we decided not to investigate this
further. While the pictures were presented on the TV screen,
on the large screen either the avatar (social condition) or the
column, which had the same height and width as the avatar
(non-social control condition) were projected. The sequence
of the two conditions was counterbalanced across participants.
At the beginning of each trial, either the avatar or the column
was presented standing completely still (motionless) for 30 s
(baseline phase 1). Thereafter, the projected stimulus started
swaying along the medio-lateral axis (i.e. from the left side to
the right side and back) for 1 min (experimental phase). The
swaying frequency resembled the natural body sway frequen-
cy (i.e. below 1 Hz; Funato et al., 2016). This phase was
followed by another non-moving (motionless) phase of 30 s

1 Prior to testing the force plate had to be set to zero line; in four cases this
procedure did not work according to the instructions or was omitted by the
experimenter. One person asked to withdraw from the study after data collec-
tion, and during one trial for unknown technical reasons no data were
collected.
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(baseline phase 2). There was a break of 15 s between the
social condition and the non-social control condition during
which participants were allowed to move freely.

Measures

The participants’ medio-lateral movements were recorded
using a forceplate (AMTI OR6-7-2000 Series Model Force
Platforme,Watertown,MA 02472, USA) at 960 Hz; no online
filters were applied during the recording of the data.

Both questionnaires, the QCAE (Reniers et al., 2011) and
the MBDF (Steyer et al., 1994) were answered before the
experiment started. The online questionnaires were generated
using SoSci Survey (Leiner, 2019) and were made available to
users via www.soscisurvey.de.

Analysis

Force Plate

Raw data were visually inspected; artifacts and the first three
and the last three seconds of every phase were removed. A
low-pass filter (Butterworth 2nd order) was applied offline
using Vicon Nexus 2.7.1 (Vicon Motion Systems Ltd. UK).
We measured the root mean square (RMS), defined as the
square root of the mean square power over a specified time
interval (Merletti, 1999) over a 60 s period. This measure
summarizes the variance in the participant’s lateral position
over time, relative to their average lateral position over the
duration of the recording, with higher RMS values indicating
greater movement. Further, we measured the mean power fre-
quency (MPF), which calculates the average frequency within
a power spectrum (Winter & Patla, 1997). Higher MPF values
indicating greater and faster movements. RMS and MPF were
calculated in MATLAB. To analyze statistically the influence
of the moving conditions on the body sway a t-test was per-
formed comparing the mean medio-lateral movement in the

two baselines (phase 1 and 2) with the medio-lateral move-
ment in experimental phase for both conditions (social condi-
tion and non-social control), respectively. Resulting p-values
were rectified using the Bonferroni adjusted alpha levels of
p = .0125 per test (p = .05/4).

Questionnaire

The ability to empathize with others was measured by the
QCAE (Reniers et al., 2011), which differentiates between
cognitive and affective empathy and consists of five principal
factors (cognitive empathy: perspective taking and online sim-
ulation; affective empathy: emotion contagion, proximate
responsivity and peripheral responsivity) and 31 items. The
authors have verified its reliability (Cronbach’s α between .70
and .85). For each participant, we calculated a mean score for
“cognitive empathy” and for “affective empathy”. The partic-
ipant’s current mood state was measured by the MDBF
(Steyer et al., 1994), which consists of three scales: good
and bad mood, alertness and fatigue, rest and restlessness,
each consisting of 4 items, with an internal consistency of
.92 (Cronbach’s alpha) (Hinz et al., 2012). For each partici-
pant, we calculated a mean score for “mood”. We used
Pearson’s correlation to investigate whether “cognitive empa-
thy”, “affective empathy”, and “mood” scores had an influ-
ence on the degree of movement coordination during the test
phase, by correlating the questionnaire scores with the delta
values of the body sway (i.e., test phase minus the average of
the two baselines; calculated separately for RMS and MPF).
Resulting p-values were rectified using the Bonferroni adjust-
ed alpha levels of p = .0125 per test (.05/4).

Results

The RMS of the medio-lateral movement differed significantly
between experimental phase and the mean of the two baselines

Fig. 1 Experimental set-up. 1:
participant, 2: avatar during social
condition, column during non-
social control condition, 3: large
screen, 4: TV-screen, 5:
forceplate, 6: amplifier, 7: Vicon
Nexus recorder
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in the social condition with the avatar (t(42) = 2.925, p = .006):
participants moved more in the experimental phase than in the
baseline phases (experimental phase avatar (social condition)
M ± SD: 2.24 ± 3.33 mm; baseline phase (1 and 2) 2.17 ±
3.29 mm). A post-hoc analysis with G*power2 (Faul et al.,
2007) revealed a power (1-ß) of .9 and an effect size of dz. =
.45. No significant difference was found for the RMS between
the experimental phase of the non-social control condition and
its baseline (p > .0125; experimental phase column (non-social
control condition) M ± SD: 2.17 ± 3.26 mm; baseline phase (1
and 2) 2.16 ± 3.35 mm). No significant effects were found for
the MPF data of the medio-lateral movement. There were no
significant correlations between the questionnaire scores and
the delta values of RMS andMPF in either the social condition
or the non-social control condition (see Table 1).

Discussion

The aim of the current study was to design a human-avatar
body sway synchronization paradigm modeled after real-life
social coordination as a reliable setup for well-controlled syn-
chrony studies. As a measure we used natural body sway,
which is a naturalistic, yet accurately measurable expression
of body movement. In line with our first two hypotheses, we
found that the projection of a moving human-like avatar in-
duced a corresponding greater movement in the participants,
while no such effect was found for a moving neutral object
(i.e., a same-sized column). This, firstly, demonstrates that the
participant’s movement was not simply caused by basal mo-
tion perception processes and secondly, proofs that our
human-avatar body sway synchronization paradigm works
in modeling interpersonal coordination and social synchrony
effects without triggering this explicitly. The fact that there
was an increase of RMS values only in the social condition
with the avatar shows that people moved laterally beyond their
natural body sway only when being exposed to a human-like
avatar, but not when perceiving a neutral object. These find-
ings are in line with a previous study that presented partici-
pants with point-light displays of a balancing gymnast (Tia
et al., 2011): participants’ body sway only increased when
observing an upright representation of the gymnast, but not
when the point-lights were displayed upside down.
Consequently, the authors argued that the optical flow of the
moving point-lights alone was not sufficient to increase body
sway, when they did not represent a human figure.

The treatment in our study, however, did not influence the
participants’ body sway frequency in a systematic way. The
analysis of the MPF values showed that the participants did

not consistently change their swaying frequency, neither when
being exposed to a human-like avatar nor when perceiving the
neutral object. This lack of an effect might have been caused by
the fact that the frequency of avatar’s and the column’s move-
ment and the frequency of the participants’ natural body sway
were already very similar to one another, as we specifically
chose a swaying frequency that approximated natural body
sway. Therefore, it would be important for future studies to
investigate whether different swaying frequencies of the avatar
are actually able to alter a participant’s swaying frequency.

Contrary to our third hypothesis, the ability to empathize
with others and the degree of positive mood, assessed by self-
evaluation, were not correlated with a stronger change of body
sway in response to the moving projected image in either the
social condition with the avatar or the non-social control.
According to previous studies, we would have expected par-
ticipants that scored higher on empathic abilities and those
with a better mood to respond more to the swaying avatar
(Chartrand & Bargh, 1999; Sonnby-Borgström et al., 2003;
Van Baaren et al., 2006). However, previous findings on the
connection between interpersonal coordination and disposi-
tional empathy and mood are not completely consistent even
for human-human interactions. While Chartrand and Bargh
(1999) found only a positive effect of participants’ perspective
taking abilities, but not of their empathic concern on behavior
mimicry, Sonnby-Borgström et al. (2003) demonstrated that
emotional, rather than cognitive aspects of participants’ em-
pathy predicted increased facial mimicking. although, some
studies find that participants in a good mood mimic a confed-
erate significantly more often than participants in a negative
mood (e.g. Van Baaren et al., 2006), a recent study on inter-
personal synchrony did not find any evidence that positive
mood induced through videos or affective picture sets promot-
ed interpersonal synchrony (Fujiwara & Daibo, 2018).
Nonetheless, it is also possible that our negative results arose
from the fact that we specifically chose a rather neutral-
looking avatar. Especially empathic abilities, which are

2 Due to a lack of comparable studies, we could not estimate a likely effect size
for our current study. Therefore, no a-priori power analysis was conducted and
sample size was determined via Mead’s resource equation (Mead, 1990).

Table 1 Correlations (Pearson) of the questionnaire ratings, cognitive
empathy (CE), affective empathy (AE), and mood with the delta values
(RMS and MPF) of the social condition and non-social control

Social Condition Non-Social Control

RMS MPF RMS MPF

CE (mean) rs .233 .243 −.007 .327

p .13 .13 .97 .04

AE (mean) rs .021 .157 .263 .168

p .90 .33 .09 .29

Mood (mean) rs .132 .131 −.232 .151

p .40 .42 .13 .34

resulting p-values were rectified using Bonferroni adjusted alpha levels
of p = .0125 per test (.05/4).
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enhanced through a feeling of similarity (Valdesolo &
DeSteno, 2011), might influence coordination with a real per-
son more strongly than coordination with an avatar. Overall,
our results show that the avatar’s movement triggered the
same degree of body sway, irrespective of the participant’s
empathic abilities and mood state. Further studies investigat-
ing the effect of empathy and mood state on human-avatar
coordination would be needed.

Conclusion

Previous research demonstrated that interpersonal coordina-
tion is greatly influenced by characteristics of the interaction
partners, like the cultural homogeneity of a group (Néda et al.,
2000), shared goals (Reddish et al., 2013), and the likability of
the other person (Miles et al., 2010). Considering that most
research questions necessitate an experimental set-up without
such uncontrolled biases inherent to the interactions between
real persons, our human-avatar body sway synchronization
paradigm provides a promising avenue in the direction of
controlled experimental studies to investigate possible causa-
tions on interpersonal coordination. It thus, builds a basic fun-
dament to reduce the uncontrolled influence of pre-existing
rapport on interpersonal coordination.

Limitations

The study is limited by the fact more women (35) than men
(14) participated in the experiment and further by a small
sample size, however a post-hoc analysis revealed a power
of .9 and an effect size of dz. = .45.
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