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Abstract
In social contexts individuals frequently act as social chameleons, synchronizing their responses with
those of others. Such synchrony is believed to play an important role, promoting mutual emotional
and social states. However, synchrony in facial signals, which serve as the main communicative
channel between people, has not been systematically studied. To address this gap, we investigated
the social spread of smiling dynamics in a naturalistic social setting and assessed its affiliative
function. We also studied whether smiling synchrony between people is linked with convergence in
their autonomic and emotional responses. To that aim we measured moment-by-moment changes in
zygomatic electromyography and cardiovascular activity in dyads of previously unacquainted
participants, who co-viewed emotional movies together. We found a robust, dyad-specific,
zygomatic synchrony in co-viewing participants, after controlling for movie-driven effects. During
the positive movie, zygomatic synchrony co-varied with cardiovascular synchrony and with
convergence in positive feelings. No such links were found for the negative movie. Centrally,
zygomatic synchrony in both emotional contexts predicted subsequently reported affiliative feelings
of dyad members. These results demonstrate that a naturally unfolding smiling behavior is highly
contagious. They further suggest that zygomatic synchrony functions as a social facilitator, eliciting
affiliation towards previously unknown others.
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Introduction
Connecting with others is a fundamental human drive 1, arising both in the context of close
relationships and towards complete strangers. Given its central role in human flourishing and wellbeing 2, it is important to understand the biologically-wired mechanisms which allow people to
rapidly and effortlessly form social bonds. It has been suggested that one such mechanism is
interpersonal synchrony - the pervasive tendency of individuals to become coupled or synchronized
with each other during interaction3–8. Past research has indeed suggested that interpersonal alignment
of neural responses between interacting individuals binds them into a social unit, promoting mutual
emotional and social states3,6–9. However, synchrony in the humans’ main communication channel,
i.e. facial dynamics, has not been systematically studied.
Using hyper-scanning methodology and measures collected over time, research has demonstrated
that verbal and non-verbal social interactions involve temporally coordinated autonomic and neural
responses between people4,10,11. Such synchrony is grounded in multiple exchanges of sensory
signals between individuals, which allow for continuous reciprocal adaptations to the incoming
social input 6,10,12. Accordingly, neural and autonomic synchronies, which unfold in the internal
milieu, are intricately connected with externally exchanged information. Facial displays serve as one
of the most pronounced external responses unfolding directly in a social environment. Moreover,
facial signals play a profound social role, as they do not only express emotions but also convey
intentions to others13–16. As such, the social spread of facial dynamics may bridge the gap between
individual behaviors, physiological synchrony and higher-order emotional-social phenomena, such
as shared experiences and affiliative feelings.
In the current research, we aim to assess spontaneous synchrony in facial dynamics of co-present
individuals and to study its emotional and social function. We focus on synchrony in positive facial
signals, that is a smiling behavior, for several reasons. In contrast to computerized paradigms, in a
naturalistic social context subjects’ attention is not pre-fixed on targets' faces. Positive facial
expressions seem to be beneficial in such a condition, as they are characterized by a distinctive visual
saliency and diagnostic value, even when presented in a peripheral visual space 17–19. In addition, the
temporal dynamics of positive facial signals can be reliably assessed with continuous
electromyography measures (EMG) over zygomaticus major facial muscle20–25. Finally, while social
mimicry of negative facial expressions is dependent on multiple social factors26, mimicry of positive
facial responses is a more robust phenomenon 20,27,28. Thus, interpersonal synchrony in zygomatic
responses promises to be a valuable measure to study how visually salient facial behaviors are
reciprocated between people and across time.
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Humans’ propensity to react with corresponding facial expressions to facial displays of others has
been massively documented by the facial mimicry research 26,28–34. Specifically, studies have
demonstrated that happy faces, presented via pictures or short video sequences, elicit zygomatic
activation in observers 29,30,33,35–37. While this research provides a solid basis for hypothesizing an
existence of social coordination in zygomatic dynamics, it has been criticized on two main grounds.
First, zygomatic activation in observers is triggered not only by targets’ happy faces, but also by
joyful voices or body postures38,39. Accordingly, zygomatic activation in computerized paradigms
cannot be taken as a direct evidence of interpersonal coordination of facial muscles, as it may stem
from positive emotions elicited by targets’ smiles34,40. Second, computerized paradigms are devoid of
social context, hence suffering from poor ecological validity and impoverished ability to assess the
social outcomes of such coordination 20,26,41. Beyond mimicry, research has also tapped into smiling
reciprocity – that is a social behavior of returning a smile of your interaction partner. Employing
facial coding21,42 and EMG measures20, a few studies have demonstrated that people return their
partners’ smiles with high probability during both positive and negative conversations. While these
studies have provided a more direct evidence for interpersonal coordination of facial signals, they
relied on explicit verbal interactions. A face-to-face communication encompasses complex appraisal
processes, such as social expectations and communicative motivations, hence hampering the ability
to assess relatively automatic spontaneous synchrony in facial dynamics as well as the outcomes of
such synchrony.
To investigate spontaneous facial synchrony, while preserving naturalistic social dynamics, we
employed a well-established co-viewing paradigm, in which dyads of participants viewed emotional
movies together without directly interacting 3,43–46. In this paradigm emotional movies serve as
catalyzers of emotional behaviors, eliciting non-verbal emotional signals from participants. The lack
of direct communication between participants as well as a real-life like social context of co-viewing
reduces the impact of high-order cognitive processes. Notably, although participants’ attention is
directed towards an external stimulus, they still act as social agents, free to modify their covert and
overt attention and to form social impressions44. Accordingly, this paradigm has been previously
shown to elicit profound interpersonal processes in co-viewing dyad members, as evidenced in their
emotional44 and physiological47 responses.
We assessed zygomatic EMG and cardiovascular signals in previously unacquainted dyads of
participants who co-viewed a positive and a negative movie and during a non-emotional baseline.
Participants provided emotional ratings following each movie and reported on their affiliative
feelings towards each other at the end of the experiment. Zygomatic and cardiovascular synchrony
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were quantified both in co-viewing dyad members (hereafter, real dyads) and in randomly shuffled
control dyads (members of different dyads who viewed the same movies but not together; hereafter,
random dyads). Synchrony in random dyads represents the movie-driven effects, which manifest
similarity in the affective dynamics, elicited by the movies47,48. Synchrony in real dyads incorporates
dyad-specific interpersonal processes unfolding at a dyad-unique timeline. Given the well
documented specificity of zygomatic activity to positive emotional experiences, we expected to find
enhanced zygomatic synchrony during the positive as compared to the negative movie or baseline,
both in real and in random dyads. Centrally to the present study, we hypothesized that zygomatic
synchrony will be enhanced in real dyads as compared to random dyads, signifying dyad-specific
interpersonal coordination of facial signals. Previous studies have reported that in naturalistic social
contexts individuals frequently exhibit zygomatic activity during both positive and negative
emotional experiences 20,46. Accordingly, we compared the real to random dyads synchrony across
all experimental conditions.
To elucidate the role played by zygomatic synchrony in emotional transmissions within real dyads,
we studied its association with cardiovascular synchrony and convergence in feelings. Ample studies
have demonstrated that facial mimicry may lead to emotional contagion 49. In addition, previous
research has suggested that contagious emotional transmissions involve synchronization of
autonomic signals3,50. We hypothesized that zygomatic synchrony is involved in contagious
transmissions of positive emotional signals. Accordingly, we expected to find tight links between
zygomatic synchrony, cardiovascular synchrony and emotional convergence during a positive but not
during a negative movie.
Finally, we examined the affiliative social role of zygomatic synchrony. Smiling is perceived as an
affiliative signal51,52. Furthermore, social motives towards the other person were found to impact
social smiling44,45. However, whether spontaneous zygomatic synchrony directly facilitates social
connections is currently unknown. To test this hypothesis, we examined whether zygomatic
synchrony in previously unacquainted participants is associated with their subsequently reported
affiliative feelings towards each other.
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Methods
Participants
26 dyads of female students (age, M=23±2.94) participated in the study for academic credits, after
signing a written informed consent. Female participants were used to enhance the probability for
social smiling53,54 and to avoid gender-specific differences in response to movies. As validated prior
to arrival, dyad members were not acquainted with each other. Experimental procedures were
approved by the Ethics Committee for Behavioral Studies at the Interdisciplinary Center Herzliya.
The methods were carried out in accordance with the approved guidelines.
Materials and Procedure
Dyads of previously unacquainted participants arrived to the lab and were told that the aim of the
experiment is to measure physiological responses to movies. They were seated side by side on two
adjacent armchairs in front of a 20-inch computer screen. The viewing distance to presentation
screen was approximately 70 cm. Participants were connected to physiological sensors (see below)
and were asked to refrain from talking and making gross movements throughout the entire
experiment. Baseline measures were recorded for five minutes while participants sat silently and
calmly and kept their eyes open. After the baseline, participants took part in a co-viewing experiment
which is not reported here and then viewed a positive and a negative movie. Two movie excerpts,
used in previous studies 3,23,47, were taken from the horror film "Paranormal Activity" (394s) and
the popular entertainment TV show "Britain's Got Talent" (364s) to elicit negative and positive
emotions, respectively. Each emotional movie was preceded by a ten second countdown screen and
the order of the movies was counterbalanced across participants. After each movie, participants rated
their emotional responses to the movies. At the end of the experiment, participants filled out an
affiliation questionnaire in different rooms.
Measures
Subjective reports
Emotional experience: Following each movie, participants rated the intensity of the positive and the
negative feelings elicited by the movie, using two unipolar 9-point Likert scales.
Affiliative feelings: Participants rated the degree to which they felt closeness, similarity and rapport
towards their co-present partner, on a 9-points Likert scale. Items showed Cronbach's alpha = 0.89,
and were averaged to form an affiliation score.
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Video coding of smiling: To validate that zygomatic signals are associated with smiling behavior, a
research assistant with an extensive previous expertise in facial coding, coded frequency of smiling
events from video recordings of participants. Frequency of individual smiles and frequency of shared
(co-occurring) smiles were coded separately.
Physiological data collection and preprocessing: Continuous physiological measures were recorded
with a Bionomadix (BIOPAC Systems Inc., Santa Barbara, CA) MP150 data acquisition system and
Biopac® AcqKnowledge 4.4 software at 1000Hz sampling rate.
Cardiovascular activity was recorded using a modified lead II configuration. The heart period series
(inter-beat interval; IBI) were assessed using the Mindware HRV 2.16 biosignal processing module
(Mindware, Ohio). This procedure included: (a) identifying the R–R intervals; and (b) detecting
physiologically improbable R–R intervals based on the overall R–R distribution using a validated
algorithm

55

. Afterwards, data were also inspected manually to ensure that R-waves were correctly

identified. Data that included more than 10% undefinable Rs was excluded from the analysis. Lastly,
IBI series were transformed to continuous 1 Hz heart rate time-series (HR) using custom software.
Facial electromyography (EMG) was collected over the zygomaticus major and corrugator supercilii
sites, placed at the left side of the face 56. This paper focuses on zygomatic responses and thus reports
the results for the zygomatic (EMGZYG) signals only. EMG signals were filtered with a notch 50 Hz
filter. Manual inspection for artifacts was made using custom software 57. Frequency analysis of EMG
data has been applied, in which a Fast Fourier Transform was performed on all artifact-free data to
derive estimates of spectral power density ( 𝜇𝑉) in the 45–200-Hz frequency band in one sec
windows24,25,58. Finally, these values were log-transformed to normalize the data. This analysis yielded
continuous 1 HZ EMGZYG time-series. The first 20 seconds and last 5 seconds were cropped from the
resulting HR and EMGZYG time-series to remove non-specific accommodation effects and
preprocessing artifacts. For the mean level analysis, we quantified mean EMG responses by averaging
the sample points across time during each experimental condition. To assess the effects of the movies
on mean EMG activity, the EMG scores of the dyad members were averaged59, and within-subjects
ANOVA was computed on these dyadic scores.
Missing data: Dyads in which one or both dyad members failed to refrain from talking were excluded

from analysis. This resulted in an exclusion of five, one and three dyads from the baseline period, the
positive movie and the negative movie conditions, respectively. At the preprocessing stage, data was
monitored for low signal quality and for excessive artifacts, such as multiple non-specific spikes or
motion artifacts. Exclusion of one participant has led to an exclusion of the dyad. Overall, the
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percent of missing data points for each analyzed channel comprised 12% for HR and 10% for
EMGZYG.

Data Analysis
Assessment of synchrony: To assess synchrony we computed a cross-correlation between two
individual z-normalized physiological response time-courses within ±3 seconds temporal lag3,47.
Maximal correlation values, as well as temporal lag at which these values occurred were extracted.
For the parametric statistical analysis of synchrony, the maximal correlation values were Fisher ztransformed.
Comparing zygomatic synchrony in real dyads and in random dyads: The central result of this
study was derived from comparing the zygomatic synchrony computed for real dyads (participants
who viewed the movies together) to zygomatic synchrony computed for random dyads (participants
from different dyads who viewed the same movies but not together)3,60. We hypothesized that
participants who viewed the movies together would exhibit higher levels of zygomatic synchrony
relative to those who viewed the same movie but in randomly shuffled dyads. To test our hypothesis,
we computed zygomatic synchrony in all possible random dyads in the sample and constructed
empirical control sampling distribution of random dyads’ synchrony, using bootstrapping procedure
with 1000 iterations. The statistical likelihood of zygomatic synchrony in the real dyads was
assessed directly from this control distribution (Supplementary Figure 1). This procedure was done
separately for each experimental condition (baseline, negative, positive). A similar approach was
taken with the cardiovascular measures, yielding estimates of HR synchrony in real and in random
dyads.
Association with self-reports: We conducted correlation analyses between indexes of cardiovascular
and zygomatic synchrony and self-reports, using the Spearman rank correlation. Dyad level selfreports were computed using following guidelines: 1) emotional convergence was computed as the
sum of dyad members’ emotional ratings divided by the absolute difference between the dyad
members’ emotional ratings (𝐸1 + 𝐸2 )/(𝑎𝑏𝑠(𝐸1 − 𝐸2 ) + 1). Emotional convergence was assessed
for positive feelings during the positive movie and for negative feelings during the negative movie
2) Dyads’ affiliation scores were computed by averaging dyad members’ ratings, as recommended
for dyadic designs 59.
Data availability
The datasets generated and analyzed during the current study are available from the corresponding
author on reasonable request.
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Results
Emotional movies elicited differential affective and zygomatic response patterns
To begin with, we validated that the positive and the negative emotional movies elicited the expected
emotional and facial response patterns. Repeated measures ANOVA with type of movie (positive,
negative) and valence (positive, negative) factors on self-reports showed the predicted valence by
movie interaction (F(1,18)=726, p<0.001). A high level of positive feelings (M=7.23±1.03) and a
negligible level of negative feelings (M=0.6±1.07) was reported for the positive movie. A high level
of negative feelings (M=6.75±0.76) and a negligible level of positive feelings (M=0.77±0.89) was
reported for the negative movie. An expected pattern was obtained also for the mean-level zygomatic
EMG, which exhibited higher activity during the positive compared to the negative movie
(t(18)=11.871, p<0.001). Zygomatic activity during the negative movie was higher than the one
during baseline, at marginally significant level (t(13)=2.009, p<0.066).

Zygomatic synchrony in real and random dyads
Central to the present study, we asked whether co-present participants became spontaneously
synchronized with each other in their zygomatic facial activity and whether this synchrony was dyadspecific. Figure 1A presents an example of zygomatic activity in two different dyads during the
positive movie. As can be seen in the figure, the co-viewing dyad members showed clear temporal
alignment of zygomatic dynamics with each other. Moreover, each dyad showed idiosyncratic
zygomatic response patterns, leading to higher within-dyad [0.63, 0.66] than across-dyads
correlations [0.45, 0.46, 0.39, 0.45].
We computed zygomatic synchrony in real dyads and compared it to zygomatic synchrony in
random dyads. Figure 1B presents the mean zygomatic synchrony in real and random dyads in all
experimental conditions. The descriptive statistics for the zygomatic synchrony in real and random
dyads are presented in Table 1. As evident in Figure 1B, zygomatic synchrony was enhanced during
the positive movie compared to the negative movie and baseline. This difference occurred both for
the real dyads (repeated measures ANOVA (F(2,26)=8.15, p<0.001; positive vs negative, t(18)=2.9,
p<0.008) and for the random dyads (Wilcoxon signed rank test: positive vs negative, z=23.56,
p<0.001). Significantly enhanced zygomatic synchrony during the positive movie comes in line with
the previously reported zygomatic specificity for positive emotions 22,61. It reflects the consistent
modulations of zygomatic activity exerted by the positive emotional timeline, which was shared
across all participants.
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Figure1. A. Zygomatic synchrony in two different dyads. Zygomatic EMG responses in two different coviewing dyads (dyad1- red colors, dyad 2 – blue colors) are presented. B. Zygomatic synchrony in real and
random dyads. Zygomatic synchrony was assessed in real dyads (i.e. participants who viewed the movies
together, marked by full bars) and in random dyads (i.e. participants who viewed the same movies but not
together, marked by patterned bars), during non-emotional baseline (grey), the negative movie (red) and the
positive movie (green) conditions.

We compared the zygomatic synchrony in real and random dyads, using a non-parametric
bootstrapping approach (Methods, Supplementary Figure 1A). In line with our central hypothesis,
zygomatic synchrony in real dyads was significantly higher than the one in random dyads,
demonstrating dyad-specific contagious zygomatic transmissions. The enhanced zygomatic
synchrony in real dyads was evident during both the positive and the negative movies but not during
non-emotional baseline.
To validate that zygomatic synchrony was indeed driven by smiling behavior, we coded individual
and shared smiles from the video-recordings of participants during the movie viewing
(Supplementary Figure 2). We found that although the positive movie elicited significantly higher
amount of smiles (t(19)=5.3, p<0.001), participants smiled both during the positive (M=19.1±9) and
the negative (M=7.8±7.3) movies, and some proportion of these smiles was shared (positive:
M=5.3±4.2; negative: M=0.9±4.9). Notably, frequency of shared smiles was correlated with
zygomatic synchrony during the positive (ρ=0.54, p<0.014) and the negative (ρ=0.526, p<0.021)
movies.
To further understand the nature of zygomatic synchrony during the positive and the negative
movies, we compared the temporal lags at which co-viewing participants’ zygomatic responses
exhibited maximal correlation in these two emotional contexts. This analysis showed that the dyad
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members’ zygomatic responses were more tightly linked (i.e. shorter temporal lags) during the
positive (M=0.48±0.14 sec) as compared to the negative (M=1.75±0.24 sec) movies
(t(1,18)=4.65,p<0.001).
ZYGOMATIC SYNCHRONY

CARDIOVASCULAR SYNCHRONY

real
dyads

random
dyads

p

real
dyads

random
dyads

p

baseline

0.09± 0.16 [0.58]

0.08± 0.021

p=0.24

0.07± 0.12 [0.49]

0.06± 0.017

p=0.24

negative

0.24± 0.22 [0.92]

0.06± 0.021

p<0.001

0.15± 0.11 [0.43]

0.13± 0.017

p=0.054

positive

0.44± 0.17[0.58]

0.3± 0.023

p<0.001

0.17± 0.17 [0.68]

0.12± 0.014

p<0.001

Table 1. Descriptive statistics for the zygomatic and cardiovascular synchrony indexes in real and in
random dyads. Table presents means, standard deviations and range of synchrony indexes in real dyads; as
well as means and standard deviations of control sampling distributions of synchrony in random dyads. It also
presents the p values for the non-parametric test of hypothesis that synchrony in real dyads is larger than
synchrony random dyads.

Taken together, these results demonstrate that co-viewing participants exhibited robust
synchronization in their zygomatic responses while viewing emotional movies but not during nonemotional baseline (Table 1, Supplementary Figure 1). Such synchrony represented direct, dyadspecific facial coordination, as it was higher in real as compared to random dyads and correlated with
the amount of shared smiling. While statistically robust zygomatic synchrony was observed in both
emotional contexts, participants’ zygomatic responses were more similar in their dynamics and more
tightly linked in time during the positive as compared to the negative movie.

Association with cardiovascular synchrony
To investigate whether zygomatic synchrony is linked with synchronization of visceral autonomic
responses, we examined its association with synchrony in participants’ heart rates.
First, we assessed cardiovascular synchrony in real and random dyads (Table 1). Both real and
random dyads exhibited higher cardiovascular synchrony during emotional movies as compared to
baseline (random dyads: negative vs baseline: z=8.39, p<0.001; positive vs baseline: z=9.12,
p<0.001; real dyads: positive vs baseline, t(16)=2.46, p<0.05; negative vs baseline, t(14)=1.9,
p=0.06). In contrast to zygomatic synchrony, cardiovascular synchrony wasn’t significantly different
for the positive and negative movies (Wilcoxon signed rank test, z=1.1, p>0.25; t(18)=0.5, p>0.25).
This pattern of results supports the established links of cardiovascular responses with emotional
processing 3,61,62. Centrally to the present paper, real dyad members exhibited higher synchrony in
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their heart rates as compared to random dyads. Such dyad-specific synchrony was significant during
the positive (p<0.001) and marginally significant during the negative (p=0.054) movie but not during
baseline (p>0.25) (Table1, Supplementary Figure 1B).
We next asked whether the degree of a dyad’s zygomatic synchrony was associated with this dyad’s
cardiovascular synchrony. For that aim, we computed Pearson correlations between zygomatic and
cardiovascular synchrony indexes across dyads. We found that synchrony indexes were significantly
correlated during the positive movie (r=0.448, p<0.05). Such association didn’t occur during the
negative movie (r=0.05). In other words, during the positive but not during the negative emotional
experience, synchronization of zygomatic responses in dyad members was intricately related to the
unfolding of mutual autonomic states.

Association with emotional convergence
The above results demonstrated that co-viewing participants exhibited idiosyncratically synchronized
zygomatic and cardiovascular responses during both emotional movies but not during non-emotional
baseline. To elucidate the role of zygomatic and cardiovascular synchronies in contagious emotional
transmissions across dyad members, we calculated correlations between indexes of zygomatic and
cardiovascular synchrony and indexes of emotional convergence. The results showed that
cardiovascular synchrony was positively associated with emotional convergence in both positive (ρ
=0.51, p<0.01) and negative (ρ =0.67, p<0.001) feelings. In contrast, zygomatic synchrony was
positively related with emotional convergence in positive (ρ =0.462, p<0.02) but not in negative (ρ
=0.02, p>0.25) feelings. Taken together, these findings indicate that during the positive movie both
facial and cardiovascular synchronies were involved in contagious transmissions of positive
emotional signals between participants. In contrast, during the negative movie zygomatic and
cardiovascular synchrony seemed to play different functions, as only the cardiovascular but not the
zygomatic synchrony was linked with a shared negative experience.
It could be suggested that the links between synchrony and emotional convergence in dyad members
are not driven by direct interpersonal transmissions, but rather by the similarity of their emotional
responses. Accordingly, participants who similarly reported high positive feelings could also show
more similar facial or heart rate response patterns during the viewing. To control for such possibility,
we assessed the association between zygomatic synchrony and emotional convergence in random
dyads, in which interpersonal transmissions couldn’t occur. No substantial positive correlation was
observed (ρ =-0.01) for zygomatic synchrony and emotional convergence in random dyads during
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the positive movie. Similar results were obtained for the cardiovascular synchrony during the
positive (ρ =0.03) or negative (ρ =0.04) movies.

Association with affiliative feelings
Finally, we examined the affiliative social role of zygomatic synchrony. At the end of the experiment
participants reported the degree of their affiliative feelings towards the other participant. We
computed correlations between affiliation scores and synchrony indexes during the first and the last
presented movies (Figure 2). To account for the inherent differences in the mean level of synchrony
during the positive and the negative movies, we mean-normalized the synchrony indexes within each
emotional condition. Results showed that zygomatic synchrony in dyad members during the last
(ρ=0.739, p<0.001) but not during the first movie (ρ=-0.04, p>0.25) were highly correlated with their
post experiment affiliative feelings towards each other. We further validated this analysis by
assessing correlations for the positive and the negative movies in separate. Both the positive and the
negative movies, when presented last, were associated with affiliation scores (all ps < 0.009). In
contrast, first-presented movies didn’t show such associations (all ps > 0.35). Taken together, these
results suggest that zygomatic synchrony elicited affiliative feelings between previously
unacquainted participants. The lack of association with affiliative feelings during the first movie
speaks against the alternative possibility that zygomatic synchrony reflected initial social
perceptions.

Figure 2. Association of zygomatic synchrony and affiliative feelings. Zygomatic synchrony
during the last (ρ=0.739), but not during the first (ρ=-0.04) presented movie was correlated with
post-experiment affiliative feelings of co-viewing participants. Axis y represents zygomatic
synchrony indexes, mean-normalized within each emotional condition. Scores arriving from the
positive and the negative movies are marked with green and red colors, respectively. n.u. normalized
units.
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Discussion
In this research, we examined a spontaneous social synchrony in zygomatic responses of co-viewing
participants, as well as its role in emotional and affiliative processes. We measured moment-bymoment changes of zygomatic and cardiovascular responses in dyads of previously unacquainted
female participants while they co-viewed a positive and a negative movie and during a nonemotional baseline. To index dyad-specific processes as opposed to stimulus-driven processes we
computed synchrony in real dyads who viewed the movies together and compared it to synchrony in
random dyads, who viewed the same movies but not together.
The main result of our study demonstrates that real dyad members exhibited robust synchrony in
their zygomatic responses. Although all participants shared similar affective dynamics, elicited by
the movies, co-viewing dyad members were synchronized in their zygomatic responses above and
beyond this movie-driven similarity, as evidenced by real to random dyads comparison. This result
suggests that smiling dynamics of co-present others are highly contagious. It significantly extends
previous research on automatic mimicry of smiles28–30,37,63,64 to continuous interpersonal coordination
of facial dynamics unfolding in a naturalistic social context. The pervasiveness of observed
zygomatic synchrony in non-acquainted individuals who did not have explicit social goals, supports
an involvement of automatic, bottom-up processes29,37 driving individuals to couple with others in
their facial responses.
Curiously, we found that zygomatic synchrony in real dyads emerged during both the positive and
the negative emotional contexts (but not during non-emotional baseline). More specifically, while the
overall intensity of zygomatic synchrony during the negative movie was diminished as compared to
the positive movie, it was nevertheless statistically robust in the co-viewing dyad members. Video
analysis of participants’ faces, confirmed that zygomatic synchrony during both movies was linked
with shared smiles. This finding is further corroborated by previous studies which demonstrated that
people tend to smile in negative social contexts, such as when co-viewing a sad movie with a friend46
or during negative social interactions20. Building upon previous models of interpersonal emotional
processes14,65,66, it can be speculated that co-viewing a negative movie with a stranger might violate
socially accepted norms and elicit complex feelings and appraisals. Accordingly, zygomatic
synchrony in the negative movie can represent the result of such appraisals, signifying social intents
and shared understandings of the social-emotional situation 44,67. In support of such interpretation, we
found that the temporal lags between participants’ zygomatic responses were significantly longer
during the negative as compared to the positive movie, potentially reflecting high-order appraisal
processes. While this wasn’t the main focus of the current study, this result suggests that zygomatic
synchrony can occur both via automatic bottom-up processes when appearing in a congruent
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emotional context and via higher order social appraisals in an emotionally in-congruent context.
Future studies are needed to systematically examine the effects of social appraisals on facial
synchrony.
Human face is a profound communicative device equally connected with internal responses and
experiences and external behaviors unfolding in a social space. Here we examined interpersonal
synchrony as a multi-system phenomenon, by assessing the association of zygomatic synchrony with
convergence in cardiovascular responses and subjective experiences. First, we found that synchrony
in co-viewing dyad members wasn’t reserved for facial dynamics, but occurred in their autonomic
responses as well. Specifically, dyad members were significantly synchronized in their
cardiovascular responses during both emotional movies, but not during baseline. Such spontaneous
synchrony in autonomic responses was previously demonstrated for friends3 and here extended for
previously unacquainted dyad members. We also found that cardiovascular synchrony was
associated with emotional convergence in both positive and negative feelings, providing strong
support for its central role in contagious emotional transmissions between individuals3. As for its
association with zygomatic synchrony, it differed substantially in different emotional contexts.
During the positive movie zygomatic synchrony significantly co-varied with cardiovascular
synchrony as both manifested convergence in positive feelings. This finding is in line with previous
research linking synchronous physiological processes in interacting individuals with shared
emotional experiences, such as emotional contagion and empathy 3,7,68,69. In contrast, during the
negative movie, zygomatic synchrony didn’t show such association with cardiovascular synchrony or
with emotional convergence, suggesting that it played a different functional role.
Finally, our results demonstrated that spontaneous zygomatic synchrony had a profound social
impact on co-viewing strangers, enhancing their affiliative feelings towards each other. Multiple
previous studies have shown that behavioral mimicry leads to enhanced liking 70–72. As for the case
of facial mimicry, previous research has demonstrated that smiling mimicry is influenced by the
social motives of observers 44,45,73 and by the social status of the mimicry targets27,28,45,64. The
naturalistic social nature of the current study enabled us to demonstrate that zygomatic synchrony
serves as an affiliation building behavior, enhancing social bonds in previously unacquainted
participants. In particular, we found that zygomatic synchrony predicted the subsequently reported
affiliative feelings of participants and that such links existed for zygomatic synchrony in both
positive and negative emotional contexts. While it could be suggested that links with affiliation were
mediated by initial social impressions of participants or their social motivations, our results speak
against this possibility. Specifically, we found that the association of zygomatic synchrony with post-
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experiment affiliation ratings was observed only for the last but not for the first part of the
experiment. Extending previous models, which assign a unique affiliative value to smiling13,15,52, our
findings suggest that synchrony in smiling dynamics is a profound social behavior which builds
affiliative context between people.

Conclusion
Using a naturalistic social paradigm and physiological measures assessed over time this study
demonstrated that previously unacquainted individuals exhibit robust synchronization in their
smiling dynamics when co-viewing movies together. Centrally, such zygomatic synchrony was
evidenced above and beyond the movie-driven effects and reflected contagious facial transmissions
in co-viewing dyad members. In a positive emotional context zygomatic synchrony was linked with
cardiovascular synchrony as well as with convergence in positive feelings. The robust occurrence of
zygomatic synchrony in previously unacquainted participants lacking explicit social goals or direct
communication speaks to the involvement of automatic, bottom-up processes leading people to
dynamically coordinate their smiling behaviors with co-present others. Zygomatic synchrony was
observed in a negative emotional context as well. However, it wasn’t associated with cardiovascular
synchrony or with positive feelings, and occurred at longer temporal lags, suggesting an involvement
of higher-order appraisal processes. Centrally, zygomatic synchrony in both emotional contexts
predicted subsequently reported affiliative feelings of participants towards each other. Taken
together, our findings demonstrate that smiling dynamics have a high probability to spread in a social
environment, eliciting mutual experiences and affiliative feelings.

Acknowledgements
This work was funded by Israel Science Foundation (ISF) Grant 698/15 to YG. We thank Roni
Nadav for a tremendous help in data collection and preprocessing. We thank Adam Hakim and Tali
Aloni for providing help with data analysis. We thank Alexandra Kopelansky for coding facial
expressions.

Authors contributions
YG, NLB, DM. designed the experiment. DM collected the data and helped with the analysis. YG
and NLB designed the analysis. YG wrote the manuscript, NLB and DM provided critical review.
All authors approved the manuscript.

bioRxiv preprint first posted online Dec. 3, 2018; doi: http://dx.doi.org/10.1101/484980. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

Competing Interests
The authors declare no competing interests.

References
1. Maslow, A. H. A theory of human motivation. Psychol. Rev. 50, 370 (1943).
2. Baumeister, R. F. & Leary, M. R. The need to belong: desire for interpersonal attachments as a
fundamental human motivation. Psychol. Bull. 117, 497 (1995).
3. Golland, Y., Arzouan, Y. & Levit-Binnun, N. The Mere Co-Presence: Synchronization of
Autonomic Signals and Emotional Responses across Co-Present Individuals Not Engaged in
Direct Interaction. PLOS ONE 10, e0125804 (2015).
4. Hasson, U. & Frith, C. D. Mirroring and beyond: coupled dynamics as a generalized framework
for modelling social interactions. Philos. Trans. R. Soc. B Biol. Sci. 371, 20150366 (2016).
5. Yun, K., Watanabe, K. & Shimojo, S. Interpersonal body and neural synchronization as a marker
of implicit social interaction. Sci. Rep. 2, (2012).
6. Hasson, U., Ghazanfar, A. A., Galantucci, B., Garrod, S. & Keysers, C. Brain-to-brain coupling:
a mechanism for creating and sharing a social world. Trends Cogn. Sci. 16, 114–121 (2012).
7. Goldstein, P., Weissman-Fogel, I., Dumas, G. & Shamay-Tsoory, S. G. Brain-to-brain coupling
during handholding is associated with pain reduction. Proc. Natl. Acad. Sci. 201703643 (2018).
8. Kinreich, S., Djalovski, A., Kraus, L., Louzoun, Y. & Feldman, R. Brain-to-Brain Synchrony
during Naturalistic Social Interactions. Sci. Rep. 7, 17060 (2017).
9. Dumas, G., Nadel, J., Soussignan, R., Martinerie, J. & Garnero, L. Inter-brain synchronization
during social interaction. PloS One 5, e12166 (2010).
10. Hari, R., Himberg, T., Nummenmaa, L., Hämäläinen, M. & Parkkonen, L. Synchrony of brains
and bodies during implicit interpersonal interaction. Trends Cogn. Sci. 17, 105–106 (2013).
11. Palumbo, R. V. et al. Interpersonal Autonomic Physiology A Systematic Review of the
Literature. Personal. Soc. Psychol. Rev. 1088868316628405 (2016).

bioRxiv preprint first posted online Dec. 3, 2018; doi: http://dx.doi.org/10.1101/484980. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

12. Konvalinka, I. & Roepstorff, A. The two-brain approach: how can mutually interacting brains
teach us something about social interaction? Front. Hum. Neurosci. 6, 215 (2012).
13. Fridlund, A. J. Sociality of solitary smiling: Potentiation by an implicit audience. J. Pers. Soc.
Psychol. 60, 229 (1991).
14. Fischer, A. H. & Manstead, A. S. Social functions of emotion. in Handbook of emotions (4th ed.)
456–468 (New York, NY: Guilford, 2008).
15. Frijda, N. H. & Mesquita, B. The social roles and functions of emotions. in Emotion and culture:
Empirical studies of mutual influence 51–87 (Washington, DC, US: American Psychological
Association, 1994).
16. Fridlund, A. J. Evolution and facial action in reflex, social motive, and paralanguage. Biol.
Psychol. 32, 3–100 (1991).
17. Calvo, M. G., Fernández-Martín, A. & Nummenmaa, L. Facial expression recognition in
peripheral versus central vision: role of the eyes and the mouth. Psychol. Res. 78, 180–195
(2014).
18. Calvo, M. G., Nummenmaa, L. & Avero, P. Recognition advantage of happy faces in extrafoveal
vision: Featural and affective processing. Vis. Cogn. 18, 1274–1297 (2010).
19. Calvo, M. G. & Nummenmaa, L. Perceptual and affective mechanisms in facial expression
recognition: An integrative review. Cogn. Emot. 30, 1081–1106 (2016).
20. Hess, U. & Bourgeois, P. You smile–I smile: Emotion expression in social interaction. Biol.
Psychol. 84, 514–520 (2010).
21. Heerey, E. A. & Crossley, H. M. Predictive and Reactive Mechanisms in Smile Reciprocity.
Psychol. Sci. 24, 1446–1455 (2013).
22. Larsen, J. T., Norris, C. J. & Cacioppo, J. T. Effects of positive and negative affect on
electromyographic activity over zygomaticus major and corrugator supercilii. Psychophysiology
40, 776–785 (2003).

bioRxiv preprint first posted online Dec. 3, 2018; doi: http://dx.doi.org/10.1101/484980. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

23. Golland, Y., Hakim, A., Aloni, T., Schaefer, S. M. & Levit-Binun, N. Measuring Affect
Dynamics: dynamic properties of facial EMG during continuous emotional experiences. 2017
(under review).
24. Van Reekum, C. M. et al. Aging is associated with positive responding to neutral information
but reduced recovery from negative information. Soc. Cogn. Affect. Neurosci. 6, 177–185 (2011).
25. Lapate, R. C. et al. Prolonged marital stress is associated with short-lived responses to positive
stimuli: Marital stress positive affect. Psychophysiology 51, 499–509 (2014).
26. Hess, U. & Fischer, A. Emotional Mimicry: Why and When We Mimic Emotions. (2014).
27. Blocker, H. S. & McIntosh, D. N. Automaticity of the interpersonal attitude effect on facial
mimicry: It takes effort to smile at neutral others but not those we like. Motiv. Emot. 40, 914–922
(2016).
28. Van Der Schalk, J. et al. Convergent and divergent responses to emotional displays of ingroup
and outgroup. Emotion 11, 286 (2011).
29. Dimberg, U., Thunberg, M. & Elmehed, K. Unconscious Facial Reactions to Emotional Facial
Expressions. Psychol. Sci. 11, 86–89 (2000).
30. Hess, U. & Blairy, S. Facial mimicry and emotional contagion to dynamic emotional facial
expressions and their influence on decoding accuracy. Int. J. Psychophysiol. 40, 129–141 (2001).
31. Sims, T. B., Van Reekum, C. M., Johnstone, T. & Chakrabarti, B. How reward modulates
mimicry: EMG evidence of greater facial mimicry of more rewarding happy faces.
Psychophysiology 49, 998–1004 (2012).
32. Mojzisch, A. et al. The effects of self-involvement on attention, arousal, and facial expression
during social interaction with virtual others: A psychophysiological study. Soc. Neurosci. 1, 184–
195 (2006).
33. Sato, W. & Yoshikawa, S. Spontaneous facial mimicry in response to dynamic facial
expressions. Cognition 104, 1–18 (2007).

bioRxiv preprint first posted online Dec. 3, 2018; doi: http://dx.doi.org/10.1101/484980. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

34. Seibt, B., Mühlberger, A., Likowski, K. U. & Weyers, P. Facial mimicry in its social setting.
Front. Psychol. 6, (2015).
35. Achaibou, A., Pourtois, G., Schwartz, S. & Vuilleumier, P. Simultaneous recording of EEG and
facial muscle reactions during spontaneous emotional mimicry. Neuropsychologia 46, 1104–
1113 (2008).
36. Sato, W., Fujimura, T., Kochiyama, T. & Suzuki, N. Relationships among Facial Mimicry,
Emotional Experience, and Emotion Recognition. PLoS ONE 8, 1–8 (2013).
37. Dimberg, U., Thunberg, M. & Grunedal, S. Facial reactions to emotional stimuli: Automatically
controlled emotional responses. Cogn. Emot. 16, 449–471 (2002).
38. Tamietto, M. et al. Unseen facial and bodily expressions trigger fast emotional reactions. Proc.
Natl. Acad. Sci. 106, 17661–17666 (2009).
39. Magnée, M. J., Stekelenburg, J. J., Kemner, C. & de Gelder, B. Similar facial electromyographic
responses to faces, voices, and body expressions. Neuroreport 18, 369–372 (2007).
40. Fischer, A. & Hess, U. Mimicking emotions. Curr. Opin. Psychol. 17, 151–155 (2017).
41. Heerey, E. A. Decoding the dyad: Challenges in the study of individual differences in social
behavior. Curr. Dir. Psychol. Sci. 24, 285–291 (2015).
42. Heerey, E. A. & Kring, A. M. Interpersonal consequences of social anxiety. J. Abnorm. Psychol.
116, 125–134 (2007).
43. Hess, U., Banse, R. & Kappas, A. The intensity of facial expression is determined by underlying
affective state and social situation. J. Pers. Soc. Psychol. 69, 280–288 (1995).
44. Bruder, M., Dosmukhambetova, D., Nerb, J. & Manstead, A. S. R. Emotional signals in
nonverbal interaction: Dyadic facilitation and convergence in expressions, appraisals, and
feelings. Cogn. Emot. 26, 480–502 (2012).

bioRxiv preprint first posted online Dec. 3, 2018; doi: http://dx.doi.org/10.1101/484980. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

45. Jakobs, E., Manstead, A. S. & Fischer, A. H. Social motives and emotional feelings as
determinants of facial displays: The case of smiling. Pers. Soc. Psychol. Bull. 25, 424–435
(1999).
46. Jakobs, E., Manstead, A. S. R. & Fischer, A. H. Social context effects on facial activity in a
negative emotional setting. Emotion 1, 51–69 (2001).
47. Golland, Y., Keissar, K. & Levit-Binnun, N. Studying the dynamics of autonomic activity during
emotional experience. Psychophysiology 51, 1101–1111 (2014).
48. Nummenmaa, L. et al. Emotions promote social interaction by synchronizing brain activity
across individuals. Proc. Natl. Acad. Sci. 109, 9599–9604 (2012).
49. Hatfield, E., Bensman, L., Thornton, P. D. & Rapson, R. L. New Perspectives on Emotional
Contagion: A Review of Classic and Recent Research on Facial Mimicry and Contagion.
Interpersona Int. J. Pers. Relatsh. 8, 159–179 (2014).
50. Levenson, R. W. & Gottman, J. M. Marital interaction: physiological linkage and affective
exchange. J. Pers. Soc. Psychol. 45, 587 (1983).
51. Hess, U., Adams Jr, R. & Kleck, R. Who may frown and who should smile? Dominance,
affiliation, and the display of happiness and anger. Cogn. Emot. 19, 515–536 (2005).
52. Hess, U., Blairy, S. & Kleck, R. E. The influence of facial emotion displays, gender, and
ethnicity on judgments of dominance and affiliation. J. Nonverbal Behav. 24, 265–283 (2000).
53. Hall, J. A., Carter, J. D. & Horgan, T. G. Gender differences in nonverbal communication of
emotion. Gend. Emot. Soc. Psychol. Perspect. 97–117 (2000).
54. Dimberg, U. & Lundquist, L.-O. Gender differences in facial reactions to facial expressions.
Biol. Psychol. 30, 151–159 (1990).
55. Berntson, G. G., Quigley, K. S., Jang, J. F. & Boysen, S. T. An approach to artifact
identification: application to heart period data. Psychophysiology 27, 586–598 (1990).

bioRxiv preprint first posted online Dec. 3, 2018; doi: http://dx.doi.org/10.1101/484980. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

56. Fridlund, A. J. & Cacioppo, J. T. Guidelines for human electromyographic research.
Psychophysiology 23, 567–589 (1986).
57. Beniczky, S. et al. Standardized Computer-based Organized Reporting of EEG: SCORE.
Epilepsia 54, 1112–1124 (2013).
58. Heller, A. S., Lapate, R. C., Mayer, K. E. & Davidson, R. J. The Face of Negative Affect: Trialby-Trial Corrugator Responses to Negative Pictures Are Positively Associated with Amygdala
and Negatively Associated with Ventromedial Prefrontal Cortex Activity. J. Cogn. Neurosci. 26,
2102–2110 (2014).
59. Kenny, D. A., Kashy, D. A. & Bolger, N. Data analysis in social psychology. in The handbook of
social psychology (eds. Gilbert, Daniel T., Fiske, Susan T. & Lindzey, Gardner) 1, 233–265
(NY: McGraw-Hill, 1998).
60. Ramseyer, F. & Tschacher, W. Nonverbal synchrony in psychotherapy: Coordinated body
movement reflects relationship quality and outcome. J. Consult. Clin. Psychol. 79, 284–295
(2011).
61. Lang, P. J., Greenwald, M. K., Bradley, M. M. & Hamm, A. O. Looking at pictures: Affective,
facial, visceral, and behavioral reactions. Psychophysiology 30, 261–273 (1993).
62. Kreibig, S. D. Autonomic nervous system activity in emotion: A review. Biol. Psychol. 84, 394–
421 (2010).
63. Korb, S., Grandjean, D. & Scherer, K. R. Timing and voluntary suppression of facial mimicry to
smiling faces in a Go/NoGo task—an EMG study. Biol. Psychol. 85, 347–349 (2010).
64. Bourgeois, P. & Hess, U. The impact of social context on mimicry. Biol. Psychol. 77, 343–352
(2008).
65. Parkinson, B. Interpersonal Emotion Transfer: Contagion and Social Appraisal: Interpersonal
Emotion Transfer. Soc. Personal. Psychol. Compass 5, 428–439 (2011).

bioRxiv preprint first posted online Dec. 3, 2018; doi: http://dx.doi.org/10.1101/484980. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license.

66. Hess, U. & Fischer, A. Emotional mimicry as social regulation. Personal. Soc. Psychol. Rev. 17,
142–157 (2013).
67. Scherer, K. R. & Grandjean, D. Facial expressions allow inference of both emotions and their
components. Cogn. Emot. 22, 789–801 (2008).
68. Goldstein, P., Weissman-Fogel, I. & Shamay-Tsoory, S. G. The role of touch in regulating interpartner physiological coupling during empathy for pain. Sci. Rep. 7, (2017).
69. Levenson, R. W. & Ruef, A. M. Empathy: a physiological substrate. J. Pers. Soc. Psychol. 63,
234 (1992).
70. Salazar Kämpf, M. et al. Disentangling the Sources of Mimicry: Social Relations Analyses of the
Link Between Mimicry and Liking. Psychol. Sci. 29, 131–138 (2018).
71. Chartrand, T. L. & Lakin, J. L. The Antecedents and Consequences of Human Behavioral
Mimicry. Annu. Rev. Psychol. 64, 285–308 (2013).
72. Stel, M. & Vonk, R. Mimicry in social interaction: Benefits for mimickers, mimickees, and their
interaction. Br. J. Psychol. 101, 311–323 (2010).
73. Parkinson, B. Do Facial Movements Express Emotions or Communicate Motives? Personal.
Soc. Psychol. Rev. 9, 278–311 (2005).

