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Sharing emotions with other individuals is a widespread
phenomenon. Previous research proposed that experiencing
intense and similar emotions with other individuals reinforces
social bonds. However, several aspects of this phenomenon
remain unclear, notably whether social bonding requires
the convergence and synchronization of emotions in the
group, and whether these effects generalize across positively
valenced and negatively valenced emotional contexts. To
address these questions, we measured subjective emotional
experiences, physiological activity (cardiac, respiratory,
electrodermal) and social attitudes in dyads of unacquainted
individuals who watched videos in the presence of each other.
We manipulated the emotional content of the videos and the
type of shared attention between participants, to test for the
contribution of interpersonal influence. The results revealed
that intense emotions indexed by physiological arousal were
associated with the emergence of reciprocal prosocial attitudes
within dyads, and that this effect depended on joint attention.
We did not observe the convergence and synchronization
of emotions within dyads, which suggests that experiencing
similar emotions was not necessary for social bonding.
We discuss implications of this study for research on
collective effervescence and the social consequences of shared
experiences.

© 2024 The Author(s). Published by the Royal Society under the terms of the Creative
Commons Attribution License http://creativecommons.org/licenses/by/4.0/, which permits
unrestricted use, provided the original author and source are credited.

THE ROYAL SOCIETY

PUBLISHING


http://orcid.org/
http://orcid.org/0000-0002-5198-501X
http://orcid.org/0000-0003-4153-8854
http://orcid.org/0000-0003-2337-581X
http://orcid.org/0000-0002-5066-9154
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.1098/rsos.240048&domain=pdf&date_stamp=2024-10-29
https://doi.org/10.1098/rsos.240048
https://doi.org/10.6084/m9.figshare.c.7481225
https://doi.org/10.6084/m9.figshare.c.7481225

Downloaded from https://royal societypublishing.org/ on 26 November 2024

1. Introduction

Over a century ago, the sociologist Emile Durkheim [1] observed that intense emotional events
reinforce social bonds between group members. He hypothesized that social rituals elicit collective
effervescence, which is a ‘shared emotional state of high intensity’ [2, p. 16] that emerges from the
synchronization of attention and behaviour in the group. Since then, researchers have applied the
concept of collective effervescence to social protests (e.g. [3]), sporting events (e.g. [4]), live artistic
performances (e.g. [5]) and everyday social interactions [6] such as watching movies together [7].
A meta-analysis of studies on collective effervescence supported Durkheim’s hypothesis [8]: partici-
pants in social gatherings who experienced higher emotional arousal reported feeling more connected
to others and were more committed to their group. Therefore, research on collective effervescence
provided evidence that emotion contributes to social bonding. However, several issues remain to be
investigated. On the one hand, it is well known that emotion is a multifaceted phenomenon, compris-
ing responses at several levels, including physiological responses [9]. Yet, in previous studies, emotion
has mainly been measured by means of subjective reports (but see [5,10]). On the other hand, different
lines of research have complemented the investigation of Durkheim’s hypothesis, suggesting that social
bonding not only requires emotions to be intense but also shared with other group members, as
reviewed below.

Shared emotion can be defined as an interpersonal pattern of emotions that emerges at group
level [11-13]. Previous research reviewed several cognitive mechanisms that are responsible for
patterns of emotional convergence (similarity in form and content) and synchronization (similarity
in time course) [14-17]. Patterns of emotional similarity are interpersonal insofar as they emerge when
individuals reciprocally influence each other during social interactions (i.e. interpersonal alignment
[18,19]). Accordingly, shared emotion not only requires that individuals simultaneously experience the
same event, but also that they experience the event together. This is closely related to the concept of
‘shared attention’: a minimal form of shared attention implies that individuals simultaneously allocate
attention to the same point in space, whereas a higher form additionally requires that individuals be
mutually aware thereof and can attend to each other, which is often defined as joint attention [20,21].
Crucially, previous studies in human and non-human primates revealed that joint visual attention
promoted affiliative attitudes and behaviours [22-24]. Hereafter, we review experimental evidence
showing that the effect of joint attention on social bonding varied with the emotions of participants and
the similarity of emotions between participants.

On the one hand, previous research showed that the effect of joint attention on affiliative attitudes
varied with emotion [25,26]. For example, participants attending videos on the same screen reported
greater prosocial attitudes than participants attending videos on individual screens, although this
effect was only observed in response to the most negative and arousing of the videos [25]. In contrast,
another study found that participants felt more connected to each other in response to a positive video
than to a neutral or a negative video [27]. Even when watching negative emotional videos (i.e. drama),
increases in positive affect, but not in negative affect, predicted increases in group identification
[26]. These results highlight the importance of shared attention in emotional contexts for fostering
social bonding, although they are contradictory regarding whether this applies similarly to positively
valenced and negatively valenced emotional experiences.

On the other hand, previous studies revealed that social bonding varied with the similarity
(convergence and synchronization) of emotions in the group [28]. Participants jointly attending
emotional videos exhibited convergent and synchronized emotional responses as measured by facial
expressions [29-31] and autonomic physiological signals [30-33]. Notably, studies reported higher
facial, cardiac and electrodermal synchrony between participants who were watching emotional videos
seated next to each other than between participants who did not take part in the experiment together
[30-33]. In other words, synchrony resulted from the alignment of responses between co-present
participants attending the same stimulus together and not only from participants being exposed to
the same stimulus. Crucially, the synchrony of positive facial expressions and electrodermal activity
predicted the extent to which participants felt connected to each other [30,31]. For example, Cheong
and collaborators [31] analysed the relations between synchrony and self-reported connectedness in
dyads of unacquainted participants watching episodes of a TV show. The authors found that average
ratings of connectedness correlated both with facial synchrony of positive emotion expressions and
with electrodermal synchrony related to negative arousing emotions. These studies are of pivotal

it 1 s’y ssiansotusmiiooosior [



Downloaded from https://royal societypublishing.org/ on 26 November 2024

importance to clarify the relation between social bonding and emotional similarity due to non-verbal n

communication (i.e. facial expressions), but they leave open some questions.

In particular, it is unclear whether social bonding requires that individuals experience intense
emotions, similar emotions or both, and whether these effects depend on joint attention and interperso-
nal alignment. Moreover, it is unclear whether these effects generalize across positively and negatively
valenced emotional contexts. On the one hand, social bonding may increase as a function of emotional
similarity due to interpersonal alignment. On this view, social bonding would increase in the context of
joint attention, but not when individuals experience similar emotions in isolation, without being able
to perceive and influence the emotions of other individuals. On the other hand, social bonding may
increase as a function of emotional intensity, even in the absence of interpersonal alignment.

The current research aimed at investigating the effects of emotional intensity and emotional
similarity (convergence and synchrony) on social bonding, as well as their interactions with the effects
of joint attention and emotional valence. To this end, we measured subjective experiences, physiolog-
ical activity and social attitudes in dyads of unacquainted individuals attending emotional videos
together. We manipulated the emotional valence of the videos (positive, negative, neutral) and the type
of shared attention between participants (joint, disjoint). Hence, we were able to test for the contri-
bution of interpersonal alignment during the experiment and simultaneously to evaluate whether
previous findings generalize to both negatively and positively valenced emotional contexts. Crucially,
we transformed individual measures into group-level indices of emotional synchrony (physiology),
emotional convergence (subjective experience) and social bonding (feeling of connectedness, social
identification and desire for future interactions). Previous studies have typically approximated social
bonding as the average of social attitudes within the group. Yet, since we believe that social bonding
requires reciprocity in social attitudes, we took reciprocity within dyads into account. We expected that
the measures of emotional intensity, emotional similarity and social bonding would increase with joint
attention and the induction of positive and negative emotions.

We formulated two main hypotheses based on previous studies. First, we hypothesized that social
bonding would increase in the context of joint attention as a function of emotional similarity (e.g.
[30,31]). Second, we hypothesized that social bonding would increase in the context of joint attention as
a function of emotional intensity (e.g. [25,26]). Given the lack of previous research, we had no specific
expectation regarding whether the effects of emotional similarity and intensity are interdependent or
additive.

2. Material and methods
2.1. Participants

We calculated a priori (a = 0.05, power = 0.80) the minimum sample size needed to replicate the
effect of co-presence on cardiac synchrony during emotion-eliciting videos [32]. In the context of the
negative video, replicating this effect required 56 dyads. To anticipate potential technical problems,
we thus recruited 122 French individuals randomly paired in 61 same-sex dyads of unacquainted
individuals. The list of inclusion criteria included being 18- to 35-year-old, not suffering from auditory
or visual impairment and reporting no history of neurological or psychiatric disorders. Two dyads
were excluded due to lack of audio feedback during stimulus presentation, two dyads due to failure
in the synchronization of the stimuli markers and one dyad due to displacement of electrocardiogram
(ECG) electrodes during the experiment. The final sample (n = 112 individuals, 56 females) had a mean
age of 23.48 + 4.76 years. We used stratified randomization [34] to assign dyads within each sex group
(two levels: male, female) to one of the two equally sized experimental groups (two levels: disjoint
attention, joint attention) and, then, to one of the possible sequences of emotional stimuli (nine levels).
The participants provided informed written consent and received monetary compensation (30€) for
their participation.

2.2. Experimental procedure

Before coming to the laboratory, individuals filled an online questionnaire assessing trait anxiety.
On the day of the experiment, participants of the same dyad were welcomed separately. They read
and signed an informed consent form and received general instructions, which included avoiding
communication with the other participant throughout the experiment and refraining from moving
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during stimulus presentation. In compliance with sanitary guidelines concerning the COVID-19

pandemics, participants had to wear sanitary face masks throughout the experiment. They were
equipped with physiological sensors and an audio headset and seated side by side in a dimly lit
sound-attenuated room in front of an LCD monitor (24-inch diagonal, 60 Hz), as illustrated in figure 1.
The distance between participants was 60 cm, and the distance from eye to screen was approximately
1 m. For dyads assigned to disjoint attention, an opaque curtain was drawn between participants to
prevent non-verbal communication and interpersonal alignment between participants [29]. Finally, the
experimenters left the room for the duration of the experiment.

We designed the task so that participants would take turns in answering questionnaires in a random
fashion. Participants were instructed to follow written instructions and auditory cues indicating which
participant had to answer the questions (e.g. “participant seating on the left’), and when to close their
eyes to remain blind to the answers of the other participant. At the beginning of the experiment (tg),
each participant was asked whether they knew the other participant. They had to report their current
level of anxiety and their attitudes towards the other participant (social identification and desire for
future interactions). To achieve emotional and physiological baseline, participants were then asked to
relax for 5 min, while a fixation cross was displayed on-screen. They watched three 5-min emotion-elic-
iting videos in a random order, counterbalanced across the two groups (joint, disjoint). After each
video, participants reported their subjective experiences of emotion and connectedness, followed by
a fixed 2-min break. After watching all three videos (t1), participants again reported their attitudes
towards the other participant as well as their own demographics (sex, age, education in years). Finally,
they were debriefed and compensated. The approximate total duration of the experiment was 1 h 30
min. The code for running the experiment was written on MATLAB R2019b [36] using Psychtoolbox
3.0 [37,38] and CogToolbox [39].

2.3. Stimuli

Three videos were manually edited and subsequently validated in an online study (n = 50 participants;
see electronic supplementary material). The positive video consisted of excerpts of the French comedy
“The Intouchables’ [40]. The negative video consisted of excerpts of the documentary ‘Earthlings’ [41]
depicting the sufferings of captive animals. The neutral video consisted of footage of a university
library found on YouTube (FreeHD videos — [42]). The three excerpts were 5-min long and did not
require prior knowledge about the story of the films to be understood. The online validation study
confirmed that the videos reliably induced, respectively, positive valence (i.e. amusement), negative
valence (i.e. sadness) and neutral valence for the control video.

2.4, Self-reports

Trait and state anxiety were measured using the French version of the State-Trait Anxiety Inventory
test (STAI-T Y-1, STAI-T Y-2 [43,44]), to exclude individuals with high anxiety. At ¢y and t1, partici-
pants rated on 7-point Likert scales their desire for future interactions with their co-participant ([45];
e.g. "Would you like to meet this person?’) and their degree of identification to their co-participant
(We-scale [46]; “To what extent would you use the term “we” to describe your relationship with this
person?’).

After each video, participants reported whether they had seen the video before (binary choice) and
rated their experience of emotional arousal and valence during the video on the 9-point version of
the Self-Assessment Manikin [35]. They also filled the Collective Effervescence Scale [7] assessing on
7-point Likert scales the feelings of connectedness (e.g. ‘I felt as if most everyone there felt the same
emotions’) and sacredness elicited by the event (e.g. ‘I felt as if there was something special about the
event’). Given our main hypotheses, we did not include feelings of sacredness in the analysis. The
responses on multi-item scales were averaged, yielding reliable indices of desire for future interactions
at tg and #; (seven items, o > 0.81) and feeling of connectedness after each video (four items, a > 0.77).

Thus, we measured three facets of social bonding: the feeling of connectedness during the shared
experience, the change in social identification and the change in desire for future interactions. These
measures correspond to theoretically distinct constructs: the feeling of connectedness is a measure
of one aspect of collective effervescence (the subjective experience), whereas social identification and
desire for future interactions are measures of cognitive changes related to self-categorization and
motivation that can precede and follow from experiencing connectedness. Previous theoretical and
empirical research highlighted that these phenomena are related but distinct [2,8,47].
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Figure 1. Schematic representation of the experimental setup and individual measures of emotion with examples of real physiological
data. Time series represent pre-processed standardized physiological activity during the first minute of the negative video. Note that
valence and arousal were measured with the pictorial scales of the SAM [35] that are not reproduced here. IBl, cardiac inter-beat
interval; RSP, respiration (standardized tidal volume); S, skin conductance (standardized phasic activity).

2.5. Physiological measures

We continuously recorded ECG, respiratory activity (RSP) and skin conductance (SC) during the
experiment. The corresponding signals are complementary non-invasive measures of autonomic
arousal [48,49]. SC primarily reflects the influence of the sympathetic branch of the autonomic
nervous system [50], whereas cardiac activity reflects the influence of both the parasympathetic and
sympathetic branches of the autonomic nervous system and interacts with RSP [51]. Therefore, these
three physiological measures can provide complementary information about emotion similarity and
its relation to social bonding. The physiological signals were simultaneously sampled at 1 kHz and
visualized using dedicated equipment and software (ADInstruments, Amsterdam, NL, USA). Data
pre-processing was carried out on the three epochs of interest (i.e. videos) using the Fieldtrip toolbox
[52] implemented on MATLAB R2019b [36].

ECG was recorded using disposable AgCl electrodes in Lead II configuration and amplified prior
to digitization (Dual BioAmp, ADInstruments). Offline, the signal was band-pass filtered between
1 and 100 Hz (Butterworth, 4th order). For each video, a template QRS complex was computed
and convolved with the raw ECG. R-peaks were automatically detected as peaks in the normalized
convoluted signal exceeding 0.6 standard deviation, and the ECG was visually inspected to correct for
peak misidentification. Inter-beat interval (IBI) was defined as the time distance in milliseconds (ms)
between consecutive R-peaks. We computed the mean IBI as an inverse index of heart rate for each
participant and video. We interpolated between consecutive IBI values (cubic spline, resampling at 20
Hz) to produce a smoothed time series. We then band-pass filtered the IBI time series between 0.04 and
0.4 Hz (Butterworth, 4th order) to focus on the standard low- and high-frequency (LF and HF) bands of
the heart rate variability spectrum.

RSP was recorded in microvolts (mcV) using a thoracic respiration transducer belt, which measured
changes in the circumference of the participant’s chest as a proxy for tidal volume. Offline, local
peaks were automatically detected to identify expiration onsets, and the resulting signal was visually
inspected to correct for peak misidentification. We computed the mean number of expiration onsets
per minute as an index of respiratory rate.

SC was recorded in microsiemens (US) using a pair of bipolar steel finger electrodes placed on the
middle phalanxes of the index and middle fingers. After installation of the electrodes, participants
were instructed to keep the hand in a still and relaxed position. As implemented in LabChart, before
starting the recording, the participant’s absolute level of SC at that time was automatically subtracted
from the subsequent recording (subject-zeroing) to account for interpersonal variability in baseline
levels of SC. The signal was amplified prior to digitization (Bio Amp, ADInstruments). Offline, we
band-pass filtered the signal between 0.05 and 5 Hz (first order, Butterworth) to focus on the phasic
component of the electrodermal response [50].
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2.6. Statistical outliers and physiological artefacts

Statistical outliers were defined as data points smaller (resp. greater) than the first (resp. third) quartile
minus (resp. plus) three times the interquartile range of the sample. Our data set did not include any
outlier on the scales of trait and state anxiety. Physiological artefacts were defined for each autonomic
measure. For ECG, there was no artefact that could have impeded R-peak identification: Ngcg = 112
individuals. For RSP, we rejected participants when the maximum number of consecutive null values
exceeded 5% of the duration of the entire video (i.e. constant respiratory signal due to a loosely
attached belt), or when the variance of the signal exceeded three times the standard deviation above
the sample mean (i.e. noisy data due to belt dysfunction) for at least one of the recordings: Nrsp = 105
participants. For SC, we rejected participants when the number of electrodermal responses was null for
all three videos (i.e. unresponsive participants), or when implausible slope values (manually labelled
or exceeding 2 pS in absolute value [53]) exceeded 5% of the duration of the entire video for at least one
of the recordings: Ngpa = 99 participants. After the exclusion of dyads with artefacts, the sample size
for testing our main hypotheses was 1 = 39 dyads.

2.7. Dyad-level indices

All of the measures were treated separately: for each type of measure, individual responses were
aggregated into separate indices. Mathematical equations for data treatment are available in the
electronic supplementary material and described below. For subjective emotional experience (valence,
arousal), individual ratings were aggregated at dyad level into two types of indices. First, for each
measure of subjective emotion and each video, we averaged individual ratings within each dyad to
obtain two indices of emotional intensity: dyadic mean valence and dyadic mean arousal. We applied
the same treatment to physiological measures to obtain three dyad-level physiological indices for each
video: dyadic mean IBI, dyadic mean respiratory rate and dyadic mean SC level. Second, for each
measure of subjective emotion and each video, we computed the absolute value of the difference
between individual ratings within the dyad. As a consequence, we obtained two indices of emotional
dissimilarity within the dyad: dyadic difference of valence and dyadic difference of arousal.

In addition, measures of social bonding were transformed to reflect both the intensity and the
reciprocity of prosocial attitudes of dyad members. We computed the product of individual ratings
within the dyad to obtain an index of mutual connectedness for each video. Therefore, the higher
and the more similar the feelings of connectedness of dyad members, the greater the index of mutual
connectedness. Like connectedness, social identification and desire for future interactions measured
at the beginning and at the end of the experiment were separately transformed into dyadic products
corresponding to mutual identification and mutual desire for interactions indices, respectively. Then,
for these two measures separately, we subtracted the dyadic product at ¢y from the dyadic product at
t1. As a result, we obtained two indices reflecting, respectively, the change in mutual social identifica-
tion and the change in mutual desire for interactions within each dyad. In other words, mutual social
identification and mutual desire for future interactions reflected whether the intensity and reciprocity
of prosocial attitudes within each dyad increased (positive value) or decreased (negative value) over
the course of the experiment.

For physiological synchrony, we computed the wavelet transform coherence (WTC). WTC repre-
sents the absolute correlation coefficient between time series as a function of time and frequency,
ranging from 0 (no synchronization) to 1 (perfect synchronization). We computed WTC by applying
the procedure detailed in Grinsted et al. [54] and implemented in MATLAB (‘wcoherence’ function). In
brief, we first applied continuous Morlet wavelet transform over logarithmic scales to each individual
pre-processed physiological signal (cardiac IBI, tidal respiratory volume, phasic SC). For each type
of physiological signal and each video, we then computed WTC between the signals of the two
co-participants (see the electronic supplementary material for a full description and mathematical
equations). Finally, we averaged WTC values across time and frequency [55] to obtain an index of
synchrony within each dyad, for each physiological measure and for each video. Figure 2 illustrates
individual physiological signals and the corresponding dyadic values of WTC in the case of low and
high synchrony.

WTC has several advantages compared to correlational measures that assume the stationarity of
the signals. Indeed, physiological time series are highly auto-correlated and non-stationary, which
can lead to the incorrect assessment of the significance of correlation coefficients [56]. In comparison,
WTC is applicable to different types of bio-behavioural time series [55,57,58]. Moreover, WTC enables
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Figure 2. Co-participants' individual time series of repiratory activity over 30 s during the negative video (top) and the corresponding
dyadic WTC as a function of time and frequency (bottom) for two dyads showing low synchrony (left) and high synchrony (right).
Darker blue areas represent low synchrony and lighter orange areas represent high synchrony. The areas in lighter white shades
represent the cones of influence, which are excluded from the computation of average synchrony. Magnitude-squared coherence is
expressed in arbitrary units (a.u.).

capturing synchrony at different frequencies, which has the potential of distinguishing between types
of synchrony related to distinct physiological mechanisms. The distinction between parasympathetic
and sympathetic autonomic activity sometimes translates into different patterns of interpersonal
physiological synchrony [55,59,60]. For example, Danyluck & Page-Gould [59] found that the social
context (cooperation versus competition, verbal communication) modulated the relation of affiliation
with parasympathetic synchrony but not with sympathetic synchrony. As such, WTC is particularly
relevant to isolate parasympathetic synchrony from sympathetic synchrony in the case of ECG.
Consequently, for ECG, we averaged WTC values separately on the standard LF (0.05-0.15 Hz) and HF
(0.15-0.4 Hz) bands of the heart rate variability spectrum, because they reflect the influence of distinct
physiological mechanisms [61]. Finally, we assessed the bivariate correlations between WTC and
other methods for computing synchrony (e.g. Pearson’s correlations, cross-recurrence quantification
metrics), and we replicated our findings with correlational measures (see the electronic supplementary
material).

2.8. Statistical analysis: regressions and post hoc tests

Statistical modelling was performed using R (v. 4.2.1; [62]) and RStudio [63]. All models were based
on linear regressions with the identity link function (‘Ime4’ package, [64]), except for ordinal logistic
regressions with the cumulative logit link function (‘ordinal” package, [65]) to model discrete ratings of
arousal and valence.

As a general approach, continuous predictors were centred around the mean of the experimental
sample and scaled (z-scored), which enhances the interpretability of the regression coefficients in
models involving interaction terms [66]. Categorical predictors were coded as treatment dummy
variables, so that lower-level predictors reflected simple effects. Models were fitted based on restric-
ted maximum likelihood unless otherwise stated, when maximum likelihood was used to compare
between models with different fixed effects [67]. Degrees of freedom and p values were approxi-
mated from likelihood-ratio tests (LRTs; [68]) by using the Welch—Satterthwaite equation. We used
the coefficient of determination (R?) to assess the goodness-of-fit of our models, and we compared
between alternative models based on their log-likelihood. In case of a significant interaction between
predictors, we estimated the conditional effects at factor levels and performed pairwise comparisons
(‘emmeans’ package, [69]). Our experimental design involved within-participant and within-dyad
measures: individual responses for each video were nested within participants, and participants were
themselves nested within dyads. Therefore, we ran mixed-effect regressions including random effects
to account for statistical non-independence of within-dyad data. Specifically, we modelled random
intercepts for dyads, crossed with video valence (negative, neutral, positive) and video index (first,
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second, third). When applicable, we included all repeated-measure predictors as random slopes within [ 8 |

the levels of dyads, crossed with video valence and video index [70].

For frequentist post hoc tests, we evaluated data normality with Shapiro-Wilk tests [71]. Given
non-normal distributions of variables (valence, arousal, connectedness, physiology), we opted for
non-parametric tests. Specifically, we computed pairwise Spearman’s correlation coefficients [72]
between variables, and we evaluated the differences between groups (joint, disjoint) with two-tailed
Wilcoxon-Mann-Whitney tests [73]. Effect sizes were reported as Pearson’s coefficients, and p values
for post hoc comparisons were adjusted with Holm’s method [74] to correct for family-wise error rate.

2.9. Statistical analysis: manipulation check

As a pre-requisite for testing our main hypotheses, we assessed the effects of our experimental
manipulations: we ran mixed-effects regressions of dyad-level indices of emotional intensity, emo-
tional similarity and social bonding. For emotional intensity, we conducted ordinal logistic mixed-
effect regressions of emotional valence and emotional arousal, and we conducted linear mixed-effect
regressions of cardiac IBI, respiration rate and SC, in which the dependent variables represented the
mean of individual values within the dyad. For emotional similarity approximated as the convergence
of subjective reports, we conducted ordinal logistic mixed-effect regressions of dyadic difference of
emotional valence and dyadic difference of emotional arousal. For emotional similarity approximated
as the synchronization of physiology, we conducted linear mixed-effect regressions of synchrony
in cardiac synchrony, respiratory synchrony and electrodermal synchrony. For social bonding, we
conducted a linear mixed-effect regression of mutual connectedness.

All of these regressions estimated the fixed effects of video valence (negative versus neutral,
positive versus neutral), attention type (joint versus disjoint), their interaction and the following
covariates: previous exposure to the video (both participants versus mixed exposure, none of the
participants versus mixed exposure), sex (female versus male), demographic variables (age, education)
and anxiety (trait and state). These models also included random intercepts for dyads crossed with
video index to account for the effect of time. We then ran similar regression analyses excluding
responses to the neutral video to directly compare responses to the positive and negative videos
(positive versus negative).

2.10. Statistical analysis: main hypotheses

To test our two main hypotheses, we modelled mutual connectedness in response to the positive and
negative videos following a two-step procedure. First, we devised a full model estimating the fixed
effects of the dyad-level variables of emotional intensity and emotional similarity, attention type (joint
versus disjoint) and their interaction terms. Crucially, we excluded from the full model the variables
that were not manipulated by the experimental design, hence, that we could not confidently interpret
as reflecting interpersonal emotional intensity and emotional similarity. We included the following
covariates: baseline measures of social bonding (mutual social identification at tp, mutual desire for
interaction at #(), their respective interaction with attention type and demographic variables (sex, age,
education). The random structure of the complete model was composed of random intercepts and
slopes for indices of emotional intensity and similarity within the levels of the dyads crossed with
video valence and video index. Prior to modelling, we corrected the dependent and independent
variables by subtracting the values corresponding to the neutral video from the values corresponding
to, respectively, the positive and negative videos. In doing so, we assessed the relations between
changes in the independent variables and the dependent variable (mutual connectedness) in valenced
emotional contexts as compared to a neutral baseline.

Second, we implemented an automatic selection procedure designed to increase statistical power
and to avoid inflating Type I error rate (‘buildmer” package, [75]). The procedure started from the
complete model specified at the previous step [70] and ordered the fixed effects as a function of their
contribution to the significance of the change in LRT. If the full model was too complex to converge,
the effects that contributed the least were excluded until the model could converge. Then, to avoid
overfitting, fixed effects were discarded one by one from this model based on the LRT (backward
stepwise elimination; [76]), until all fixed effects in the model were significant. This procedure ensured
that the most parsimonious set of statistical predictors were retained in the model. As part of this
procedure, models were fitted based on maximum likelihood so that we could compare between

sosy/jewnol/Bio Burysigndigaposiedos

8¥00VC sLL DS uadp 0S Y



Downloaded from https://royal societypublishing.org/ on 26 November 2024

models with different fixed effects. We compared the final model resulting from this procedure with n

models resulting from alternative procedures (i.e. forward stepwise elimination, full model without a
selection procedure). These comparisons are reported in the electronic supplementary material.

Post hoc, we also assessed the bivariate correlations between mutual connectedness and, respec-
tively, mutual social identification and mutual desire for future interactions as a function of video
valence (positive versus neutral, negative versus neutral) and attention type (joint, disjoint). These post
hoc tests evaluated whether mutual feelings of connectedness during shared experiences related to
other facets of social bonding, measured as changes in social attitudes between co-participants over the
course of the experiment.

3. Results
3.1. Manipulation check

There was no significant difference in age, education, anxiety (trait, state) and affiliative attitudes at
tp (social identification, desire for future interactions) between the two groups assigned to joint and
disjoint attention, respectively (p > 0.24). We analysed the effects of our experimental design (valence
of the video, type of attention) on dyad-level indices of emotional intensity, emotional similarity
and mutual connectedness. Table 1 provides summary statistics of dyad-level variables, and figure
3 illustrates the results. Please refer to the electronic supplementary material for the full regression
tables.

Regarding emotional intensity indexed by the average ratings of subjective emotion within each
dyad, the negative video was more likely than the neutral video to elicit negative valence [Odds Ratio
= 0.05, 95% CI (0.02, 0.10), p < 0.001] and the positive video was more likely than the neutral video
to elicit positive valence [OR = 12.35, 95% CI (5.64, 27.05), p < 0.001]. Dyads were also more likely to
report high arousal in response to the negative video [OR = 6.25, 95% CI (3.40, 11.49), p < 0.001] and
the positive video [OR = 16.59, 95% CI (7.85, 35.07), p < 0.001] than in response to the neutral video.
For subjective valence, we found a significant interaction between attention type and video valence
[positive: OR = 2.21, 95% CI (1.02, 4.77), p = 0.04; negative: OR = 0.43, 95% CI (0.20, 0.95), p = 0.04]. In
comparison to disjoint dyads, joint dyads were more likely to report negative valence in response to the
negative video (OR =0.46, SE =0.15, p <0.01) and positive valence in response to the positive video (OR
=0.35, SE = 0.14, p = 0.03). Furthermore, the positive video was more likely to elicit positive valence [OR
=71.73, 95% CI (18.94, 271.71), p < 0.001] and high arousal [OR = 2.67, 95% CI (1.68, 4.24), p < 0.001] than
the negative video.

Regarding emotional intensity indexed by the average of physiological responses within each dyad,
the positive and negative videos elicited longer mean cardiac IBI [positive: § = 24.44, 95% CI (13.89,
34.98), p < 0.001; negative: = 18.84, 95% CI (10.70, 26.98), p < 0.001], higher mean respiratory rate
[positive: g = 1.95, 95% CI (1.15, 2.75), p < 0.001; negative: § = 1.00, 95% CI (0.40, 1.59), p < 0.01] and
higher skin conductance level [positive: g =2.52, 95% CI (0.56, 4.48), p = 0.01; negative: = 1.68, 95% CI
(0.14, 3.22), p = 0.03] than the neutral video. The positive video elicited higher respiratory rate [f = 1.04,
95% CI (0.16, 1.93), p = 0.02] than the negative video.

Regarding emotional similarity indexed by the difference in subjective emotion and the synchrony
of physiological activity within each dyad, we did not find systematic effects of video valence,
attention type or their interaction. We only observed marginal effects of the positive video, which
elicited higher cardiac LF synchrony [ = 0.02, 95% CI (0.00, 0.04), p = 0.08], higher respiratory
synchrony [B = 0.02, 95% CI (0.00, 0.05), p = 0.09] and higher electrodermal synchrony [ = 0.02, 95%
CI (0.00, 0.05), p = 0.10] than the neutral video. Moreover, a non-parametric bootstrapping procedure
showed no difference in emotional similarity in the context of joint attention between experimental
dyads composed of co-present participants and surrogate dyads composed of participants who did
not participate in the experiment together (see electronic supplementary material for the methods
and results). Post hoc, we checked whether dyadic emotional convergence and synchronization could
instead reflect a byproduct of emotional intensity induced by the positive and negative videos. We
found a significant correlation between difference in arousal and mean arousal: p =-0.36, pHolm < 0.01.

Regarding social bonding indexed by mutual connectedness, we found significant effects of video
valence [positive: f =5.39, 95% CI (2.35, 8.42), p = 0.001; negative: f = 6.27, 95% CI (3.89, 8.65), p < 0.001].
The difference in mutual connectedness between the positive and negative videos was not statistically
significant: f = -0.46, 95% CI (-3.86, 2.93), p = 0.79.
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Figure 3. Effects of the experimental manipulation on dyad-level indices of emotional intensity and mutual connectedness.
Dyad-level indices of emotional intensity are divided into subjective emotion (valence, arousal) and physiology (IBI, RSP, SC). SC values
have been baseline corrected at individual level prior to averaging individual values within the dyad. Points represent dyad-level
data with a random vertical and horizontal jitter for visualization purposes; white diamonds represent mean values; error bars
represent 95% confidence intervals around the mean after correction for within-dyad variability. Stars indicate the results of pairwise
comparisons between estimated marginal means. *p < 0.05; **p < 0.01; ***p < 0.001. IBI, inter-beat interval; RSP, respiration; SC,
skin conductance.

3.2. Main hypotheses: emotion and social bonding

To test our main hypotheses, we modelled mutual connectedness in response to the positive and
negative videos. Because dyad-level indices of emotional intensity, and not emotional similarity,
were modulated by video valence and attention type, we only included emotional intensity and the
covariates in the full model, before proceeding to model selection. Variables in the model reflected
changes from the neutral video.

As can be seen from table 2, the final selected model included significant effects of mean respiratory
rate [f = -1.09, SE = 0.54, 95% CI (-2.18, 0.00), p = 0.05], mean cardiac IBI [g = 1.90, SE = 0.62, 95% CI
(0.65, 3.14), p < 0.01] and a significant interaction between mean skin conductance level and attention
type [B = 3.40, SE = 1.15, 95% CI (1.11, 5.70), p < 0.01]. An increase in mean skin conductance level
predicted an increase in mutual connectedness in the context of joint attention [f = 2.78, SE = 0.90,
95% CI (0.98, 4.58)] but not in the context of disjoint attention [ = -0.62, SE = 0.84, 95% CI (-2.30,
1.06)]. Figure 4a illustrates the significant fixed effects in the model. A post hoc comparison between
the final selected model and a nesting model additionally including indices of dyadic physiological
synchrony showed no significant improvement in log-likelihood: x%4) = 5.82, p = 0.21. We then ran
similar automatic procedures to model mutual connectedness in response to the positive videos versus
negative videos, respectively (see the electronic supplementary material).

As illustrated in figure 4b, post hoc bivariate correlations corrected for multiple comparisons
showed that mutual connectedness in response to the positive video, but not to the negative video,
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Table 1. Summary statistics for dyad-level variables as a function of video valence.

parameter Ngyads  negative video neutral video positive video

mean valence (Likert) 56 2.20 0.82 2.00 523  1.02 5.00 794  0.86 8.00
mean arousal (Likert) 56 6.09 1.59 6.50 29 1.28 2.50 725 094 7.50
mean [BI (ms) 56 808 76.00 808 788 773 787 805 76.00 797

mean RSP rate (expirations 49 20.90 234 2170 1990 239 2050 2200 234 22.10
per minute)

HF, high-frequency; IBI, inter-beat interval; LF, low-frequency; M, mean; Mdn, median; RSP, respiration; S, skin conductance; s.d.,
standard deviation.
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Figure 4. (q) Significant fixed effects in the final selected model of mutual connectedness (changes from the neutral video to
the positive and negative videos); (b) bivariate correlations between mutual connectedness (changes from the neutral video to the
positive and negative videos) and mutual social identification (changes from the start to the end of the experiment). Points represent
dyad-level data; lines represent fitted linear predictions; shaded areas represent 95% confidence intervals. Mutual connectedness is
expressed in arbitrary units (a.u.) and physiological variables in normalized units (n.u.).
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Table 2. Final selected model of changes in mutual connectedness from the neutral video to the positive and negative videos (n =78 [ 12 |

observations).

statistical predictor standardized standard 95% Cl lower limit  95% Cl upper p value

estimate error limit

intercept 6.56 1.18 4.14 8.97 <0.001

(I, confidence interval; IBI, inter-beat interval; IC, intra-class correlation; RSP, respiration; SC, skin conductance.

was marginally correlated with changes in mutual social identification, but only for dyads in joint
attention: p = 0.42, pHolm = 0.10. The correlation between mutual connectedness in response to the
positive video and mutual desire for future interactions for dyads in joint attention was non-significant
after correction for multiple comparisons: p = 0.32, pHolm = 0.39. The full correlation tables are available
in the electronic supplementary material.

4. Discussion

We explored the relationship between emotion and social bonding during shared experiences. In
particular, we evaluated the effects of emotional intensity and joint attention on mutual prosocial
attitudes within dyads. Overall, we found that joint attention and emotional intensity, indexed by
dyadic physiological arousal, predicted social bonding between unacquainted individuals and that
interpersonal alignment of emotions was not necessary for shared experiences to promote social
bonding.

The results indicated that we successfully manipulated the mean intensity of emotional responses
within dyads. The positive and negative videos were opposite to one another for subjective valence,
and both were more subjectively and physiologically arousing than the neutral video. In particular,
we found changes in heart rate, respiratory rate and skin conductance level that are congruent with
previous reports of physiological responses to emotionally arousing stimuli [77,78]. Mean subjective
valence within dyads also varied as a function of the attention manipulation: valence in response to the
negative (resp. positive) video was more negative (resp. more positive) for joint attention than disjoint
attention. This result matches previous evidence of the amplification of emotional experiences in the
context of joint attention, which is due to increased allocation of cognitive resources to the processing
of the stimulus [79]. In the present task, this result suggested that shared attention supporting social
influence on emotion was successfully manipulated.

Regarding our first hypothesis, we did not find significant effects of the experimental manipulation
on emotional similarity, indexed by the convergence of subjective experiences and the synchrony of
physiological responses. Hence, contrary to our expectations, we deduced that the observed levels
of convergence and synchrony were due neither to the induction of emotions nor to interpersonal
alignment. We note a few specificities of the present study that could explain the difference with
previous studies showing interpersonal alignment of emotions between participants jointly watching
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emotional videos [30-32]. For one, our experimental setup deliberately aimed at removing some of n

the channels of social influence between dyad members: even when they jointly attended, participants
were explicitly instructed not to communicate, and they were wearing audio headsets. Moreover,
given the COVID-19 pandemics at the time of data collection, participants were wearing face masks
throughout the experiment, which may have diminished the perception of facial expressions of
emotion [80]. Given that the processing of facial expressions supports emotional convergence [81] and
physiological synchrony [82], the limited facial feedback is a plausible explanation of the absence of
emotional alignment in our experiment. Besides, dyads were composed of unacquainted individuals,
and previous research showed that common group membership and prior affiliation facilitate the
convergence of emotions [83,84] and influence physiological synchrony [10,33]. In our study, unac-
quainted participants may have spontaneously avoided gazing at each other: we gave participants no
explicit incentive to look at the other participant during the task, and gazing at strangers may have
been perceived as a violation of social norms [85]. This said, as noted above, joint attention influ-
enced subjective valence, indicating that the manipulation of attention influenced dyadic measures of
emotion, irrespective of reduced visual access to facial expressions.

Accordingly, changes in emotional similarity could not explain changes in social bonding in the
context of the present study. Our results showed that interpersonal alignment and emotional similarity
are not necessary for individuals to reciprocally feel like they emotionally align with each other. It
is worth stressing that we do not rule out the possibility that interpersonal alignment and emotional
similarity contribute to social bonding in other contexts. There is evidence that physiological syn-
chrony correlates with prosocial attitudes in various contexts (e.g. [86-88]), including jointly attending
emotional videos [30-32]. Our results could indicate that the relation between social bonding and
physiological synchrony during shared emotional experiences requires that individuals communicate
and co-regulate their emotions (see [15] for a discussion of the functions of affective synchrony). In
addition, a meta-analysis found that the relationship between physiological synchrony and relation-
ship outcomes was small [89], suggesting the existence of alternative explanations of social bonding. In
this regard, the present study hints at possible mechanisms of social bonding that do not require the
convergence and synchronization of emotions.

Regarding our second hypothesis, we found that social bonding increased as a function of
changes in dyadic emotional intensity induced by the positive and negative videos, while taking
potentially confounding factors into account, such as similarity in demographics (i.e. age) and
first impressions (i.e. affiliative attitudes at tp). Previous studies showed that the effect of joint
attention on prosocial attitudes depended on the appraisal of video clips [90] and on the emotion
they elicited [25,26]. By comparing valenced emotional contexts with a neutral emotional baseline,
the current study revealed that changes in mean physiological arousal within dyads (lower heart
rate, lower respiratory rate and higher skin conductance level) predicted changes in social bonding
(higher mutual connectedness). Furthermore, an increase in mutual connectedness in response
to the positive video predicted an increase in mutual social identification over the course of
the experiment for participants in joint attention. This finding supports the idea that feelings
of connectedness reflect a fundamental drive to affiliate with other individuals [91]. It is also
coherent with studies of collective effervescence, which link the subjective experience of positive
emotional valence and emotional arousal to feelings of connectedness and to subsequent measures
of group bonding (see [8] for a meta-analysis).

Research on collective effervescence so far mostly relied on self-reports of emotional intensity. In
the present study, for the first time, we examined both the subjective and physiological components of
emotional intensity, in relation to changes in mutual feeling of connectedness. Although subjective and
physiological measures of emotion typically correlate with each other, previous work revealed that the
strength of their correlation varies with individual and contextual differences, and that subjective and
physiological measures of emotion have partially distinct brain correlates (for a review, see [92]). In the
current study, it was the embodied component of emotional intensity, as measured by physiological
arousal, more than the conscious experience of arousal, that was related to increased mutual feelings
of connectedness in the context of joint attention. Previous studies showed relationships between
physiological arousal and prosocial attitudes (e.g. [93]), notably in the context of social rituals (e.g.
[10,94]). The effect of sympathetic activation on connectedness is also congruent with the description
of imagistic rituals defined as low-frequency, small-scale and highly arousing rituals that promote
reciprocal social identification by way of intense emotions [95]. Compared to previous research
on collective effervescence and rituals, the present study indicated that the emergence of prosocial
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attitudes between strangers is associated with changes in physiology due to the induction of positive

and negative emotions.

Moreover, we found that mean sympathetic activation within dyads (mean skin conductance level)
predicted mutual feelings of connectedness for dyads in joint attention but not disjoint attention.
A possible interpretation of this interaction stems from the assumption that conspecifics represent
valuable resources to cope with the potentially detrimental physiological and psychological conse-
quences of arousing emotional events (see [96] for a review of findings in the case of threat). Indeed,
the positive relationship between dyadic sympathetic arousal and prosocial attitudes in the context of
joint attention could reflect that participants were more inclined to entertain prosocial attitudes when
their co-participants were visible and represented a potential source of social support. Granted, none
of the videos used in this experiment, let alone the positive video, depicted acute threats. Nonethe-
less, previous research has shown that intense (positive or negative) emotional experiences motivate
individuals to interact with others for diverse motives, including coping, clarification and bonding [97].
Our results suggested that joint attention is a prerequisite for this phenomenon in the context of shared
experiences.

As a consequence, the present study sheds light on the relation between the presence of other
individuals and the social outcomes of shared experiences. In theory, feelings of connectedness may
arise independently of the presence of other individuals: ‘One can feel connected to someone else,
without this person being necessarily “present” (real or virtual/mediated), or without necessarily being
in interaction with him/her” [98, p. 217]. In such contexts, prosocial attitudes may result from social
projection, or the assumption that other individuals have mental states that are similar to ours [99].
This could explain that in our experiment, dyads always showed a level of connectedness superior
to the minimal value, even when participants could not see each other (disjoint attention). However,
the effect of joint attention in our study indicated that prosocial attitudes were also dependent on
the presence of a visible co-attendee. Specifically, our manipulation of attention relied on a control
group of participants who could not see each other, but knew they were watching the same video
on a common screen and presumably experiencing similar emotions. Because participants were told
they were watching the same videos, we manipulated one aspect of joint attention, namely percep-
tual awareness of a co-attending participant (e.g. [29]), whereas previous studies have sometimes
manipulated both perceptual awareness of co-participants and the assumption that co-participants
are watching similar or different videos (e.g. [25]). In our experiment, the observed effect of dyadic
sympathetic activation on social bonding did not only depend on participants’ assumption that a
co-attendee was present in the room (disjoint attention) but also on their perceptual awareness of the
co-attendee (joint attention). Future research should investigate whether the same effects are observed
when co-participants have visual access to one another but experience different events. Do prosocial
attitudes emerge when co-participants are visible to each other but watch different videos or the same
video asynchronously (one participant starting to watch the video before the other)? Moreover, as
mentioned before, participants had limited access to the facial emotional expressions of their co-attend-
ees. This suggests that although perceptual awareness of other individuals is a condition of the effect
of dyadic sympathetic arousal, the direct perception of their emotions may not be. As described by
the authors of a review of affiliation under threat: “affiliative behaviour increases as a function of the
perception that the other person is facing the same situation rather than as a function of the perception
that the other person is expressing the same emotional state” [96, p. 302]. The limited communication
of emotions in the present study also challenges Durkheim’s original conception of collective efferves-
cence, which relied on overt emotional displays (for a detailed account, see [2]). Indeed, it has recently
been proposed that collective effervescence can emerge in contexts that constrain the expression and
perception of emotions, such as digitally mediated interactions [100,101].

The present study comes with specific limitations. First, we observed a significant difference in
dyadic subjective arousal between the positive and negative videos (r = 0.55, pHolm < 0.001). Although
we did not observe such a difference during the pre-validation of the stimuli (see electronic supple-
mentary material), and despite controlling for variations of slopes between the videos in our model
of connectedness, we cannot exclude a possible overlap between the effects of inducing arousal and
valence in our study. Future studies could alleviate this potential confound by more closely matching
the levels of arousal elicited by pairs of positive and negative videos. Second, we chose to focus on the
explanatory role of emotion in social bonding at the expense of other candidate factors. For example,
we did not measure empathy-related traits, which are known to highly influence social bonding during
joint activities [102,103]. Moreover, we left the measure of sacredness out of the analysis to focus on
feelings of closeness, hence, capturing only part of the subjective experience of collective effervescence.
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Indeed, the subscales of connectedness and sacredness tap into conceptually distinct dimensions of m

collective effervescence [7]. Although both measures were significantly correlated across videos in our
sample (p > 0.37, pHolm < 0.001), previous work showed that self-transcendent feelings mediated the
effect of interpersonal cardiac synchrony on identity fusion [86]. Third, previous research showed that
watching negative films in a group induced changes in subjective pain threshold and positive affect,
which independently predicted changes in identification to that group [26]. The authors interpreted the
changes in pain threshold as evidence for the release of endorphins. This suggests that neuropeptides
sustain social bonding during synchronized group activities [104]. Although we did not design our
experiment to test this hypothesis, the activation of the endorphin system could partly explain the
changes in social affiliation observed in the present study. Finally, the fact that participants were
wearing face masks throughout the experiment may have reduced non-verbal facial communication
and perception of facial emotional cues, which may limit the generalizability of our results to other
types of shared experiences. We acknowledge that shared experiences represent a broad category in
which the intensity and similarity of emotions may vary depending on the size of the group, the type
of relationship between individuals and the communication of emotions. For participants in the joint
condition, the shared experiences in our experiment resemble the shared experiences of unacquainted
audience members who attend movies in theatre [105], where they sit side by side and usually refrain
from addressing each other. This minimal type of shared experience differs in many ways from shared
experiences involving communication and coordination such as singing, playing games or having a
face-to-face conversation (e.g. [106-108]). Therefore, future research should assess the generalizability
of the present results to shared experiences involving larger groups and repeated interactions.

5. Conclusion

To the best of our knowledge, the present study provides the first experimental demonstration that
dyad-level emotional intensity indexed by physiological arousal predicts reciprocal prosocial attitudes
in minimal social interactions, whether emotions are negative or positive, and in the absence of
interpersonal emotional similarity between participants. In brief, we found that dyadic physiological
arousal and joint attention predicted mutual feelings of connectedness, which correlated with changes
in mutual social identification. Moreover, our results indicated that shared experiences need not
involve interpersonal alignment of emotions to promote social bonding. Overall, we showed that social
bonding between unacquainted individuals depends not only on who they are and how they feel
about each other in the first place but also on the intensity of the emotions they experience and their
perceptual awareness of the presence of each other.

Our results have several implications for our understanding of the social consequences of shared
emotional experiences. First, we provided evidence refining the conceptual model of collective
effervescence [2] and notably the role of physiological arousal. Second, our study showed a possible
decoupling between objective measures of shared emotions (the convergence and synchronization
of emotions) and the subjective experience of sharing (mutual feelings of connectedness), which
suggests the existence of distinct and possibly additive mechanisms of social bonding during shared
emotional experiences [14]. These results support the idea that shared emotional experiences represent
a continuum that ranges from weakly to strongly shared emotions [11,109]. Strongly shared emo-
tions involve the alignment of emotional responses between group members who explicitly communi-
cate their emotions and who are mutually aware of experiencing similar emotions. In comparison,
participants in our experiment presumably shared emotions in a weaker sense, which suggests that
sharing emotions in a stronger, more collective sense is not a prerequisite for social bonding. Third,
our results supported the hypothesis that emotion has a bonding function [110], as it could explain
how brief one-shot interactions with strangers can contribute to satisfying the need to belong to social
groups [111,112]. Finally, the current study could also explain why people seek out group activities
that induce intense and arousing emotions, even participating in sad commemorations or attending
dramatic narrative fictions that induce negatively valenced emotions [26,113].
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