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Abstract

Individuals with Autism spectrum disorder (ASD) show altered behavioral synchrony and empathic behavior. Yet, an eco-
logically valid examination of these in adolescents is still required. We employed a social interaction sequence comprising
a friendly conversation with a confederate, an expression of distress by her, and a return to friendly conversation. 44 male
adolescents (22 with ASD) participated. Socio-emotional behaviors, coded by blind raters and through automated analyses
of motion, were analyzed. Results indicated reduced synchrony in the ASD group. Moreover, whereas controls displayed a
decrease in synchrony when facing another’s distress, adolescents with ASD showed no such change. No group differences
were found on empathic behavior. Findings imply gaps between verbal and non-verbal responses of adolescents with ASD
to a distressed interaction partner.
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Behavioral synchrony, the spontaneous coordination and
congruence of behaviors between interacting partners in
both form and timing, is an important component of suc-
cessful social interaction (Delaherche et al., 2012). During
social interactions, individuals automatically synchronize
their tones of voice (Neumann & Strack, 2000), eye move-
ments (Richardson et al., 2007), facial expressions (Hess
& Blairy, 2001), and their postures and gestures (Lakin &
Chartrand, 2003; Lakin et al., 2003). In addition, coordina-
tion of motion, irrespective of the specific movements, has
been found in between unacquainted individuals, while con-
versing (Tschacher et al., 2014) and during shared drumming
activities (Gordon et al., 2020).

Developing and implementing an automated computer
method to quantify motion, called Motion Energy Analy-
sis (MEA; Ramseyer, 2020), Ramseyer and colleges have
presented extensive work that addressed synchrony of

< Ofer Golan
ofer.golan @biu.ac.il

Department of Psychology, Bar-Ilan University, Ramat Gan,
Israel

Gonda Multidisciplinary Brain Research Center, Bar-Ilan
University, Ramat Gan, Israel

Autism Treatment and Research Center - Association
for Children at Risk, Givat Shmuel, Israel

Published online: 05 October 2021

body movement. They demonstrated negative relationships
between motion synchrony and core deficits and difficulties
in clinical populations, including individuals with borderline
personality disorder (Ramseyer et al., 2020) and schizophre-
nia (Kupper et al., 2015). Further studies established the
importance of motion synchrony to relationship quality and
positive affect, in psychotherapy (Ramseyer & Tschacher,
2011) and between unacquainted individuals (Tschacher
et al., 2014).

Indeed, through its different modalities, behavioral syn-
chrony has been associated with individual satisfaction
from conversation (Cappella, 1997), and smoothness of the
interaction (Chartrand, & Bargh, 1999), and has been shown
to enhance rapport (Chartrand et al., 2005). Moreover, it
has been linked to perspective taking (Chartrand & Bargh,
1999), mentalizing (Baimel et al., 2018) and expression of
empathy (Valdesolo & DeSteno, 2011). Although the rela-
tionship is more bidirectional in nature (Shamay-Tsoory
et al., 2019) such that behavioral synchrony both reflects and
supports these psychological and cognitive capabilities, find-
ings from experimental studies that manipulated synchrony
in dyads showed a causal role of behavioral synchrony in
mentalizing and in emotional responding during interac-
tion (Baimel et al, 2018; Valdesolo & DeSteno, 2011).
These findings highlight the important role of behavioral
synchrony, and of motion synchrony in particular, in social
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interactions, thus calling for examination among individuals
with Autism spectrum disorder (ASD), who are known to
have difficulties in the social realm.

Behavioral Synchrony in ASD

Research has shown that individuals with ASD, a neurode-
velopmental condition marked by atypical socio-emotional
reciprocity (American Psychiatric Association, 2013), show
reduced behavioral synchrony compared to Typically devel-
oping (TD) individuals, across various behavioral domains.
A meta-analysis by Trevisan et al. (2018) established less
facial expression synchrony in ASD, in both spontaneous
and intentional mimicry. Moreover, computer vision analysis
revealed less facial expression coordination among youth
with ASD during positive and cooperative conversations
(Zampella et al., 2020). In addition, less synchronization of
speech features, including volume, pitch, and speech rate,
was demonstrated among adults with ASD (Ochi et al.,
2019).

Alternations in body movement synchrony were also
demonstrated in ASD, indicating less synchronization
of upper and lower limbs with a partner during rhythmic
actions (Kaur et al., 2018), while swinging a pendulum
(Fitzpatrick et al., 2016) and during a rocking chair para-
digm (Marsh et al., 2013). Quantifying synchronization by
automated measures, movement coordination was found
related to higher competence during the ADOS-2 (Autism
diagnostic observation schedule-2nd edition; Lord et al.,
2012) assessment (Romero et al., 2018). Moreover, reduced
motion synchrony, i.e., decreased amount of overall body
movement coordination, was found during conversation
among individuals with ASD compared to TD controls
(Georgescu et al., 2020; Noel et al., 2017), thus demonstrat-
ing difficulties in this implicit, yet crucial, aspect of social
communication.

Several possible mechanisms have been suggested to
underlie the deficits in behavioral synchrony that individu-
als with ASD exhibit (McNaughton & Redcay, 2020). First,
alternations in intra-individual coordination may explain
difficulties in coordinating with others (Bloch et al., 2019).
Indeed, individuals with ASD have been found to have dif-
ficulties in motor coordination and postural control (Bhat
et al., 2011; Fournier et al., 2010), in synchronizing their ver-
bal and non-verbal responses (de Marchena & Eigsti, 2010)
and in integrating multisensory information, i.e., auditory
and visual cues (Ben-Yosef et al., 2017; Noel et al., 2017).
Secondly, reduced attention to social information, often seen
in individuals with ASD and widely demonstrated through
eye tracking studies (Frazier et al., 2017), can impede syn-
chronization with social partners, as relevant social cues
(e.g., a partner’s facial expression) might be overlooked
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and not aligned with. Thirdly, alternations in brain circuits
relevant to synchrony with others have been demonstrated in
ASD, including the oxytocin system (Green et al., 2001) and
the mirror neuron system (Hamilton, 2013). Finally, differ-
ences between interactional styles of individuals with ASD
and TD partners, i.e., in their manners of communicating
and sharing information, may hamper rapport and harmoni-
ous interaction (Crompton et al., 2019), which corresponds
with behavioral synchrony (Chartrand et al., 2005).

Therefore, poor behavioral synchrony may play a central
role in the social difficulties that individuals with ASD dis-
play (Koehne et al., 2016).

Dynamics of Synchrony

Despite the established prosocial consequences of behavioral
synchrony or its dynamics (Baimel et al., 2018; Chartrand
et al., 2005; Valdesolo & DeSteno, 2011), there is also accu-
mulating evidence demonstrating that more behavior syn-
chrony is not necessarily always better (Abney et al., 2015;
Butler, 2015, 2017; Dahan et al., 2016; Feniger-Schaal et al.,
2016; Randall et al., 2011; Wass et al., 2019). Instead, it has
been suggested that flexibly going in and out of synchrony
should be measured and examined as an adaptive indicator
of social reciprocity (Mayo & Gordon, 2020).

Specifically, being continually in synchrony with another
may come at a price of hampering self-regulation (Butler,
2015). This trade-off might be especially relevant in emo-
tionally charged social interactions (Levenson & Gottman,
1983; Parkinson & Simons, 2012). Furthermore, shifts from
synchrony to asynchrony or no synchrony may foster empa-
thy, as they strengthen a sense of connectedness with oth-
ers, while also refining self-other differentiation (Behrends
et al., 2012). Supporting this claim, Dimitroff and colleagues
(2017) have shown that while viewing others in a stressful
situation, some observers displayed cardiac deceleration, an
autonomic response opposite to that of the stressed indi-
vidual. Further, examining motion synchrony via MEA, Gal-
busera et al. (2019) have found that high interpersonal syn-
chrony was related to greater difficulties in self-regulation
of affect. Emphasizing the notion of an adaptive interper-
sonal synchrony as a flexible one, Mayo and Gordon (2020)
have shown that the flexibility in eye gaze synchronization
between children with ASD and their parents, measured
from entries and withdrawals from synchrony, was related
to the child’s social functioning, whereas the total duration
of synchrony was not. As such, the current study examined
behavioral synchrony dynamics during social interaction in
two contexts — friendly conversation, and empathic concern.
We suggest that adaptive behavior, which would be linked
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to intact social skills and effective interaction, would also
be characterized by altering levels of behavioral synchrony.

Synchrony and Empathic Behavior

Examining synchrony in an empathy-related context (i.e.,
in an interaction that involves the expression of distress by
the interaction partner) appears highly relevant when con-
sidering the manners in which behavioral synchrony and
empathic behavior intertwine. Co-variation between inter-
action partners, which corresponds with behavioral syn-
chrony and includes matching facial expressions, motion
and emotional reactions, is suggested to be the basis for the
development of shared emotional experience and emotional
understanding, and eventually, the facilitation of empathic
response towards the other (Decety, 2010; Shamay-Tsoory,
2011). Indeed, research has shown that interpersonal syn-
chrony is associated with stronger rapport (Chartrand et al.,
2005) and more prosocial behavior (Kirschner & Tomasello,
2010). Therefore, behavioral synchrony is particularly rel-
evant in emotionally charged situations, such as those that
call for an empathic response.

Empathic Behavior in ASD

Altered empathic behavior and difficulties in recognition
of emotions and mental states have been demonstrated in
individuals with ASD extensively, in childhood (e.g., Capps
et al., 1993; Golan et al., 2015) and adulthood (e.g., Baron-
Cohen & Wheelwright, 2004; Golan et al., 2006; Minio-
Paluello et al., 2009). However, these findings are mostly
based on questionnaires and computerized tasks, which
do not fully encompass the social world and its demands.
Therefore, a characterization of empathic behavior in actual
social situations among individuals with ASD is required.
Indeed, studies that employ naturalistic examinations of
empathy are scarce, and have mainly focused on infants and
young children, who were found to show fewer pro-social
behaviors towards an adult in pain (Charman et al., 1997;
Sigman et al., 1992; Travis et al., 2001).

The Current Study

The current study employed a social interaction sequence
that included a friendly conversation with a confeder-
ate, a response to her sudden distress, and a return to a
friendly conversation after the cause for distress has been
resolved. This sequence may allow us to investigate shifts
in empathic and synchronized behavior of individuals with
ASD. Considering previous studies, we hypothesized that

adolescents with ASD would display less empathic behavior
in response to the conversation partner’s distress, as well as
reduced behavioral synchrony throughout the interaction,
compared to controls. With regards to the behavioral syn-
chrony dynamics throughout the social interaction sequence,
we expected TD adolescents to display shifts in behavioral
synchrony, specifically, a reduction in synchrony when fac-
ing the social partner’s distress. Adolescents with ASD were
expected to display no change in their behavioral synchrony
between friendly and distress contexts. These hypotheses
were tested using behavioral coding, as well as motion video
analysis.

Methods
Participants

Two groups of participants took part in the study. The ASD
group comprised 24 male adolescents, aged 11-17 years,
who took part in a clinical trial of a social skills intervention
(Rabin et al., 2018, 2020). The data used in the current study
was collected before the intervention. Due to the small num-
ber of female adolescents who took part in the clinical trial,
and in order to avoid power problems, we chose to focus
on male adolescents only. ASD diagnosis was confirmed
using module 3 or 4 of the Autism Diagnostic Observation
Scale, 2nd edition (ADOS-2; Lord et al., 2012), according to
participant age. The Typically developing (TD) group com-
prised 23 male adolescents, aged 12—16, who were recruited
through ads in the community and in social networks. The
Social Responsiveness Scale (SRS-2; Constantino & Gru-
ber, 2012) was used to screen-out TD participants who
exceed the cutoff for suspected ASD. One participant was
excluded for this reason. All the participants completed the
vocabulary subtest from the Hebrew versions of the WISC-
IV (Wechsler, 2014) or the WAIS-III (Wechsler, 2008),
according to the participant’s age. Participants who scored
less than one standard deviation from the mean (a standard
score lower than 7) were excluded from the study (two par-
ticipants from the ASD group). The final sample comprised
22 participants in each group. Table 1 presents averages and
standard deviations of participant demographics. The study
was ethically approved by the Institutional Review Board of
Bar-Ilan University.

Measures

Pro-Social and Empathic Behavioral Assessment (PEBA;
Golan, Navon, Zadok, and Rabin, Unpublished Manual)

This behavioral measure included an interaction sequence
and a corresponding global behavioral coding system
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Table 1 Means (standard ASD TD

deviations), ranges and t tests n=22 n=22

for background variables in the

ASD and TD groups M (SD) Range M (SD) Range t df
Age 14.19 (1.69) 11.83-17.42 14.53 (1.35) 12-16.41 =73 42
Wechsler vocabulary ~ 11.09 (2.38) 7-15 12.13 (1.42) 9-14 -1.76" 34.25
SRS-2 75.32(12.93) 57-105 43.68 (4.83) 36-52 -10.74™  26.75
SSIS-SS 82.95 (14.80) 50-106 106.64 (9.81) 92-128 625" 42
EQ 38.32 (11.41) 22-66 45.64 (10.83) 26-61 2.18" 42
ADOS-2-CSS 7.05 (2.17) 4-10

SRS-2 Social responsiveness scale, 2nd edition; SSIS-SS Social skills improvement system — Social skills
scale; EQ Empathy quotient; ADOS-2-CSS Autism diagnostic observation schedule, 2nd edition, calibrated

severity scores

p<.1, p<.05, “p<.001

(detailed below), which examined the participant’s empathic
and pro-social behavior in response to a friendly stranger’s
distress. The participant met a confederate, introduced as
“someone who takes part in the study” and the two were
asked to talk for a few minutes and to get to know each
other. After 3 min of friendly conversation, the confederate
received a disturbing text message (e.g., “you just failed your
math test”), following which she demonstrated distress ver-
bally (e.g., “I can’t believe this is happening to me again™)
and nonverbally (slowing of nonverbal communication.
expressing mild distress). A minute later, after receiving
another, reassuring, text message (e.g., “you can retake the
test”), the confederate regained her friendly disposition and
continued the interaction for another minute, after which the
examiner terminated it.

The confederates were six female undergraduate psychol-
ogy students, trained according to the PEBA administration
protocol (see supplementary material) by the first and third
authors. They were provided with corrective feedback rou-
tinely throughout the trial, based on administration videos,
to maintain fidelity. Participants were matched with confed-
erates based on confederate availability. The confederates, as
well as the raters, were naive to the participants’ diagnoses
and to the research hypotheses. The interaction was vide-
otaped and its last 3 min (i.e., friendly, distress, return to
friendly stages) were analyzed in two ways:

Global Behavioral Coding

Each of the three interaction stages was globally coded
on 5-point Likert scales (higher scores indicated a greater
level of the behavior) by trained naive raters: two under-
graduate psychology students were trained according
to the PEBA coding protocol (see supplementary mate-
rial) by the first and third authors. Following the training,
and before proceeding to rating study videos, interrater
reliability was calculated, based on the coding of five
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training videos. Average intraclass correlation coefficient
(ICC) between the coders and the third author was 0.88.

The following coded behaviors were averaged and
grouped into two domains: (1) Behavioral Synchrony—
synchronization of nonverbal characteristics of behav-
ior to those of the social partner. These included facial
expression, eye gaze, vocalization (i.e., volume, tempo and
intonation of speech, disregarding the content of verbali-
zations, in line with Gordon & Feldman, 2015; Gordon
et al., 2017), body language, and affect. The coordination
of behaviors was examined both in form (e.g., the valence
of a facial expression) and in time (e.g., the coupling of
facial expression change to that of the confederate); (2)
Empathic Behavior: comments, interest, prosocial behav-
ior, and social understanding. Empathic behaviors were
coded only for the distress and return to friendly stages,
due to the change of the interaction context. For sample
prompts of the nine coded items, see Table 2.

For each of the nine items scored, interrater reliabil-
ity between the two raters was assessed based on 20% of
the coded interactions, reaching an average ICC of 0.82.
Internal consistency coefficients for total PEBA scores
were .83 for the friendly stage, 0.88 for the distress stage,
and 0.85 for the return to friendly stage; internal consist-
ency coefficients for the Behavioral synchrony domain
were 0.85, 0.82, and 0.84 for the three stages respectively,
and for the Empathic Behavior domain were 0.80 for the
distress stage and 0.62 for the return to friendly stage.

The PEBA was validated through correlation analyses
between its measures in the three stages and total scores
derived from the SSIS-SS, SRS-2 and EQ. As shown in
Table 3, total PEBA scores and behavioral synchrony scores
correlated with the SSIS-SS and the SRS-2 in all stages,
and with the EQ in the distress and return to friendly stages.
Empathic behavior scores correlated with the EQ, in the
distress stage.
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Table 2 Sample coding prompts of the nine Pro-social and empathic behavioral assessment (PEBA) items

Domain Item

Sample coding prompts

Behavioral synchrony Vocal synchrony
Facial expression synchrony

Eye gaze synchrony

Body language synchrony
Affect synchrony

Empathic behavior Comments
Interest
Prosocial behavior

Social understanding

Does the participant synchronize his volume, tempo, and intonation of speech?
Does the participant synchronize his facial expressions in valence, timing, and intensity?

Does the participant modulate his eye gaze in a flexible manner (as opposed to avoidance
or staring)?

Does the participant synchronize his bodily movements, gestures, and posture?

Does the participant demonstrate overall affect that is appropriate to the immediate
social context?

Does the participant engage in the conversation by commenting and sharing information?
Does the participant express interest by asking appropriate questions?

Does the participant verbally express empathic concern by offering comfort or assistance?
Does the participant’s reaction reflect an understanding of the socio-emotional context?

Table 3 Pearson correlations of PEBA empathic behavior, behavioral synchrony, and total scores with questionnaire scores

Total PEBA score

Empathic behavior

Behavioral synchrony

Friendly Distress Return to friendly Distress Return to Friendly Distress Return to friendly
friendly
SSIS-SS 48" 35" 50" 27 527 40" 567
SRS-2 —47" —-.34" -5 —24 -26 —.55" —-.39" —.59™
EQ 24 40" 34" ' 22 27" 38" 36"

PEBA Pro-social and empathic behavioral assessment; SSIS-SS The social skills improvement system — Social skills scale; SRS-2 Social respon-

sivenes scale, 2nd edition; EQ Empathy quotient

“p<.1,p<.05, “p<.01, “p<.001

Motion Energy Analysis (MEA; Ramseyer, 2020)

MEA is an automated method calculating motion synchrony
in a dyad. In each dyad, the participant and confederate were
seated facing one another, with the camera set up in front
of them, capturing their full bodies. Each filmed interaction
was trimmed to three videos, according to the three stages
of the PEBA paradigm, and each video was analyzed sepa-
rately. The videos had a resolution of 1080p and a frame
rate of 30fps. The MEA software computed the interactive
partners’ motion by monitoring continuous changes in pix-
els from frame to frame in pre-defined Regions of interest
(ROI). Two ROI’s were defined: full bodies of the partic-
ipant and the confederate. For illustration, see Fig. 1. To
quantify motion synchrony, the rMEA R package (Kleinbub
& Ramseyer, 2018) was used. Following Tschacher et al.
(2014), and considering the dynamic nature of our conver-
sational setting, the analysis was done within 30 s window
segments overlapping by 15 s. Within each segment, cross-
correlation functions were performed for positive and nega-
tive time-lags in a time window of 5 s, by shifting the data
in steps of 0.03 s (i.e., a shift of one frame at a time). Then,
results were standardized (Fisher’s Z) and their absolute
values in each 30 s segment were averaged. Thus, the MEA

yielded one value, which represents motion synchrony, for
each participant at each of the paradigm’s three stages (i.e.,
friendly, distress and return to friendly).

Social Responsiveness Scale, 2nd Edition (SRS-2;
Constantino & Gruber, 2012)

The SRS-2 is a 65-item rating scale measuring the sever-
ity of autism spectrum symptoms as they occur in natural
social settings. Completed by parents, the SRS-2 is appropri-
ate for use with children from 4 years of age to adulthood.
Subscales include social awareness, social cognition, social
communication, social motivation and mannerisms. Internal
consistency for SRS-2 subscales was reported as 0.91-0.97,
with test—retest reliability of 0.84—0.97 and interrater reli-
ability of 0.74-0.95 (Bolte et al., 2008).

The Social Skills Improvement System (SSIS; Gresham &
Elliott, 2008)

The SSIS is a standardized rating scale that assesses global
social competence for children aged 3 to 18 years. This
instrument evaluates target social behaviors including com-
munication, cooperation, assertion, responsibility, empathy,

@ Springer
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Fig. 1 On the left, an example of the MEA software at work, quanti-
fying change in pixels from frame to frame in predefined regions in
the video; On the right, an example of results outputted by the rMEA

engagement, and self-control. The instrument includes a
social skills scale, and a behavior problems scale, which
was not used in the current study. Internal consistency for
the SSIS ranges from 0.92 to 0.97, test—retest reliability
from 0.77 to 0.87, inter-rater reliability from 0.50 to 0.68
(Gresham et al., 2011).

Empathy Quotient (EQ; Baron-Cohen & Wheelwright, 2004)

The EQ is a 40-item, self-report questionnaire measuring
empathy levels in individuals with normal intelligence.
Items are rated on 1-4 scale (example item: “I am quick to
spot when someone in a group is feeling awkward or uncom-
fortable”). This instrument is widely used in ASD studies,
including studies involving adolescents (e.g., Rabin et al.,
2018). The EQ has been reported to have high internal con-
sistency (0.99; Allison et al., 2011) and high test—retest reli-
ability (0.83), as well as good construct validity (Lawrence
et al., 2004).

Procedure

Participants arrived at the lab for a one-hour session. Fol-
lowing assent and parent consent, participants completed
the Wechsler vocabulary test, followed by the PEBA, and
filling out of questionnaires. Participants in the ASD group
arrived to a preliminary meeting with clinicians who were
not involved in the PEBA, in which the ADOS-2 and the
Wechsler assessment were administered. They were given
the PEBA on a separate session, followed by questionnaire
completion.

@ Springer
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analysis package for a pair of participants during a face-to-face inter-
action: Y-axis=raw amount of movement (frame-to-frame differ-
ence), X-axis =frames

Statistical Analyses

Statistical Analyses were performed in IBM’s SPSS 25.
Since the PEBA items were coded on a 5-point Likert
scale, we treated them as interval measures in the fol-
lowing analyses. To examine group differences in the
PEBA total scores and the domains scores (i.e., empathic
behavior and behavioral synchrony) during the interaction
stages, i.e., the friendly, distress and return to friendly
stages, three ANOVA’s were performed, with group and
stage as factors (a 2 X 3 design for total scores and behav-
ioral synchrony, and a 2 X 2 design for empathic behavior).

To validate the motion synchrony measure as represent-
ing meaningful coordinated motion, we compared our data
with shuffled data generated by the rMEA package, which
reflects coincidental synchrony between conversational
partners who did not actually interact with each other. To
that end, for each participant we calculated a mean of 21
correlations of himself with a confederate in 21 pseudo
interactions of his study group. By that we created pseudo
correlations, which were compared to the actual correla-
tions, using two paired sample t-tests. Finally, to examine
group differences in motion synchrony, each participant
pseudo score (mean correlation from the shuffled data)
was subtracted from his actual motion synchrony score.
This subtraction was done to remove systematic differ-
ences from the participants’ scores, due to using different
filming equipment and room settings for the ASD and TD
groups. The pseudo scores described above were assumed
to reflect the “noise” such initial differences between the
groups might have created. Thus, by subtracting them
from the actual scores, we created delta scores, reflecting
standardized motion synchrony scores equivalent across
different rooms and cameras. These deltas were entered as



Journal of Autism and Developmental Disorders

a dependent variable in a mixed design two-way ANOVA
(2 x3), with group and stage as factors.

Results

Score means and S.D.s in the three stages for the two groups
appear in Table 4.

Group Differences in Coded Behavior

To examine behavioral group differences during the three
interaction stages, three mixed design two-way analyses
of variance were conducted, using Holm’s sequential
rejective Bonferroni procedure (Holm, 1979) as correc-
tion for familywise type I error rates. Next, pairwise com-
parisons were completed with Bonferroni correction. The
first ANOVA included total PEBA scores as the depend-
ent variable, and revealed a significant effect for group,
F(1,42)=13.60, p<0.01, np2= 0.24, as on average, the
ASD group had lower scores than the TD group, as well as
a significant effect for stage, F, ;;,(2,41)=13.30, p<0.001,
np2 =0.39. Pairwise comparisons showed that over and
above group, scores were lower in the distress stage com-
pared to the friendly (mean difference=— 0.38, s.e.=0.11,
p<0.01) and return to friendly (mean difference = — 0.42,
s.e.=0.08, p<0.001) stages. Group by stage interaction
was not significant. A similar ANOVA for the behavioral
synchrony domain scores revealed a significant effect for
group, F(1,42)=21.40, p<0.001, np2 =0.34, with lower
scores in the ASD group, and a significant effect for stage,
F,in,(2,41)=28.71, p<0.001, np2 =0.58. Over and above
group, in the distress stage adolescents were less coordi-
nated with the social partner in comparison to the friendly
stage (mean difference =— 0.37, s.e.=0.09, p<0.01) and
the return to friendly stage (mean difference=— 0.41,

s.e.=0.06, p<0.001). In addition, a group by stage
interaction was found, F,;,(2,41)=10.74, p<0.001,
np2=0.34. Pairwise comparisons showed that while TD
adolescents were less synchronized with the social part-
ner in the distress stage compared to the friendly (mean
difference =— 0.52, s.e.=0.13, p<0.01) and the return to
friendly (mean difference = — 0.64, s.e.=0.09, p <0.001)
stages, no such differences were found for the ASD group.
This means that the ASD group did not demonstrate signif-
icant differences from stage to stage but rather maintained
an overall lower, and less varying level of synchrony (see
Fig. 2). A third ANOVA conducted for empathic behav-
ior domain scores yielded a significant effect for stage,
F,us(1,42)=9.54, p<0.01,1,”=0.18, indicating that ado-
lescents responded less empathically in the distress stage
(M =2.81, SD=1.07) compared to the return to friendly
stage M =3.22, SD=0.80). No significant effects were
found for group or for the group by stage interaction.

4.0
3.8
|
Z 36 -

g32 ~ 1 -
TE 3.0
228
@
< 26
()
<24
22

2.0
distress

stage

friendly return to friendly

— @— TD —&— ASD

Fig.2 Mean scores of the behavioral synchrony domain (with stand-
ard error bars) of the ASD and the TD groups

Table 4 Means (standard deviations) and ranges for PEBA empathic behavior, behavioral synchrony and total scores and for standardized

motion synchrony scores in the ASD and TD groups

Friendly Distress Return to friendly Overall
ASD TD ASD D ASD TD ASD TD
Total PEBA scores® 2.63 (.84) 3.58 (.75) 2.40 (.85) 3.06 (.89) 2.73 (.80) 3.56 (.69) 2.59 (.76) 3.40 (.70)
1.00-4.00 1.71-4.71 122-400 1.11-422 1.00-400 155-444 122-381 1.76-4.39
Empathic Behavior®  — - 2.59 (.99) 3.02(1.12)  3.10(.86) 3.35(.73) 2.85(.83) 3.19 (.82)
1.00-4.25 1.00-4.75 1.00-450 150-4.50 150-437 137-425
Behavioral Synchrony® 2.46 (.86) 3.61 (.81) 2.24 (.83) 3.09 (.84) 2.44 (.86) 3.73 (.719) 2.38 (.81) 3.48 (.76)
1.00-3.80 1.40-4.80 140-380 1.20-420 1.00-3.80 140-4.60 1.13-3.37 147-4.40
Motion synchrony —.014 (.026) .014 (.038) —.006 (.022) —.008 (.035) .008 (.039) .022(.029) —.004 (.016) .009 (.021)
(standardized)® —.051-.048 —-.045--.095 —-.038-.064 -.062-.078 —-.057-.114 —-.043-.076 —.032-.038 —-.022-.076

PEBA Pro-social and empathic behavioral assessment

*Mean Likert scores (score range 1 to 5)

®Motion synchrony standardized scores represent the difference between actual motion synchrony scores and individualized pseudo scores
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Motion Synchrony Group Differences

Preliminary t-tests comparing our data with shuffled data
revealed that for the TD group, the real data set comprised
significantly higher correlations compared to the shuffled
data (t(21)=2.09, p <0.05), which indicates meaningful
motion synchrony resulting from the actual interactions,
rather than chance or the conversation setting. Interestingly,
for the ASD group, the real and shuffled data did not differ
significantly (t(21)=— 1.13, p=n.s.).

Next, an ANOVA examining these group differences
throughout the interaction stages, revealed a significant
main effect for group, F(1,42)=5.51, p<0.05, np2 =0.12,
indicating more motion synchrony in the TD group than in
the ASD group. In addition, a significant main effect for
stage was found, F, ;;,(2,41)=5.15, p<0.05, np2 =0.20.
Pairwise comparisons with Bonferroni correction showed
that this effect stemmed from less motion synchrony in
the distress stage compared to the return to friendly stage
(mean difference=— 0.02, SE=0.01, p<0.01). Finally,
a significant group by stage interaction effect was found,
F,ins(2,41)=3.55, p<0.05, npz =0.15. Pairwise compari-
sons with Bonferroni correction showed that whereas in
the TD group motion synchrony in the distress stage was
significantly lower compared to the friendly (mean differ-
ence=— 0.02, SE=0.01, p<0.05) and return to friendly
(mean difference=— 0.03, SE=0.01, p<0.05) stages, in
the ASD group synchrony did not differ significantly across
stages. Notably, a marginally significant trend was observed
in the ASD group, depicting greater motion synchrony in the
return to friendly stage compared to the friendly stage (mean
difference =0.02, SE=0.01, p=0.09). As illustrated in
Fig. 3, whereas the TD group showed a decrease in motion
synchrony is the distress stage, followed by an increase in
the return to friendly stage, the ASD group showed a steady
increase in motion synchrony over time.

0.040
0.030

0.020

=

friendly

0.010

standardized motion synchrony
o o o
o o o
N [ o
o o o

distress

return to friendly

-0.030
stage

— B— TD —&— ASD

Fig.3 Mean scores of participants’ standardized motion synchrony
(with standard error bars) in the ASD and the TD groups
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Discussion

The current study examined empathic behavior and behav-
ioral synchrony in adolescents with ASD during social
interaction that involved changing emotional contexts.
Our findings indicate that throughout the interaction, ado-
lescents with ASD displayed lower levels of behavioral
synchrony with the social partner, as indicated by naive
raters’ assessments of behavior. In addition, whereas TD
adolescents displayed shifts in behavioral synchrony when
facing the social partner’s distress, among adolescents
with ASD such shifts were not observed. Motion Energy
analysis revealed significant motion synchrony only in
the TD group. Moreover, it revealed similar patterns of
shifts throughout the paradigm stages among TD adoles-
cents, compared to constant and lower levels of motion
synchrony among adolescents with ASD. Contrary to
our hypothesis, empathic behavior did not differ between
groups.

In line with our hypothesis, adolescents in the ASD
group displayed lower levels of behavioral synchrony
throughout the interaction, i.e., they were less synchro-
nized with the partner with regards to facial expression,
eye gaze, body language and overall affect. Motion syn-
chrony was also lower in the ASD group. Moreover, this
behavior seemed less flexible compared to TD adolescents,
who shifted in and out of synchrony when the interaction
context changed. Specifically, TD adolescents were less
synchronized when the social partner shared her distress
compared to the other interaction stages. Similar patterns
were found regarding their motion synchrony. In line with
the notion of a trade-off between continual synchrony and
affect regulation, this apparent disengagement may be
driven by a need to down-regulate one’s own affect, by
distancing oneself from the other and from the stressful
situation. This kind of differentiation is thought to mod-
erate one’s own distress and enable a prosocial response
towards the other who is in need (Decety & Lamm, 2006).

Noteworthy, among adolescents with ASD, patterns of
synchrony as assessed by raters were different than the
patterns of motion synchrony measured by MEA. Regard-
ing the latter, adolescents with ASD demonstrated a trend
of increase in motion synchrony through time. It can be
assumed that some adolescents with ASD began the inter-
action feeling tense or anxious (van Steensel & Heeman,
2017). Hence, the increase in synchrony observed may
reflect unwinding as the interaction continues, that enabled
the adolescents to soften a tense static posture or rather
to relax anxious hyperkynesic movement, and by that to
achieve more motion synchrony with the social partner.
Such changes may have been expressed through dimin-
ished motion due to fidgeting or other restless movements
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(such as touching one’s face or agitatedly moving hands
or legs). The MEA, which measured movement generally
across the entire body, may have captured such changes,
whereas the PEBA coding, which assessed distinct move-
ments chosen a-priori (such as leaning forwards, cross-
ing one’s arms, smiling, etc.) and its congruency with the
social partner’s behavior, may have not. This notion needs
to be further examined and calls for a consideration of the
role of anxiety in interactional synchrony.

Contrary to our hypothesis, empathic behavior did
not differ between groups. Adolescents in both groups
responded with similar levels of expressed empathy when
the social partner shared her distress and when she returned
to a friendly conversation. This indicates adequate capabil-
ity to recognize and attend to the partner’s sudden distress,
and challenges previous reports of poorer empathic and
pro-social behaviors among younger children with ASD
(Charman et al., 1997; Sigman et al., 1992; Travis et al.,
2001). We tested our hypotheses in adolescents with no
comorbid intellectual impairment, who, through matura-
tion and experience, may have developed compensatory
mechanisms (Livingston et al., 2019), which could explain
their intact patterns of response. Such compensatory mecha-
nisms are more likely to be found in adolescents than in
younger children. Notably, our paradigm included a salient
operationalization of distress which may have allowed for
the recruitment of compensatory mechanisms. It requires
further investigation to discern if more subtle manipulations
of distress would reveal differences in empathic behavior in
adolescents with ASD.

Despite their intact empathic responses, alterations
in nonverbal aspects of communication were observed,
as indicated by lower levels of synchrony with the social
partner. This supports previous findings demonstrating
less synchrony in ASD, through different modalities, by
using observational (Trevisan et al., 2018) and automated
(Georgescu et al., 2020; Zampella et al., 2020) measure-
ments. The current study adds to the existing literature by
employing a naturalistic interaction that involved changing
socio-emotional contexts, and particularly, an expression of
distress by the social partner. Considering our findings, it
can be argued that adolescents with ASD relied adequately
on social knowledge regarding what to say to the distressed
other, but struggled with how to say it. That is, they found it
difficult to time and to coordinate their verbal response with
non-verbal aspects of communication, and to flexibly syn-
chronize their non-verbal behavior with that of the social
partner. Indeed, discrepancies between verbal and non-
verbal communication abilities have been evident among
individuals with ASD (Grossman et al., 2013; de Marchena
& Eigsti, 2010). It has been suggested that some individuals
with ASD use conscious strategies to achieve intact verbal
social skills, despite deficits in core socio-cognitive abilities.

Such strategies, however, may be less effective regarding
more implicit aspects of social behavior (Livingston &
Happé, 2017).

The paradigm employed in our study enabled real-time
examination of synchronous and empathic behaviors in a
naturalistic social setting. To assess synchrony, two differ-
ent measures were used. The first, an observational coding
system that addressed different modalities of synchrony (i.e.,
facial expression, eye gaze, speech features and body lan-
guage). The coding process considered the content of the
response, meaning, its valence and intensity and assessed its
appropriateness to the immediate socio-emotional context.
Still, building on human raters’ impressions, it is prone to
possible cognitive biases (Bellé et al., 2017). The second
measure of synchrony used, the MEA, is automatic and
objective, and enables quantification of motion and precise
analysis of temporal synchrony. Yet, it is limited to crude
measuring of movement overall, disregarding its context. In
an exploratory manner, we examined correlations between
these two measures during the friendly stage of the interac-
tion (since this stage represents a natural social exchange
prior to the distress manipulation), over and above group.
A significant and moderate correlation was found (r=0.36
p<0.05), implying a complementary role of the two meas-
ures of synchrony, as they seem to capture two different
aspects of interpersonal coordination.

Additional correlation analyses were also performed
exploratorily, to examine associations between the MEA
measure and questionnaire scores. Results showed that for
the friendly stage alone, motion energy scores correlated
positively with adolescent self-reports of empathy on the EQ
(r=0.26 p<0.05), marginally positively correlated with par-
ent-reports of social skills on the SSIS (r=0.25 p=0.05) and
negatively correlated with parent-reported autistic symptoms
on the SRS-2 (r=—- 0.34 p<0.05). These encouraging pre-
liminary findings require further consolidation with a larger
sample.

Our findings are limited by the small sample size of
adolescents, who had relatively good cognitive skills.
Future research should employ a larger and more varying
sample, which would better represent the diversity of skills
and difficulties in the Autism Spectrum. A larger sample
may enable us to validate the PEBA through correlation
analyses with questionnaires’ scores for the ASD and the
TD groups separately, rather than for the combined sample,
allowing for the examination of potential group differences
in these correlations. Moreover, the relationship between
motion synchrony and broader social skills as reported by
parents is a worthy objective for future investigation. A
larger sample may also enable to examine the ability of the
observational and motion energy measures combined to
discriminate between TD and ASD adolescents. Another
limitation of this study lies in our examination of male
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adolescents conversing with female confederates. In view
of recent findings on gender differences in social commu-
nication of individuals with ASD (Dean et al., 2017; Lai
et al., 2017), a complete examination of male and female
adolescents conversing with male and female confederates
in warranted. In addition, the ASD and TD groups were
filmed using different equipment and room settings (due
to location constraints). Although a standardization proce-
dure was conducted to minimize those initial differences in
the motion synchrony analyses, the potential effect of these
differences should be considered when interpreting our
results. Finally, further research should extend our behav-
ioral findings by including physiological measurements
which may shed light on the affective aspects of empathy,
and thus achieve a fine-grained examination of empathic
and synchronous behavior and the mechanisms underlying
it in adolescents with and without ASD.

We conclude that adolescents with ASD show diffi-
culties moving in and out of synchrony in social inter-
actions that involve another person’s expressed distress.
Recent advances in clinical interventions, such as music
and movement therapy treatments, suggest that target-
ing synchrony and its dynamics in individuals with ASD
have shown promising results. Through shared musical
and bodily improvisation and rhythmic patterns, these
interventions aim to facilitate attunement, mirroring, and
alignment with an interactive partner. (Dvir et al., 2020;
Koehne et al., 2016; Srinivasan et al., 2016; Venuti et al.,
2017). Such therapies, which were found beneficial for
children and adults with ASD, may also be harnessed to
promote behavioral coordination and social responsiveness
in adolescents.
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