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Interpersonal synchrony is a quality of a relationship with 
a key role in social interaction; facilitating the smooth flow 
of social exchanges and helping to forge social bonds 
(Bernieri & Rosenthal, 1991; Tuncgenc and Cohen, 2016). 
It is involved in a range of socially beneficial behaviour, 
notably in relationship development. It predicts feelings of 
affiliation and rapport, which are important for the devel-
opment of social relationships and feelings of connected-
ness (Hove & Risen, 2009; Miles et al., 2009; Rabinowitch 

& Knafo-Noam, 2015). Interpersonal synchrony in Autism 
Spectrum Conditions (ASC) is a research area with grow-
ing interest, owing to differences from non-autistic people 
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in social communication and interaction, which some 
argue may be related to differences in interpersonal syn-
chrony (e.g., Fitzpatrick et al., 2017a).

Bernieri and Rosenthal (1991) refer to interpersonal 
synchrony as the smooth meshing of simultaneous and 
rhythmic activity of two or more individuals, which occur 
at the same time or at the same rate. This includes the coor-
dination or matching in time of a range of human social 
behaviour, such as conversational alignment, imitation, 
shared effect, and several non-verbal behaviours including 
physiological synchrony or the synchronisation of motor 
movements (Bernieri & Rosenthal, 1991; Charman, 2011). 
Socially synchronous behaviours need not be identical or 
simultaneous but are rhythmically matched or related in 
time (Valdesolo et  al., 2010). Interpersonal synchrony 
therefore includes, for example, simultaneous behaviours, 
such as rhythmically matched body movements or expres-
sions of affect (Chartrand & Lakin, 2012), and behaviours 
with an extended temporal sequence, as seen in reciprocal 
or contingent behaviours, such as raising one’s hand to 
meet a partner’s handshake (Feldman, 2007). Social inter-
action is a dynamic and time-unfolding process, and vari-
ous interrelated behaviours contribute to ease and 
efficiency in social interaction.

Interpersonal synchrony is seen in human behaviour 
from infancy and is thought to be related to the develop-
ment of language and social communication (Condon & 
Sander, 1974). In addition, synchronised movement is an 
important contributor to successful collaboration, itself a 
vehicle for developing social and cognitive abilities (Moll 
& Tomasello, 2007; Vygotsky, 1978). Interpersonal syn-
chrony is an embodied way to achieve engagement and 
intersubjectivity, and thus collaboration (De Jaegher et al., 
2017; Prepin & Pelachaud, 2013). The way we move 
together therefore stimulates social connection and 
engagement in the types of interaction that build stronger 
social relationships and gives rise to advanced socio-cog-
nitive skills (Miles et al., 2009). Since social interactions 
with others are embodied, and interpersonal synchrony is 
implicated in a range of socially beneficial behaviours, 
then lower interpersonal synchrony may be associated 
with differences or disruptions to social interaction 
(Fitzpatrick et  al., 2013). Some research indicates that 
interpersonal synchrony is less frequent in interactions 
where one or more partners has a condition that typically 
affects social interaction, such as autism or schizophrenia 
(e.g., Fitzpatrick et  al., 2017b; Ramseyer & Tschacher, 
2011).

Autism is a diverse neurodevelopmental condition 
characterised by differences from non-autistic people in 
social communication and interaction, as well as in cogni-
tive flexibility, and sensory needs (American Psychiatric 
Association, 2013). These differences manifest in mark-
edly different ways between individuals, but differences in 
social interaction compared with non-autistic people can 

sometimes make everyday interaction challenging 
(Crompton, Ropar, et al., 2020; Pennington et al., 2014). 
Fitzpatrick et al. (2017b) found that interactions involving 
an autistic partner and a non-autistic partner display less 
Social Motor Synchrony (SMS) than interactions between 
two non-autistic people. SMS is a distinct element of inter-
personal synchrony, referring to synchronous motor move-
ments within social interaction. SMS is concerned solely 
with body movements, rather than other aspects of inter-
personal synchrony, such as physiological synchrony or 
behaviours that indicate mutual engagement or shared 
affect, such as facial expressions or joint attention 
(Fitzpatrick et al., 2016). It therefore comprises non-verbal 
and non-facial motor synchrony. Some studies demon-
strate lower SMS when one partner is autistic than between 
two non-autistic partners (e.g., Fitzpatrick et  al., 2017b; 
Georgescu et al., 2020). In addition, performance on tasks 
tapping SMS correlates with various measures of social 
competence and clinical measures of autism (Fitzpatrick 
et al., 2017a) and increases in dyadic attunement and syn-
chrony can lead to greater attentiveness and social initia-
tion in autistic children (Green et al., 2017). Consequently, 
some researchers subscribe to an SMS model of autism 
whereby differences in the tendency to synchronise motor 
movements may underlie some of the social differences 
associated with autism (Fitzpatrick et al., 2016).

Research has begun to explore the potential for using 
SMS in the autism diagnostic process. Koehler et  al. 
(2022) demonstrated weaker SMS in interactions involv-
ing individuals who go on to receive an autism diagnosis 
compared with those who did not receive one. However, 
the process of engaging in synchrony with a partner is 
complex, and Loth et al. (2021) emphasised that for bio-
markers to have diagnostic utility, prominent and consist-
ent group differences are needed. This presents a potential 
issue for the use of SMS as a diagnostic marker as the het-
erogeneity of experiences and challenges in autism are 
widely recognised. Autistic people are often described as 
having ‘spikey profiles’, with strengths in some areas and 
difficulties in others (Frith, 1996). SMS also involves sev-
eral additional cognitive processes. For instance, partners 
are required to integrate social information from several 
modalities (Bowsher-Murray et  al., 2022). Multisensory 
integration itself can be a challenge for some autistic peo-
ple, which could act as a contributing factor to difficulties 
with interpersonal synchrony (Collignon et  al., 2013). A 
systematic review of the SMS literature would therefore 
enable an overview of current SMS literature. A review 
will also allow identification of elements of synchrony 
tasks that may specifically influence SMS in autistic peo-
ple and their partners, which will support careful integra-
tion of SMS into diagnostic assessments.

There are several aspects of interpersonal synchrony, 
and some existing reviews have considered SMS together 
with other interpersonal synchrony constructs, such as 
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conversational, neural, or audio-visual synchrony (Baldwin 
et al., 2022; Mcnaughton & Redcay, 2020). McNaughton 
and Redcay (2020) demonstrated that findings across syn-
chrony domains do not necessarily align. For instance, 
they found several papers demonstrating similar conversa-
tional alignment in autistic and non-autistic participants, 
but they found weaker synchrony in mixed-neurotype 
pairs compared with non-autistic pairs in motor, physio-
logical and neural synchrony. SMS is a specific, well-
defined aspect of interpersonal synchrony with an 
increasing amount of research. However, existing reviews 
include limited papers relating to SMS, and McNaughton 
and Redcay (2020) do not describe a systematic approach, 
meaning the full breadth of SMS research has so far not 
been synthesised. Parsing the different components of 
interpersonal synchrony into discrete reviews will enable a 
more thorough investigation into potential biomarkers for 
autism.

This article is the first to systematically review the lit-
erature on SMS in autism. Our primary aim is to deter-
mine whether SMS differences are apparent between 
autistic, non-autistic and mixed-neurotype partnerships. 
We also aimed to identify methodological limitations and 
gaps in the current literature, to further our theoretical 
understanding of SMS in autism and to support potential 
practical applications of SMS research in diagnosis and 
intervention.

Method

We followed the Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA) checklist (Page  
et al., 2021) and pre-registered a protocol following the 
PRISMA-P guidelines (Shamseer et  al., 2015). See 
PROSPERO international prospective register of system-
atic reviews (registration number: CRD42019119480).

Selection criteria

Studies were eligible for the review if they: (a) empirically 
assessed temporally matched, non-verbal and non-facial 
body movements during social interaction with another 
person or agent, (b) involved participants with an Autism 
or Asperger’s Syndrome diagnosis, and (c) were published 
in English in peer-reviewed academic journals. We 
excluded non-English papers, as expert translation was 
unavailable to us. We also excluded studies if they: (a) 
only investigated intentional imitation or mirroring behav-
iours without a measure of temporal coordination, (b) did 
not comprise a full-length original report, such as reviews 
or commentaries, (c) measured or analysed according to 
autistic traits, not by diagnosis, (d) if they did not specify 
the dyad for whom they report a synchrony score (e.g., for 
interactions involving triads or groups), and (e) only 
assessed physiological synchrony, such as electrodermal 

activity or heart rate. While social synchrony correlates 
positively with physiological synchrony, such synchrony 
can occur in the absence of social interaction (Feldman 
et  al., 2011; Konvalinka et  al., 2011). There were no 
restrictions according to study design or setting. 
Randomised Control Trials (RCTs) were eligible, provid-
ing they empirically measured SMS; RCTs that contained 
elements of synchrony within an intervention, but which 
were not empirically measured, were not eligible.

Search strategy

We performed an electronic search up until April 2022 
across five databases: SCOPUS, Web of Science, 
PsycArticles, PsycINFO, and PubMed. Search terms 
relating to ASC were paired with search terms for SMS 
using Boolean operators. Where possible, we imposed 
limits on the search to narrow the subject area and to 
exclude common, irrelevant key words. The full search 
string for each database can be found in the Supplementary 
Material (Appendix 1). We manually examined reference 
lists from identified papers and from topic-relevant 
papers to find papers not identified through database 
searching. We sought unpublished works that met the 
inclusion criteria by searching Open Access Dissertations 
and Theses (OATD) and EThOS, from the British Library.

Data screening

We conducted the review in two stages. At each stage, both 
authors independently reviewed the articles; we reviewed 
any conflicts and resolved them through discussion until 
we reached 100% agreement. First, following the removal 
of any duplicate papers (n = 317), all references yielded 
from the initial database searches (n = 2280) and screening 
of the additional resources and grey literature (n = 71) were 
collected in the review software Rayyan, a web application 
designed for title and abstract screening (Ouzzani et  al., 
2016). Both reviewers independently screened all titles 
and abstracts to identify relevant papers (n = 157). Second, 
each reviewer independently conducted a full-text review, 
which resulted in a final set of 29 articles (see Figure 1). 
We excluded papers if the same data had been reported 
elsewhere.

Data extraction and analysis

The first author manually extracted the core information 
from the final set of articles, including the aims, partici-
pant characteristics and diagnoses, dyadic relationship, 
study design, details of tasks and measurements, conceptu-
alisation and measurement of synchrony, and main results. 
To summarise the findings, we divided the articles into 
three groups. The first group involved studies with adult 
participants (n = 5). The second group involved child 
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participants (n = 24), one of which included two studies 
with distinct samples, so were included as two separate 
studies (Yoo & Kim, 2018). Group 3 included one study 
that involved infants younger than 18 months (Yirmiya 
et al., 2006). They would not have undergone diagnostic 
assessments for autism, so were a separate category.

Risk of bias

As recommended in the PRISMA guidelines, we assessed 
the risk of bias for each study (Page et al., 2021). The first 
author assessed study quality and the second author inde-
pendently rated 25% of the papers. We used the ‘Quantitative 
Descriptive Studies’ scale from the Mixed Methods 
Appraisal Tool (MMAT) to assess study quality and risk of 
bias, which describes the existing distribution of variables 
(Grimes & Schulz, 2002; Hong et al., 2018). The MMAT 
discourages an overall quality score, favouring an in-depth 
presentation of judgements about sampling strategy, repre-
sentativeness, measurements and analyses and non-response 
bias. The initial percentage of agreement to the MMAT was 
93%. Papers were discussed until consensus was reached. 
Both reviewers’ elaborations determined the limitations of 
the studies included in the review, which we used to gener-
ate a critical summary of the findings.

Results

Study characteristics

Participants.  Table 1 provides a summary of participants’ 
demographics, combined according to participant group. 
Not all studies with autistic participants included a com-
parison group. Those that did (n = 22) mostly included 
pairs of non-autistic partners as a comparison group; how-
ever, one study compared autistic children and their ther-
apy dog to children with Down’s syndrome and their 
therapy dog (Griffioen et al., 2020), and two studies com-
pared across three groups. First, Xavier et al. (2018) com-
pared autistic children, non-autistic children, and children 
with Developmental Coordination Disorder (DCD) inter-
acting with a virtual partner. Second, Georgescu et  al. 
(2020) compared all three dyad types: autistic, non-autistic, 
and mixed-neurotype pairs. The remaining seven papers 
lacked a comparator, and examined SMS during a stan-
dalone drama performance (Ward et  al., 2018), assessed 
changes in SMS following an intervention (Dvir et  al., 
2020; Koehne et al., 2016; Manders et al., 2021; Venuti 
et al., 2017; Yoo & Kim, 2018), or examined SMS com-
pared with chance (Romero et al., 2018).

There were 15 variations of relationship types in  
the included papers (e.g. child-clinician, or adult-expert 
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Figure 1.  PRISMA flow diagram.
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improviser), summarised in Table 2. Most studies com-
pared mixed dyads (an autistic and non-autistic partner) 
and non-autistic dyads (n = 16). Two of the four adult stud-
ies used this design and the children’s studies mostly did 
so (n = 14). Only three studies included autistic dyads; 
Georgescu et al.’s (2020) study, a study comparing pairs of 
autistic children to pairs of non-autistic children (Stoit 
et al., 2011), and a group interaction study, which involved 
autistic peer interactions, as well as interactions between 
autistic children and non-autistic facilitators (Ward et al., 
2018). Three studies compared autistic and non-autistic 
children or adults and virtual partners (Kawasaki et  al., 
2017; Kostrubiec et  al., 2018; Xavier et  al., 2018). One 
study compared autistic children and their therapy dog 
with children with Down’s syndrome and their therapy dog 
(Griffioen et al., 2020). The final study with a comparison 
group included a parent and their infant who had an older 
autistic sibling (SIBS-ASC) compared to a parent and their 
infant who had a non-autistic older sibling (SIBS-NT; 
Yirmiya et al., 2006). The remaining seven studies consid-
ered mixed pairs without a comparison group (Dvir et al., 
2020; Griffioen et al., 2020; Koehne et al., 2016; Manders 
et al., 2021; Romero et al., 2018; Venuti et al., 2017; Yoo 
& Kim, 2018).

Of the 22 studies including a comparison group, 19 
examined interactions between two human partners. Four 
of these involved participants and partners who were both 
adults and 15 involved child or infant participants part-
nered with adults (n = 14) or with other child participants 
(n = 1). Most studies examined SMS in unfamiliar partner-
ships: all four studies involving adult participants and 10 
of the 15 studies involving child participants did so. Four 
of the remaining studies with children examined SMS 
between child/infant participants and their parents or 

caregivers (Fitzpatrick et al., 2016; Liu et al., 2022; Marsh 
et  al., 2013; Yirmiya et  al., 2006). An additional study 
compared SMS in familiar partnerships (an autistic child 
and their parent/caregiver) compared with SMS is unfa-
miliar partnerships (an autistic child and a research assis-
tant) (Zampella et al., 2020). The seven studies that lacked 
a comparison group all involved human dyads, one 
including interactions between peers and drama facilita-
tors (Ward et  al., 2018), and three including child and 
therapist dyads measuring SMS over time, meaning part-
ners’ familiarity likely developed over the course of the 
study (Dvir et  al., 2020; Manders et  al., 2021; Venuti 
et  al., 2017). Two examined SMS in unfamiliar pairs, 
involving autistic child participants and study confeder-
ates or clinicians (Koehne et  al., 2016; Romero et  al., 
2018). The final study involving human dyads was in two 
parts, the first involving unfamiliar child and experi-
menter dyads and the second involving children and 
music therapists over the course of an intervention, who 
also would have had the opportunity to grow in familiarity 
(Yoo & Kim, 2018). Therefore, 17 studies involving 
human partners measured SMS in unfamiliar pairs and 12 
in familiar pairs.

Methods of measurement and analysis.  Across 29 papers, 
this review identified 24 different tasks designed to elicit 
and measure synchrony, summarised in Table 2. Thirteen 
used experimental methods to assess both spontaneous 
synchrony, which occurs during dynamic interaction, and 
intentional synchrony, which requires conscious coordina-
tion with a partner, such as pendulum swinging (e.g., 
Fitzpatrick et  al., 2016). Sixteen used naturalistic tasks, 
such as conversation activities, to assess only spontaneous 
synchrony (e.g., Georgescu et  al., 2020), of which five 

Table 1.  Demographics of included studies.

Autistic adults Autistic children/adolescents Infants

  ASC 
participants

NT 
participants

ASC 
participants

NT 
participants

Other participants who have 
autistic sibs

who have 
NT Sibs

Number of Studies 6 5 24 17 2 (1 DCD; 1 DS) 1 1
Number of Participants
  Mean 22 28 18 23 11 51 52
  Minimum 16 23 1 7 5 51 52
  Maximum 34 35 45 53 17 51 52
  Total 134 111 423 384 22 51 52
Age (years)
  Mean 22 33 22 7 13 0.82 0.82
  Missing Data – – 1 – – – –
Gender (%)
  Male 69% 58% 74% 71% 59% 63% 60%
  Female 31% 42% 26% 29% 41% 37% 40%
  Missing Data – – 1 – – – –

ASC: Autism Spectrum Conditions; DCD: Developmental Coordination Disorder; DS: Down’s Syndrome; NT: Neurotypical; Sibs: Siblings.
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were intervention studies, such as Dance and Movement 
Therapy (e.g., Koehne et al., 2016).

All papers used quantitative methods to measure syn-
chrony and two papers also used qualitative descriptions of 
case studies (Manders et al., 2021; Ward et al., 2018). The 
majority (n = 21) used automated methods to measure syn-
chrony, such as relative phase analysis from motion detec-
tors (e.g., Marsh et  al., 2013) or frame differencing 
methods using video-recordings, such as Motion Energy 
Analysis (e.g., Noel et al., 2017). One paper used a meas-
ure of co-confident (CC) motion, which parsed data into 
motion segments; the motion segments were considered 
CC, or synchronous, should they reach only one peak 
velocity (Brezis et al., 2017). Four papers used coherence-
timing measures such as reaction time coherence (e.g., 
Stoit et al., 2011).

Eight papers used observational or manual-coding 
methods to measure synchrony (Dvir et al., 2020; Griffioen 
et al., 2020; Kaur et al., 2018; Koehne et al., 2016; Manders 
et  al., 2021; Venuti et  al., 2017; Zadok et  al., 2022; 
Zampella et al., 2020). These methods included, for exam-
ple, observational coding tools (Dvir et al., 2020; Venuti 
et al., 2017), manual coding of each partner’s behaviour, 
noting the start and finish of synchronous movements 
(Griffioen et al., 2020; Kaur et al., 2018), and behaviour 
ratings from naïve coders (Koehne et al., 2016; Manders 
et al., 2021; Zadok et al., 2022; Zampella et al., 2020).

Data synthesis

This review has identified several types of evidence with 
relevance to SMS in autism, including quantitative, quali-
tative and intervention-based studies. The quantitative 
studies use several analysis techniques and distinct tasks to 
measure SMS, which does not permit ready quantitative 
comparison. We therefore qualitatively synthesise the data 
to address our primary aim, addressing whether current lit-
erature shows SMS differences in interactions involving 
an autistic partner (autistic pairs and non-autistic pairs) 
compared to mixed-neurotype dyads.

Of the 29 papers we identified, 19 included a compari-
son group and examined interactions between human 
partners. Fifteen of these indicated lower SMS in pairs 
involving an autistic person (i.e. mixed pairs or autistic 
pairs) compared with non-autistic pairs, but only two 
involved autistic pairs. This includes one paper which 
examined SMS in parents and infants with autistic sib-
lings (SIBS-ASC) compared with parents and infants with 
non-autistic siblings (SIBS-NT). Differences were pre-
sent across several tasks measuring spontaneous and 
intentional synchrony. In intentional tasks, autistic par-
ticipants with a partner showed less synchrony than non-
autistic participants did with their partner. Differences 
were present in joint balancing tasks (Stoit et al., 2011), 
object tapping or drumming (Kawasaki et  al., 2017; 

Romero et al., 2016), a whole body-sway task (Su et al., 
2021), and in two movement batteries: the Social Motor 
Battery (Fitzpatrick et  al., 2017b; Romero et  al., 2016) 
and the Motor Coordination Experimental Paradigm 
(Kaur et al., 2018). In spontaneous tasks, autistic partici-
pants with a non-autistic partner also showed lower syn-
chrony than non-autistic participants did with their 
non-autistic partner. This included some spontaneous 
tasks that were mechanical in nature, such as interper-
sonal handclapping (Fitzpatrick et  al., 2017b; Romero 
et al., 2016), puzzle-making (Delaherche et al., 2013), or 
joint improvisation (Brezis et al., 2017). However, other 
spontaneous tasks reflected naturalistic scenarios, inclu
ding conversation tasks (Georgescu et  al., 2020; Noel  
 et al., 2017; Zadok et al., 2022; Zampella et al., 2020), 
diagnostic interviews (Koehler et  al., 2022), or reading 
(Liu et al., 2022). Parents and infants of 14 months with 
SIBS-ASC also showed lower SMS with one another than 
parents and infants of 14 months with SIBS-NT did 
(Yirmiya et al., 2006).

Four of the 18 papers involving human partners show 
the common pattern of lower SMS in mixed-neurotype 
pairs compared with non-autistic pairs, but in each case, 
these differences did not appear in certain specific condi-
tions. Fitzpatrick et al. (2013) found lower SMS in mixed 
pairs compared to non-autistic pairs in the SMS task bat-
tery, where participants were asked to follow an experi-
menter’s movement in a series of action sequences. 
However, similar SMS was observed between groups in 
one condition, the object-object condition, which involved 
following the experimenter’s movements of an object. 
When participants were asked to swing pendulums along-
side a partner in  Fitzpatrick et  al.’s (2016) study, lower 
SMS was observed in mixed compared to non-autistic 
pairs in both the intentional and the spontaneous condi-
tions when participants were asked to look at their partner, 
but there were no differences in SMS when partners were 
free to swing their pendulum while looking away from 
their partner. Marsh et al. (2013) found significantly less 
in-phase SMS patterns in mixed-neurotype pairs compared 
with non-autistic pairs when participants rocked in rocking 
chairs. However, there was no difference between groups 
for anti-phase SMS patterns. Finally, during reaching and 
grasping tasks, Fulceri et al. (2018) found lower SMS in 
mixed pairs compared with non-autistic pairs when the 
end-point of the task (i.e. their final reach point) was 
unclear. When the end-point of the task was clear, there 
were no significant group differences.

In three studies, participants interacted with virtual ava-
tars. Autistic participants showed lower SMS than non-
autistic participants did during intentional tasks but showed 
similarity in spontaneous tasks. Specifically, autistic chil-
dren showed lower SMS than non-autistic children and 
children with DCD did when intentionally synchronising 
to an avatar that took the form of a tightrope walker, whose 
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motion was based on human movements (Xavier et  al., 
2018). During a synchronous tapping task, autistic adults 
showed less SMS than non-autistic adults when intention-
ally synchronising to computer-generated sounds 
(Kawasaki et al., 2017). Kostrubiec et al.’s (2018) virtual 
coordination task required synchronising own movements 
of an on-screen dot with the movements of a virtual oscil-
lating dot, also based on modelling of human motion. 
Autistic children displayed lower synchrony with the dot 
than non-autistic children did when asked to intentionally 
synchronise (Kostrubiec et al., 2018). However, there were 
no differences in SMS between autistic and non-autistic 
children when they were free to move their dot at their own 
pace (Kostrubiec et al., 2018).

The remaining seven papers included in this review did 
not include a comparison group. One described patterns of 
close SMS between a pair of autistic peers and between 
autistic children and facilitators (Ward et  al., 2018). Six 
examined SMS between autistic children and non-autistic 
clinician partners or therapy dogs over time following a 
rhythm-mediated intervention, including Dance and 
Movement Therapy or Music Therapy (Dvir et al., 2020;   
Griffioen et al., 2020; Koehne et al., 2016; Manders et al., 
2021; Venuti et al., 2017; Yoo & Kim, 2018). Five of the 
seven intervention studies found an increase in SMS from 
the first to the final session (Dvir et  al., 2020; Griffioen 
et al., 2020; Koehne et al., 2016; Venuti et al., 2017; Yoo & 
Kim, 2018). In each of these five studies, participant and 
therapist dyads remained consistent over the course of the 
therapy sessions. Manders et al. (2021) found an increase 
in SMS from the first to the last session for one specific 
dyad, who were partnered together throughout the series of 
therapy sessions. However, the remaining four partici-
pants’ partners differed for each therapy session. For par-
ticipants with inconsistent partnering, there was no 
significant change in SMS over the course of the therapy 
sessions (Manders et al., 2021). One of the six intervention 
studies and a final study that did not include a comparison 
group examined SMS compared with chance. They 
revealed SMS between autistic children and a clinician or 
therapy dog at levels higher than chance (Griffioen et al., 
2020; Romero et al., 2018).

Only three of the 29 studies we identified included pairs 
with partners who were both autistic and only one of these 
directly compared all dyad types (autistic, non-autistic and 
mixed-neurotype pairs). Pairs of autistic children dis-
played lower SMS than non-autistic pairs when working 
cooperatively to raise a virtual balancing bar (Stoit et al., 
2011). During conversation between two adult partici-
pants, mixed dyads and autistic dyads demonstrated com-
parable synchrony; however this was lower than 
non-autistic dyads (Georgescu et al., 2020). A final study 
in this set examined SMS in autistic and non-autistic pairs 
in a group drama performance (Ward et al., 2018). While 
comparisons were not drawn across groups, Ward et  al. 

(2018) described instances of SMS between a pair of autis-
tic peers and between the autistic children and non-autistic 
facilitators. While the studies involving autistic pairs in 
this review were limited to three of the 29 papers, the two 
comparative papers we found suggested lower SMS in 
dyads involving an autistic partner compared with non-
autistic dyads.

Discussion

This is the first study to systematically review the litera-
ture examining SMS in autism. Twenty-nine papers met 
our inclusion criteria. Of the 21 studies that included a 
comparison group, all indicated weaker SMS in interac-
tions involving autistic partners (i.e., with another autistic, 
a non-autistic, or virtual partner) compared to interactions 
between two non-autistic people, or between a non-autistic 
participant and a virtual partner. Five of these reported 
mixed findings, and provide some evidence that autistic 
people and their partners can closely synchronise under 
certain conditions. These results point to some limitations 
in SMS research, which may have influenced the SMS dis-
played by autistic people and their partners in research so 
far. The remaining eight studies did not include a compari-
son group, instead examining SMS in mixed-neurotype 
pairs over time, in relation to chance or using qualitative 
descriptions of SMS patterns. Three of these provide evi-
dence of close SMS in autistic people and their partners, 
with two indicating levels higher than chance. The five 
intervention studies all suggest SMS can increase over 
time in mixed-neurotype pairs following rhythmic inter-
personal interventions, such as Improvisional Music 
Therapy (IMT). We note the current SMS literature is lim-
ited by the scarcity of research examining SMS in pairs of 
autistic participants. Only three papers identified involved 
autistic dyads, and only one of these investigated SMS 
between all three dyad types (mixed-neurotype pairs, 
autistic pairs and non-autistic pairs).

The findings from this review show that current SMS 
literature suggests weaker synchrony occurs in interac-
tions when one or both partners are autistic, compared 
with interactions between two non-autistic people. The 
results appear mostly consistent for tasks tapping both 
intentional and spontaneous synchrony and across differ-
ent methods to detect SMS, such as automated measure-
ment, manual coding, or global judgement ratings. 
Fitzpatrick et al. (2016) proposed an SMS model of autism, 
where difficulties with SMS may underpin the social dif-
ficulties associated with autism. The literature so far 
appears to support this premise, and this review demon-
strates that autistic people and their partners display 
weaker SMS than non-autistic pairs in the conditions stud-
ied so far.

However, we know that synchrony is an interpersonal 
measure. The Double Empathy Problem (Milton, 2012) and 
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other theories associated with Interactional Heterogeneity 
(for a summary, see Georgescu et al., 2020) suggest partners 
of different neurotypes might both find it challenging to 
adapt their behaviour to their partner’s communication 
styles. It is therefore inconsistent to attribute an SMS deficit 
only to the autistic partner in mixed-neurotype interactions. 
We found few studies that included partners who were both 
autistic, which demonstrates the need for further studies of 
such pairs.

A better understanding of synchrony involves assessing 
whether partners equally adapt their movements in order to 
synchronise with their partner, or whether one partner con-
sistently adapts their movements more by following their 
partner’s lead to facilitate synchrony. It is possible to 
determine each partners’ degree of following in only three 
out of the 26 studies involving human partners in the cur-
rent review. Brezis et  al. (2017) found autistic partners 
adapted their movements to their partner’s movements less 
than non-autistic partners did when explicitly instructed to 
do so. Marsh et al. (2013) also found lower SMS in autistic 
participants and their parents compared with non-autistic 
participants and their parents did when the parents’ move-
ments were held constant (e.g., by rocking in time to a 
metronome), indicating less adaptation in autistic com-
pared with non-autistic participants. Dvir et  al. (2020) 
demonstrated that therapists increasingly followed a 
child’s movements over time, which facilitated an increase 
in SMS. However, the degree to which the child followed 
the therapists’ movements did not change over time. While 
the studies involving virtual partners involved movements 
based on human motion, they would not have the capacity 
to flexibly adapt their movements to the participants’ 
movements. This means it is also possible to establish the 
degree to which autistic and non-autistic participants adapt 
their movements to the movements of a virtual agent. In 
the three studies involving virtual partners, autistic partici-
pants showed weaker SMS compared with non-autistic 
people, indicating a lower tendency for autistic partici-
pants to adapt their movements to a virtual partner’s move-
ments. While few studies examine the degree of leading 
and following in interactions involving an autistic partner, 
it is possible to identify some evidence to suggest that 
autistic people might be less likely to adapt their move-
ments to facilitate synchrony with a partner compared with 
non-autistic people.

Six studies investigated SMS in autistic participants 
with therapists over a series of movement or music-based 
therapy sessions. While they did not include comparison 
groups, they demonstrate the importance of considering 
the relationship between interaction partners over time 
when examining SMS in autism. Approaches such as 
Dance and Movement Therapy place central importance 
on the developing relationship between the therapist and 
the client (Karkou & Sanderson, 2001). All six papers 
demonstrated close SMS between autistic children and 

their partners in therapeutic interactions and found an 
increase over time for pairs that remained consistent (Dvir 
et  al., 2020; Griffioen et  al., 2020; Koehne et  al., 2016; 
Manders et  al., 2021; Venuti et  al., 2017; Yoo & Kim, 
2018). Autistic people may need more time than other 
groups to develop rapport and trust upon meeting a new 
person (Robledo & Donnellan, 2016; Vivanti et al., 2018). 
Dvir et al. (2020) showed therapists attuned more to the 
children over a series of therapy sessions, indicating that it 
can take time even for NT partners trained in facilitating 
attuned interactions to spontaneously synchronise to an 
autistic child.  Tickle-Degnen and Rosenthal (2009) also 
suggest synchrony becomes more important as a relation-
ship grows. Synchrony between autistic people and unfa-
miliar partners may therefore take longer to appear. 
However, most studies in this review investigate syn-
chrony in unfamiliar partnerships during one isolated 
interaction.

We identified some mixed results that reveal potential 
methodological limitations in SMS research. Principally, 
the task contexts and content may have influenced the 
degree of SMS observed in autistic people and their part-
ners so far. First, there is some evidence that spontaneous 
synchrony might be easier to achieve for autistic people 
than intentional synchrony. One study found no differ-
ences between autistic and non-autistic children with vir-
tual partners when they were free to spontaneously 
synchronise their movements (Kostrubiec et al., 2018) 
Another found differences in SMS between mixed-neuro-
type pairs and autistic pairs when they were asked to swing 
a pendulum in time with their partner and when they were 
free to move their pendulum while looking at their partner. 
However, there were no differences between groups when 
participants were asked to look away from their partner 
and were free to swing their pendulum at their own pace 
(Fitzpatrick et al., 2016). Other studies emphasise the need 
for observational methods that capture the of complexity 
of synchrony patterns. Marsh et  al. (2013) found lower 
SMS in mixed-neurotype pairs compared with non-autistic 
pairs only for in-phase SMS patterns, there was no differ-
ence when comparing anti-phase patterns. Ward et  al. 
(2018) found evidence of close SMS between autistic 
peers and between the autistic children and drama facilita-
tors during when pairs did not appear socially engaged, 
such as close coupling of a child’s hand tapping to an 
adult’s global body movements. Task analyses show that 
intentional and spontaneous synchrony are discrete and 
load onto separate factors, suggesting they involve distinct 
processes (Fitzpatrick, 2018). Together these results under-
score the need for further SMS research with autistic par-
ticipants in natural and free-flowing interactions, which 
allow for the observation of multi-model and fine-grained 
SMS.

Intentional tasks generally involve additional process-
ing demands, such as attention, working memory and 
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movement planning, which would challenge autistic par-
ticipants, who may have executive function difficulties 
(Craig et  al., 2016). Autistic children are also known to 
have difficulties with praxis and movement planning, par-
ticularly for meaningless gestures, such as copying an 
experimenter’s movements (Gizzonio et  al., 2015; 
Salowitz et al., 2013). This could explain why differences 
in SMS are consistently found in intentional tasks but are 
sometimes not apparent in spontaneous tasks. For instance, 
interpersonal drumming and hand clapping require atten-
tion and working memory, and handclapping games, such 
as ‘pat-a-cake’, involve movement planning, where a child 
plans the steps to smoothly execute the sequence in an 
unfamiliar routine (Fitzpatrick et al., 2017b; Yoo & Kim, 
2018). Other tasks require predicting a partner’s move-
ments with no a priori information, which may be a chal-
lenge for autistic participants who can have difficulties 
with predictive processing (Palmer et al., 2015). This is 
illustrated by Fulceri et al. (2018), who compared coopera-
tive reaching with a clear end-point (a single specified 
location) and with an unclear end-point (two possible loca-
tions). When the end-point was unclear, mixed pairs dis-
played lower synchrony than non-autistic pairs. However, 
SMS was comparable between dyads when the end-point 
was clearly indicated. In addition, Fitzpatrick et al. (2013) 
found mixed-neurotype pairs and autistic pairs only dif-
fered in SMS during the during the most complex and cog-
nitively demanding condition, where participants were 
required to synchronise their movements to the experi-
menter’s movements while manipulating an object. There 
were no differences between groups in the four other con-
ditions where participants were required to synchronise 
only to experimenters’ movements. Some spontaneous 
tasks also involve additional cognitive demands. Building 
a 3D puzzle requires working memory and attention skills, 
for example (Delaherche et al., 2013). These findings sug-
gest additional cognitive demands present in some syn-
chrony tasks may selectively disadvantage autistic 
participants and result in lower synchrony in autistic peo-
ple and their partners compared with non-autistic pairs. 
They also stress the importance of task analysis when 
assessing SMS.

Understandably, studies of synchrony have typically 
used constrained and standardised tasks as we have 
described, which support precise control and replication. 
However, this may selectively disadvantage autistic par-
ticipants and lab-based tasks can be arduous and lengthy, 
likely challenging for autistic people if the tasks are not 
adapted to their interests or meaningfully tailored.  
Williams (2020) demonstrated that supporting meaningful 
interactions between autistic participants in research, such 
as discussing common experiences of loneliness, could 
foster feelings of connectedness, which might support 
SMS. We identified one study that found close synchrony 
between autistic children and clinicians when the child 

chose the conversational topic (Romero et  al., 2018). In 
contrast, conversation tasks where participants are given 
set topics revealed lower synchrony in autistic people and 
both autistic and non-autistic partners compared with pairs 
of non-autistic participants (Georgescu et  al., 2020; 
Zampella et  al., 2020). Tailoring tasks to participants’ 
interests and ensuring tasks are meaningful to autistic par-
ticipants may encourage engagement (Murray et al., 2005), 
which could increase the likelihood of synchrony with a 
partner. Future work could consider differences in SMS in 
autistic people and their partners according to task design 
in greater depth.

Some autistic people need more time to habituate to 
new circumstances than non-autistic people do (Vivanti 
et al., 2018), and we know SMS is associated with social 
connectedness, which may take time to develop (Hove & 
Risen, 2009; Miles et  al., 2009). Despite this, of the 21 
studies including a comparison group, only two conducted 
SMS tasks in familiar environments and only five exam-
ined SMS in familiar partnerships: between children and 
their parents/caregivers. Parent-child partnerships would 
presumably have an established rapport and therefore dis-
play close SMS. Even so, five studies identified by this 
review found lower synchrony for parents and autistic 
children, or infants with autistic siblings compared to par-
ents and non-autistic children or infants with non-autistic 
siblings (Fitzpatrick et al., 2016; Liu et al., 2022; Marsh 
et al., 2013; Yirmiya et al., 2006; Zampella et al., 2020). 
There was also no difference in SMS between autistic chil-
dren and their parents, compared with the same child and a 
researcher (Zampella et  al., 2020). We mentioned that it 
can take time for even therapists trained in facilitating 
attuned interactions to synchronise to an autistic child. 
Some research also suggests parent-child communication 
was more synchronous and reciprocal after parents 
received training to adapt their communication to their 
autistic child’s (Aldred et  al., 2004). One study in this 
review found that when infants spontaneously acted as the 
‘leader’ in a free-play interaction with their mother, moth-
ers with infants who had autistic siblings followed their 
infant’s movements less than mothers and infants with NT 
siblings did (Yirmiya et al., 2006). These results demon-
strate the need to examine SMS in a more nuanced way, by 
assessing whether partners equally adapt their movements 
in order to synchronise with their partner, or whether one 
partner more frequently adapts their movements to facili-
tate synchrony.

Sample limitations

Most studies in this review involved autistic children 
(n = 23) or infants with autistic siblings (n = 1), rather than 
autistic adults (n = 5). Kostrubiec et al. (2018) found age 
correlated positively with social synchrony. If autistic peo-
ple experience more synchrony in interactions as they get 
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older, current results may underestimate the synchrony 
experienced by autistic adults and their partners. This may 
diminish the clinical utility of synchrony as a marker for 
adult diagnosis, which is becoming increasingly common 
and may be more complex than diagnosis during child-
hood (Huang et  al., 2020). A pervasive issue in autism 
research is the heterogeneity of the population of people 
diagnosed as autistic. We have discussed how an interper-
sonal mismatch might make SMS challenging (Bolis et al., 
2018). As relationships and social understanding appear 
closer between people with greater interpersonal similarity 
(Bolis et al., 2021; Crompton, Hallett, et al., 2020), involv-
ing familiar partners with similar levels of autistic traits, 
for example, will help our understanding of SMS in autis-
tic people and their partners. Further, motor abilities 
between children and adults may differ simply according 
to their body size. Future work involving autistic peers 
could address these issues.

Many studies reviewed here cite their sample of autis-
tic participants as ‘high-functioning’. This label is widely 
regarded as having little utility to describe the strengths 
and difficulties of autistic people but is used to describe 
autism in the absence of Intellectual Disability (ID; Hens 
et  al., 2019). We found only one study involving mini-
mally-verbal autistic children, which clearly describes 
some instances of successful social synchrony, owing to 
the flexible and inclusive methodology (Ward et  al., 
2018). However, the descriptive presentation of results 
does not permit quantitative comparison with other stud-
ies. There is therefore very little representation of autistic 
people who are minimally-verbal and/or with co-occur-
ring ID, despite this group making up roughly 50% of the 
autistic population (Russell et al., 2019). This omission is 
unfortunate given the reported benefits and common use 
of client-led synchrony approaches including rhythm-
mediated interventions and Intensive Interaction for this 
group (Delafield-Butt et  al., 2020; Dvir et  al., 2020;  
Griffioen et  al., 2020). Some studies also explicitly 
exclude participants with co-occurring conditions, such as 
epilepsy and sensory processing differences (e.g., Xavier 
et al., 2018). This means only a subset, not fully repre-
sentative of the autistic population, appears in current 
research (Lukmanji et al., 2019).

Conclusion

The prevailing view in the literature has been that autistic 
people demonstrate impaired SMS. Fitzpatrick et  al. 
(2016) posit that differences in SMS may underpin some 
social differences in autism. With this review, we aimed to 
determine whether the current literature shows consistent 
and robust SMS differences in pairs with one or more 
autistic partners compared with non-autistic pairs. Overall, 
results reveal lower SMS in interactions when one or both 
partners is autistic, compared with interactions between 

two non-autistic people. Few studies examine the degree 
of leading and following in SMS research, which makes it 
challenging to attribute an SMS deficit to one partner in an 
interaction. However, there is some evidence from the cur-
rent review that autistic people are less likely than non-
autistic people to adapt their movements to their partner’s 
movements to facilitate synchrony. Therefore, results of 
synchrony research so far seem to support an SMS model 
of autism, where SMS is weaker in interactions when one 
or more partners is autistic compared with non-autistic 
pairs.

However, some findings do not align with this pattern, 
and reveal indications that close synchrony may occur 
between autistic people and certain partners under certain 
conditions, which need further exploration. The differ-
ences in results for certain conditions potentially indicates 
methodological limitations in previous SMS research that 
can inform recommendations for future research. We 
found that naturalistic contexts allowing for free-flowing, 
spontaneous and meaningful interactions might be more 
likely than intentional, rhythmic tasks to capture syn-
chrony between autistic people and their interactive part-
ners. This may, in-part, be due to additional cognitive 
demands present in several SMS tasks, which could selec-
tively disadvantage autistic participants. Synchrony 
between autistic people and their partners may also be 
heavily influenced by factors such as the environmental 
and social context. Specifically, familiarity of partner, nov-
elty of the testing environment, and motivation to engage 
in the specific task will likely affect the performance of 
autistic participants more than non-autistic ones. Finally, 
very little research includes interactions between two 
autistic partners, which is problematic given the potential 
for closer synchrony to occur when partners are interper-
sonally similar. Our understanding of SMS in autism can 
be developed with research including pairs of autistic peo-
ple within natural and familiar contexts using measure-
ments that allow for identification of different modes of 
synchrony (e.g., Ward et al., 2018), and by closely tailor-
ing SMS tasks to the needs and interests of autistic 
participants.

Implications

This review shows that task analysis is important for 
understanding the sources of any differences in SMS 
found in interactions involving an autistic participant 
compared to those with non-autistic pairs. Understanding 
the social conditions where SMS is closest for autistic 
people and their partners would inform a clearer theoreti-
cal understanding of the role and development of syn-
chrony in interaction with potential implications for 
interventions and approaches to working with autistic 
people. Therapeutic interactions between autistic clients 
and practitioners who are trained in facilitating attuned 
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interactions clearly have potential to yield close SMS 
(e.g., Romero et al., 2018). Several papers reviewed indi-
cate that SMS increases following person-centred and 
rhythmic interventions designed to build social connec-
tions and relationships (e.g., Dvir et  al., 2020). 
Participation over time in familiar, client-led interactions 
that provide the opportunity for attunement to develop 
might therefore support early social interaction patterns. 
Given the importance of early social interaction for social 
and cognitive development, such approaches might then 
have continued benefits for social relationships in adult-
hood (Moll & Tomasello, 2007; Umberson and Karas 
Montez, 2010). Interventions that involve following an 
autistic partner’s movements or support synchronisation 
to an avatar modelled on human movement (e.g., Griffioen 
et al., 2020; Kostrubiec et al., 2018) might also increase 
the likelihood of mutual adaptation, which could general-
ise to other social contexts. At the very least, such 
approaches would allow autistic people to engage in expe-
riences that support social and cognitive development and 
facilitate the development of closer social bonds.
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