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Abstract
Temporal synchrony is the alignment of processes in time within or across individuals in social interaction and is observed 
and studied in various domains using wide-ranging paradigms. Evidence suggesting reduced temporal synchrony in autism 
(e.g. compared to neurotypicals) has hitherto not been reviewed. To systematically review the magnitude and generalisability 
of the difference across different tasks and contexts, EBSCO, OVID, Web of Science, and Scopus databases were searched. 
Thirty-two studies were identified that met our inclusion criteria in audio-visual, audio-motor, visuo-tactile, visuo-motor, 
social motor, and conversational synchrony domains. Additionally, two intervention studies were included. The findings 
suggest that autistic participants showed reduced synchrony tendencies in every category of temporal synchrony reviewed. 
Implications, methodological weaknesses, and evidence gaps are discussed.

Keywords Autism · Temporal synchrony · Sensory processing · Temporal sensory integration

As part of the efforts to better capture the considerable het-
erogeneity within autism and to provide a more nuanced and 
detailed picture of the experiences of autistic individuals, 
investigations are increasingly moving beyond symptoms 
traditionally viewed as ‘core’ (Astle & Fletcher-Watson, 
2020). A key finding to emerge from these investigations 
is a potential difference in temporal synchrony tendencies 
between autistic and neurotypical individuals. Temporal 
synchrony can be defined as two or more actions integrated 
in time and/or individuals entrained to each other in social 
interaction. This can include cross-domain integration within 
an individual, e.g. audio-visual, audio-motor, visuo-tactile, 
or visuo-motor integration, or it can refer to interpersonal 
integration during social interaction, e.g. the alignment of 
gestures, facial expressions, and language during commu-
nication. Thus defined, differences in temporal synchrony 
tendencies have been proposed to underlie some of the 
observed differences between typically developing and autis-
tic individuals and to be a promising intervention target (e.g. 
McNaughton & Redcay, 2020). The goal of the present study 
is to help evaluate these claims by systematically reviewing 
the evidence on the nature, extent, and generalisability of 

temporal synchrony differences between typically develop-
ing and autistic individuals, as well as interventions targeting 
temporal synchrony in autistic individuals.

It has been proposed that during the course of an interac-
tion, individuals become temporally synchronised to each 
other, meaning that both verbal and non-verbal behaviour 
during communication align in terms of the phase and fre-
quency or period (McGrath & Kelly, 1986). While there is 
ample empirical evidence supporting these propositions in 
neurotypical development (Condon & Sander, 1974; Petitto 
et al., 2000, 2001), studies on temporal synchrony in autism 
have identified differences in temporal constructs such the 
flow and timing of conversations (Wimpory, 2015). The first 
review study to report on temporal processing and manage-
ment skills in autistic individuals suggested that there were 
processing difficulties in various temporal patterns (milli-
second, interval, circadian) and difficulties in audio-visual 
temporal integration (Jurek et al., 2019). Another review 
study reported inter- and intra-personal asynchrony in autis-
tic individuals, suggesting an altered experience of time and 
atypical integration of audial, visual, and motor sensory 
inputs (Bloch et al., 2019). Temporal deviations in various 
sensory inputs are most likely to influence behaviour related 
to the ability to establish and maintain synchronous, recipro-
cal engagement with others, and therefore, may contribute to 
social-communication differences in autism (McNaughton & 
Redcay, 2020). Indeed, it has been proposed that diagnostic 

 * Mina Murat Baldwin 
 mina.muratbaldwin@gmail.com

1 Department of Psychology, University of Edinburgh, 7 
George Square, Edinburgh EH8 9JZ, UK

http://orcid.org/0000-0002-9400-201X
http://crossmark.crossref.org/dialog/?doi=10.1007/s40489-021-00276-5&domain=pdf


 Review Journal of Autism and Developmental Disorders

1 3

practices would benefit from assessing a wider presentation 
of symptoms associated with autism, and measures of inter-
personal alignment could serve as implicit measures aiding 
diagnosis (Bloch et al., 2019).

While reviews to date have provided important insights 
and helped provide an expanded focus on autistic symp-
tomatology that goes beyond traditionally ‘core’ symptoms, 
they have done so only in limited categories of temporal 
synchrony or using methods that do not involve systemati-
cally identifying and evaluating all the primary studies in 
this area (e.g. Jurek et al., 2019; McNaughton & Redcay, 
2020). On the basis of a scoping search, it was found that 
temporal synchrony has been empirically studied in numer-
ous domains and with a diversity of paradigms. Aspects of 
temporal synchrony that have been examined in the context 
of autism to date include audio-visual, audio-motor, visuo-
tactile, visuo-motor, social-motor, and conversational syn-
chrony and within these, a variety of paradigms have been 
employed. For example, studies examining temporal syn-
chrony tendencies across the auditory and visual domains 
have used preferential looking, illusion susceptibility, and 
temporal order judgment paradigms, while studies examin-
ing conversational synchrony have used methods such as the 
coding of dyadic interactions for gestural synchrony.

Given the volume and diversity of research in this area, 
and the potential implications for illuminating autistic expe-
riences and informing interventions, a systematic review 
would thus be beneficial to provide an overview of the evi-
dence concerning various types of temporal synchrony, and 
to assess the quality of the available data. Another advantage 
of a systematic review of this topic is that it can identify 
common methodological weaknesses and evidence gaps 
that can provide the basis for recommendations to help 
strengthen knowledge in this field. It can also identify the 
generalisability and the limits of the findings of asynchrony 
in autism and define the domains and tasks in which it is in 
evidence.

Therefore, the present information gap will be filled by 
reviewing different aspects of temporal synchrony in autism 
with the aim of answering whether, and in which contexts, 
the research findings indicate atypical temporal synchrony 
in autism.

Methods

A systematic review protocol was developed following the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocols (PRISMA-P) recommendations (Moher 
et al., 2015) prior to beginning the review. The only devia-
tions from the original protocol were that data on participant 
sex/gender was not mentioned in the data extraction section 

of the protocol, and neural temporal synchrony studies were 
excluded from the review.

Search Strategy

Two main search methods were used: (a) database search 
and (b) examination of reference lists.

a) The database search involved key concepts of the study 
defined as ‘autism’, ‘temporal’, and ‘synchrony’. To 
identify relevant studies, synonyms were used in search 
terms (Table 1). Boolean operators (‘AND’, ‘OR’, and 
‘NOT’) were used to manage search strings and to com-
bine key concepts. The operators were tailored to the 
syntax of each of the databases used: EBSCO (which 
combines MEDLINE, Child Development and Adoles-
cent Studies, and CINAHL), OVID (which combines 
PsycINFO, PsycArticles and EMBASE), Web of Sci-
ence, and Scopus.

  An example of the search string used and adapted to 
other databases was (Autism OR Asperger OR autis-
tic disorder OR Autism spectrum disorder OR autistic 
syndrome disorder OR ASD OR pervasive develop-
mental disorder) AND (temporal OR time OR timing 
OR chrono* OR pattern) AND (synchron* OR dyssyn-
chron* OR asynchron* OR desynchron* OR entrain* 
OR align*).

b) Reference lists of both the relevant papers included 
in the review and literature reviews identified through 
database searches were screened to identify additional 
pertinent works.

Table 1  Example search terms

Note. *Wildcard

Population Temporal synchrony

Autism Temporal
Asperger Time
Autistic disorder Timing
Autism spectrum disorder Synchron*
Autistic syndrome disorder Dyssonchron*
ASD Assynchron*
Pervasive developmental disorder Chrono*

Entrain*
Pattern
Align*
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Data Extraction

The bibliographic software programme Zotero was used to 
manage and store relevant studies. Duplicate records were 
removed using the same software. Search results were 
independently evaluated for eligibility by two reviewers 
based on the study title, abstract, and full text.

Studies were selected according to the criteria below:

 i. Participants with a diagnosis of autism based on either 
Diagnostic and Statistical Manual of Mental Health 
Disorders (DSM) or International Classification of 
Diseases (ICD) criteria and/or individuals who met 
the research and/or clinical cut-off points of a vali-
dated screening tool.

 ii. Participants from all age groups
 iii. Studies that were reported in English
 iv. Temporal synchrony investigated in various contexts 

to be discussed later in coherent groups
 v. Both randomised and non-randomised studies includ-

ing intervention studies
 vi. There was no restriction on the publication year

Studies were excluded according to the criteria below:

 i. Animal studies
 ii. Grey literature identified as dissertations/theses, 

abstracts, unpublished reports and ongoing trials
 iii. Cohort studies and other non-experimental designs
 iv. Non-empirical articles, including case reports, book 

chapters, letters, editorials, and opinion pieces
 v. Studies investigating neural temporal synchrony
 vi. Studies for which it was not possible to obtain the full 

text

The selection process was completed when an agree-
ment was reached between the first author and the second 
reviewer. In the case of a difference of opinion, the issue 
was resolved by involving a third reviewer. The final deci-
sion on the inclusion or exclusion of studies (along with 
reasons for exclusion) was documented for each study. The 
initial literature search returned 2000 records1 at the time of 

Fig. 1  Flow Chart of the 
Systematic Review Based on 
PRISMA Guidelines

1 This number of results was returned after an initial automatic dedu-
plication by EBSCO database.
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search, which was reduced to 675 after manually excluding 
duplicates. An additional 21 records were identified through 
reference lists of relevant papers. Following the prelimi-
nary screening of the titles and the eligibility criteria, 602 
records were excluded; a further 94 records were excluded 
after screening the abstracts and/or full-texts based on the 
relevance of data to the current study (Fig. 1). Three stud-
ies were excluded after the data extraction: Feldstein et al. 
(1982) owing to the lack of a control group; Massaro and 
Bosseler (2002) for not reporting the autism assessment 
method; and Tavano et al. (2014) for not reporting the results 
of the paradigm relevant to the review.

Data from each selected study was extracted both by the 
author and the second reviewer using a piloted extraction 
form. The extracted data are presented in two tables per 
category of temporal synchrony. The ‘study characteristics’ 
tables include information regarding study names and loca-
tions, sample sizes, study designs, autism assessment, com-
parator groups, temporal synchrony assessment, study para-
digms, results, findings, and finally, the group main effects 
were reported in partial eta squares ( n2

p
) when available. 

The ‘participant characteristics’ tables include information 

regarding participants’ mean age and mean IQ, level of func-
tioning (high vs. low).

Each selected study was evaluated regarding the risk of 
bias and the evaluation was made by two reviewers using an 
assessment tool selected according to each study design. The 
quality of the selected randomised controlled studies was 
assessed by the ‘Risk of Bias’ (RoB 2) tool (Sterne et al., 
2019). The tool has five domains assessing bias arising from 
the randomisation process, due to deviations from intended 
interventions/exposure, missing outcome data, measure-
ment of the outcome and finally, selection of the reported 
results. The selected non-randomised controlled studies were 
assessed by the ‘Risk of Bias in Non-randomised Studies 
– of Interventions’ (ROBINS-I) tool (Sterne et al., 2016). 
The assessment was based on pre-intervention, at interven-
tion and post-intervention domains where bias might occur. 
In order to summarise the quality assessment, risk of bias 
plots (Figs. 2 and 3) were created using the ‘Risk of Bias 
Visualisation’ (robvis) web application (McGuinness &  
Higgins, 2020).

Fig. 2  Risk of Bias Assessment of Non-randomised Controlled Studies
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Fig. 3  Risk of Bias Assessment of Randomised Controlled Studies
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Data Analysis

Meta-analysis was not conducted due to heterogeneity in 
autism diagnostic assessment, participant age groups, exper-
imental paradigms, and, thus, measurements of outcome. 
Given these differences between studies, it was judged that 
it would not be valid to pool effect sizes across studies. 
Instead, a narrative synthesis approach was used to combine 
results across studies.

Results

The systematic review of the literature returned 32 articles 
concerning audio-visual (n = 13), audio-motor (n = 3), visuo-
tactile (n = 3), visuo-motor (n = 3), social motor (n = 3), and 
conversational synchronies (n = 5). Intervention studies 
(n = 2) on temporal synchrony were also included. Studies 
confirmed the diagnostic assessment of autism according to 
one of the following: clinical diagnosis; DSM-III-R; DSM-
IV; DSM-V (American Psychiatric Association (1987), 1994, 
2013); Autism Diagnostic Observation Schedule (ADOS) 
(Gotham et al., 2006); Autism Diagnostic Interview-Revised 
(ADI-R) (Kim et al., 2013); or International Classification 
of Diseases (ICD)-10 (World Health Organization, 2004). 
While a majority of the studies focused on autism diagnosis, 
one of the studies (Magnée et al., 2008) included a Pervasive 
Developmental Disorders (PDD) experimental group.

An autism sample size of 15 or more was present in 23 
studies (71.8%) while an autism sample size less than 15 
was present in 8 studies (25%). Half of the studies (n = 16) 
reported  high functioning autism groups and the rest did not 
report the level of functioning of the participants.

According to the risk of bias assessment of non-ran-
domised (Fig. 2) and randomised (Fig. 3) controlled studies, 
the overall quality of the included studies was low (n = 25) 
to moderate (n = 6). Only one study (Kwakye et al., 2011) 
presented a high risk of bias in three domains (D2; D4; D5).

Audio‑visual Synchrony in Autistic 
Individuals

A majority of empirical studies on temporal synchrony 
investigated audio-visual synchrony, with thirteen stud-
ies in this category meeting inclusion criteria (Tables 2 
and 3). The first study using a preferential looking para-
digm reported poorer performance of autistic individuals in 
response to linguistic stimuli (Bebko et al., 2006). Similar 
results were found in other studies where autistic individuals 
showed lower scores in audio-visual synchrony tasks that 
were mainly speech-specific (Righi et al., 2018; Stevenson 
et al., 2014; Woynaroski et al., 2013). Iarocci et al. (2010) Ta
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also reported that an autistic participant group showed 
less visual and more auditory influence on speech percep-
tion, providing evidence of the linguistic stimuli impact on 
audio-visual synchrony in autistic individuals. Another study 
investigating a preferential looking paradigm with a split-
screen video of two identical individuals speaking found that 
the autistic individuals looked at the synchronous video less 
than the typically developing group (Grossman et al., 2015).

While the findings indicate speech- and linguistically 
influenced performance in audio-visual synchrony in autis-
tic groups, there seems to be evidence for temporal process-
ing differences between autistic participants and comparator 
groups from studies where temporal order judgment tasks 
were adapted. It was found that autistic individuals tended 
to show less sensitivity in judgments of audio-visual tem-
poral order (de Boer-Schellekens et al., 2013), reported the 
flash-beep illusion effect over an extended range of stim-
ulus onset asynchronies (Foss-Feig et al., 2010), and had 
higher thresholds on the auditory task relative to typically 
developed groups, evidencing reduced synchronous tenden-
cies in auditory temporal processing (Kwakye et al., 2011). 
Such tendencies of a PDD group on complex phonological 
processes in audio-visual interactions were also reported  
(Magnée et al., 2008). However, van der Smagt et al., (2007) 
did not find such differences on temporal order judgment 
tasks between autistic and typically developed groups.

Furthermore, another autistic group was reported to have 
preferences that are less synchronous when audio-visual tasks 
involve human faces and voices (as opposed to non-human 
stimuli, such as bouncing balls; Mongillo et  al., 2008).  
Grossman et al., (2009) found no differences between autistic 

and typically developed groups in the accuracy of onset  
asynchrony detection in video clips of human faces and 
speech.

In summary, the evidence suggests that autistic individuals’ 
performance in various audio-visual tasks are different and less 
synchronous when compared to typically developed individuals. 
The majority of the evidence seems to suggest that audio-visual 
synchrony was affected by speech and linguistic related tasks 
resulting in a poorer performance of autistic individuals.

Audio‑motor Synchrony in Autistic 
Individuals

Three studies evaluated audio-motor synchrony in autistic 
individuals (Tables 4 and 5). There was agreement between 
the three studies that the autistic groups’ performance was 
poorer in audio-motor synchrony tasks (Morimoto et al., 2018; 
Whyatt & Craig, 2013; Zapata-Fonseca et al., 2019). It was 
suggested that the autistic group showed more variability in 
temporal processing parameters than neurotypical individuals, 
and that temporal processing instability was related to altered 
motor performance (Morimoto et al., 2018). Autistic individu-
als were also found to perform poorer than both receptive-
language and non-verbal control groups (Whyatt & Craig, 
2013), and to be less inclined to sustain mutual interaction in 
general (Zapata-Fonseca et al., 2019). Empirical evidence on 
audio-motor synchrony thus suggests that autistic individuals 
showed poorer performance on audio-motor synchrony tasks 
when compared with typically developed individuals.

Table 3  Participant characteristics of studies on audio-visual synchrony and autism

Note. Abbreviations: ASC, autism spectrum condition; DD, developmental disorders; NH, non-handicapped; N/I, not indicated; PDD, pervasive 
developmental disorders; TD, typically developed

Study Mean age Mean IQ Level of 
function-
ing

Bebko et al. (2006) ASC = 5.49, DD = 4.88, NH = 2.36 N/I N/I
de Boer et al. (2013) ASC = 19.2, TD = 19.6 ASC = 106.2, TD = 106.6 High
Foss-Feig et al. (2010) N/I N/I High
Grossman et al. (2009) ASC = 14.5, TD = 13.7 Verbal ASC = 109.24, TD = 116.9; non-verbal 

ASC = 113.20, TD = 113.60
High

Grossman et al. (2015) ASC = 11.10, TD = 12.5 ASC = 104, TD = 109 High
Iarocci et al. (2010) ASC and TD = 12 N/I N/I
Kwakye et al. (2011) N/I N/I High
Magnee et al. (2008) PDD = 21.1; TD = 23.0 PDD = 119.4; TD = 127 High
Mongillo et al. (2008) ASC = 13.73; TD = 13.44 ASC = 96.13; TD = 101.11 High
Righi et al. (2018) ASC = 5.12, TD = 3.04 N/I N/I
Stevenson et al. (2014) N/I N/I High
van der Smagt et al. (2007) ASC = 20.5, TD = 20.7 ASC = 122, TD = 119 High
Woynaroski et al. (2013) ASC = 12.4, TD = 11.5 ASC = 111.2, TD = 111.0 High
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Visuo‑tactile Synchrony in Autistic 
Individuals

Three studies evaluated visuo-tactile synchrony in autistic 
individuals (Tables 6 and 7). All three studies used a rubber 
hand illusion paradigm and reported similar outcomes: autis-
tic individuals’ performance was poorer when compared to 
neurotypical individuals (Cascio et al., 2012; Greenfield 
et  al., 2015; Ropar et  al., 2018). When compared with 
chronological age-matched controls, autistic individuals 
showed similar performance to younger mental-age controls: 
reduced embodiment of the spatially incongruent, but tem-
porally congruent, hand at shorter temporal delays (Ropar 
et al., 2018). Thus, the available evidence on visuo-tactile 
synchrony suggests poorer task performance in autistic par-
ticipant groups, indicating delayed visuo-tactile integration.

Visuo‑motor Synchrony in Autistic Individuals

Visuo-motor synchrony in autism was evaluated by three 
studies (Tables 8 and 9; Edey et al., 2019; Kawasaki et al., 
2017; Marsh et  al., 2013). These studies used different 
paradigms to assess synchrony in autistic individuals but 
two reported similar results. During tasks in which partici-
pants were expected to show temporally synchronous motor 
behaviour with given visual stimuli, autistic individuals 
showed greater difficulty (Kawasaki et al., 2017) and less 
tendency to cooperate simultaneously and synchronously 
(Marsh et al., 2013), compared to neurotypical individuals. 
However, Edey et al. (2019) reported that autistic partici-
pants exhibited fewer temporal errors relative to their neu-
rotypical counterparts in the visuo-motor synchrony task. 
Thus overall, these studies suggested less synchronous per-
formance in autistic individuals.

Social Motor Synchrony in Autistic Individuals

Three studies investigated social motor synchrony in autistic 
individuals in comparison to neurotypicals using different 
experimental conditions (Tables 10 and 11). Autistic indi-
viduals demonstrated less synchronisation in both spontane-
ous and intentional interpersonal coordination when they 
were asked to swing pendulums with others (Fitzpatrick 

et al., 2016). They also exhibited fewer stable patterns of 
social synchronisation ability, while their performance of 
motor movements was slower in both spacing and timing 
(Fitzpatrick et al., 2017). However, in another study no dif-
ference between autistic and neurotypical individuals was 
found when participants were asked to perform movements 
that had been introduced earlier in synchrony with the exper-
imenter (Fitzpatrick et al., 2013).

In summary, one study on social motor synchrony found 
no difference between autism and typically developed 
group performances, but two suggested reduced tempo-
ral synchrony in the social motor performance of autistic 
individuals.

Conversational Synchrony in Autistic Individuals

Five studies investigated conversational synchrony in 
autistic individuals compared to neurotypical subjects 
(Tables 12 and 13). It was reported that autistic individu-
als synchronised gestures less closely with co-occurring 
speech (de Marchena & Eigsti, 2010), and interpersonal 
synchrony was more observable in neurotypical individu-
als (Georgescu et al., 2020). Furthermore, spontaneous 
verbal and non-verbal gestures were also reported to be 
less likely in autistic individuals (Hobson & Lee, 1998). 
However, two studies did not find any difference in per-
formance between autistic and neurotypical participants. 
Autistic and typically developed groups were found to be 
equally able to detect physical differences on two given 
faces when temporally desynchronised (Shah et al., 2016). 
The tendency to align on a pragmatically conditional 
aspect of language was also found to be similar between 
autistic and typically developed groups (Branigan et al., 
2016). In summary, a majority of the studies reported a 
reduced synchronous tendency in gesture performance and 
interpersonal synchrony in autism.

Table 5  Participant 
characteristics of studies on 
audio-motor synchrony and 
autism

Note. Abbreviations: ASC, autism spectrum condition; N/I, not indicated; TD, typically developed

Study Mean age Mean IQ Level of 
function-
ing

Morimoto et al. (2018) ASC = 14.7, TD = 14.7 N/I N/I
Whyatt et al. (2013) ASC = 10.16 N/I N/I
Zapata-Fonseca et al. (2019) ASC = 42.32 N/I High
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Intervention Studies on Temporal Synchrony 
in Autistic Individuals

Two intervention studies on temporal synchrony were 
included in the systematic review. Griffioen et al. (2020) 
used six weekly sessions of 30-min-long dog-assisted ther-
apy with autistic individuals and individuals with Down’s 
syndrome. Intervention activities included psychomotor and 
socialisation skills that would ensure aligned motor action 
between the child and the therapy dog. While the results 
showed a significant increase in synchronous interactions 
between autistic children and their therapy dogs, the number 
of participants (n = 10) in the study limits the generalisabil-
ity of the findings.

Another study provided 10 h/week of classroom interven-
tion, which provided a supplementary curriculum targeting 
engaged imitation, joint attention and affect sharing (Landa 
et al., 2011). Additionally, 38 h of parent education and 1.5 h 
of home-based parent training was also given. At the end of 
the intervention, Landa et al. (2011) reported a significant 
increase in socially engaged imitation with eye contact in 
autistic toddlers. The study provided evidence for develop-
ment in temporal synchrony in dyadic interactions.

Both of the intervention studies included in the systematic 
review concluded an increased performance in social tempo-
ral synchrony in autistic individuals after the intervention.

Discussion

This is the first study examining temporal synchrony in 
autism across all domains in which this has been previously 
examined by means of a systematic review. The systematic 
review identified the main characteristics of studies and par-
ticipants as well as the types of synchrony and the study 
paradigms. Results showed that autistic participants tended 

to display more temporally asynchronous behaviours when 
performing tasks that required audio-visual, audio-motor, 
visuo-tactile, visuo-motor, social motor, and conversational 
sensory integration. Intervention studies also showed sig-
nificant improvements to interpersonal and social synchrony 
in autism when temporal orders were considered. However, 
sample sizes were generally small and not justified, there-
fore, future studies should attend to ensuring adequate statis-
tical power, as well as experimental rigour. Taken together, 
our findings point to the generality of temporal synchrony 
differences in autistic individuals compared to typically 
developing individuals. This suggests that temporal syn-
chrony is a promising concept for explaining some of the 
differences between autistic and typically developing indi-
viduals in their daily life functioning and experiences and 
may also represent a promising diagnostic marker and/or 
intervention target.

The evidence on audio-visual synchrony in this review 
suggested poor performance of autistic individuals on tasks, 
and this was found related to speech and linguistic stimuli 
(Tables 2 and 3) while studies on conversational synchrony 
also found asynchronous gesture behaviours related to 
semantic speech in autistic adolescents (Tables 12 and 13). 
The findings seemed to provide evidence that autistic indi-
viduals experience difficulty in temporally integrating verbal 
and non-verbal communication that might cause social-com-
munication difficulty (de Marchena & Eigsti, 2010). While 
social-communication ability is considered to be one of the 
‘core deficits’ of autism, and although there are numerous 
theories on sensory perception in autism (Brock et al., 2002; 
Happé and Frith, 2006; Mottron et al., 2006), the nature 
of the links between autism and temporally asynchronous 
behaviour remains unclear as these theories do not directly 
address timing aspects of synchronous behaviour. However, it 
was previously established that poorer temporal acuity across 
visual and audial information is related to a weaker ability to 
temporally bind and integrate the two sensory inputs (Steven-
son et al., 2014, 2018). Therefore, temporally asynchronous 
behaviours in autism could result from reduced multisensory 
integration, as proposed by Stevenson et al. (2014).

In addition to the instability of temporal processing and 
the lack of temporally synchronous behaviours in audio-, 
visuo-, and social motor performance in autistic groups, evi-
dence seems to suggest that atypical sensory processing and 
temporal integration in autism is evident as proposed previ-
ously by Wallace and Stevenson (2014). Based on autistic 
individuals’ performances on rubber hand illusion tasks, 
studies on visuo-tactile synchrony (Tables 6 and 7) also 
provided evidence that autistic individuals experience body 
representation difficulties, which might cause temporally 
asynchronous behaviours and in turn contribute to social and 
sensory difficulties within the population (Ropar et al., 2018).

Table 7  Participant characteristics of studies on visuo-tactile syn-
chrony and autism

Note. Abbreviations: ASC, autism spectrum condition; CAM, chron-
ological age matched; N/I, not indicated; TD, typically developed; 
VAM, verbal age matched

Study Mean age Mean IQ Level of 
func-
tioning

Cascio et al. (2012) ASC = 11.9, 
TD = 13.4

ASC = 101.2, 
TD = 102.7

N/I

Greenfield et al. 
(2015)

ASC = 12.63, VAM 
TD = 7.88, CAM 
TD = 12.17

N/I N/I

Ropar et al. (2018) ASC = 12.6, VAM 
TD = 7.94, CAM 
TD = 12.6

N/I N/I
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While there were only two intervention studies included 
in this review (Tables 14 and 15), Landa et al. (2011) pro-
vided evidence for improving socially engaged behaviour 
in autistic toddlers by layering a supplementary curriculum, 
which is a promising outcome in terms of the plasticity of 

social-communication development in autism. However, 

there are limitations to the generalisability and reliability of 
the dog-assisted therapy by Griffioen et al. (2020) due to its 
small sample size of 5. Indeed, the interpretability of both of 
the intervention studies included in this review is limited due 
to the limited amount of supporting evidence on the topic.

Table 9  Participant 
characteristics of studies on 
visuo-motor synchrony and 
autism

Note. Abbreviations: ASC, autism spectrum condition; N/I, not indicated; TD, typically developed

Study Mean age Mean IQ Level of 
function-
ing

Edey et al. (2018) Experiment I: ASC = 38.20, TD = 33.88; 
Experiment II: ASC = 35.43, TD = 32.77

N/I N/I

Kawasaki et al. (2017) N/I N/I N/I
Marsh et al. (2013) ASC = 3.95; TD = 3.76 N/I N/I

Table 10  Studies on social motor synchrony and autism

Note: Abbreviations: ADOS, Autism Diagnostic Observation Schedule; ASC, autism spectrum condition; DSM, Diagnostic and Statistical Man-
ual of Mental Disorders; nRCT , non-randomised controlled studies; RCT , randomised-controlled studies; TD, typically developed; USA, United 
States of America

Study Location Sample size Design Autism assessment Comparator Paradigm Results Findings Effect 
size in 
n
2

p

Fitzpatrick 
et al. 
(2013)

USA ASC = 11, 
TD = 7

RCT DSM-IV TD After the initial demonstra-
tion of 5 kinds of move-
ments, the experimenter 
prompted the child to 
perform the action in 
synchrony with them

ASC = TD Autistic group’s perfor-
mance was equivalent 
to TD group’s on many 
social performance 
outcome measures. 
More perceptually based 
measures of social 
coordination were not 
associated with social 
motor coordination

0

Fitzpatrick 
et al. 
(2016)

USA ASC = 9, 
TD = 9

nRCT Clinical diagnosis 
(DSM-IV-TR)

TD Participants swung their 
pendulums while looking 
at another participant’s 
in either an in-phase or 
anti-phase pattern

ASC < TD Autistic group demon-
strated less synchronisa-
tion in both spontaneous 
and intentional interper-
sonal coordination

.27

Fitzpatrick 
et al. 
(2017)

USA ASC = 45, 
TD = 53

RCT Clinical diagnosis 
(DSM-IV-TR)

TD Interpersonal hand-clap-
ping task in which the 
experimenter played a 
2-person pat-a-cake game 
with the child

ASC < TD Autistic group had fewer 
stable patterns of social 
synchronisation abil-
ity, performed motor 
movements slower and 
with more variability in 
spacing and timing

.24

Table 11  Participant 
characteristics of studies on 
social motor synchrony and 
autism

Note. Abbreviations: ASC, autism spectrum condition; TD, typically developed; N/I, not indicated

Study Mean age Mean IQ Level of 
function-
ing

Fitzpatrick et al. (2013) ASC = 6.36, TD = 5.85 N/I High
Fitzpatrick et al. (2016) ASC = 13.67, TD = 14.44 ASC = 101.78, TD = 117.22 High
Fitzpatrick et al. (2017) ASC = 8.65, TD = 8.30 ASC = 101.78, TD = 117.22 High
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Quality of the Evidence

Our quality assessment identified some studies with very 
small autistic participant samples of n = 5 (Griffioen 
et al., 2020) and n = 9 (Fitzpatrick et al., 2016) and many 
others with sample sizes of only 15–30 and no power 
calculations to justify such small groups. More attention 
should thus be paid to statistical power in future studies 
in order to achieve more definitive results.

It was also established that the reporting of partici-
pant characteristics in the studies of temporal synchrony 
in autism was generally poor. While half of the studies 
included in this review reported recruiting high-function-
ing autism groups, the remainder did not report the level 

of functioning of the participants. More than half of the 
studies also did not provide information regarding mean 
IQ scores. It is evident that temporal synchrony perfor-
mance should be assessed in autistic individuals with low 
levels of functioning, low IQ scores and/or an intellectual 
disability (ID) to ensure that these individuals are not 
under-represented and that the reporting of these charac-
teristics should not be neglected. The importance of such 
participant characteristics has been examined previously: 
it was established that the proportion of individuals on the 
spectrum with ID is close to 50%, yet there tends to be a 
selection bias in all fields of autism research that leads to 
the under-representation of the autistic population with ID 
(Russell et al., 2019).

Table 13  Participant 
characteristics of studies on 
conversational synchrony and 
autism

Note. Abbreviations: ASC, autism spectrum condition; CAM, chronological age matched; N/I, not indi-
cated; TD, typically developed; VAM, verbal age matched

Study Mean age Mean IQ Level of 
function-
ing

Branigan et al., (2016) ASC = 10.10, VAM 
TD = 10.0, CAM 
TD = 10.10

Nonverbal IQ ASC = 27.13, 
VAM TD = 22, CAM 
TD = 28.60

N/I

de Marchena & Eigsti (2010) ASC = 15.0, TD = 15.0 ASC = 103.0, TD = 103 High
Georgescu et al., (2020) ASC = 42.76, TD = 41.31 N/I High
Hobson & Lee (1998) ASC = 15.3, TD = 15.2 N/I N/I
Shah et al., (2016) ASC = 39.5, TD = 39.1 ASC = 112.19, TD = 111.38 N/I

Table 14  Intervention studies on temporal synchrony and autism

Note: Abbreviations: ADOS, Autism Diagnostic Observation Schedule; ASC, autism spectrum condition; DS, Down’s syndrome; TD, typically 
developed; USA, United States of America

Study Location Sample 
size

Autism 
assessment

Comparator Paradigm Results Findings Effect 
size in 
n
2

p

Griffioen 
et al., (2020)

The Nether-
lands

ASC = 5, 
DS = 5

Clinical 
diagnosis

DS Dog-assisted therapy: 6 
weekly sessions of 30 min. 
Categories coded: moving 
towards each other, moving 
to therapist, moving to 
object, moving ahead, stop 
of movement

ASC > DS Significant increase in 
synchrony between 
autistic children and 
their therapy dog over 
time

.38

Landa et al. 
(2011)

USA ASC = 50 DSM-IV Non-interpersonal 
synchrony 
group (non-IS)

Interpersonal synchrony (IS) 
intervention for 10 h/week 
for 6 m; 38 h of parent 
education; and home-based 
strategies. The IS group 
received a supplemen-
tary curriculum targeting 
socially engaged imitation, 
joint attention, and affect 
sharing

IS > non-IS Significant improvement 
in socially engaged 
imitation, initiation 
of joint attention and 
shared positive affect. 
Significant treatment 
effect was found for 
socially engaged imita-
tion, with more than 
doubling of imitated 
acts paired with eye 
contact in the interper-
sonal synchrony group 
after intervention

N/I
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Limitations

The findings of the systematic review should be considered 
in the context of several limitations. Primarily, even though 
this review aimed to summarise the most relevant studies on 
temporal synchrony in autism, the study selection criteria 
may reflect the author’s personal perspectives, approaches, 
expertise and training. The quality of the review conclu-
sions is also dependent on the quality of the included studies. 
Some of those included had significant limitations, such as 
having very small sample sizes. The review also focused on 
peer-reviewed studies to help ensure a minimum standard; 
however, this meant that it was difficult to assess the extent 
to which publication bias might have been present. Finally, 
because the studies were judged too heterogeneous in terms 
of design with only small numbers of studies of each design, 
no quantitative synthesis was attempted. As this literature 
reaches a greater level of maturity and more primary studies 
are published with similar designs, a meta-analytic investi-
gation with moderator analyses will be helpful for further 
investigating the extent of temporal asynchrony tendency 
in autistic individuals compared to neurotypical individuals 
and the person, task, and broader contextual influences on 
this.

Future Directions

The findings of the systematic review raise the possibility 
that studies on temporal synchrony in autism could provide 
new insights into understanding the social communication 
and sensory difficulties in autism. Temporal synchrony dif-
ficulties experienced by autistic individuals in everyday 
tasks and in more naturalistic settings such as speaking back-
and-forth on the telephone without visual cues, engaging 
in "flowing" one-to-one in-person conversation, and taking 
turns in social interactions appear to be examples of novel 
areas for further study. Further, it could be investigated 
whether temporal synchrony tendencies mediate the asso-
ciation between meeting diagnostic criteria for autism (or 
showing high levels of symptoms) and everyday differences 

and challenges experienced relative to typically developing 
individuals.

Intervention studies targeting improvement on sensory 
integration and functioning in autism might have effects on 
the social-communication experiences of autistic individu-
als: this is an area of potentially significant innovation for 
impactful interventions and should be investigated further. 
Likewise, a better understanding of temporal synchrony dif-
ferences could help communication between typically devel-
oping and autistic individuals and inform the adaptation of 
work and social environments to better accommodate the 
latter.

Finally, temporally extended body representation in 
autism in visuo-tactile synchrony studies needs to be investi-
gated further by administering other experimental paradigms 
aside from rubber hand illusions. This might allow for a 
better understanding of temporally asynchronous behaviours 
in autism overall.

Conclusions

This review provided evidence that temporally asynchronous 
behaviour and atypical temporal processing are evident in 
autism when autistic individuals are expected to integrate 
audio-visual, audio-motor, visuo-tactile, visuo-motor, social 
motor, and conversational information. Results from the 
included intervention studies also highlight the possibility of 
improving socially and temporally synchronous behaviours 
in autistic individuals.

While the cause of temporal asynchrony has not yet 
been investigated, it may be appropriate to hypothesise 
that temporal processing and multisensory integration 
difficulties might cause temporally asynchronous behav-
iours in autistic individuals, and therefore may contrib-
ute to social-communication and sensory difficulties in 
autism.

It is evident that the clinical representation of autism 
and the experiences of autistic people is more diverse 
than the concepts of ‘social-communication and interac-
tion, and restricted and fixated behaviours, interests and 
activities’ (APA, 2013). Therefore, it is essential to move 
away from the ‘Core-Deficit Hypothesis’ in research and 
clinical practice, and document alternative profiles of the 
condition. Further understanding of the mechanisms and 
outcomes of temporal synchrony may help improve clini-
cal practice and develop new biomarkers and successful 
interventions to improve possible temporal asynchrony 
related sensory and social-communication difficulties of 
autistic individuals.

Table 15  Participant characteristics of intervention studies on tempo-
ral synchrony and autism

Note. Abbreviations: ASC, autism spectrum condition; DS, Down’s 
syndrome; IS, interpersonal synchrony

Study Mean age Mean IQ Level of 
function-
ing

Griffioen et al., (2020) ASC = 12, DS = 14 N/I N/I
Landa et al., (2011) IS ASC = 28.6; non-

IS ASC = 28.8
N/I N/I



 Review Journal of Autism and Developmental Disorders

1 3

Declarations 

Conflict of Interest The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

American Psychiatric Association. (1987). Diagnostic and Statistical 
Manual of Mental Disorders (Third Edition Revised). American 
Psychiatric Association.

American Psychiatric Association. (1994). Diagnostic and Statistical 
Manual of Mental Disorders (Fourth Edition). American Psychi-
atric Association.

American Psychiatric Association. (2013). Diagnostic and Statistical 
Manual of Mental Disorders (Fifth Edition). American Psychiatric 
Association. https:// doi. org/ 10. 1176/ appi. books. 97808 90425 596

Astle, D. E., Fletcher-Watson, S. (2020). Beyond the core-deficit 
hypothesis in developmental disorders. Current Directions in 
Psychological Science. 0963721420925518.https:// doi. org/ 10. 
1177/ 09637 21420 925518.

Bebko, J. M., Weiss J. A., Demark J.L., & Gomez P. (2006). Discrimi-
nation of temporal synchrony in intermodal events by children 
with autism and children with developmental disabilities without 
autism. Journal of Child Psychology & Psychiatry, 47(1), 88–98. 
CINAHL Plus.

Bloch, C., Vogeley, K., Georgescu, A. L., & Falter-Wagner, C. M. 
(2019). Intrapersonal synchrony as constituent of interpersonal 
synchrony and its relevance for autism spectrum disorder. Fron-
tiers in Robotics and A, I, 6. https:// doi. org/ 10. 3389/ frobt. 2019. 
00073

Branigan, H., Tosi, A., & Gillespie-Smith, K. (2016). Spontaneous 
lexical alignment in children with an autistic spectrum disorder 
and their typically developing peers. Journal of Experimental Psy-
chology. Learning, Memory, and Cognition, 42(11), 1821–1831. 
https:// doi. org/ 10. 1037/ xlm00 00272

Brock, J., Brown, C. C., Boucher, J., & Rippon, G. (2002). The tempo-
ral binding deficit hypothesis of autism. Development and Psycho-
pathology, 14(2), 209–224. https:// doi. org/ 10. 1017/ S0954 57940 
20020 18

Cascio, C. J., Foss-Feig, J. H., Burnette, C. P., Heacock, J. L., & Cosby, 
A. A. (2012). The rubber hand illusion in children with autism 
spectrum disorders: delayed influence of combined tactile and 
visual input on proprioception. Autism: The International Jour-
nal of Research and Practice, 16(4), 406–419. https:// doi. org/ 10. 
1177/ 13623 61311 430404

Condon, W. S., & Sander, L. W. (1974). Synchrony Demonstrated 
between movements of the neonate and adult speech. Child Devel-
opment, 45(2), 456–462. JSTOR. https:// doi. org/ 10. 2307/ 11279 68

de Boer-Schellekens, L., Eussen, M., & Vroomen, J. (2013). Dimin-
ished sensitivity of audiovisual temporal order in autism spectrum 

disorder. Frontiers in Integrative Neuroscience, 7, 8. https:// doi. 
org/ 10. 3389/ fnint. 2013. 00008

de Marchena, A., & Eigsti, I.-M. (2010). Conversational gestures in 
autism spectrum disorders: Asynchrony but not decreased fre-
quency. Autism Research: Official Journal of the International 
Society for Autism Research, 3(6), 311–322. https:// doi. org/ 10. 
1002/ aur. 159

Edey, R., Brewer, R., Bird, G., & Press, C. (2019). Brief report: typical 
auditory-motor and enhanced visual-motor temporal synchroniza-
tion in adults with autism spectrum disorder. Journal of Autism & 
Developmental Disorders, 49(2), 788–793. CINAHL Plus. https:// 
doi. org/ 10. 1007/ s10803- 018- 3725-4

Feldstein, S., Konstantareas, M. M., Oxman, J., & Webster, C. D. 
(1982). The chronography of interactions with autistic speakers: 
An initial report. Journal of Communication Disorders, 15(6), 
451–460. https:// doi. org/ 10. 1016/ 0021- 9924% 2882% 29900 18-1

Fitzpatrick, P., Diorio, R., Richardson, M. J., & Schmidt, R. C. (2013). 
Dynamical methods for evaluating the time-dependent unfolding 
of social coordination in children with autism. Frontiers in Inte-
grative Neuroscience, MAR. https:// doi. org/ 10. 3389/ fnint. 2013. 
00021

Fitzpatrick, P., Frazier, J. A., Cochran, D. M., Mitchell, T., Coleman, 
C., & Schmidt, R. C. (2016). Impairments of social motor syn-
chrony evident in autism spectrum disorder. Frontiers in Psychol-
ogy, 7, 1323. https:// doi. org/ 10. 3389/ fpsyg. 2016. 01323

Fitzpatrick, P., Romero, V., Amaral, J. L., Duncan, A., Barnard, H., 
Richardson, M. J., & Schmidt, R. C. (2017). Evaluating the 
importance of social motor synchronization and motor skill for 
understanding autism. Autism Research: Official Journal of the 
International Society for Autism Research, 10(10), 1687–1699. 
MEDLINE. https:// doi. org/ 10. 1002/ aur. 1808

Foss-Feig, J. H., Kwakye, L. D., Cascio, C. J., Burnette, C. P.,  
Kadivar, H., Stone, W. L., & Wallace, M. T. (2010). An 
extended multisensory temporal binding window in autism 
spectrum disorders. Experimental Brain Research, 203(2), 381–
389. MEDLINE. https:// doi. org/ 10. 1007/ s00221- 010- 2240-4

Georgescu, A. L., Koeroglu, S., Hamilton, A. F., de C., Vogeley, 
K., Falter-Wagner, C. M., & Tschacher, W. (2020). Reduced 
nonverbal interpersonal synchrony in autism spectrum disor-
der independent of partner diagnosis: a motion energy study. 
Molecular Autism, 11(1), 11. MEDLINE. /https:// doi. org/ 10. 
1186/ s13229- 019- 0305-1

Gotham, K., Risi, S., Pickles, A., & Lord, C. (2006). The Autism 
Diagnostic Observation Schedule (ADOS). Journal of Autism 
and Developmental Disorders. https:// www. resea rch. manch 
ester. ac. uk /portal/en/publications/the-autism-diagnostic-
observation-schedule-ados(31646979–0428–4614-b727- 
e0052e1497ed)/export.html

Greenfield, K., Ropar, D., Smith, A. D., Carey, M., & Newport, R. 
(2015). Visuo-tactile integration in autism: atypical temporal 
binding may underlie greater reliance on proprioceptive infor-
mation. Molecular Autism, 6, 51. MEDLINE. https:// doi. org/ 
10. 1186/ s13229- 015- 0045-9

Griffioen, R. E., Steen, S., Verheggen, T., Enders-Slegers, M., & 
Cox, R. (2020). Changes in behavioural synchrony during dog-
assisted therapy for children with autism spectrum disorder and 
children with Down syndrome. Journal of Applied Research in 
Intellectual Disabilities, 33(3), 398–408. CINAHL Plus. https:// 
doi. org/ 10. 1111/ jar. 12682

Grossman, R. B., Schneps, M. H., & Tager-Flusberg, H. (2009). 
Slipped lips: Onset asynchrony detection of auditory-visual lan-
guage in autism. Journal of Child Psychology and Psychiatry, 
and Allied Disciplines, 50(4), 491–497. MEDLINE. https:// doi. 
org/ 10. 1111/j. 1469- 7610. 2008. 02002.x

Grossman, R. B., Steinhart, E., Mitchell, T., & McIlvane, W. (2015). 
‘Look who’s talking!’ Gaze patterns for implicit and explicit 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1177/0963721420925518.
https://doi.org/10.1177/0963721420925518.
https://doi.org/10.3389/frobt.2019.00073
https://doi.org/10.3389/frobt.2019.00073
https://doi.org/10.1037/xlm0000272
https://doi.org/10.1017/S0954579402002018
https://doi.org/10.1017/S0954579402002018
https://doi.org/10.1177/1362361311430404
https://doi.org/10.1177/1362361311430404
https://doi.org/10.2307/1127968
https://doi.org/10.3389/fnint.2013.00008
https://doi.org/10.3389/fnint.2013.00008
https://doi.org/10.1002/aur.159
https://doi.org/10.1002/aur.159
https://doi.org/10.1007/s10803-018-3725-4
https://doi.org/10.1007/s10803-018-3725-4
https://doi.org/10.1016/0021-9924%2882%2990018-1
https://doi.org/10.3389/fnint.2013.00021
https://doi.org/10.3389/fnint.2013.00021
https://doi.org/10.3389/fpsyg.2016.01323
https://doi.org/10.1002/aur.1808
https://doi.org/10.1007/s00221-010-2240-4
https://doi.org/10.1186/s13229-019-0305-1
https://doi.org/10.1186/s13229-019-0305-1
https://www.research.manchester.ac.uk
https://www.research.manchester.ac.uk
https://doi.org/10.1186/s13229-015-0045-9
https://doi.org/10.1186/s13229-015-0045-9
https://doi.org/10.1111/jar.12682
https://doi.org/10.1111/jar.12682
https://doi.org/10.1111/j.1469-7610.2008.02002.x
https://doi.org/10.1111/j.1469-7610.2008.02002.x


Review Journal of Autism and Developmental Disorders 

1 3

audio-visual speech synchrony detection in children with high-
functioning autism. Autism Research: Official Journal of the 
International Society for Autism Research, 8(3), 307–316. 
MEDLINE. https:// doi. org/ 10. 1002/ aur. 1447

Happé, F., & Frith, U. (2006). The weak coherence account: detail-
focused cognitive style in autism spectrum disorders. Journal 
of Autism and Developmental Disorders, 36(1), 5–25. https:// 
doi. org/ 10. 1007/ s10803- 005- 0039-0 /https:// doi. org/ 10. 1007/ 
s10803- 005- 0039-0

Hobson, R. P., & Lee, A. (1998). Hello and goodbye: A study of 
social engagement in autism. Journal of Autism and Develop-
mental Disorders, 28(2), 117–127. https:// doi. org/ 10. 1023/a: 
10260 88531 558

Iarocci, G., Rombough, A., Yager, J., Weeks, D. J., & Chua, R. 
(2010). Visual influences on speech perception in children with 
autism. Autism, 14(4), 305–320. https:// doi. org/ 10. 1177/ 13623 
61309 353615

Jurek, L., Longuet, Y., Baltazar, M., Amestoy, A., Schmitt, V.,  
Desmurget, M., & Geoffray, M.-M. (2019). How did I get so 
late so soon? A review of time processing and management in 
autism. Behavioural Brain Research, 374, 112121. https:// doi. 
org/ 10. 1016/j. bbr. 2019. 112121

Kawasaki, M., Kitajo, K., Fukao, K., Murai, T., Yamaguchi, Y., &  
Funabiki, Y. (2017). Frontal theta activation during motor syn-
chronization in autism. Scientific Reports, 7(1), 15034. MED-
LINE. https:// doi. org/ 10. 1038/ s41598- 017- 14508-4

Kim, S. H., Hus, V., & Lord, C. (2013). Autism Diagnostic Interview-
Revised. In F. R. Volkmar (Ed.), Encyclopedia of Autism Spec-
trum Disorders (pp. 345–349). Springer. https:// doi. org/ 10. 1007/ 
978-1- 4419- 1698-3_ 894

Kwakye, L. D., Foss-Feig, J. H., Cascio, C. J., Stone, W. L., &  
Wallace, M. T. (2011). Altered auditory and multisensory tem-
poral processing in autism spectrum disorders. Frontiers in Inte-
grative Neuroscience, 4, 129. https:// doi. org/ 10. 3389/ fnint. 2010. 
00129

Landa, R. J., Holman, K. C., O’Neill, A. H., & Stuart, E. A. 
(2011). Intervention targeting development of socially syn-
chronous engagement in toddlers with autism spectrum dis-
order: a randomized controlled trial. Journal of Child Psy-
chology & Psychiatry, 52(1), 13–21. CINAHL Plus. 10.1111 
/j.1469–7610.2010.02288.x

Magnée, M. J. C. M., Gelder, B. D., Engeland, H. V., & Kemner, C. 
(2008). Audiovisual speech integration in pervasive developmen-
tal disorder: Evidence from event-related potentials. Journal of 
Child Psychology and Psychiatry, 49(9), 995–1000. https:// doi. 
org/ 10. 1111/j. 1469- 7610. 2008. 01902.x

Marsh, K. L., Isenhower, R. W., Richardson, M. J., Helt, M., Verba-
lis, A. D., Schmidt, R. C., & Fein, D. (2013). Autism and social 
disconnection in interpersonal rocking. Frontiers in Integrative 
Neuroscience, 7, 4. MEDLINE. https:// doi. org/ 10. 3389/ fnint. 
2013. 00004

Massaro, D. W., & Bosseler, A. (2002). Perceiving speech by ear 
and eye: multimodal integration by children with autism. 
ResearchGate.

McGrath, J. E., & Kelly, J. R. (1986). Time and human interaction: 
toward a social psychology of time (pp. viii, 183). Guilford Press.

McGuinness, L. A., & Higgins, J. P. T. (2020). Risk-of-bias visualiza-
tion (robvis): an R package and shiny web app for visualizing 
risk-of-bias assessments. Research Synthesis Methods, n/a(n/a). 
https:// doi. org/ 10. 1002/ jrsm. 1411

McNaughton, K. A., & Redcay, E. (2020). Interpersonal synchrony in 
autism. Current Psychiatry Reports, 22(3), 1–11.

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A.,  
Petticrew, M., Shekelle, P., Stewart, L. A., & PRISMA-P Group. 
(2015). Preferred reporting items for systematic review and 

meta-analysis protocols (PRISMA-P) 2015 statement. Systematic 
Reviews, 4(1), 1. 10.1186 /2046–4053–4–1

Mongillo, E. A., Irwin, J. R., Whalen, D. H., Klaiman, C., Carter, A. 
S., & Schultz, R. T. (2008). Audiovisual processing in children 
with and without autism spectrum disorders. Journal of Autism 
and Developmental Disorders, 38(7), 1349–1358. https:// doi. org/ 
10. 1007/ s10803- 007- 0521-y

Morimoto, C., Hida, E., Shima, K., & Okamura, H. (2018). Tempo-
ral processing instability with millisecond accuracy is a cardinal 
feature of sensorimotor impairments in autism spectrum disorder: 
analysis using the synchronized finger-tapping task. Journal of 
Autism & Developmental Disorders, 48(2), 351–360. CINAHL 
Plus. https:// doi. org/ 10. 1007/ s10803- 017- 3334-7

Mottron, L., Dawson, M., Soulières, I., Hubert, B., & Burack, J. 
(2006). Enhanced perceptual functioning in autism: An update, 
and eight principles of autistic perception. Journal of Autism and 
Developmental Disorders, 36(1), 27–43. https:// doi. org/ 10. 1007/ 
s10803- 005- 0040-7

Petitto, L. A., Zatorre, R. J., Gauna, K., Nikelski, E. J., Dostie, D., & 
Evans, A. C. (2000). Speech-like cerebral activity in profoundly 
deaf people processing signed languages: Implications for the 
neural basis of human language. Proceedings of the National 
Academy of Sciences, 97(25), 13961–13966. https:// doi. org/ 10. 
1073/ pnas. 97. 25. 13961

Petitto, L. A., Holowka, S., Sergio, L. E., & Ostry, D. (2001). Language 
rhythms in baby hand movements. Nature, 413(6851), 35–36. 
https:// doi. org/ 10. 1038/ 35092 613

Righi, G., Tenenbaum, E. J., McCormick, C., Blossom, M., Amso, D., 
& Sheinkopf, S. J. (2018). ‘Sensitivity to audio-visual synchrony 
and its relation to language abilities in children with ASC’: Erra-
tum. Autism Research, 11(5), 811–812.

Ropar, D., Greenfield, K., Smith, A. D., Carey, M., & Newport, R. 
(2018). Body representation difficulties in children and adoles-
cents with autism may be due to delayed development of visuo-
tactile temporal binding. Developmental Cognitive Neuroscience, 
29, 78–85. MEDLINE. 10.1016 /j.dcn.2017.04.007

Russell, G., Mandy, W., Elliott, D., White, R., Pittwood, T., Ford, T. 
(2019). Selection bias on intellectual ability in autism research: 
A cross-sectional review and meta-analysis. Molecular Autism 
10https:// doi. org/ 10. 1186/ s13229- 019- 0260-x

Shah, P., Bird, G., & Cook, R. (2016). Face processing in autism: 
Reduced integration of cross-feature dynamics. Cortex: A Jour-
nal Devoted to the Study of the Nervous System & Behavior, 75, 
113–119. CINAHL Plus. https:// doi. org/ 10. 1016/j. cortex. 2015. 
11. 019
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