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Abstract

Entrainment is the tendency of people to behave similarly during an interaction. It occurs on different
levels of behaviour, including speech, and has been associated with pro-social behaviour and increased
rapport. This review paper outlines the current understanding of linguistic entrainment, particularly at
the speech level, in individuals with autism spectrum disorder (ASD), a disorder that is associated with
social difficulties and unusual prosody. Aberrant entrainment patterns in individuals with ASD could
thus contribute to both their perceived unusual prosody and their social difficulties. Studying
the relationship between speech entrainment and ASD holds great potential for applied benefits in
utilizing this knowledge for pre-screening or diagnosis, monitoring progress longitudinally, and
intervention practices. Our findings suggest that research on entrainment in ASD is sparse and
exploratory, and the ecological validity of experimental paradigms varies. Moreover, there is little
consistency in methodology and results vary between studies, which highlights the need for standardized
methods in entrainment research. A promising way to standardize methods, facilitate their use, and
extend them to everyday clinical practice, is by implementing automatic methods for speech analysis
and adhering to open-science principles.
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1. Introduction

During an interaction, people tend to repeat or mimic each other’s gestures, movements, and ways of
speaking (e.g. Chartrand and Bargh, 1999). As a result, the behaviour of two conversing interlocutors
might become more similar over time. The tendency of people to behave more similarly in an interaction
is often referred to as entrainment, which is the term that we will use in this paper, but other terms such
as convergence, synchrony, alignment and accommodation are also commonly used. One form of
behavioural entrainment that practically everyone is familiar with is yawning: this “contagious”
behaviour is often mirrored and can spread around groups (Platek et al., 2003). Entrainment has also
been observed in a large range of other modalities and behaviours, including posture sways (e.g.
Shockley, Santana and Fowler, 2003), eye movements, head movements, and facial expressions
(e.g. Louwerse, Dale, Bard and Jeuniaux, 2012), but also in physiological processes such as
heartbeat (e.g. Feldman et al., 2011).

Perhaps the most well-researched domain in which entrainment occurs is language. It is this type of
entrainment with which the present paper is concerned. Hence, in this paper, “entrainment” will denote
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linguistic entrainment unless otherwise specified. Entrainment has been observed at practically all levels
of language, including syntax (e.g. Branigan, Pickering and Cleland, 2000), lexical choice (e.g. Brennan
and Clark, 1996; Garrod and Anderson, 1987), prosody (e.g. Levitan et al., 2012; Natale, 1975; Webb,
1969), and dialogue acts (e.g. Mizukami et al., 2016). Entrainment is associated with smoother and more
natural sounding conversation, as well as more effective and satisfying communication (e.g. Borrie,
Lubold and Pon-Barry, 2015; Chartrand and Bargh, 1999; Fusaroli et al., 2012; Levitan et al., 2012;
Nenkova, Gravano and Hirschberg, 2008; Reitter and Moore, 2014). Moreover, entrainment has been
shown to correlate with feelings of closeness in interpersonal relationships (e.g. Lee et al., 2010; Pardo
et al., 2012) and is associated with the building of rapport (e.g. Lubold and Pon-Barry, 2014).
Additionally, entrainment in romantic relationships is positively associated with ratings of various
measures of relationship quality such as cooperation and health of the relationship (Weidman, Breen,
and Haydon, 2016) and positive attitude of partners (Lee et al., 2010). Entrainment has even been
associated with attractiveness and likeability during speed dating events (Michalsky and Schoorman,
2017). In other words, entrainment plays a large role in interpersonal dynamics, social affiliation and
conversation coordination.

1.1 Theoretical relevance

Despite its importance and relevance in many aspects of social interaction, several questions about
entrainment remain unanswered. A heavily debated issue is whether entrainment occurs automatically
(Pickering and Garrod, 2004, 2013), or is mediated by social factors (Giles, Coupland, and Coupland,
1991) or higher-order cognitive processes (Clark, 1996; Clark and Murphy, 1982) such as Theory of
Mind (ToM), which refers to one’s ability to comprehend and infer that others can have inner mental
states that differ from one’s own. Certain disorders, such as autism spectrum disorder (ASD) have
traditionally been associated with ToM impairments (e.g. Baron-Cohen, 2000; Baron-Cohen et al., 1985;
Tager-Flusberg, 2007). Studying entrainment in such populations may bring relevant findings bearing
on the predictions of these theories, though caution must be taken regarding any conclusions about
the role of ToM: while traditionally ASD has been associated with ToM impairments, recent empirical
evidence suggests that this may be a questionable assumption (Paynter, Keen, and Rose, 2016;
Gernsbacher and Yergeau, 2019). Rather than individual ToM impairments in individuals with ASD,
difficulty in communications and “mind-reading” are the result of “neurotype mismatches” that occur
when an individual who is not neurotypical, such as someone with ASD, interacts with a neurotypical
(NT) individual. Individuals with ASD may not lack a theory of mind per se, but rather may struggle to
understand the NT mind, specifically. Importantly, this works both ways: NT individuals lack a theory
of “autistic” mind. This view is referred to as the “double empathy problem” (Milton, 2012) and is often
advocated for by individuals with ASD. It is essential to keep this perspective in mind, especially
considering the fact that all existing research into entrainment in individuals with ASD was conducted
on interactions with a neurotype mismatch.

One of the most influential theories of entrainment was proposed by Pickering and Garrod (2004) in
their seminal work on “interactive alignment”. The idea at the core of the interactive alignment theory
is that entrainment occurs automatically via priming: if speaker A hears speaker B say the word “couch”,
for example, this activates “couch” in speaker A’s mental lexicon, and this recent activation makes it
more likely that speaker A will use the word “couch” rather than the word “sofa” to describe a soft,
comfortable multi-person seat. According to Pickering and Garrod (2004), this occurs due to the intricate
link between production and perception of language: the perception of a specific linguistic form
facilitates its production because perception and production rely on the same representations. These
processes occur at all levels of language, including the prosodic, syntactic and conceptual levels.
Pickering and Garrod (2004) further propose that entrainment “percolates” up through the different
levels of language. For example, hearing the utterance “That is a good idea!” may prime someone to use
the word “good”. Subsequently, they may be more likely to say “That was a good movie” than other
sentences with nearly identical meanings but different syntactic structures, such as “I liked that movie”.
In this way, lexical entrainment leads to entrainment at a higher level, namely at the level of syntax.
Ultimately, this percolating of entrainment at various levels leads to what Pickering and Garrod call
“alignment”: shared conceptual representations of the dialogue. While Pickering and Garrod themselves
do not explicitly discuss prosodic entrainment in their interactive alignment theory, it has been proposed
that prosodic entrainment is the result of priming (e.g. Ward and Litman, 2007).
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Contrary to the interactive alignment theory, other theories propose that entrainment is not automatic,
but is mediated by social, cognitive or contextual factors. One of these theories is the Communication
Accommodation Theory (CAT, Giles et al., 1991). According to CAT, people entrain to either
emphasize or minimize the social distance between themselves and their conversational partner. This is
comparable to the way body language has been shown to reflect interpersonal relationships or emotions:
individuals who like each other tend to lean towards one another, thereby minimizing the distance
between them. On the contrary, an individual who does not like their interlocutor typically leans away
from them (e.g. Mehrabian, 1968; Trout and Rosenfeld, 1980). CAT states that entrainment is a similar
phenomenon: mirroring someone, or entraining to them, minimizes social distance, while (perhaps
purposefully) not entraining or even dis-entraining emphasizes this social distance (Giles et al., 1991).
A prime example of this can be found in courtrooms where opposing parties use different words to
emphasize their disagreement, for example the word “baby” versus “foetus” in an abortion trial
(e.g. Clark, 1997; Danet, 1980). Indeed, research has shown that people tend to entrain less to individuals
that are most different to them: for example, Menshikova, Kocharov and Kachkovskaia (2021) found
greater entrainment between siblings than between strangers that differed in age or gender. Social
distance thus appears to influence entrainment.

Although ToM has no direct role in entrainment according to CAT, it may affect it indirectly. ToM
is essential for social cognition, which implies that impaired ToM may lead to impaired social cognition
and thus perhaps also impaired social behaviour. Moreover, the neurotype mismatch that is present in
communication between neurodivergent individuals (such as those with ASD) and NT individuals, may
increase feelings of social distance and could thus in turn lead to different entrainment behaviours. This
prediction is supported by a study conducted by Morrison et al. (2020), who found that individuals with
ASD seemed to prefer having unstructured conversations with others who shared their diagnosis and
neurotype, rather than with NT individuals. The authors suggest viewing the communication difficulties
of individuals with ASD as “relational” impairments rather than a communication impairment of
individuals with ASD, which is in line with the double empathy theory. Similarly, Crompton et al. (2020)
found that neurotype-matched dyads reported higher levels of report in semi-structured interactions than
dyads with a neurotype mismatch. These findings suggest that both interlocutors may experience more
social distance in an interaction with a neurotype mismatch than when both interlocutors share
a neurotype. Additionally, it is possible that individuals with ASD experience or perceive social distance
in a different way than neurotypical individuals. Investigating entrainment behaviour in this group may
thus shed light on how social distance is perceived and affects behaviour during interaction.

An alternative theory that assumes entrainment is not automatic is that of common ground and
audience design. According to Clark and Marshall (1978), in order to communicate, interlocutors must
share knowledge that must be mutually acknowledged as shared knowledge. Information that is mutually
acknowledged to be shared is said to be “in the common ground” (Clark, 1996; Clark and Murphy,
1982). A concept closely related to the notion of common ground is “audience design” (e.g. Clark and
Murphy, 1982) which refers to the way someone changes how they are speaking depending on who they
are speaking to. In doing so, common ground is typically taken into account: “We have a good idea of
the knowledge and beliefs they [the people we are talking to] share with us at the moment and what they
are thinking of, and we design our utterances accordingly” (p. 287, Clark and Murphy, 1982). A prime
example of this comes from a study by Bortfeld and Brennan (1997) where native and non-native
speakers of English took part in a referential communication task in which participants had to describe
and refer to objects or pictures. Once a non-native speaker described a rocking chair as “the chair in
which | can shake my body” to a native speaker, the native speaker continued using the unusual
description throughout the conversation rather than simply saying “the rocking chair” (p.132, Bortfeld
and Brennan, 1997). This example illustrates how the native speaker designed their utterance for their
non-native audience based on information in the common ground (in this case, the highly idiomatic
expression). In this way, common ground and audience design can lead to entrainment.

In order to assess whether a piece of information is in the common ground, one must infer their
interlocutor’s knowledge and beliefs. This requires ToM. Subsequently, ToM is an essential component
of audience design. Individuals with ASD appear to use information in the common ground differently
to neurotypical individuals: Nadig, Seth and Sasson (2015) found that during a referential
communication task, individuals with ASD and their interlocutors developed partner-specific terms to
refer to objects, i.e. conceptual pacts, in a similar way to neurotypical participants. When participants
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had to repeat the task with a new partner, neurotypical individuals repeated the process of establishing
conceptual pacts, whereas individuals with ASD exhibited a tendency to re-use terms they had
established with their old partner. It thus seems that these individuals may store or access information
in the common ground differently, which may influence their audience design process and
thus their utterances.

Although one may not expect prosodic entrainment as a result of audience design, it is important to
remember that prosody is used to mark and decode shared or new knowledge in conversation, and thus
common ground, through the distribution and prosodic characteristics of pitch accents and prosodic
boundaries. Nonetheless, effects of audience design are more likely to be noticeable on other levels of
language such as the lexical level. Moreover, considering the debate about ToM abilities and ASD, it
could be argued that this theory is least likely to offer concrete predictions about prosodic entrainment
in individuals with ASD.

In sum, investigating the patterns of prosodic entrainment in individuals with ASD might provide
relevant knowledge for assessing the predictions of several leading theories of spoken
communicative interaction.

1.2 Clinical relevance

Conclusive findings regarding the entrainment behaviour of individuals with ASD may not only be
theoretically relevant, but could also be of clinical importance. Research has shown that individuals with
ASD report more difficulties with long-term friendships and relationships and face more social exclusion
than NT individuals (e.g. Bossaert et al., 2015; Taheri et al., 2016). Given the strong associations
between entrainment and social affiliation, it is plausible that these social difficulties are partially caused
or enhanced by aberrant entrainment patterns. If this is the case, focusing on entrainment as a therapeutic
target in speech and language therapy may ameliorate the social difficulties that individuals with ASD
experience when interacting with their NT peers. There is some evidence to support the notion of
interventions targeting entrainment. For example, a therapy that focused on rhythmic entrainment of
movement during a game (Srinivasan et al., 2005) reduced negative symptoms in individuals with ASD.
Moreover, Koehne, Behrends, et al. (2016) found that adults with ASD who participated in a treatment
focused on movement imitation and entrainment showed greater improvement in their ability to infer
emotions than adults with ASD who participated in a different movement intervention that did not
emphasize entrainment. Similarly, Ingersoll (2003) found that children with ASD who received
treatment focused on imitation increased not only their imitation skills, but also their communication
skills and joint attention, compared to children with ASD who did not receive such treatment. Despite
these initial promising findings, further research is required to fully understand the potential of
entrainment-based interventions for ASD, specifically in the domain of language.

A potentially interesting avenue of research regarding linguistic entrainment as a therapeutic target
is the use of social robots or expressive avatars. Entrainment skills could be practised with social robots,
who can model behaviour and provide feedback on an individual’s performance (Diehl et al., 2012;
Boucenna et al., 2014). Existing research suggests that individuals with ASD enjoy interacting with
technology (Diehl et al., 2012; Boucenna et al., 2014) and that these interactions may even improve their
social skills (Hopkins et al., 2011; Boucenna et al., 2014). Perhaps the spoken dialogue system
implemented in social robots, avatars or other virtual agents could be designed for the purpose of speech
and language therapy to encourage individuals with ASD to entrain more, with the goal of minimizing
their social difficulties in real-world interactions.

Insight into entrainment behaviours of individuals with ASD may not only be useful in
the development of potential interventions, but may also facilitate the diagnostic process. Early
diagnosis of ASD is crucial as it allows for early intervention and can significantly improve quality of
life for a child with ASD and their family (e.g. Elder et al., 2017; Fernell, Eriksson and Gillberg, 2013).
However, getting a formal diagnosis is complicated: waiting lists for assessments are often long, and the
process of testing the child and interviewing family members is time-consuming and requires certified
experts. While it is clear that tests of linguistic entrainment cannot replace a comprehensive ASD
assessment needed to evaluate and support an individual on the autism spectrum, any tools that can be
used to screen children to identify those who might benefit from an official diagnostic assessment
(Parish-Morris, Cieri, et al., 2016) or otherwise assist the diagnostic procedure could
speed up the process.
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Prior research supports the idea that children with ASD can be automatically distinguished from their
NT peers based on their language and speech: several studies, including Parish-Morris, Liberman et al.
(2016), Deng et al. (2017), and Lee et al. (2013) have shown that various machine-learning algorithms
using features extracted from speech recordings can automatically identify children with ASD, NT
children, and children with other (developmental) disorders at an above-chance level based on their
acoustic-prosodic and lexical features. Parish-Morris et al. (2016) even provide a list of what they found
to be the most and least “ASD-like” words, suggesting that there is a significant difference between the
words used by both groups. Additionally, prosodic features such as speech rate and fundamental
frequency (fO) facilitated the distinction between the three groups. In the future, including measures of
entrainment in similar analyses could perhaps increase their accuracy. The inherent interactive nature of
entrainment may facilitate the detection of individuals with social difficulties, such as individuals with
ASD. Additionally, automatic detection of entrainment in individuals with ASD may be used for
longitudinal monitoring of progress or assessing the effects of treatments and intervention, considering
its strong associations with positive social measures. For all the aforementioned purposes, automatic
speech analysis rather than (partially) manually conducted analyses requires less linguistic expertise and
could save precious time and resources and may thus be favourable.

It must be noted that many tools to distinguish children with ASD from NT children based on
language require the children to have reached a specific level of language development, and many
children with ASD exhibit disordered or delayed language development. While prosodic entrainment
may be determined on the basis of non-verbal vocalizations, this is not commonly done. Nonetheless,
the development of screening tools may benefit verbal individuals from groups that are under-diagnosed
with ASD, such as girls (e.g. Gould and Ashton-Smith, 2011; Dean, Harwood, and Kasari, 2017) or
children of colour (e.g. Durkin et al., 2017).

1.3 Focus of the present paper

This paper aims to review and critically evaluate existing literature on linguistic entrainment in
individuals with ASD. Research into entrainment on different levels of language will be reviewed, but
a particular emphasis will be placed on prosodic entrainment. The speech and prosody of individuals
with ASD is often perceived as odd or unusual (e.g. Nadig and Shaw, 2012; Filipe et al., 2014), which
lends support to the notion that individuals with ASD may show unusual entrainment patterns, especially
at the level of speech. Additionally, this review paper will focus on the ecological validity of existing
research. Many (psycho)linguistic studies are conducted in laboratory environments, rely on highly
controlled stimuli and involve predictable turn-taking. It is likely that participants in this setting thus
have to rely less on conversation coordination strategies such as entrainment. Therefore, such highly
controlled and predictable tasks are less likely to reveal differences in entrainment between individuals
with and without ASD. To obtain results that more closely resemble everyday conversations, eliciting
(semi-)naturalistic conversations from participants to investigate entrainment is imperative. Finally, we
also discuss how the effective use of automatic methods for speech analysis and adherence to open-
science principles might facilitate the standardization of methodology and ultimately the wider
application of speech entrainment functionality in clinical practice and human-machine interactions.

2. Linguistic entrainment in individuals with autism spectrum disorder
2.1 Syntactic and lexical entrainment

Entrainment in individuals with ASD has been researched on several levels including syntax, lexical
choice and acoustic-prosodic features. Research suggests that children with ASD show similar levels of
syntactic entrainment to children without ASD, both in experimental settings (Allen et al., 2011;
Slocombe et al., 2013) and more naturalistic conversations (Hopkins, Yuill and Keller, 2016). Similarly,
research suggests individuals with and without ASD lexically entrain in similar ways, though all research
involves highly structured tasks with predictable conversation. For example, in Branigan et al. (2016)
and Hopkins et al. (2017) participants were asked to play a card game with highly predictable turn-
taking and no need for multi-word utterances. Similarly, Slocombe et al. (2013) administered a card
placing task in which participants were asked to produce short location descriptions following
a predictable turn-taking pattern.
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The fact that these studies relied on highly structured tasks begs the question of whether these
experimental findings translate to more naturalistic conversation. Indeed, there is reason to believe that
individuals with ASD entrain on syntax and lexical choice less in “real-world” conversations: even
a commonly used screening tool to assess the social communication abilities of children who might have
ASD, the Social Communication Questionnaire (SCQ; Rutter, Bailey and Lord, 2003), mentions “Lack
of ability to imitate words and sentences” as a characteristic of ASD. Additional research may thus be
required to confirm whether the experimental findings regarding lexical entrainment in individuals with
ASD in highly structured tasks are also applicable to more natural and ecologically valid
spoken interactions.

2.2 Prosodic entrainment

Although results from syntactic and lexical entrainment research suggest no significant differences in
entrainment behaviours between individuals with and without ASD, findings from studies investigating
acoustic-prosodic entrainment suggest otherwise. Wynn, Borrie and Sellers (2018) for example
conducted an experiment in which participants were asked to watch videos of a woman asking
participants to describe the picture she was holding. Some of the videos had been altered to increase or
decrease the woman’s speech rate. Participants were instructed to speak for 15 seconds after every video.
Speech rate of participants was determined by counting the number of syllables in each response and
dividing it by the total response time. Analysis revealed that the group of NT adult participants entrained
on speech rate, i.e. increased their speech rate after watching a video with higher speech rate and
decreased their speech rate after watching a video with slowed speech rate. This entrainment effect was
not found for the group of adults with ASD, nor for the group of NT children, nor the children with
ASD. The authors interpret the results as implying that “speech rate entrainment requires a subset of
skills that are generally acquired during childhood and that may be impaired, or essentially not acquired,
in individuals with ASD” (Wynn and Borrie, p. 969). In particular, they suggest that rhythmic skills are
required for speech rate entrainment, and that these skills have not fully developed in younger children.
Importantly, the experimental paradigm implemented by Wynn et al. (2018) involved entraining to
audiovisual recordings rather than actual humans, which makes it difficult to draw conclusions on how
these results translate to real-life, spoken interactions.

Hogstrom et al. (2018) studied the extent to which individuals with and without ASD entrained on
a variety of prosodic-acoustic features to other humans, rather than recordings. Participants were asked
to participate in a Maps task (Anderson et al., 1991). Both participants were given a map with landmarks.
One participant’s map had a pre-drawn route on it. The participant with this map was the “instruction
giver” and had to give instructions to the other participant, the “instruction follower”, whose goal was
to replicate the pre-drawn route on their own map. The instruction giver’s and follower’s maps were
similar, but not identical. Before and after the Maps task, participants were asked to read a list of
sentences that contained the names of landmarks on the maps (e.g. “Number eight is the lighthouse”,
p. 1799). Hogstrom et al. (2018) then extracted the following features from these sentences: the spectral
centre and duration of /s/ and /[/ phonemes and the fO and duration of the sentences. For each of these
features, the mean absolute differences between speakers who completed the Maps task together were
calculated, and the difference between the pre- and post-task recordings of the sentence lists were
compared. If the mean absolute difference between speakers on a specific feature became smaller after
completing the Maps task together, the participants had entrained on that particular feature. Interestingly,
the only feature on which a significant difference was found between the group with and that without
ASD was /s/ duration. Nonetheless, Hogstrom et al. (2018) conclude that this finding shows reduced
entrainment in individuals with ASD. However, the robustness of this claim is questionable as
a significant difference was found on only one of many features. Furthermore, entrainment was
determined during monologic speech rather than during the interaction.

Lehnert-LeHouillier, Terrazas, and Sandoval (2020) also elicited task-oriented conversation from
participants with and without ASD, and used this task-oriented dialogue rather than monologic speech
to determine speech entrainment. Participants took part in a Diapix task (Baker and Hazan, 2011), which
is essentially a collaborative “spot the differences” task. Each individual is given a picture. The pictures
are similar but not identical, and participants must describe and discuss their images in order to find
the differences between both pictures. To investigate entrainment on fO, the mean and interquartile range
of fO were extracted from the first and last third of every interaction. A geometric approach was taken

52



Topics in Linguistics (2021), 22(2), pp. 47-61

to quantify entrainment (see Lehnert-LeHouillier et al., 2020 for details). Results suggested a significant
difference between groups in terms of fO range as well as mean fO entrainment: entrainment of on
average 6 Hz was observed in conversations with NT participants, but in conversations with participants
with ASD, dis-entrainment of on average 6 Hz was observed. There was also a significant difference
between groups on mean fO contribution: “on average, participants with ASD contributed 71% less to
the convergence in mean fO during the conversation compared to their NT peers” (Lehnert-LeHoullier
etal., 2020 p. 8).

Furthermore, a significant interaction effect was found between age and group: results suggested that
there was less entrainment in conversations involving older participants with ASD, while more
entrainment was observed during conversations with younger participants with ASD. The opposite was
found for the NT group: in conversations with older NT children, more entrainment was observed than
during conversations with younger NT children. Importantly, this interaction effect was only found with
regards to mean fO entrainment, and not entrainment contribution. In other words, the difference
originated from the confederate, rather than the participant. Lehnert-LeHoullier et al. (2020) state that
perhaps the confederate was compensating for reduced entrainment in conversations with older
participants with ASD, but that they did not do so in conversations with older NT children. However, it
is difficult to know whether such adjustments were made consciously or not, as it is unclear whether the
confederate was aware of the participants’ diagnosis. Nonetheless, results from the study by Lehnert-
LeHoullier et al. (2020) appear to indicate reduced entrainment in interactions with individuals with
ASD as compared to NT individuals.

To date, the only study that studied entrainment in individuals with ASD during a semi-naturalistic
conversation and within a smaller time-frame (i.e. not third or halves of a conversation) was done by
Ochi et al. (2019), who analysed entrainment during the semi-structured interview of a diagnostic
interview module (Lord et al., 2008). Ochi et al. (2019) used the time aligned moving average (TAMA)
method (Kousidis et al., 2008) to assess entrainment. This method works by sliding a window across
the speech signal at regular intervals and extracting features within this window to create a time series.
The resulting time series are then cross-correlated. Ochi et al. (2019) extracted a large range of prosodic
features as well as features relating to turn-taking. Important findings included a significant group
difference on the correlation coefficient of “blockwise” mean intensity (i.e. the correlation coefficient
between both speakers’ mean intensity in a window) which was a measure of entrainment on intensity.
Additionally, a support vector machine (SVM), a commonly used machine learning algorithm, was
highly accurate in identifying individuals with ASD based on their speech features: it achieved
an accuracy of 89.9 and an F-measure of 93.4 using the best combination of features which included
mean and log standard deviation (SD) of turn-taking latency, SD of blockwise mean of intensity, and
correlation coefficient of blockwise mean of log f0. In other words, individuals with ASD appeared to
entrain less on intensity than NT participants, though this may have been related to the observation that
individuals with ASD tended to speak at the same intensity and thus showed less variation in intensity.
Using a range of features including a measure of fO entrainment, a SVM could successfully identify
individuals with ASD. This suggests that fO entrainment differs between individuals with and without
ASD, though it could also be related to the observation that more within-group variance was found on
mean f0 in the ASD group as compared to the NT group. Taken together, the findings by Ochi et al.
(2019) suggest that there may be reduced entrainment in individuals with ASD, though it is important
to note that all participants in their study were male. While it is common for males to be overrepresented
in ASD research (Watkins, Zimmerman and Poling, 2014), the absence of female participants in this
study begs the question of whether its results are generalizable to the wider population with ASD.
Nonetheless, the finding that a SVM could successfully detect individuals with ASD based on speech
features and a measure of entrainment is promising. In general, research appears to suggest that there
may be a pattern of reduced acoustic-prosodic entrainment in individuals with ASD, though only few
studies analysed semi-naturalistic speech.

While Ochi et al. (2019) determined entrainment on a smaller timeframe than the previously
discussed studies, their study still does not capture change in entrainment over time, i.e. “dynamic”
entrainment. According to De Looze et al. (2014), fluctuations in entrainment over time may reflect
changes in social behaviour, intentions or the speakers’ involvement with each other. Considering
the potential influence of social behaviour on entrainment and vice versa, capturing such dynamic
changes might be essential to characterizing entrainment in general, but also specifically in individuals
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with ASD. One way to determine entrainment dynamically is to use cross-recurrence quantification
analysis (CRQA). This method has several benefits: besides capturing the dynamicity of entrainment,
which may reflect changes in social behaviour, additional advantages of CRQA are the fact that it can
be used to analyse naturalistic data semi-automatically, and that it can identify entrainment at different
time lags (Fusaroli and Tylén, 2016; Borrie et al., 2019). A disadvantage of the method is that it requires
the setting of several parameters that can critically alter the results of the analysis. Nonetheless, it is
a promising tool for entrainment research more generally, as well as entrainment research in individuals
with speech, language or communication difficulties, such as individuals with ASD.

Borrie et al. (2019, 2020) implemented CRQA in a way that is of particular relevance to entrainment
research with clinical populations: they extracted a range of speech features from recordings of NT
speech and conducted CRQA to quantify the extent of the behaviour that was shared between
participants over time. Parameters for the CRQA were determined based on clinical assessments of how
“in sync” interlocutors were. The inclusion of clinical assessments, and the fact that the method is
automatic and suitable for naturalistic conversations, makes the CRQA-based method used by Borrie
et al. (2020) an excellent option for future (clinical) research into entrainment in individuals with ASD.
However, it is important to note that this particular implementation of CRQA requires clinical expertise
and may thus be less appropriate for the automatic detection of individuals with ASD based solely on
their speech features.

Table 1. Summary of studies investigating linguistic entrainment in individuals with ASD.

Level Study Findings Setting

Syntactic Allen et al. (2011) ASD =~ NT  Highly structured task
Slocombe et al. (2013) ASD =~ NT  Highly structured task
Hopkins et al. (2016) ASD =~ NT  Naturalistic dialogue

Lexical Slocombe et al. (2013) ASD =~ NT  Highly structured task
Branigan et al. (2016) ASD =~ NT  Highly structured task
Hopkins et al. (2017) ASD =~ NT  Highly structured task

Acoustic-prosodic  Wynn et al. (2018) ASD <NT  Monologic speech
Hogstrom et al. (2018) ASD <NT  Monologic speech
Lehnert-LeHouillier et al. (2020) ASD <NT  Semi-naturalistic dialogue
Ochi et al. (2019) ASD <NT  Semi-naturalistic dialogue

3. Discussion

The results of the existing literature review, summarized in Table 1, suggest that compared to individuals
without ASD, individuals with ASD appear to show similar entrainment behaviours at the syntactic and
lexical levels, but seem to exhibit less acoustic-prosodic entrainment. Interestingly, the majority of
research into these topics was done using highly structured tasks. While the tasks involved interaction
to some extent, often turn-taking was predictable and turns were short. For example, in the paradigm
used by Branigan et al. (2016) and Hopkins et al. (2017), turns consisted of single-word utterances.
In the task used by Slocombe et al. (2013), location descriptions were short. In both tasks, response
options were constrained in terms of content and form. This could lead to higher levels of entrainment.
Additionally, the paradigms require little actual interaction. Du Bois, Hobson and Hobson (2014) even
refer to the interaction as “serial monologue” (p. 436) rather than a dialogue, highlighting how such
structured tasks do not resemble true, naturalistic dialogue. Thus, the extent to which the results of these
studies transfer to real-world conversations, in which turns are highly variable and commonly include
incomplete linguistic structures, is a point of discussion. Future research could focus on more naturalistic
conversations. However, it must be noted that not all speech acts in a naturalistic dialogue serve the same
function, which means that dialogue act type may affect entrainment during the interaction. For example,
Reichel, Mady and Cole (2018) found that people show a greater tendency to entrain during collaborative
dialogue acts than during competitive ones. The way entrainment is affected by dialogue act type, social
factors such as collaboration, and the interaction between the two requires further investigation, both in
individuals with and without ASD.
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Contrary to the other levels of language, existing research suggests that individuals with ASD exhibit
different entrainment behaviours at an acoustic-prosodic level compared to individuals without ASD.
This could be interpreted as not being in line with Pickering and Garrod’s “interactive alignment”
account of entrainment (2004, 2013), which states that entrainment occurs automatically through
priming. This theory does not explain why acoustic-prosodic entrainment would differ in individuals
with ASD compared to NT individuals: Pickering and Garrod state that “interlocutors do not model each
other’s mental states but simply align on each other’s linguistic representations” (Pickering and Garrod,
2004, p. 180). An individual with a possible ToM impairment is thus unlikely to exhibit entrainment
behaviours that differ from those produced by someone without such an impairment. Nonetheless,
Pickering and Garrod mention that ToM may be used to correct for instances of “mis-alignment” or
misunderstanding. Following the interactive alignment account, one would thus not expect an individual
with ASD to entrain differently to a NT individual — except perhaps during misunderstandings.

It is important to note that Pickering and Garrod explicitly speak of linguistic representations. One
could argue that acoustics and prosody serve more of a paralinguistic rather than purely linguistic
function. This is a particularly crucial point when one realizes that existing research does not seem to
find a difference between individuals with and without ASD in entrainment behaviours on any other
linguistic levels, such as lexical choice and syntax (see Table 1). It is thus plausible that individuals with
ASD do not have a linguistic entrainment deficit, but perhaps exhibit reduced entrainment on
paralinguistic features such as voice quality, prosody and other non-verbal cues. This notion is supported
by research that suggests that individuals have difficulty with synchrony and imitation in other
modalities: for example, Marsh et al. (2013) found that children with ASD do not entrain to their parents
on body swaying rhythm, whereas children without ASD do exhibit this tendency. Children with ASD
also show reduced entrainment in pendulum swinging tasks (Fitzpatrick et al., 2018) and finger tapping
tasks (Koehne, Hatri, et al., 2016). Patterns of reduced paralinguistic and non-verbal entrainment can
also be observed in conversational settings: for example, Noel et al. (2017) showed that individuals with
ASD show reduced entrainment on head and hand movements to their conversational partners as
compared to NT individuals. Similarly, individuals with ASD do not entrain to their conversational
partners on eye blinking (Nakano, Kato and Kitazawa, 2011). Future research could further explore this
idea by investigating entrainment on paralinguistic features and other non-verbal cues. Additionally, as
suggested by Wynn et al. (2018), the relationship between rhythmic skills and entrainment in this
population could be investigated: a review of interpersonal synchrony in individuals with ASD illustrates
that these individuals tend to show less entrainment than NT individuals in a range of behaviours
including hand movements, head movements, clapping, pendulum swinging, marching and many other
behaviours (McNaughton and Redcay, 2020). It is plausible that difficulties with rhythm underlie this
lack of temporally synchronous behaviour, which may also influence entrainment on non-verbal
communication and speech rate.

Alternatively, results of existing studies can be better explained by the audience design account,
which postulates that during an interaction, individuals tailor their utterances to their conversational
partner using perspective-taking and ToM skills (Clark, 1996; Clark and Murphy, 1982) that individuals
with ASD are thought to be impaired in. However, this theory of mind impairment has been questioned
Milton, 2012; Paynter, Keen and Rose, 2016; Gernsbacher and Yergeau, 2019) and recent evidence
suggests the social difficulties experienced by individuals with ASD are the result of neurotype-
mismatches rather than an inherent social (cognition) deficit (Morrison et al., 2020; Crompton et al.,
2020). Thus, a perhaps more convincing interpretation of the findings is based on CAT (Giles et al.,
1991). The results suggest that the social distance between an individual with ASD and a NT confederate
may be perceived as greater than the social distance between two NT individuals, since they are of
different neurotypes. This line of reasoning might apply to the observation in Lehnert-LeHoullier et al.
(2020) that showed that the NT confederate entrained to the ASD interlocutors differently than
to NT participants.

Although the results of the discussed studies suggest that individuals with ASD may entrain on
prosodic features to a lesser extent than NT individuals, and sometimes may even disentrain, it is difficult
to draw definitive conclusions. The tasks and analyses used in the studies differ greatly, as do their
respective findings. For example, Wynn et al. (2018) did not measure entrainment to a human, but to
video recordings. Hogstrom et al. (2018) measured entrainment based on word-list readings, rather than
during interaction. Only Lehnert-LeHouillier et al. (2020) and Ochi et al. (2019) measured entrainment
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during semi-naturalistic speech, though even those two studies differ significantly: the dialogue elicited
by Lehnert-LeHouillier et al. (2020) was task-oriented while Ochi et al. (2019) collected speech samples
during a semi-structured interview. Additionally, the two studies used vastly different analyses to
quantify the degree of entrainment: Lehnert-LeHouillier et al. (2020) measured how similar two
interlocutors became over the course of an entire conversation in absolute terms, whereas Ochi et al.
(2019) looked at relative synchrony between two speakers in shorter timeframes. Such substantial
differences in methods can complicate a direct comparison between studies. Additionally, it is possible
that entrainment over large versus small timeframes occur due to different underlying mechanisms or
serve different purposes in interaction. For this reason, it is essential that researchers specify which type
of entrainment they are investigating and which timeframe is being considered (Levitan, 2018).

Various attempts have been made to provide frameworks for the classification of different types of
entrainment, such as the framework proposed by Wynn and Borrie (2020). The fact that such
frameworks exist indicates that the lack of standardized methodology and analysis is not specific to
research investigating entrainment in ASD, but is characteristic of acoustic-prosodic entrainment
research more generally (see e.g. Levitan, 2018, for discussion). An open-source entrainment analysis
toolbox could facilitate the standardization of analyses in entrainment research, as well as make it more
accessible for researchers whose backgrounds may be in other fields, including clinicians. Such
a package already exists for the analysis of entrainment on different levels of language, such as lexical
and syntactic entrainment (Duran, Paxton, and Fusaroli, 2019).

Furthermore, such a toolbox could facilitate the use of automatic methods. In addition to differences
in various methodologies, the discussed studies relied partly on manual annotation: whether that be
transcription (Lehnert-LeHouillier, Terrazas and Sandoval, 2020), extraction of inter-pausal units (Ochi
et al.,, 2019) or counting of syllables to determine speech rate (Wynn, Borrie, and Sellers, 2018).
The analysis process could be made more efficient and objective by carrying out these steps
automatically. An open-source toolbox with computational methods that automatically extract markers
of entrainment without the need for manual transcription would facilitate efficient and objective analysis,
eliminate human error and ensure consistency in methodologies.

Entrainment research would also benefit from open data: not only would this facilitate replication of
results; it would also allow for data to be re-analysed. Considering the dynamic and complex nature of
entrainment (De Looze et al., 2014; Levitan, 2018) additional analyses could greatly improve our
theoretical understanding of entrainment. There are myriad open-access corpora of NT individuals
interacting, but similar resources are not available for the comparison of speech from NT individuals
with that of individuals with ASD. Though this disparity is understandable considering the extra
stringent personal data protection rules for data of clinical populations, such resources would be
invaluable. Rather than sharing speech recordings, which may not always be ethically justifiable,
perhaps researchers could share datasets of extracted acoustic-prosodic features and orthographic
transcripts that have been anonymized. While this is by no means a perfect solution, it may be a small
step towards increasing our understanding of entrainment in individuals with ASD, as well as facilitating
research into other forms of speech analysis.

While adhering to open-science principles would be promising for acoustic-prosodic entrainment
research more generally, specific suggestions can be made for further research into entrainment in ASD.
The relationship between entrainment and perceived quality of conversation can be analysed to see
whether this differs between NT individuals and those with ASD, as communication strategies may
differ between the two groups: Morrison et al. (2020) found that individuals with ASD seemed to prefer
having unstructured conversations with others who shared their diagnosis and neurotype, rather than
with NT individuals. The authors suggest viewing the communication difficulties of individuals with
ASD as “relational” impairments rather than a communication impairment of individuals with ASD.
The role that entrainment plays in this relational perspective is worth investigating, as it is plausible that
the different groups have preferences for different conversation styles or coordination strategies.

Based on Lehnert-LeHouillier, Terrazas and Sandoval (2020), the relationship between ASD
symptom severity and entrainment behaviours should be further investigated. It could be researched
whether acoustic-prosodic entrainment can provide a target for therapeutic intervention and also a means
for gauging and monitoring long-term progress. Regarding potential intervention, either through human-
human or human-machine spoken interactions individuals with ASD could be encouraged to entrain
more, which may in turn enhance their social and conversational skills.
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5. Conclusion

Research on linguistic entrainment in general and acoustic-prosodic entrainment in particular in
individuals with ASD is sparse, and only recent studies employed naturalistic paradigms with higher
ecological validity. Nonetheless, findings from existing studies suggest that individuals with ASD may
exhibit patterns of reduced acoustic-prosodic entrainment or even show disentrainment, though future
research is warranted to confirm and further characterize this possible entrainment deficit. In the future,
open-science and computational, automatic methods could likely advance this field of research, and may
have significant clinical implications, especially in the diagnostic process or as a potential
therapeutic target.
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