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Abstract

Entrainment is an inherently interactive phe-
nomenon whereby speakers tend to become
more similar over time, for example in their
way of speaking or prosody. Prosodic entrain-
ment is associated with positive social mea-
sures. Autism spectrum disorder (ASD), on the
other hand, is associated with social difficulties,
as well as unusual prosody. Taken together, this
could suggest that individuals with and with-
out ASD show differences in prosodic entrain-
ment. Such a between-group difference would
be a promising direction for automatic, speech-
based diagnostic screening tools. The present
study aimed to characterise prosodic entrain-
ment in Slovak children with and without ASD
using several measurements, to understand par-
ticipants’ entrainment behaviour on multiple
levels. Results paint a complex picture of
prosodic entrainment in this corpus, but no sig-
nificant between-group differences in prosodic
entrainment were found using both local and
global methods, suggesting that prosodic en-
trainment alone might not be the most promis-
ing direction for diagnostic screening tools.

1 Introduction

Early diagnosis of autism spectrum disorder (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; Fer-
nell et al., 2013). However, getting a formal diag-
nosis is complicated: waiting lists for assessments
are often long, and the process of testing a child
and interviewing their family members is time-
consuming and requires certified experts. While it
is clear that automatic tests cannot replace a com-
prehensive ASD assessment needed to evaluate and
support an individual on the spectrum, any tools
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that can be used to screen children or assist the diag-
nostic process could speed up the process and may
be especially beneficial to groups that are under-
diagnosed with ASD, such as girls (e.g. Gould and
Ashton-Smith, 2011; Dean et al., 2017) or children
of colour (e.g. Durkin et al., 2017).

Such screening tools can rely on different types
of data, but a common way to investigate differ-
ences between verbal individuals with ASD and
neurotypical peers is centered around speech and
language. It must be noted that many tools to distin-
guish children with ASD from NT children based
on language alone usually require the children to
have reached a specific level of language devel-
opment, which not all children with ASD reach.
While prosodic entrainment may be determined on
the basis of non-verbal vocalisations, this is not
commonly done. The present paper will focus on
verbal children with ASD.

Existing research has shown that individuals
with ASD can be distinguished from individuals
without ASD based on their speech: for example,
Parish-Morris et al. (2016) correctly identified 68%
of children with ASD and 100% of neurotypical
(NT) children from a group of children with ASD,
children with other (developmental) disorders, and
NT children based on their acoustic features and
word choices. Acoustic-prosodic features such
as speech rate and fundamental frequency (f0) fa-
cilitated the distinction between the three groups.
Similarly, other studies have used combinations of
acoustic features and various machine learning al-
gorithms to distinguish between children with ASD,
their NT peers, and children with different devel-
opmental disorders (e.g. Lee et al., 2013; Deng
et al., 2017-07). In other words, it appears that chil-
dren with ASD can be distinguished from children
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without ASD or those with other developmental
disorders based on their speech and language.

A specific phenomenon that is inherently inter-
active, only occurs during conversation, and can be
observed in language is entrainment (other terms
are also used, such as alignment, convergence, and
synchrony) and describes the phenomenon of in-
creased similarity between two interacting people.
Entrainment can occur in multiple modalities, such
as facial expressions, body movement, and lan-
guage, and this paper will focus on the latter. Some
evidence suggests that individuals with ASD may
exhibit or use entrainment differently than NT indi-
viduals, specifically at the prosodic level. For exam-
ple, according to previous research, the prosody of
individuals with ASD is often perceived as unusual
or "odd", and their pitch can be perceived as un-
usually flat or overly varied (e.g. Paul et al., 2009;
Nadig and Shaw, 2012). Even in the gold standard
of ASD diagnostics, the Autism Diagnostic Ob-
servation Schedule (ADOS), speech and prosody
play a role: for example, inappropriately fast or
slow speech, "odd" intonation, unusual pitch and
stress, and flat or monotone speech are included as
characteristics of ASD (Lord et al., 2008).

These observations may suggest different lin-
guistic entrainment patterns in individuals with
ASD, compared to NT individuals. Moreover, lin-
guistic entrainment, specifically at the prosodic
level, has been associated with positive social mea-
sures such as feelings of closeness and interper-
sonal rapport (e.g. Michalsky et al., 2018; Pardo
et al., 2012; Chartrand and Bargh, 1999). ASD,
on the other hand, is associated with marked so-
cial difficulties: individuals with ASD report strug-
gling with friendships and romantic relationships
more than their NT peers (e.g. Bossaert et al., 2015;
Taheri et al., 2016). A possible between-group dif-
ference in prosodic entrainment behaviour could in
part explain these seemingly unrelated traits.

Further evidence for possible differences in lin-
guistic entrainment between NT and ASD popu-
lations comes from research that suggests that in-
dividuals with ASD exhibit lower degrees of syn-
chrony or entrainment in other modalities, such as
body swaying rhythm (Marsh et al., 2013), pendu-
lum swinging (Fitzpatrick et al., 2018), and finger
tapping (Koehne et al., 2016). Reduced entrain-
ment can also be observed in conversational set-
tings: for example, compared to their NT peers,
individuals with ASD exhibit less entrainment to

their conversational partners in terms of head and
hand movements (Noel et al., 2017) and eye blink-
ing patterns (Nakano et al., 2011).

The present paper aims to investigate whether
prosodic entrainment differs between verbal chil-
dren with ASD and their neurotypical peers.
Since entrainment is an inherently interactive phe-
nomenon that is associated with positive social
measures, a between-group difference in this be-
haviour is promising for the development of au-
tomatic, speech-based diagnostic screening tools.
First, prior work on entrainment in these groups
will be reviewed.

2 Related work

When it comes to prosodic entrainment in individu-
als with ASD, a handful of studies have been con-
ducted (see Kruyt and Benus (2021) for a review).
For example, Ochi et al. (2019) used the “time
aligned moving average™ method (TAMA by Kou-
sidis et al. (2008), which involves extracting fea-
tures from a moving window and cross-correlating
the resulting time series, to assess entrainment dur-
ing the diagnostic interview of an ADOS module
(Lord et al., 2008). Ochi et al. (2019) reported a
range of findings that, taken together, suggest that
there may be reduced entrainment in adults with
ASD (with a mean age of 26.9 years) compared to
their NT peers (mean age of 29.6 years), 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 et al.,
2014), the absence of female participants in this
study begs the question of whether its results are
generalisable to the wider population with ASD.
Lehnert-LeHouillier et al. (2020) elicited task-
oriented conversation from participants with (mean
age of 12.2 years) and without ASD (mean age of
12.1 years) during a collaborative task and used
a geometric approach to quantify entrainment on
mean fundamental frequency (f0) and fO range fea-
tures by comparing the difference between speak-
ers in the first and last third of every interaction.
Results showed that entrainment was observed
in conversations with NT participants, but dis-
entrainment was measured in conversations with
participants with ASD. There was a significant dif-
ference between groups on mean fO contribution:
“on average, participants with ASD contributed 71%
less to the convergence in mean fO during the con-
versation compared to their NT peers® (Lehnert-



LeHouillier et al., 2020), p. 8). Importantly, re-
sults also suggested experimenter’s entrainment
behaviour differed based on participants: there was
a significant interaction effect between age and di-
agnosis (i.e. ASD or NT) on the experimenter’s
contribution to the overall observed entrainment,
suggesting that age and diagnosis influenced how
the experimenter entrained to the participants and
that some of the significant between-group differ-
ences in entrainment actually originated from the
experimenters, rather than the participants.

A comprehensive investigation into entrainment
in individuals with (mean age of 19.5 years)
and without ASD (mean age of 15.5 years) and
their first-degree relatives was conducted by Patel
et al. (2022), who found between-group differences
in prosodic entrainment: individuals with ASD
showed a stronger tendency to dis-entrain rather
than entrain, while the opposite was observed in
their NT peers. Interestingly, this pattern was mir-
rored in the parental groups: parents of individuals
with ASD (mean age of 50.1 years) also showed
prosodic dis-entrainment compared to parents of
NT participants (mean age of 47.0 years).

In general, research into prosodic entrainment
in individuals with and without ASD is scarce,
but results suggest that there may be a pattern of
reduced prosodic entrainment in individuals with
ASD. However,in each study, different operational-
isations and methods are used to measure entrain-
ment: some studies investigated entrainment in
smaller time-frames, while others measured it over
whole conversations. Similarly, not all studies took
into account who was entraining to whom.

In the present study, we will use several previ-
ously methods to measure prosodic entrainment,
in order to investigate it in different time-frames
(i.e. both locally and globally) within the same cor-
pus. Additionally, the age group of our participants
differs from the age of participants in existing stud-
ies: participants in prior studies were either adults,
or slightly older children, and the participants in
our study are younger. Comparing the results from
our study to those of prior research may shed some
light on the development of entrainment behaviours
over time.

3 Methods

3.1 Participants and procedure

‘We collaborated with the Academic Research Cen-
ter for Autism (ARCA) in Bratislava, Slovakia, and

recruited two groups of participants: children with
(suspected) ASD (diagnosis was later confirmed
with standardised diagnostic tests) and neurotypi-
cal (NT) children without suspected ASD or other
developmental disorders. All children were native
speakers of Slovak and had normal to corrected
sight and hearing.

In total, we recruited 67 children (14F, 62M),
41 of which were diagnosed with ASD (7F, 34F)
and 35 of which were neurotypical (7F, 28M). The
mean age of all recruited children was 9.21 (+1.86)
years. For more details on the demographics and
test scores of the recruited participants, see Table 1.
Note that not all data was included in every analysis
due to technical issues.

Table 1: Summary of demographic information and test
scores for both groups of participants.

ASD (7F, 34M NT (7F, 28M) t-test
mean (sd) range mean (sd) range p
age 9.10(1.71)  6.14-12.30 | 9.34(2.04) 6.18-12.97 | >0.05
1Q 96.80 (16.81) 52-131 105.8 (14.84) 67 - 134 <0.05
BRIEF | 67.32(9.61) 47 -85 58.77 (12.81) 36-83 <0.01
ToM 8.29 (2.14) 2-14 12.17 (1.74) 8-15 <0.001

All children with suspected ASD underwent
the full diagnostic procedure, consisting of the
Autism Diagnostic Observation Schedule (ADOS)
(Lord et al., 2008) and Autism Diagnostic Interview
(Revised, ADI-R). Additionally, the Woodcock-
Johnson test was administered to all children to
obtain a measure of their intelligence quotient (1Q),
and the Comic strip task (Cornish et al., 2010) was
used to obtain a theory of mind (ToM) score for
each child, since the role of ToM in entrainment is
considered a topic of debate. Information regard-
ing the executive functions (EF) of each child was
collected using the Behavior Rating Inventory of
Executive Function (BRIEF) questionnaire (Gioia
et al., 2000) that was filled out by the children’s
parent(s)/caregiver(s), since executive functioning
may also play a role in entrainment. The Slovak
versions of all materials were used and all tasks
were administered and scored by a certified psy-
chologist.

3.2 Maps task

To elicit conversation, we asked participants to
complete the Maps task. In this collaborative task,
two participants are given maps that differ slightly.
One participant’s map has a pre-drawn route, that
this participant has to try and describe to their fel-
low player. This "instruction follower" has to try



and replicate the "instruction giver"’s route as pre-
cisely as possible on their own map. The Maps task
is commonly used to elicit task-oriented dialogue.

The experimenter who participated in the Maps
task with each child was the same clinician who
administered the other tests, to ensure that the child
was familiar and comfortable with them. The ex-
perimenter was thus aware of whether the child
received an ASD diagnosis or not. To eliminate the
influence of any experimenter bias, she received
detailed instructions prior to the experiment. She
was aware of the purpose of the study, but primar-
ily knew about a lexical entrainment analysis and
knew little about the prosodic analyses.

Typically during a Maps task, roles switch be-
tween trials. However, such constant rule-changing
can be challenging for individuals with executive
functioning difficulties such as many children with
ASD. For this reason, we only included one role
switch in the Maps task: during the first 3 trials
(1 practice trial of which data was not analysed, 2
"real" trials), the child followed instructions, while
during the last 3 trials (1 practice, 2 "real"), the
child gave instructions.

3.3 Audio recordings and pre-processing

To minimise distress in the children with ASD who
often have sensory issues, a directional tabletop
microphone and Lavalier microphone were used
rather than head-mounted microphones. For rea-
sons of consistency, the experimenter was also
recorded with a directional tabletop microphone.
Audio recordings were annotated by experience
annotators who are native Slovak speakers. Record-
ings were orthographically transcribed using Tran-
scriber before being transformed to Praat TextGrids
that were used to manually convert Transcriber’s
utterances into IPUs (inter-pausal units) with a si-
lence threshold of 250ms by two trained annotators
who were two native speakers of Slovak.

3.4 Analyses

We excluded three files because of technical and au-
dio quality issues, so in total, we used 73 audio files.
For each speaker, we used the manually aligned
TextGrids to extract median fO per IPU from the
corresponding recordings. We implemented a two-
pass filter to avoid pitch tracking errors (Looze and
Rauzy, 2009) and used speaker-dependent pitch
floors and ceilings: 100—450 Hz for children (Ped-
ersen et al., 2015), and 75-500 for the adult, female
experimenter.

3.4.1 Global prosodic entrainment

We used a method introduced by Lehnert-
LeHouillier et al. (2020) to measure global
prosodic entrainment (see Figure 1), as this allows
for the investigation of directionality of entrain-
ment, i.e. how much each speaker entrained to the
other speaker. Based on the findings by Lehnert-
LeHouillier et al. (2020), who found that the exper-
imenter entrained differently to participants with
and without ASD, this was deemed the most appro-
priate method to analyse our data.

Following Lehnert-LeHouillier et al. (2020), we
drew two points that each represented a speaker’s
median f0 at the start ("first third" in Figure 1) and
end of the conversation ("last third" in Figure 1).
Next, a "matching line" was drawn to represent
the scenario in which both speakers’ features are
identical. The difference in distance from the start
point to this matching line (d1) and the distance
from the end point to the matching line (d2) is an
indication of the overall entrainment. To calculate
each speaker’s individual contribution to the overall
entrainment, the proportion of change along both
the x-axis (speaker B) and the y-axis (speaker A)
can be calculated.

Figure 1: Visual representation of the geometric method
by Lehnert-LeHouillier et al. (2020), explained in more
detail in Section 3.4.1. This figure is inspired by the
figure in Lehnert-LeHouillier et al. (2020).
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Rather than extracting features from the first and
last third of an interaction, as was done by Lehnert-
LeHouillier et al. (2020), we calculated median
fO (extracted per IPU and then averaged weighted
by IPU duration) for the first two trials and the
last two trials of our Maps task. It is important
to note that between these trials, the task roles of
the participants switched (i.e. the child acted as
the instruction follower during the first two trials,
and as the instruction giver during the last two
trials). The trial/role variable thus represents both
a difference in roles as well as in elapsed time.



We investigated whether the overall observed en-
trainment was predicted by various variables using
the following linear mixed effects model formula:

entrainment ~ group * trial/role + ToM + gender
+ age + BRIEF + IQ + (1 | participant)

A group * trial/role interaction effect was in-
cluded since we hypothesised that task role (i.e.
instruction giver vs follower) may influence entrain-
ment, and roles in our Maps task switched halfway
through. We included the interaction effect to ac-
count for the possibility that children from different
group react differently to the different roles.

Because prior research by Lehnert-LeHouillier
et al. (2020) suggests that differences in observed
entrainment between groups may in fact be due
to differences in how the adult experimenter inter-
acts with the children, we constructed an additional
model using the following formula:

entrainment contribution experimenter ~ group
* trial/role + ToM + gender + age + (1 | participant).

BRIEF and 1Q score were not included in this
model as we assumed that these factors are not
salient or explicit enough to warrant any changes in
behaviour of an interlocutor, but the experimenter
was aware of the child’s diagnosis and their ToM
score (as this related to her own research goals as a
separate part of this project), so ToM score was kept
in the formula. All the LMEMs were implemented
using the R package Ime4 (Bates et al., 2014) and
significance of effects was assessed using ImerTest
(Kuznetsova et al., 2017).

3.4.2 Local prosodic entrainment

Additionally, we investigated prosodic entrainment
at the local level: we measured proximity, con-
vergence, and synchrony following Levitan et al.
(2011-06). This was done to ensure that prosodic
entrainment was investigated comprehensively.
Local proximity was determined by using a
paired t-test to compare the difference between a
target IPU and its adjacent IPU uttered by the other
speaker, to the mean difference between the target
IPU and 10 random non-adjacent IPUs by the other
speaker. Local convergence is calculated conduct-
ing a Pearson correlation on the difference between
a target IPU and its adjacent IPU uttered by the
other speaker, and IPU number as an indication of
elapsed time. Local synchrony is measured by per-
forming a Pearson correlation on a target IPU and

its adjacent IPU uttered by the other speaker. For
local convergence and local synchrony, Pearson
correlations are repeated 10x on randomly shuf-
fled data and significant results are only considered
valid if less than 2 of these randomly shuffled cor-
relations return significant results.

Note that in the analysis conducted in this ex-
periment, we used speaker-based z-score norming
rather than gender-based z-score norming as was
used by Levitan et al. (2011-06).

4 Results

4.1 Global prosodic entrainment

The intercept of the model used to predict overall
observed prosodic entrainment, at which values
correspond to group = NT, trial/role = last two
trials, theory of mind score = 0, gender = M, age =
0, IQ =0, and BRIEF score = 0, is estimated to be
0.91 (see Table 2).

Table 2: Effects in the LMEM constructed for the over-
all observed prosodic entrainment analysis. No effects
were found to be significant.

effect beta  std t df p

intercept 091 9.17 0.10 136 0.922
group -2.87 2.68 -1.07 136 0.287
trial/role -2.14 211 -1.01 136 0.314
group*trial/role  1.97 3.11 0.63 136 0.528
ToM 0.03 042 007 136 0.943
gender -1.59 2.01 -0.79 136 0.430
age 0.18 043 042 136 0.677
BRIEF 0.02 0.01 034 136 0.732
IQ -0.01 0.05 -0.28 136 0.782

Within this model, all effects were found to
be non-significant. Non-significant, negative ef-
fects were group, trial/role, gender, and 1Q. Non-
significant, positive effects were ToM and BRIEF
score, age, and the interaction between trial and
group (see Table 2).

To investigate whether the adult entrained dif-
ferently to children from either group or during
different trial/roles, an additional LMEM was con-
structed. In this model, the intercept, which cor-
responds to values of group = NT, trial/role = last
two trials, ToM and age, are 0, and gender = M,
was estimated to be 0.23 (see Table 3).

In this model, most effects were positive and
non-significant, such as group, ToM score, and
age. Effects that were negative and non-significant
were gender and the interaction between group and
trial/role (see Table 3). A significant positive effect



Table 3: Effects in the LMEM constructed for the exper-
imenter’s contribution to the overall observed prosodic
entrainment analysis. Significant effects are indicated
with an asterisk.

effect beta  std t df p
intercept 023 0.16 144 138 0.151
group 0.05 0.08 055 138 0.581
trial/role 0.18 0.06 274 138 0.007*
group*trial/role -0.14 0.09 -145 138 0.151
ToM 0.01 0.01 047 138 0.638
gender -0.05 0.06 -0.87 138 0.386
age 0.02 0.01 146 138 0.147

Figure 2: Plot of the experimenter’s relative contribu-
tion to the overall observed entrainment during differ-
ent trial/role (triall2 represents the first two real, non-
practice trials while trial34 represents the last two trials)
and to children from different groups.
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of trial/role was found, suggesting that in the sec-
ond two trials, the experimenter contributed signifi-
cantly more to the overall entrainment than during
the first two trials, and that this happened irrespec-
tive of the group membership of the child. This
is shown in Figure 2, which suggests that that the
experimenter entrained similarly to children with
and without ASD regardless of the trial.

4.2 Local prosodic entrainment

An additional set of analyses was conducted to mea-
sure entrainment on a different time-scale, namely
the local one. Local proximity, convergence, and
synchrony were measured, and only a limited num-
ber of conversations returned a significant result.
In terms of local proximity, the number of signif-
icant measurements of entrainment (N=0) and dis-
entrainment (N=1) were equal for the NT and ASD
group (see Table 4). A similar finding was obtained
for local synchrony, where significant entrainment
was not found, and significant dis-entrainment was
found in 4 conversations in the NT group, and in 5
conversations in the ASD group (see Table 5).

Table 4: Summary of results for the local proximity
measurements. Numbers in cells reflect the number of
conversations that returned significant findings.

sig. entr.  sig. dis. total sig. conv.
ASD 0 1 1 39
NT 0 1 1 34
total 0 2 2 73

Table 5: Summary of results for the local synchrony
measurements. Numbers in cells reflect the number of
conversations (conv.) that returned significant entrain-
ment (sig. entr.) or dis-entrainment (sig. dis.).

sig. entr.  sig. dis. total sig. conv.
ASD 0 5 5 39
NT 0 4 4 34
total 0 9 9 73

The measurement of local entrainment that
showed the most substantial between-group differ-
ences was local convergence. Using this measure-
ment, significant entrainment was found in 2 con-
versations in the NT group, and 0 in the ASD group.
Note that this is the only local prosodic entrainment
measurement that produced significant entrainment
results. Moreover, significant dis-entrainment was
measured in 7 conversations in the ASD group, and
in 4 interactions in the NT group (see Table 6).
While this could be taken as an indication of re-
duced prosodic entrainment and increased prosodic
dis-entrainment in the ASD group compared to the
NT group, we believe that the fact that the differ-
ence between groups is so small, and was only
observed on 1 out of 4 measurements, does not in-
dicate substantial, systematic differences between
groups when it comes to prosodic entrainment.

Table 6: Summary of results for the local convergence
measurements. Numbers in cells reflect the number of
conversations that returned significant findings.

sig. entr.  sig. dis  total sig. conv.
ASD 0 7 7 39
NT 2 4 6 34
total 2 11 13 73

In short, the tables illustrate that between-group
differences are absent or minimal, and while we
cannot say with certainty that there is no statisti-
cally significant difference between groups in terms
of local prosodic entrainment, we have sufficient
evidence to believe that the two groups do not con-
sistently and systematically differ in this behaviour.

Interestingly, dyads who showed significant (dis-
Jentrainment according to one of the local mea-



Table 7: Dyad IDs of the dyads that showed significant
entrainment (sig. entr.) or significant dis-entrainment
(sig. dis.) according to the three different measures of
local entrainment.

proximity convergence synchrony
sig. entr. sig. dis. sig. entr. sig. dis. sig. entr. sig. dis.
ASD NT ASD NT |ASD NT ASD NT |ASD NT ASD NT
A22 K23 K12 A06 Kl14 A06 K17
K17 Al6 Kl6 AO08 K26
Al7 K23 A09 K28
A20 K27 A22 K30
A21 A4l
A37
A38

sures of entrainment, often did not show entrain-
ment according to a different measure. Table 7
shows that some dyads, such as A06, A22, and
K23, exhibit significant dis-entrainment on more
than one dimension. However, for the majority
of dyads, this is not the case: most dyads show
no significant (dis-)entrainment at all, and out of
those that do, most dyads show significant (dis-
)entrainment on one measure and exhibit no signif-
icant (dis-)entrainment on the other dimensions. In
other words, there seems to be no clear pattern in
the entrainment patterns of individual dyads.

5 Discussion

The two groups in this experiment did not differ
significantly in terms of age. The groups did differ
significantly on 1Q score, as well as ToM score
and BRIEF score (see Table 1). Although we tried
to match our NT participants to the children with
ASD that we recruited on age and approximate
1Q, it is difficult to match two groups of partici-
pants perfectly. Our NT group ended up having a
significantly higher mean 1Q than our group with
ASD. Additionally, our NT group performed signif-
icantly better on the ToM test. This is in line with
findings that suggest that children with ASD may
have ToM impairments (e.g. Baron-Cohen, 2000;
Baron-Cohen et al., 1985; Tager-Flusberg, 2007).
The same applies to the executive functioning
assessment as measured by the BRIEF question-
naire: the NT group had a significantly lower score
than the group with ASD, which reflects fewer is-
sues with executive functioning in day-to-day life.
Again, this is in line with previous research that
shows that ASD is associated with executive func-
tioning challenges (Demetriou et al., 2018).

5.1 Global prosodic entrainment

The results of the geometric prosodic entrainment
analysis suggest that group, ToM score, gender,

age, trial/role, IQ score, and BRIEF score do not
significantly predict the degree of prosodic entrain-
ment that was measured between a child and an
experimenter during a Maps task.

Most prior research into prosodic entrainment in
individuals with and without ASD suggests that it
differs significantly between groups, and often is
reduced in the group with ASD. However, in many
of these studies, different methods are used to mea-
sure entrainment, and most of these methods do
not measure each individual’s contribution to the
overall observed entrainment. A study that shows
why this is essential was conducted by Lehnert-
LeHouillier et al. (2020), who found a difference
between groups in overall observed entrainment,
but then found that some of this difference could be
explained by the experimenter’s behaviour rather
than that of the child. While our results neither sug-
gest a significant difference in overall entrainment
between groups, nor a significant effects of any pre-
dictors on the degree of prosodic entrainment, we
nonetheless aimed to investigate whether the exper-
imenter’s behaviour towards children from the two
groups differed, especially since the experimenter
was not naive to the diagnosis of the children she
interacted with. For this reason, we constructed
an additional statistical model and plotted the ex-
perimenter’s contribution to the overall observed
entrainment in Figure 2, and both suggest that the
experimenter entrained similarly to children with
and without ASD, which is not in line with findings
by Lehnert-LeHouillier et al. (2020).

A possible difference between the experimenter
in the present study and in that conducted by
Lehnert-LeHouillier et al. (2020) could be their
awareness of the children’s diagnosis. While the
experimenter in our study knew whether a child she
was interacting with was diagnosed with ASD or
not, we provided her with training in hopes of ensur-
ing that she behaved the same towards all children.
It is unclear whether the experimenter(s) in the
Lehnert-LeHouillier et al. (2020) study were naive
to the children’s diagnosis or not, and whether they
received training prior to the experiment. This
could perhaps, at least in part, explain the differ-
ences between the findings of both studies.

5.2 Local prosodic entrainment

An additional set of analyses was conducted to mea-
sure entrainment on a different time-scale, namely
the local one. Local proximity, convergence, and



synchrony were measured, and only a limited num-
ber of conversations returned a significant result.

In terms of local proximity, the number of signif-
icant measurements of entrainment (N=0) and dis-
entrainment (N=1) were equal for the NT and ASD
group (see Table 4). A similar finding was obtained
for local synchrony, where significant entrainment
was not found, and significant dis-entrainment was
found in 4 conversations in the NT group, and in 5
conversations in the NT group (see Table 5).

The measurement of local entrainment that
showed the most substantial between-group differ-
ences was local convergence. Using this measure-
ment, significant entrainment was found in 2 con-
versations in the NT group, and 0 in the ASD group.
Note that this is the only local prosodic entrainment
measurement that produced significant entrainment
results. Moreover, significant dis-entrainment was
measured in 7 conversations in the ASD group, and
in 4 interactions in the NT group (see Table 6).
While this could be taken as an indication of re-
duced prosodic entrainment and increased prosodic
dis-entrainment in the ASD group compared to the
NT group, we believe that the fact that the differ-
ence between groups is so small, and was only
observed on 1 out of 4 measurements, does not in-
dicate substantial, systematic differences between
groups when it comes to prosodic entrainment.

In short, the tables illustrate that between-group
differences are either absent or minimal, and while
we cannot say with certainty that there is no sta-
tistically significant difference between groups in
terms of local prosodic entrainment, we have suf-
ficient evidence to believe that the two groups do
not consistently differ in this behaviour.

Interestingly, dyads who showed significant (dis-
Jentrainment according to one of the local mea-
sures of entrainment, often did not show entrain-
ment according to a different measure. Table 7
shows that some dyads, such as A06, A22, and
K23, exhibit significant dis-entrainment on more
than one dimension. However, for the majority
of dyads, this is not the case: most dyads show
no significant (dis-)entrainment at all, and out of
those that do, most dyads show significant (dis-
)entrainment on one measure and exhibit no signif-
icant (dis-)entrainment on the other dimensions. In
other words, there seems to be no clear pattern in
the entrainment patterns of individual dyads.

5.3 General discussion

The results of our global entrainment analyses are
not in line with those of Lehnert-LeHouillier et al.
(2020) and suggest no significant differences be-
tween groups in terms of entrainment or entrain-
ment contribution. Similarly, no consistent differ-
ences between groups can be found in any of the
local entrainment measurements, despite previous
studies suggesting a somewhat consistent pattern of
reduced prosodic entrainment in individuals with
ASD compared to individuals without ASD. It is
possible that this pattern of reduced entrainment
only emerges at an older age: almost all partici-
pants in previous studies were older than our par-
ticipants by at least a few years.

We did include age as a fixed effect in our mod-
els and found that it did not significantly predict
entrainment. It is possible that age alone does
not predict entrainment, but that the interaction
between age and group membership (i.e. ASD or
NT) influences entrainment behaviour: plausibly,
as a child grows older, the social interactions they
participate in become more complex, which could
require more cognitive resources especially for chil-
dren with ASD who may struggle to navigate some
social situations. Increased cognitive effort or load
has been associated with decreased entrainment
(Abel and Babel, 2017). Future research may aim
to investigate how the social skills and abilities
of children with and without ASD relate to their
entrainment behaviours at different ages.

6 Conclusions

The aim of this study was to investigate prosodic
entrainment in children with and without ASD on
both the global and local level during the same task.
The results of this study paint a complex picture
of prosodic entrainment that does not seem to dif-
fer systematically between groups of children with
or without ASD. More research about prosodic
entrainment, its underlying psychological mecha-
nisms, and possible social functions may further
elucidate its potential as a screening tool, but at
present, empirical evidence is insufficient to de-
velop prosodic entrainment-based screening tools.
It is possible that entrainment in other domains,
such as body movement, offers a more promis-
ing target for easily implementable screening tests,
though the role of interaction in such forms of en-
trainment requires further investigation.



Limitations

Some important limitations of this study relate to
experimental design choices we made considering
the specific needs of children with ASD. For exam-
ple, there was a switch in role halfway through the
task. While we had good reasons for making this
decision, it nonetheless means that task role and
elapsed time are always conflated in our analyses
(in our trial/role variable). Both of these factors
have been shown to influence entrainment (e.g. Re-
ichel et al., 2018), and it is possible that the effects
of both cancelled each other out and contributed to
the lack of significant results we observed.

The fact that our experimenter was also the clin-
ician who administered other tests to the children
similarly may have influenced our results: while we
chose to ensure that the children were comfortable
with the experimenter to minimise their anxiety and
discomfort, the fact that the children were already
familiar with the adult may have changed their
behaviour towards her. If entrainment is related
to social affiliation and rapport building, perhaps
our participants felt that enough rapport had been
built, and entrainment was no longer necessary. In
general, the familiarity between participant and ex-
perimenter may make the results of our study more
difficult to compare to existing studies.

Finally, we conducted our recordings in the same
room where other tests were administered, despite
the fact that this room is relatively loud and has
an echo. Again, this was done to minimise any
distress caused by unfamiliar environments in the
children, especially those with ASD.

Another limitation of our study is that only en-
trainment on median fO was considered, and no
other features such as for example fO range or
speech rate were extracted. While additional analy-
ses can and will be conducted on our collected
corpus, it is also important to mention that the
recording quality does not allow for the reliable
extraction of all features. For example, because we
used directional table top microphones rather than
head-mounted microphones (again, to minimise
distress in children with ASD who often have sen-
sory sensitivities), it is difficult to extract reliable
intensity values. Nonetheless, we believe that our
collected corpus will be a valuable resource for
future research.
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parent(s)/caregiver(s) prior to the experiment. Par-
ticipants and their parent(s)/caregiver(s) were com-
pensated for their time and participation with gift
vouchers.

It is important to note that caution must be taken
surrounding the assumption of ToM or social im-
pairments in disorders such as ASD: while tradi-
tionally, ASD has been associated with ToM impair-
ments and inherent social deficits, recent empirical
evidence suggests that this may be an incorrect as-
sumption (e.g. Paynter et al., 2016; Gernsbacher
and Yergeau, 2019). Rather than viewing the com-
munication and ToM and social difficulties of indi-
viduals with ASD as their inherent deficits, difficul-
ties with communication and "mind-reading" may
be the result of "neurotype mismatches" that occur
when an individual with ASD interacts with an 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 seem to lack
a theory of "autistic" mind (Sheppard et al., 2016;
Heasman and Gillespie, 2018). This view is re-
ferred 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 most
existing research into conversation coordination
strategies of individuals with ASD was conducted
on interactions with a neurotype mismatch.
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