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Defined as the similarity of speech behaviors

ABSTRACT

Purpose: Defined as the similarity of speech behaviors between interlocutors,
speech entrainment plays an important role in successful adult conversations.
According to theoretical models of entrainment and research on motoric, cogni-
tive, and social developmental milestones, the ability to entrain should develop
throughout adolescence. However, little is known about the specific develop-
mental trajectory or the role of speech entrainment in conversational outcomes
of this age group. The purpose of this study is to characterize speech entrain-
ment patterns in the conversations of neurotypical early adolescents.

Method: This study utilized a corpus of 96 task-based conversations between
adolescents between the ages of 9 and 14 years and a comparison corpus of
32 task-based conversations between adults. For each conversational turn, two
speech entrainment scores were calculated for 429 acoustic features across
rhythmic, articulatory, and phonatory dimensions. Predictive modeling was used
to evaluate the degree of entrainment and relationship between entrainment and
two metrics of conversational success.

Results: Speech entrainment increased throughout early adolescence but did
not reach the level exhibited in conversations between adults. Additionally,
speech entrainment was predictive of both conversational quality and conversa-
tional efficiency. Furthermore, models that included all acoustic features and
both entrainment types performed better than models that only included individ-
ual acoustic feature sets or one type of entrainment.

Conclusions: Our findings show that speech entrainment skills are largely
developed during early adolescence with continued development possibly
occurring across later adolescence. Additionally, results highlight the role of
speech entrainment in successful conversation in this population, suggesting
the import of continued exploration of this phenomenon in both neurotypical
and neurodivergent adolescents. We also provide evidence of the value of using
holistic measures that capture the multidimensionality of speech entrainment
and provide a validated methodology for investigating entrainment across multi-
ple acoustic features and entrainment types.

Manson et al., 2013; Wynn & Borrie, 2020), articulatory

between interlocutors, speech entrainment has been docu-
mented extensively in neurotypical adult conversation.
Adults frequently modify the rhythmic (e.g., speech rate:

Correspondence to Camille J. Wynn: cjwynn@uh.edu. Publisher Note:
This article is part of the Special Issue: Select Papers From the 2022
Conference on Motor Speech—Basic Science and Clinical Innovation.
Disclosure: The authors have declared that no competing financial or
nonfinancial interests existed at the time of publication.

(e.g., articulatory precision: Borrie, Wynn, et al., 2020;
Lubold et al., 2019), and phonatory (e.g., pitch properties:
Borrie et al., 2015; Lubold & Pon-Barry, 2014) behaviors
of their speech to more closely align with the behaviors of
their conversation partner. This similarity of behavior
can be conceptualized and measured in different ways(see
the study of Wynn & Borrie, 2022, for classification
framework; see also the study of Rasenberg et al., 2020,
for additional measurement considerations). For example,
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some studies have focused on proximity (e.g., Fusaroli &
Tylen, 2016; Willi et al., 2018), measuring the similarity of
speech features between two interlocutors. Other studies
have focused on synchrony, measuring the similarity in
movement (i.e., direction and magnitude of change) of
speech features between two interlocutors, regardless of
the actual raw feature values (e.g., De Looze et al., 2014;
Schweitzer & Lewandowski, 2013). Beyond evidence of
speech entrainment as a robust phenomenon in the con-
versations of adults, a large body of research has indicated
that speech entrainment is generally predictive of func-
tional measures of conversational success (although see
the study of Dideriksen et al., 2022, for differing and more
nuanced findings regarding linguistic aspects of entrain-
ment). Across different types of conversations (e.g., trans-
actional versus social) with different goals (e.g., accuracy
vs. efficiency), high levels of speech entrainment are corre-
lated with greater conversational quality (e.g., Gregory
et al., 1997, Wynn et al., 2022) and efficiency (e.g., Borrie
& Delfino, 2017; Borrie et al., 2015; Reichel et al., 2018).
Furthermore, people who entrain well are rated as being
more likeable, competent, friendly, and cooperative than
those that do not (e.g., Michalsky & Schoormann, 2017;
Polyanskaya et al., 2019; Schweitzer et al., 2017).

The fact that entrainment occurs so frequently in
adult conversations does not negate its complexity. Speech
entrainment requires the coordination of speech perception
and production processes while considering social and
contextual factors and simultaneously monitoring the
other aspects of conversation. Consequently, there are
numerous components that must be in place for speech
entrainment to occur (see Figure 1 for an overview). In
their model of speech entrainment, Lewandowski and
Jilka (2019; see also the study of Lewandowski, 2012) sug-
gest that the speech entrainment process can be broken
into a number of different steps, each requiring certain
underlying abilities. For instance, the entrainment process
begins with the acquisition and encoding of the acoustic
details from the speech of an individual’s conversation part-
ner. Accordingly, an individual must have adequate atten-
tion skills to detect and recognize the acoustic details within
their partner’s speech patterns and working memory skills

to process and store this information. Indeed, previous
research has found both attention (e.g., Yu et al., 2013)
and working memory (e.g., Petrone et al., 2021) skills to be
tied to higher levels of speech entrainment. Once informa-
tion has been stored, an individual must then be able to
retrieve this information and integrate it into their own
speech patterns. This demands the cognitive flexibility and
processing speed to make rapid, on-the-spot adaptations as
well as sufficient motor control and coordination to inte-
grate the speech patterns of their partner into their own
productions. In addition, an individual must have the
rhythmic abilities to perceive the speech rhythms of their
partner and integrate them into their own speech patterns
(Phillips-Silver et al., 2010; Todd et al., 2002; Wynn et al.,
2022). Beyond the ability to entrain, Lewandowski and Jilka
(2019; Lewandowski, 2012) also note factors that affect an
individual’s motivation to entrain. This motivation can be
driven by both internal (i.e., characteristics of interlocutor)
and external (i.e., characteristics of conversational partner
and/or environment) factors but often stems from a desire
for affiliation with an individual’s conversation partner and
the need for social approval (e.g., Aguilar et al., 2016; Giles
et al., 1991; Natale, 1975).

While speech entrainment has been widely docu-
mented in adult conversations, little is known about when
these conversational patterns emerge in childhood or
adolescence. Theoretically, we would anticipate speech
entrainment to emerge after the prerequisite abilities and
motivational factors are sufficiently established. From a
developmental perspective, early adolescence is a period
characterized by rapid and extensive changes across physi-
cal, cognitive, and social domains (Feldman & Elliott,
1990; Hill, 1980; Steinberg, 2020). During this time, the
speech motor system continues to mature, with acquisition
of adultlike control occurring after the age of 14 years
(Smith & Zelaznik, 2004; Walsh & Smith, 2002). In the-
ory, with increased speech motor control comes a greater
ability to make the fine-grained adjustments necessary to
more closely align with the speech of one’s interlocutor.
Early adolescence is also a time of rapid cognitive devel-
opment. Consequently, as skills such as attention (e.g.,
Karns et al., 2015; Memmert, 2014; Mizuno et al., 2011),

Figure 1. Visual representation of some of the components necessary for entrainment to occur.
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working memory (e.g., Carriedo et al., 2016; Ferguson
et al., 2021; Mizuno et al.,, 2011), cognitive flexibility
(Luna et al., 2004; Rubia et al., 2006; Williams et al.,
1999), and processing speed (Demetriou et al., 2002; Kail
& Ferrer, 2007; Luna et al., 2004) become more adultlike,
so too should the capacity to entrain. Beyond the develop-
ment of underlying abilities necessary for entrainment,
changes in the social domain may affect an early adoles-
cent’s motivation to entrain as well. Research has
shown that adolescence is a time of heightened social sen-
sitivity (Dreyfuss et al., 2014; Somerville, 2013; Somerville
et al., 2011), and adolescents show higher levels of self-
consciousness (Somerville et al., 2013) and greater emo-
tional responses to social rejection (Platt et al., 2013;
Sebastian et al., 2010; Stroud et al., 2009) than children or
adults. During early adolescence, the nature of social
interactions also changes with an increased emphasis on
peer interactions. To start, the sheer amount of time spent
with peers dramatically increases during this time period
(Lam et al., 2014; Larson & Richards, 1991). With this
increase comes changes in the importance of these rela-
tionships as well. As individuals transition from childhood
to adolescence, they are increasingly more likely to iden-
tify friends as part of the network of people most close
and important to them (Levitt et al., 1993). Furthermore,
early adolescents report a more positive affect when they
are with their friends than with family members or alone
(Larson & Richards, 1991; Raffaelli & Duckett, 1989).
Accordingly, an amplified need for social approval and a
desire for affiliation may lead to increased motivation to
entrain, particularly in peer interactions. This may be
especially true for adolescent girls who spend more time
with peers (Lam et al., 2014) and rely more on friends for
intimacy and support (Buhrmester & Furman, 1987) than
adolescent boys. Taken together, this body of literature
leads us to hypothesize that speech entrainment is largely
developed during early adolescents, increasing with age,
and that, across early adolescence, robust patterns of
entrainment will increase more rapidly in the peer conver-
sations of girls than boys.

Should entrainment indeed emerge during early ado-
lescence, another important question regards the role of
entrainment in early adolescent conversations. Early ado-
lescence is a time when friendships are incredibly impor-
tant for emotional health and well-being. For example,
early adolescents who report closer friendships also report
a more positive self-concept, higher self-esteem, less loneli-
ness, and lower levels of depression (Levitt et al., 1993;
Lodder et al., 2017; Pachucki et al., 2015). Research has
shown that positive peer interactions constitute some of
the most important contributions to adolescent quality of
life (Helseth & Misvaer, 2010). Not only is friendship
more important, but conversation begins to take a more

prominent role in these interactions as friendships begin
to rely less on “play” and more on conversation, inti-
macy, and self-disclosure (La Gaipa, 1979; Larson, 2001;
Raffaelli & Duckett, 1989). Raffaelli and Duckett (1989)
found that the amount of time that girls are engaged in
conversation doubles between the fifth and ninth grade
(ie., ages 10-15 years), with ninth-grade girls spending
16 hr a week “just talking” (i.e., talking in the absence of
any other activities). Although less dramatic, there is also
an increase in the amount of time boys spend in conversa-
tion, with ninth-grade boys reporting conversation as their
primary activity for an average of 8 hr a week. Given the
importance of peer interactions and the role of conversation
within these interactions, understanding the role of speech
entrainment in fostering successful conversations is particu-
larly crucial in this age group. The robust body of literature
showing a relationship between speech entrainment and
conversational success in adult conversations (e.g., Borrie &
Delfino, 2017; Polyanskaya et al., 2019; Wynn et al., 2022)
leads us to hypothesize that a similar relationship will occur
in adolescent conversations. However, more research is
needed to validate this hypothesis.

While there are a few studies examining speech
entrainment in childhood and/or adolescence generally,
and early adolescents specifically, key methodological
decisions limit the conclusions that can be drawn. For
instance, of the few studies in this area, the majority have
examined entrainment in highly structured environments,
using shadowing or quasiconversational paradigms with
prerecorded stimuli (e.g., Oviatt et al., 2004; Wynn et al.,
2018). Although these studies have provided important
foundational information in a tightly controlled setting,
entrainment in these types of settings may not be indica-
tive of entrainment in naturalistic and embodied conversa-
tions (Lewandowski & lJilka, 2019; Pardo et al., 2018).
Additionally, studies that have investigated entrainment
within more natural contexts have evaluated conversa-
tional dyads consisting of one adolescent and one adult
(Lehnert-LeHouillier et al., 2020). No study, to our
knowledge, has explored the speech entrainment patterns
between adolescent—adolescent dyads engaged in conversa-
tion with each other. Given the importance of peer inter-
action in this age group and the documented differences
in adolescent interactions with adults versus peers (Larson,
1983; Raffaelli & Duckett, 1989), research exploring
speech entrainment in naturalistic conversations between
adolescent peers is needed. Beyond the type of interac-
tion, the vast majority of studies have only focused on
entrainment across one or a couple of speech features (e.g.,
speech rate: Wynn et al., 2019; voice onset time: Schertz &
Johnson, 2022) and have only explored one type of entrain-
ment (generally proximity; e.g., Lehnert-LeHouillier et al.,
2020). Consequently, gaining a more holistic representation
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of the speech entrainment patterns in this age group
requires investigation of entrainment across multiple speech
features and different types of entrainment. Finally, while
these studies have explored the presence of speech entrain-
ment within adolescent conversations, we know of no study
that has examined the developmental trajectory of entrain-
ment nor the consequences of entrainment.

Purpose

The purpose of this study is to comprehensively
examine speech entrainment patterns in the conversations
of neurotypical early adolescents. To do this, we use a
corpus of 96 task-based dyadic conversations between
early adolescent peers (Hazan et al., 2016). In our analy-
sis, we examine entrainment of many different acoustic
features across rhythmic, articulatory, and phonatory
dimensions of speech rather than focusing on one or a
couple of features. This multidimensional approach was
selected because there is currently no strong theoretical or
empirical rationale for selecting entrainment of one speech
feature over another (Pardo, 2013) and research has
shown that entrainment of one feature is not necessarily
indicative of entrainment of other features (Ostrand &
Chodroff, 2021). Accordingly, as the overall aim of this
article was to gain a broad and holistic understanding of
entrainment in this age group, we did not want to make
assumptions about speech entrainment generally based on
a couple of self-selected features. In a similar vein, we also
examine two different types of entrainment (i.e., proximity
and synchrony). The overall purpose of this study can be
divided into two primary objectives. In the first objective,
we investigate the developmental trajectory of acoustic—
prosodic entrainment patterns of early adolescents. Specifi-
cally, we ask the following question: (a) How do speech
entrainment patterns differ across age group and gender in
the peer conversations of early adolescents? We also seek
to delineate a more detailed understanding of the entrain-
ment patterns of this age group by asking the following
question: (b) How do speech entrainment patterns differ
across acoustic feature sets and entrainment types in the
peer conversations of early adolescents? In the second
objective, we explore the relationship between speech
entrainment and conversational success in this same age
group. Specifically, we ask the following question: (c) To
what degree does entrainment predict metrics of conversa-
tional success (i.e., conversational quality and conversational
efficiency) in the peer conversations of early adolescents?
Again, in order to gain more detailed understanding of
the relationship between speech entrainment and conversa-
tional success, we also ask the following question: (d)
How does the relationship between speech entrainment
and conversational success differ across speech dimension

and entrainment type? In the process, we weave together
techniques and methods from several previous studies
(e.g., Borrie et al., 2019; Ostrand & Chodroff, 2021;
Reichel et al., 2018) to create and validate a new method-
ology for capturing speech entrainment.

Method
Conversational Corpus

This study relied on an existing corpus collected and
made available to the research community by Hazan et al.
(2016; see also Bradlow, n.d.). Participants consisted of
96 neurotypical individuals (46 boys, 50 girls) between
the ages of 9 and 14 years inclusive’ (M = 12 years;
2 months; SD = 21 months). Participants were divided
into three broad age groups: 9-10 years, 11-12 years, and
13-14 years. All participants were native speakers of
Southern British English with no reported history of
hearing or language impairments. Additionally, all par-
ticipants passed a hearing screening at 25 dB at octave
frequencies between 250 and 8000 Hz in both the left
and right ears. Participants completed the conversa-
tional task in dyads with another individual with whom
they were friends. All dyads consisted of participants
who were the same gender and fell within the same age
group. In total, 48 dyads completed two conversations
each,” yielding a total of 96 conversations for analysis
in this study.

Procedure

An overview of the methodological process for this
study is illustrated in Figure 2. All conversations for this
corpus were elicited using the Diapix task (Baker &
Hazan, 2011; Van Engen et al., 2010), a task-based dialog
elicitation procedure commonly used in speech entrain-
ment research (e.g., Borrie et al., 2015, 2019). The Diapix
task is a collaborative “spot-the-difference” task in which
dyads must verbally work together to identify differences
between sets of pictures. In this task, each partner is given
one of a pair of pictures. Pictures are virtually identical
but have 12 differences in details between the two (e.g.,
green vs. blue garbage can).

To familiarize participants with the task, dyads com-
pleted a practice trial prior to the first recorded conversa-
tion. If participants struggled to understand the task

'One child was 15;1 (years;months).

2Although the original corpus contains additional conversations taken
in different conditions, we only use the conversations from the nor-
mal transmission condition in this study. All conversations for this
condition were collected prior to conversations for other conditions.

Wynn et al.: Speech Entrainment in Adolescent Conversations 3135



Figure 2. Overview of methodological process for this study. Spoken dialogs are divided into individual speaking turns. Moreover, 429
acoustic features (divided into five acoustic feature sets) are extracted from each speaking turn in every conversation. Proximity and syn-
chrony scores are calculated for each acoustic feature, yielding 858 entrainment scores per speaking turn. Predictive modeling is used to
evaluate the degree of entrainment (i.e., degree to which entrainment scores could be used to distinguish real and sham conversational
turns) and the relationship between entrainment and conversational success (i.e., degree to which entrainment scores could be used to pre-
dict conversational efficiency and quality scores). EMS = envelope modulation spectrum; LTAS = long-term average spectrum; MFCC =

mel-frequency cepstrum coefficient; VR = voice report.
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during practice, the experimenter gave clues, and after the
dyad had found several differences, they were allowed to
look at each other’s pictures and continue comparing
them. After the practice, participants sat in different
rooms from each other and communicated via head-
mounted condenser cardioid microphones (Beyerdynamic
DT297). Dialogue was audio-recorded in separate chan-
nels at a sampling rate of 44100 Hz (16 bits) using an
EMU 0404 USB audio interface and Adobe Audition
software. Participants were told they would be given
10 min to find as many differences as they could from one
set of pictures. For each conversation, one child was des-
ignated as the “leader” (i.e., the person responsible for
leading the conversation) and one child was designated as
the “follower” (i.e., the person responsible to ask ques-
tions and make suggestions during the interaction). As
dyads participated in two conversations together, each
participant played the role of leader and follower in one
conversation. For each conversation, the recording was
stopped when participants found all 12 differences or after
approximately 10 min had elapsed.

Comparison Corpus

Thirty-two adult conversations were also analyzed in
order to compare adolescent entrainment patterns to the
patterns of adults. Conversations came from 16 randomly
selected dyads of 32 adults (16 men, 16 women) from an
additional corpus collected by Baker and Hazan (2011,
see also Bradlow, n.d.). All participants were native
speakers of Southern British English with no reported his-
tory of hearing or language impairments. Additionally, all
participants passed a hearing screening at 25 dB at octave
frequencies between 250 and 8000 Hz in both the left and
right ears. As with the adolescent corpus, adult dyads con-
sisted of individuals of the same gender who were friends

prior to the experiment. Participants completed the same
conversational task and were recorded in the same condi-
tions as the adolescent participants.

Acoustic Analysis

We used a procedure validated by Borrie et al.
(2019; Borrie, Barrett, et al., 2020) to extract acoustic infor-
mation from the audio-recorded conversations. Trained
research assistants manually coded each audio file, annotat-
ing individual conversational turns (defined as units of
speech by a single interlocutor that were free from pauses
greater than 50 ms) by conversational partner using the
Praat textgrid function (Boersma & Weenink, 2020). We
then utilized a previously used (Borrie et al., 2019; Borrie,
Barrett, et al, 2020) software package implemented in
MATLAB (Version 9.9.0), to extract 429 acoustic features
that can be broadly divided into five acoustic feature sets
for each interlocutor in each conversational turn. While
nuanced and complex, these acoustic feature sets can be
roughly divided into three dimensions of the speech signal:
rhythmic, articulatory, and phonatory.®> Each acoustic fea-
ture set is described briefly below. For comprehensive

*While our division of acoustic measures into three broad dimensions
provides simplicity and interpretability, it is important to note that
these dimensions are complex and largely overlapping. For example,
rhythmic features technically represent temporal aspects of articula-
tion. Phonation also represents a specific type of passive articulation
at the level of the larynx. Therefore, our measures of articulation can
best be thought of as a reflection of active articulation at the level of
the supralaryngeal articulators. Furthermore, given the complexity of
the signal, specific acoustic measures will often pick up information
representing multiple dimensions of speech. Accordingly, here, we
categorize acoustic measures by the dimension with which they are
most closely associated.
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details of feature calculation, please refer to Supplemental
Material S1.

Mel-Frequency Cepstrum Coefficients
Mel-frequency cepstrum coefficients (MFCCs) are
coefficients that capture the short-term power spectrum of
a speech segment and most closely represent the articula-
tory dimension of the speech signal (Davis & Mermelstein,
1990). In this analysis, the speech signal is filtered into 39
frequency bands distributed approximately evenly along the
Mel scale. For each of the 39 signals, the data are framed
using a 20-ms window with 10-ms frame increment from
which log energy is calculated. Log energy values are then
decorrelated by using an inverse discrete cosine transform.
Within each of the 39 MFCCs, six different statistics are
computed, resulting in a 234-dimensional feature vector.

Long-Term Average Spectrum

Long-term average spectrum (LTAS) is an analysis
of the average energy distribution across frequency over an
utterance and most closely represents the articulatory
dimension of the speech signal. In this analysis, the speech
signal is passed through an octave filter breaking it into
nine bands with center frequencies at 30, 60, 120, 240, 480,
960, 1920, 3840, and 7680 Hz. Data for each of the 10
band signals (i.e., the nine octave bands and the full signal)
are framed using a 20-ms rectangular window with no
overlap. Ten features are then extracted from each of the
10 signals, resulting in a 99-dimensional* speech vector.

Voice Report

The voice report is based on a set of features such
as fundamental frequency, jitter, shimmer, and harmonics-
to-noise ratio and most closely represents the phonatory
dimension of speech. Using a custom Praat script, several
features are extracted using a 5-ms time step. Default
parameters for pitch floor, pitch ceiling, silence threshold,
and voicing threshold were used for adults. Default
parameters for pitch floor, silence threshold, and voicing
threshold were also used for adolescents. However, in
order to minimize tracking errors that often occur with
higher pitches, parameters for pitch ceiling were adjusted
from the default (600 Hz) to 510 Hz.> Additional phona-
tory features and measures of central tendency and varia-
tion are also included in the feature set, resulting in a 24-
dimensional feature vector.

“Root-mean-square energy is not applicable to analysis of the 10th
band signal (i.e., the full signal) and was thus not extracted. Thus,
the resulting vector is 99, rather than 100 dimensions.

>This value was determined because it was 2 SDs above the mean
fundamental frequency for the participant with the highest mean fun-
damental frequency. We opted to keep the same parameters for all
participants (regardless of age and gender) as frequency changes due
to puberty occur at different times for each adolescent.

Rhythm Metrics

Rhythm metrics are analyses of voice timing based
on voiced (i.e., vocalic) and voiceless (i.e., intervocalic)
interval durations and most closely represent the rhythmic
dimension of speech. In this analysis, a Praat script is used
to partition the speech signal into vocalic and intervocalic
intervals on a frame-by-frame basis using the periodicity
detection algorithm outlined by Boersma (1993). The
duration of the vocalic and intervocalic segments and a
series of related metrics are then extracted, resulting in a
12-dimensional speech feature vector.

Envelope Modulation Spectrum

Envelope modulation spectrum (EMS) is a representa-
tion of the slow amplitude modulations in the speech signal
and most closely represents rhythmic dimensions of speech
(Liss et al., 2010). In this analysis, speech recordings are fil-
tered into nine bands with center frequencies at 30, 60, 120,
240, 480, 960, 1920, 3840, and 7680 Hz. Amplitude enve-
lopes are taken for each of the 10 band signals (i.e., the nine
octave bands and the full signal). The mean is removed,
and the power spectrum for each of the bands is calculated.
Six EMS metrics are computed for each of the 10 power
spectra, resulting in a 60-dimensional feature vector.

Entrainment Measures

Two entrainment scores (i.e., proximity and synchrony)
were calculated for each of the 429 feature values generated
for each conversational turn, resulting in 858 entrainment
scores per turn. These measures were selected based on sub-
stantial documentation of their occurrence in adult conver-
sations (e.g., Borrie et al., 2015; Reichel et al., 2018).

Proximity

We calculated a proximity score (specifically static
local proximity; see the study of Wynn & Borrie, 2022),
which accounts for the degree of similarity of speech fea-
tures between two interlocutors across adjacent turns. If
two interlocutors have similar features values, their con-
versation would be characterized by high levels of proxim-
ity, whereas conversations with dissimilar feature values
would be characterized by low levels of proximity. Here,
we compute a proximity score for each adjacent turn in
each conversation by calculating the absolute value of the
difference between the feature value of the interlocutor
and the feature value of their partner’s preceding turn.
Thus, the formula for proximity scores can be expressed
as follows:

Proximity = | ¥, — Y, ()

where Y is an acoustic feature value, ¢ is the current con-
versational turn, and 7—1 is the conversational partner’s
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previous turn. An example of proximity can be viewed in
Figure 3.

Synchrony

We also calculated a synchrony score (specifically
positive static local synchrony), which accounts for the
degree of similarity in movement (i.e., direction and mag-
nitude of change) of speech features across adjacent turns.
For example, two interlocutors may have very different
feature values, but on a turn-by-turn basis as they con-
verse, they adjust their speech in the same direction and
to the same degree as their partner. Here, we compute a
difference score for each turn by subtracting an interlocu-
tor’s feature value from their mean value across the entire
conversation. A synchrony score is then generated by cal-
culating the absolute difference between difference scores
of adjacent turns. Thus, the formula for synchrony scores
can be expressed as follows:

Synchrony = | ( Y[ - Yspeaker 0ft> - ( Y,,1 - Yspeaker of 1— 1) |7 (2)

where Y is an acoustic feature value, ¢ is the current con-
versational turn, and 7—1 is the conversational partner’s
previous turn. The Yspeaker of ¢ represents the average of
the feature across all turns by the individual whose turn
was time z. Synchrony-related distance is thus low if both
interlocutors realize a feature to approximately the same
degree either above or below their respective means. An
example of synchrony can be viewed in Figure 3.

Sham Corpus Construction

Using procedures commonly used in entrainment
research (e.g., Fusaroli & Tylen, 2016; Ostrand & Chodroff,
2021; Wynn et al., 2022), we generated a comparative sham
corpus in order to assess the degree to which the speech of

interlocutors is aligned above chance. To do this, sham
conversations were created by pairing the feature values of
each interlocutor in each conversation with the feature
values of a conversation partner with whom they did not
actually converse. In order to account for natural differ-
ences in acoustic feature values across age and genders,
sham partners were assigned from conversations within the
same age group and gender. Additionally, the order of con-
versational turns was maintained across sham conversations
so that the feature values of the first interlocutor’s first turn
were paired with the values from the second interlocutor’s
first turn as well. Thus, sham conversations have all of the
interdependent behavior of entrainment removed from the
conversation, leading to measures that represent a null (or
no relationship) distribution, while maintaining the other
aspects of conversation (e.g., acoustic speech signals of two
individuals across a conversation). Measures of synchrony
and proximity for each acoustic feature for each conversa-
tional turn in each sham conversation were calculated the
same way as was done for real conversations.

Conversational Success

Scores for two different metrics of conversational suc-
cess (which are commonly used in conversational research;
see the studies of Baker & Hazan, 2011; Gregory et al.,
1997; Van Engen et al., 2010; Wynn & Borrie, 2022) were
calculated for each conversation. The first score focused on
conversational efficiency, and the second score focused on
conversational quality. Details for each score are described
below.

Conversational Efficiency

The Diapix task completed in each conversation
grants us an objective measure of conversational effi-
ciency. Recall that the Diapix task required dyads to work

Figure 3. Schematic illustrating two types of entrainment evaluated within this study. Proximity represents similarity in the speech features
between two interlocutors. Synchrony represents similarity in the movement of speech features between two interlocutors.
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together to find differences in sets of pictures. Thus, the
efficiency score is essentially an evaluation of joint task
performance, accounting for how effectively the dyad used
speech communication to collaboratively work through
the demands of the task. In this study, while not every
dyad found all 12 differences, every dyad found at least
eight. Accordingly, conversational efficiency scores were
obtained by determining the length of time (in seconds)
required by dyads to find eight of the 12 differences.

Conversational Quality

In order to evaluate the quality of each conversa-
tion, we collected ratings from certified school-based
speech-language pathologists (SLPs). SLPs were selected
as raters because of their expertise in making judgments
about conversational quality and high interrater reliability
on similar sorts of conversational evaluation in previous
studies (Borrie, Barrett, et al., 2020; Borrie et al., 2019).
Because interlocutors often take the first minute of the
conversation to adjust to their partner and the conversa-
tional task, SLPs were asked to listen to audio recordings
of the second minute of the conversation, as is frequently
done in studies employing interactional ratings (e.g.,
Balaam et al., 2011; Bernieri et al., 1994; Ingham et al.,
2001). Using the 7-point Likert-type rating scale with
options from strongly agree to neutral to strongly disagree,
SLPs assessed conversational recordings according to the
extent that they agree with the following statement: “This
conversation seems to flow well (i.e., the conversation feels
natural and both participants seem actively engaged).” In
order to ensure better attention and engagement during
the task, raters were told they were free to take breaks at
any time. Additionally, two attentional “catch trials” were
placed after one third and two thirds of the audio record-
ings. In these trials, the audio recordings contained a
man’s voice asking participants to select a specific answer.
Accuracy on catch trials across all raters was 100%. The
order of presentation of audio clips was randomized
across SLP raters. However, each of the SLPs rated each
conversation. Conversational quality scores were calcu-
lated assigning a numeric value to each rating (7 =
strongly disagree, 4 = neutral, 1 = strongly agree) and sub-
sequently averaging the five SLPs’ ratings for each conver-
sation. Thus, for both conversational efficiency and con-
versational quality, lower scores were representative of
more successful conversations.

Statistical Analysis

Our first objective focused on characterizing the
developmental trajectory of speech entrainment patterns
of early adolescents. To do this, statistical analysis relied
on predictive modeling, similar to what has been done in
previous studies (Ostrand & Chodroff, 2021; Willi et al.,

2018). Here, predictive models were used to determine the
accuracy with which entrainment scores (both proximity
and synchrony) for each acoustic feature (the predictor
variables) could be used to classify a conversational turn
as belonging to a real or sham conversation (the outcome
variable). Accuracy values above 50% would indicate
some level of entrainment (i.e., models are able to differ-
entiate entrainment in real vs. sham conversational turns
above the level of chance), with higher predictive accuracy
values representing higher levels of entrainment. For these
predictive models, we relied on elastic net (or Lasso) using
a logit link with a binomial distribution. Elastic net is a
popular predictive approach built on (generalized) linear
models that handles high multicollinearity naturally and
is commonly used in human interaction literature (e.g.,
Borrie, Barrett, et al., 2020; Borrie et al., 2019). Model-
specific parameters were selected and evaluated based on
10-fold cross-validation. Additionally, each cross-validation
performance was run 10 times, and mean results from all 10
folds of all 10 repetitions are reported. This was done to
reduce the noise in estimates of model performance, provid-
ing more reliable predictive accuracy values. Each model
was assessed in R (Version 4.1.2) using the “caret” package
(Version 6.0.90, Kuhn, 2017). Predictive models were run
separately for different age and gender groups, and we
examined the predictive accuracy patterns across groups.
Additionally, separate models for each of the five acoustic
feature sets (i.e., MFCC, LTAS, voice report, rhythm met-
rics, and EMS) and the two types of entrainment (i.e., syn-
chrony and proximity) were analyzed, and differences in
predictive accuracy were examined across feature set and
entrainment type.

Our second objective focused on understanding the
relationship between speech entrainment and conversa-
tional success. For this aim, because all age and gender
groups were considered together within the same models,
all raw feature values were scaled by age and gender
groups prior to calculating entrainment scores, meaning
that the range of possible entrainment scores was stan-
dardized along the same scale for each age and gender
group. This was done to account for differences in
entrainment scores that are a natural result of differences
in acoustic feature variation across age and gender. Addi-
tionally, because there was only one conversational effi-
ciency score and one conversational quality score per con-
versation, entrainment scores for each conversational turn
were averaged together to create one synchrony score and
one proximity score for each acoustic feature per partici-
pant for each conversation. After this was accomplished,
statistical analysis again relied on elastic net regression
using an identity link and distribution with 10-fold cross-
validation with 10 repetitions. For this objective, because
conversational efficiency and quality scores represent
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continuous variables, predictive accuracy was evaluated
using root-mean-square error (RMSE) and R’ values
(from the cross-validated models). Here, models were used
to determine the degree to which entrainment scores (the
predictor variables) were predictive of conversational qual-
ity and conversational efficiency (the outcome variables)
across all adolescent participants. Additionally, separate
models for each of the five acoustic feature sets (i.e.,
MFCC, LTAS, voice report, rhythm metrics, and EMS)
and the two types of entrainment (i.e., synchrony and
proximity) were analyzed, and differences in RMSE and
R? values were examined across feature set and entrain-
ment type. Analysis code associated with this work is pro-
vided in Supplemental Material S2.

Results
Summary Statistics for Conversations

Table 1 shows the descriptions of conversations for
every age group of adolescents and for the adult group.
Linear mixed models (with a random intercept for dyad)
indicated no significant difference between number of
turns per conversation, total conversation length, or aver-
age turn length for any age group of adolescents. Addi-
tionally, there was no significant difference between adults
and any age group of adolescents for most of these fac-
tors. The only exception was that the 9- to 10-year group
had significantly longer conversations with longer turn
durations than adults.

Characterization of Entrainment Patterns in
Early Adolescence

Entrainment Across Age Group

Our first analysis focused on the percentage of accu-
racy with which entrainment scores could be used to dis-
tinguish between real and sham conversations in predictive
models of each age group. Findings are illustrated in Fig-
ure 4 (see also Table 1 in Supplemental Material S3). In
this analysis, predictive accuracy was higher than chance
(50%) for all groups, meaning some degree of entrainment
was present across all age groups. The degree of predictive

Table 1. Descriptive statistics of conversations by age group.

accuracy (using cross-validation with untrained data) in
the 9- to 10-year group was 59% (standard error [SE] of
the average prediction accuracy = 2%), the 11- to 12-year
group was 61% (SE = 2%), the 13- to 14-year group was
64% (SE = 2%), and the adult group was 66% (SE = 2%).
Here, accuracy can be seen as a proxy measure for the
degree of entrainment occurring in each age group. Thus,
collective incremental changes between adjacent age
groups resulted in a substantive increase in entrainment
from the 9- to 10-year group to the adult group.

Entrainment Across Gender

Our next analysis focused on the accuracy of predic-
tive models of each gender for each adolescent age group.
In the 9- to 10-year group, predictive accuracy was 61%
(SE = 3%) for girls and 59% (SE = 3%) for boys. In the
11- to 12-year group, accuracy was 64% (SE = 3%) for girls
and 63% (SE = 4%) for boys, and in the 13- to 14-year
group, accuracy was 68% (SE = 2%) for girls and 65%
(SE = 2%) for boys. Further details regarding this analysis
can be found in Table 2 in Supplemental Material S3.

Entrainment Across Acoustic Feature Sets

Next, we examined the accuracy of predictive
models for each of the five acoustic feature sets described
above (i.e., MFCCs, LTAS, voice report, rhythm metrics,
EMYS) stratified by age and gender groups. Findings are
illustrated in Figure 5 (see also Table 3 in Supplemental
Material S3). To summarize, across age and gender
groups, predictive accuracy scores were generally highest
for LTAS and MFCC feature sets (i.e., feature sets that
most closely represent articulation). This was followed by
predictive accuracy of the voice report (i.e., feature set
that most closely represents phonation). Finally, this was
followed by predictive accuracy of the rhythm metrics and
EMS feature sets (i.e., feature sets that most closely repre-
sent rhythm). Here, we note that predictive accuracy of
different acoustic features sets follows a similar trajectory
with older adolescents generally showing a higher degree
of predictive accuracy than younger adolescents and girls
showing a higher degree of predictive accuracy more often
than boys. We also note that in nearly every age and gen-
der group, the predictive accuracy of the full set of acous-
tic features (across all feature sets) was higher than or

Age group
Variable 9-10, M (SD) 11-12, M (SD) 13-14, M (SD) Adult, M (SD)
Number of turns 127.1 (25.9) 133.8 (39.2) 146.5 (51.1) 128.0 (33.5)
Duration of conversation (in seconds) 529.4 (86.8) 501.3 (125.5) 508.4 (105.7) 447.2 (136.3)
Turn duration (in seconds) 2.6 (0.3) 2.4 (0.4) 2.4 (0.4) 2.3(0.3)
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Figure 4. Predictive accuracy of entrainment models by age group. Here, error bars represent standard error. The solid line represents the
trajectory of entrainment development as represented by data analyzed within the study. Although no data were collected for a late adoles-
cence group, the dotted line represents a possible continued trajectory for entrainment development across this time period.
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Figure 5. Predictive accuracy of entrainment models by acoustic feature set. Full represents models containing all acoustic feature sets
EMS = envelope modulation spectrum; LTAS = long-term average spectrum; MFCC = mel-frequency cepstrum coefficient; VR = voice
report.
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equal to the accuracy of any single dimension. The excep-
tions to this are in the 9- to 10-year group of boys where
the predictive accuracy for LTAS was 60% and the predic-
tive accuracy for the full set was 59%, the 11- to 12-year
group of boys where predictive accuracy for the MFCC
feature set was 64% and predictive accuracy for the full
set was 63%, and the 9- to 10-year group of girls where
the predictive accuracy for the voice report feature set was
63% and the predictive accuracy for the full set was 61%.

Entrainment Across Entrainment Type

Our last analysis for this objective focused on the
accuracy of predictive models for each of the two entrain-
ment types described above (i.e., proximity and syn-
chrony) divided by age and gender groups. Findings are
illustrated in Figure 6 (see also Table 4 in Supplemental
Material S3). In sum, across all age and gender groups,
predictive accuracy for proximity scores was higher than
synchrony scores. As with acoustic feature sets, predictive
accuracy of different entrainment types follows a similar
trajectory with older children showing a higher degree of
predictive accuracy than younger children and girls gener-
ally showing higher degree of predictive accuracy more
often than boys. Finally, we note that across every age
and gender group, full models with both proximity and
synchrony together show higher predictive accuracy than
separate models with either proximity or synchrony on
their own. Additional analyses examining entrainment type

across acoustic feature sets is included in Table 5 and Fig-
ure 10 in Supplemental Material S3.

Entrainment and Conversational Success

Predictive Models of Conversational Success

In these analyses, we focused on two measures of
conversational success—conversational efficiency and con-
versational quality. Linear mixed models (with a random
intercept for dyad) showed a small (but significant) rela-
tionship between conversational efficiency and conversa-
tional quality (B [standardized coefficient] = .22, p = .04),
indicating that these metrics were largely measuring differ-
ent constructs. Our first analysis for this objective focused
on the predictive relationship between entrainment scores
(both synchrony and proximity across all acoustic fea-
tures) and conversational efficiency. Findings are illus-
trated in Figure 7 (see also Table 6 in Supplemental Mate-
rial S3). First, looking at conversational efficiency, our R
value was .44 (SE = .19), and the RMSE value was 69 s
(SE = 10). Second, looking at conversational quality, our
R? value was .40 (SE = .14), and the RMSE was .74 units
(SE = .12). This indicates that 44% of variance in conver-
sational efficiency scores and 40% of variance in conversa-
tional quality scores can be explained by entrainment
scores. Furthermore, the prediction error (i.e., the average
distance between the predicted value and real value) for
conversational efficiency was approximately a minute

Figure 6. Predictive accuracy of entrainment models by entrainment type. Full represents models containing both entrainment types.
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Figure 7. Comparison of actual conversational quality and conversational efficiency scores for each participant and model predicted scores

based on entrainment data.
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(from a range between about 1.5 and 10 min), whereas the
prediction error for conversational quality was less than 1
unit (on a 7-point Likert scale).

Conversational Success by Acoustic Feature Set
Our next analysis focused on the relative importance

of entrainment of each acoustic feature set on conversa-

tional success. Results are presented in Figure 8 (see also

Table 6 in Supplemental Material S3). For conversational
efficiency, the feature set with the highest predictive accu-
racy was MFCC. This was followed by LTAS, EMS,
voice report, and rhythm metrics. Results were similar for
measures of conversational quality. Of note, the predictive
accuracy was higher when all acoustic feature sets were
present than when any feature set was considered in
isolation.

Figure 8. Predictive accuracy for conversational success by acoustic feature set. Full represents models containing all acoustic feature
sets. EMS = envelope modulation spectrum; LTAS = long-term average spectrum; MFCC = mel-frequency cepstrum coefficient; VR = voice

report.
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Conversational Success by Entrainment Type

Our final analysis focused on the relative importance
of each entrainment type on conversational success.
Results are presented in Figure 9 (see also Table 7 in Sup-
plemental Material S3). For both conversational quality
and conversational efficiency, proximity led to a higher
predictive accuracy than synchrony. For conversational
efficiency, predictive accuracy was higher when both syn-
chrony and proximity scores were included in the model
than when either type of entrainment was considered sepa-
rately. However, for conversational quality, the model
that only included proximity scores led to greater predic-
tive accuracy than the model where both synchrony and
proximity were included.

Discussion

The purpose of this study was to characterize the
speech entrainment patterns of early adolescents. More
specifically, we investigated the developmental trajectory
of speech entrainment across early adolescents and the
relationship between entrainment and conversational suc-
cess in the conversations of this population. To gain a
more detailed understanding of entrainment patterns in
early adolescence, we also examined how this trajectory
and the relationship between entrainment and success var-
ied across different speech dimensions and entrainment
types. While a small number of existing studies have
explored speech entrainment of children and adolescents,
this is the first study, to our knowledge, to study the
entrainment patterns of this age group in naturalistic

conversations between peers and to consider multiple
speech dimensions and entrainment types.

Our first objective was to characterize the develop-
mental trajectory of speech entrainment in early adoles-
cence. We hypothesized that we would see an increase in
entrainment skills across early adolescent groups due to
physical, cognitive, and social developmental changes, and
for the given sample, this hypothesis was confirmed.
Entrainment was present in the conversations of the 9- to
10-year group above the level of chance. However, the
degree of entrainment present in these conversations was
relatively small (i.e., predictive value was 59%). Entrain-
ment levels increased in the 11- to 12-year group (predictive
value was 61%) and subsequently in the 13- to 14-year
group (i.e., predictive value was 64%). Importantly, this tra-
jectory was present in both the holistic measure of entrain-
ment and most stratified measures of entrainment across
different acoustic feature sets and types of entrainment,
illustrating the robustness of these developmental patterns.
We also examined the entrainment patterns of the conver-
sations of a comparative adult corpus. The predictive accu-
racy for adults within our study (i.e., 66%) was comparable
to the predictive accuracy from perceptual studies (e.g.,
Aguilar et al., 2016; Pardo et al., 2018) or other studies
that have employed predictive modeling (e.g., Ostrand &
Chodroff, 2021; Willi et al., 2018), demonstrating the
validity of our methodology for studying entrainment.
Importantly, in this sample, predictive accuracy was sub-
stantively higher for adults than the 9- to 10-year group
and 11- to 12-year group and slightly higher than the 13-
to l4-year group. Thus, taken together, our findings

Figure 9. Predictive accuracy for conversational success by entrainment type. Full represents models containing both entrainment types.
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indicate considerable increases in entrainment skills across
adolescence (i.e., considerable changes from 9/10 years to
adulthood). However, this development is gradual, occur-
ring slowly as adolescents develop the underlying skills
necessary for entrainment to occur. That we see a small
increase in entrainment between the 13- to 14-year-old
group and adults suggests possible continued development
into later adolescence. While more research is certainly
needed to support such a conclusion, there is good theoreti-
cal reason to believe this may be the case. While some of
the skills necessary for entrainment may plateau by the end
of early adolescence, many continue to develop through
later adolescents (e.g., speech motor control: Walsh &
Smith, 2002; certain cognitive abilities: Hartshorne &
Germine, 2015; Icenogle et al., 2019). Additionally, while
peers play an important role in early adolescence, they
take an even more prominent role in later adolescence
(Buhrmester, 1990; Lam et al., 2014) with mid/late ado-
lescents spending an estimated 50% of their waking hours
engaged in peer interaction (Csikszentmihalyi & Larson,
1984). Regardless of the exact timeframe in which adult-
like levels are attained, the protracted development of
entrainment skills into adolescence implicates the com-
plexity of entrainment and provides indirect empirical
evidence in support of Lewandowski and Jilka’s (2019)
model in which many factors must be in place for
entrainment to occur.

Our next finding regards differences in entrainment
across gender. We found that, across all age groups in this
sample, girls entrained slightly more than boys. These dif-
ferences were, in some instances, small and, accordingly,
should be interpreted with caution. However, we note that
this pattern was present in both the holistic measure of
entrainment and most stratified measures of entrainment
across different acoustic feature sets and types of entrain-
ment. These results are likely due to differences in peer
interactions between girls and boys of this age group. For
instance, early adolescent girls spend more time with their
friends than boys (Larson & Richards, 1991). Additionally,
girls are more likely to base friendship on intimacy, emo-
tional support, and self-disclosure (e.g., Brendgen et al.,
2001; Camarena et al., 1990; Radmacher & Azmitia, 2006)
and, accordingly, spend nearly twice as much time engaged
in conversation than boys (Raffaelli & Duckett, 1989). As
such, increased opportunities for practice (through increased
peer interaction) as well as increased motivation to entrain
may account for the entrainment differences observed in
this study.

Our second objective was to examine the relation-
ship between entrainment and conversational success. To
investigate this relationship, we used both an objective
measure of conversational efficiency and a subjective mea-
sure of conversational quality. Our findings showed that

speech entrainment was highly predictive of both measures
of conversational success, providing further validity to our
current methodology. While these findings are in line with
research showing similar results in adult conversations
(e.g., Borrie et al., 2019; Gregory et al., 1997; Schweitzer
et al., 2017), this is the first study, to our knowledge, to
explore this relationship in child/adolescent conversations.
The fact that entrainment exists within adolescent conver-
sations and is predictive of conversational success carries
important implications. The importance of friendship in
adolescents’ lives has been well documented in the litera-
ture. Beyond the myriad emotional benefits (Levitt et al.,
1993; Lodder et al., 2017; Pachucki et al., 2015), adoles-
cents with good friends perform better academically
(Gallardo et al., 2016; Vaquera & Kao, 2008; Wentzel
et al., 2018), develop better social skills over time (Glick
& Rose, 2011; Rubin et al., 2004), and engage in less risky
behaviors (Brady et al., 2009; Kamper & Ostrov, 2013;
Mcelhaney et al., 2006). Given the importance of peer
interactions, and the role of conversations in these interac-
tions (e.g., Csikszentmihalyi & Larson, 1984; Larson,
2001; Raffaelli & Duckett, 1989), there is a recognized
need to better understand the typical interactive patterns of
this age group (Dahl et al., 2018; Turkstra, 2000; Turkstra
et al., 2003). Here, we show that entrainment not only is
present in the conversations of early adolescents but also
plays an important role in conversational outcomes.

To gain a more in-depth view of entrainment, we
examined how entrainment patterns (i.e., both the occur-
rence of entrainment and its relationships with conversa-
tional success) varied across speech dimension and entrain-
ment type. We found that entrainment across feature sets
that most strongly represent articulatory dimensions of
speech (i.e., LTAS and MFCC) occurred at higher levels
and was more indicative of conversational success than fea-
tures sets that represent phonation (i.e., voice report) or
rhythm (i.e., rhythm metrics and EMS). These findings are
in line with Borrie et al. (2019) who, using a different meth-
odological approach, found similar entrainment patterns
across these same speech dimensions in adult conversations.
We also found that proximity occurred at higher levels than
synchrony. Importantly, models that included both proxim-
ity and synchrony across all five acoustic feature sets
almost always led to higher predictive accuracy than
models that only contained a single entrainment type or
acoustic feature set. Several researchers have highlighted
the need for holistic approaches that capture the multi-
dimensionality of speech entrainment, rather than focusing
on individual acoustic features (Borrie et al., 2019; Ostrand
& Chodroff, 2021; Pardo et al., 2018). Here, we provide
empirical support for these assertions and a valid methodol-
ogy for capturing speech entrainment across different
acoustic features and entrainment types.

Wynn et al.: Speech Entrainment in Adolescent Conversations 3145



Limitations and Future Directions

Given the relative novelty of our study and findings,
there are many avenues for continued investigation in this
area. First, through our findings, we showed an increase
in the entrainment patterns across early adolescents, with
the possibility of continued development in later adoles-
cence. However, as our study did not include older adoles-
cents, we were unable to determine the developmental tra-
jectory of their entrainment skills. Accordingly, future
work should focus on characterizing the speech entrain-
ment patterns of this age group. Future research could
also examine developmental patterns across different types
of conversations, languages, and cultures. Additional types
of entrainment (i.e., dynamic and/or global entrainment)
could be explored as well. While we conjecture that our
primary findings (i.e., that entrainment increases during
adolescence and is predictive of conversational success)
will be largely generalizable, more specific findings will
likely vary across contexts. Next, our findings showed a
developmental increase in speech entrainment across early
adolescents. This is likely due to increases across motor
production and cognitive abilities as well as social motiva-
tion. However, which specific developmental skills are
most important for entrainment is still largely unknown.
Therefore, future research investigating individual differ-
ences in the entrainment patterns of adolescents and the
skills that underlie these differences is necessary. Finally,
while our study focused on the speech entrainment patterns
of neurotypical populations, our findings offer important
clinical implications. It is likely that individuals with neuro-
developmental disorders affecting the underlying abilities/
motivation necessary for speech entrainment may exhibit
difficulties entraining to others. Currently, there are a cou-
ple of studies that have found evidence of entrainment defi-
cits in autism (e.g., Lehnert-LeHouillier et al., 2020; Patel
et al., 2022; Wynn et al., 2018), and it is likely that similar
patterns are found in other neurodevelopmental disorders
such as attention-deficit/hyperactivity disorder, global devel-
opmental delay, and various communication disorders.
Accordingly, future work should focus on understanding
the speech entrainment patterns of neurodivergent adoles-
cents and the impact on conversational outcomes.

Conclusions

This study represents the first study, to our knowl-
edge, to explore speech entrainment in peer conversations
during adolescence. We found that speech entrainment
increases during early adolescence and is predictive of
both conversational quality and conversational efficiency.
Furthermore, we demonstrated the benefits of using a
multidimensional methodology that incorporates different

types of entrainment across multiple speech dimensions.
These findings offer a number of implications and future
directions for continued investigation of entrainment in
neurotypical and neurodivergent adolescent populations.
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