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A B S T R A C T

Purpose: Acoustic–prosodic entrainment, defined as the tendency for individ-
uals to modify their speech behaviors to more closely align with the behaviors
of their conversation partner, plays an important role in successful interaction. From
a mechanistic perspective, acoustic–prosodic entrainment is, by its very nature, a
rhythmic activity. Accordingly, it is highly plausible that an individual’s rhythm per-
ception abilities play a role in their ability to successfully entrain. Here, we examine
the impact of rhythm perception in speaking rate entrainment and subsequent
conversational quality.
Method: A round-robin paradigm was used to collect 90 dialogues from neuro-
typical adults. Additional assessments determined participants’ rhythm percep-
tion abilities, social competence, and partner familiarity (i.e., whether the con-
versation partners knew each other prior to the interaction. Mediation analysis
was used to examine the relationships between rhythm perception scores,
speaking rate entrainment (using a measure of static local synchrony), and a
measure of conversational success (i.e., conversational quality) based on third-
party listener observations. Findings were compared to the same analysis with
three additional predictive factors: participant gender, partner familiarity, and
social competence.
Results: Results revealed a relationship between rhythm perception and speak-
ing rate entrainment. In unfamiliar conversation partners, there was a relation-
ship between speaking rate entrainment and conversational quality. The rela-
tionships between entrainment and each of the three additional factors (i.e.,
gender, partner familiarity, and social competence) were nonsignificant.
Conclusions: In unfamiliar conversation partners, better rhythm perception abili-
ties were indicative of increased conversational quality mediated by higher
levels of speaking rate entrainment. These results support theoretical postula-
tions specifying rhythm perception abilities as a component of acoustic–
prosodic entrainment, which, in turn, facilitates conversational success. Knowl-
edge of this relationship contributes to the development of a causal framework
for considering a mechanism by which rhythm perception deficits in clinical
populations may impact conversational success.
Conversation involves much more than a static back-
and-forth exchange of information. Rather, during conver-
sation, partners engage in a rhythmic and dynamic inter-
play, continually altering their communicative behaviors
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and coordinating these actions with one another. One
well-established coordinative behavior is acoustic–prosodic
entrainment, a phenomenon in which interlocutors modify
their speech behaviors to align with the same behaviors of
their partner. This alignment of behavior has been demon-
strated in many different acoustic–prosodic elements of
speech across articulatory (e.g., articulatory precision;
Borrie, Wynn, et al., 2020; Lubold et al., 2019), phonatory
(e.g., fundamental frequency; Borrie & Liss, 2014; Reichel
et al., 2018), and prosodic (e.g., speech rate; Cohen-Priva
et al., 2017; Wynn & Borrie, 2020b) aspects of speech.
2 • Copyright © 2022 American Speech-Language-Hearing Association 2187
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According to the interactive alignment model, entrainment
serves as an important grounding mechanism upon which
conversation partners build shared mental representations,
simplifying linguistic processing and reducing the compu-
tational load necessary for conversation (Pickering &
Garrod, 2004). This, in turn, benefits the conversation.
Research has indicated that entrainment is one strategy
that people employ to increase the overall success of their
interactions. For instance, entrainment is highly predictive
of several functional measures of successful interaction
including communicative efficiency (e.g., Borrie et al.,
2015; Nenkova et al., 2008), cooperation (e.g., Manson
et al., 2013; Taylor & Thomas, 2008), and collaboration
(e.g., Polyanskaya et al., 2019a; Weidman et al., 2016).
One important benefit of entrainment is its role in conver-
sational quality or the overall flow of the interaction (e.g.,
Local, 2007; Wilson & Wilson, 2005). For example,
Michalsky et al. (2018) found that higher levels of entrain-
ment led to better perceptual ratings of conversational
quality made by partners following the interaction. Pre-
sumably, greater conversational flow is associated with the
perceived connection and rapport often reported by com-
munication partners in highly entrained conversations
(e.g., Aguilar et al., 2016; Schweitzer et al., 2017).

Although acoustic–prosodic entrainment has been
demonstrated as a relatively pervasive communication
phenomenon in the conversations of neurotypical individ-
uals, there is a considerable amount of variability in the
degree to which conversation partners entrain with one
another and, subsequently, experience conversational suc-
cess. Within the literature, sources of this variability—that
is, the factors that may facilitate entrainment—have been
widely discussed. One area of research has focused on fac-
tors that are theorized to impact an individual’s ability to
entrain. For example, Lewandowski and Jilka (2019) have
argued that cognitive skills such as attention enhance or
inhibit a person’s ability to recognize, store, and retrieve
the information regarding their partner’s communicative
behaviors. Beyond attention, the influence of working
memory, social aptitude, and linguistic distance have been
examined (Kim et al., 2011; Yu et al., 2013). A second
area of research focuses on factors that are theorized to
impact an individual’s motivation to entrain. For example,
a person’s social desirability or rejection sensitivity may
affect their drive to adjust their communication behaviors
toward their partners to gain social acceptance and reduce
social differences (Aguilar et al., 2016; Natale, 1975). Sim-
ilarly, the conversational role of a speaker and their rela-
tive status (e.g., student vs. professional) within a given
conversation may affect an individuals’ desire for social
approval and, thus, their motivation to entrain to the
behaviors of their partner (Gregory & Webster, 1996;
Pardo, 2006; Reichel et al., 2018; Street, 1984). Additional
factors that may affect both ability and motivation, such
2188 Journal of Speech, Language, and Hearing Research • Vol. 65 •
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as personality features, age, gender, partner familiarity,
and relationship length, have also been explored (Cohen-
Priva et al., 2017; Namy et al., 2002; Pardo et al., 2012;
Weidman et al., 2016; Yu et al., 2013). Despite extensive
research in this area, definitive conclusions are sparse.
While some factors have been shown to predict entrain-
ment, many have not. Additionally, there are contrasting
results across different studies and contexts. For example,
with regard to gender, some studies indicate higher levels
of entrainment in male dyads (e.g., Pardo, 2006), whereas
others have found higher rates in female dyads (e.g.,
Namy et al., 2002). Still, other studies have found no sig-
nificant differences between male and female speakers
(e.g., Yu et al., 2013). At present, there is no clear consen-
sus regarding the factors that are most important for
entrainment.

While the findings and ideas set forth by this body
of research are valuable, there is one potential factor that
has been surprisingly overlooked. From a theoretical per-
spective, entrainment of motoric behavior (including
acoustic–prosodic entrainment) is, by its very nature, a
rhythmic activity. Phillips-Silver et al. (2010), describe
entrainment as “rhythmic responsiveness to a perceived
rhythmic signal” (p. 3). Drawing upon the ideas of Todd
et al. (2002), they note that entrainment therefore requires
a robust sensory system by which rhythmic information
can be extracted from the speech signal of a communica-
tion partner and subsequently integrated into their own
speech patterns. Accordingly, it is highly plausible that an
individual’s rhythm perception abilities play a role in their
capacity to entrain to their conversation partner. Indeed,
rhythm perception abilities have been linked with greater
success in other important aspects of communication
including speech processing (e.g., Borrie et al., 2017;
Slater & Krauss, 2016), stress perception, word segmenta-
tion (e.g., Hausen et al., 2013; Magne et al., 2016), and
syntax use (e.g., Canette et al., 2019; Gordon et al., 2015).
However, to date, the relationship between rhythm percep-
tion abilities and acoustic–prosodic entrainment in neuro-
typical populations has not been examined.

Despite the lack of an empirical link between rhythm
perception and acoustic–prosodic entrainment in neurotypi-
cal populations, research from clinical populations with
rhythm perception deficits provides evidence, at least indi-
rectly, of such a relationship. For example, Lagrois et al.
(2019) found that individuals with a beat processing disor-
der (i.e., deficits in tracking the beat in music) were unable
to rhythmically tap their finger to natural spoken output.
Presumably, their inability to perceive the rhythmic patterns
of a given signal prohibited them from entraining their
rhythmic output with the sensory input of the speech stim-
uli. Within the realm of verbal communication, lower levels
of entrainment have been identified in the speech patterns
of populations with rhythm perception deficits (Isenhower
2187–2203 • June 2022
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Figure 1. Conceptual model employed to test the hypothesis that rhythmic ability effects conversational success through acoustic–prosodic
entrainment. Additional factors including gender, partner familiarity, and social competence are also included within our model.

1In line with the study of Yorkston et al. (2017) and their discussion
on “speech versus speaking,” we use the term speaking rate rather
than speech rate to denote that information was collected during the
active process of communication (i.e., dialogue) rather than a task
devoid of interaction (e.g., shadowing task with prerecorded stimuli).
et al., 2012; Polonenko et al., 2017; Stabej et al., 2012;
Tordjman et al., 2015) such as children with cochlear
implants (Freeman & Pisoni, 2017) and autistic individ-
uals (Lehnert-LeHouillier et al., 2020; Wynn et al.,
2018). While neurotypical populations do not, as a gen-
eral whole, exhibit rhythmic perception deficits to the
extent exhibited within these clinical groups, a great deal
of individual variability in rhythm perception ability does
exist (e.g., Fujii & Schlaug, 2013; Grahn & Schuit, 2012;
Law & Zentner, 2012). For example, in a cohort of 121
neurotypical individuals, Wallentin et al. (2010) found
that scores on a validated rhythm perception task ranged
from 100% accuracy to scores that do not rank signifi-
cantly above chance. Given the large individual variabil-
ity in rhythm perception coupled with strong theoretical
reasoning and evidence from clinical populations, we
advance the prediction that rhythm perception abilities
may facilitate acoustic–prosodic entrainment in neuroty-
pical individuals.

The purpose of this study is to test the hypothesis
that rhythm perception abilities predict acoustic–prosodic
entrainment, and this, in turn, contributes to conversa-
tional success. The overarching representation of the con-
ceptual model can be found in Figure 1. As discussed pre-
viously, the hypothesized model is informed by theory,
which suggests a relationship between rhythm perception
and acoustic–prosodic entrainment (e.g., Phillips-Silver
et al., 2010; Todd et al., 2002) and between acoustic–
prosodic entrainment and conversational success (e.g.,
Local, 2007; Wilson & Wilson, 2005). The direction of the
pathways was further established by temporal sequencing,
which dictates that rhythm perception abilities must pre-
cede acoustic–prosodic entrainment, which, in turn, must
precede conversational success.

To test this model, we focus specifically on speaking
rate entrainment as our metric of entrainment and conver-
sational quality as our metric of conversational success.
We chose to focus on speaking rate entrainment because
of robust evidence of its presence in conversations, as well
as its association with conversational success (e.g., Manson
et al., 2013; Street, 1984; Wynn & Borrie, 2020b). Addi-
tionally, studies showing lower levels of entrainment in
Wy
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populations with rhythm perception deficits are often spe-
cifically focused on speaking rate entrainment (e.g.,
Freeman & Pisoni, 2017; Wynn et al., 2018). We acknowl-
edge that there are many ways to define and measure con-
versational success. Because of the broader implications
of this work with clinical populations, our measure of
conversational success was selected in consensus with an
expert panel of speech-language pathologists (SLPs).
When asked what conversational success meant, the
majority of SLPs provided responses that focused on the
“quality” of the conversation (e.g., high level of engage-
ment, conversation feels natural, and conversation flows).
Accordingly, in line with these responses, we use a measure
of conversational quality based on third-party listener
observations.

In our first objective, we focus on the relationship
between rhythm perception abilities and speaking rate
entrainment. Specifically, we compare a rhythmic beat dis-
crimination task to a measure of static local synchrony
(see Wynn & Borrie, 2020a, for a discussion of entrain-
ment types) of speaking rate.1 In order to understand the
role of rhythm perception, relative to other factors that
have been included in existing literature, we also test gen-
der, partner familiarity, and social competence within our
analyses. In our second objective, we examine the relation-
ship between rhythm perception abilities and conversa-
tional quality. Specifically, we examine the direct pathway
between rhythm perception and conversational quality, as
well as an indirect pathway in which the relationship
between these two factors is mediated by speaking rate
entrainment.

We employ several methods of control to eliminate
potential confounds that may affect the results of our
model testing. First, we apply statistical control by includ-
ing three disparate and broad control variables (i.e., gen-
der, partner familiarity, and social competence) to account
nn et al.: Rhythm, Entrainment, and Conversational Quality 2189
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for the potential confounding effects these variables and
their antecedents may have on established relationships.
Second, we control for other confounding variables within
our experimental design by using a highly controlled envi-
ronment (i.e., controlled conversational task, same time,
and location for all participants) and a well-controlled
group of participants (i.e., college students of a similar
age who are native English speakers). Additionally, we
use a data collection methodology in which participants
engage in multiple conversations in a round-robin–type
sampling paradigm. This between–within design enables
us to investigate the speaking rate entrainment patterns of
each individual while accounting for the possibility that
an individual may vary their level of entrainment, depend-
ing on their conversation partner.
2In 88 of the 90 dyad pairings, partners’ responses regarding the
familiar versus. unfamiliar distinction were identical. In the two
instances where responses differed, because entrainment was analyzed
by participant (rather than by dyad), each participant’s score reflected
their perception of partner familiarity (i.e., their own response to the
question).
Method

Collection of data for this study was part of a larger
study examining entrainment in neurotypical adults using
a round-robin data collection procedure. Within this pres-
ent study, there were two phases of data collection: con-
versational collection and conversational rating. The con-
versation collection phase included a dialogue task, per-
formed by a group of participants at the same time, as
well as additional assessments, performed by each partici-
pant at individual testing sessions. The conversation rating
phase was completed by a second set of participants using
an online crowdsourcing website. Both phases are described
in detail below.

Conversation Collection Phase

Participants
Data were collected from 20 neurotypical adults. All

participants were undergraduate university students between
the ages of 18 and 23 years (M = 20.63, SD = 1.64). Partici-
pants were native speakers of American English and
passed a hearing screening administered at 20 dB for
1000, 2000, and 4000 Hz. Participants also reported no
cognitive, speech, or language impairment. Participants
were divided into two distinct experimental groups based
on gender: one female group (n = 10) and one male group
(n = 10). This grouping variable allowed us to consider
the role of gender composition on acoustic–prosodic
entrainment.

Dialogue Task
Ten participants of the same gender completed the

conversation portion of the experiment at the same time.
During the dialogue task, participants were divided into
dyads and assigned a private room with a research assis-
tant. Conversational dyads were seated facing one another
2190 Journal of Speech, Language, and Hearing Research • Vol. 65 •
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and were each fitted with a microphone connected to a
single Zoom H4N portable digital recorder. Separate
audio channels for each communication partner and stan-
dard settings (48 kHz; 16-bit sampling rate) were
employed for audio recording of the dialogue task.

Dyads then completed the spoken dialogue Diapix
task (Baker & Hazan, 2011; see also the study of Van
Engen et al., 2010, for the original version). The task is a
collaborative “spot-the-difference” task, used previously
to study acoustic–prosodic entrainment (e.g., Borrie
et al., 2015, 2019). In this task, each partner is given one
of a pair of pictures and instructed not to show one
another. Pictures are virtually identical but have 12 dif-
ferences in detail between the two (e.g., three vs. four
blankets). Participants were asked to communicate with
one another to verbally identify as many differences as
they could within a 5-min timeframe. Dyads were then
free to verbally interact in any way they saw fit to
problem-solve the task. The conversation ended when
participants found all 12 differences or after 5 min had
elapsed (whichever came first). After the task was com-
pleted, participants each answered a multiple-choice
question, indicating the level of partner familiarity. Spe-
cifically, participants indicated if they had never met or
were acquaintances, okay friends, or really good friends
with their communication partner. Due to the small
number of responses for some items and to allow for
adequate group information to estimate differences,
responses representing any degree of familiarity were
combined into a single grouping variable (familiar vs.
unfamiliar). Thus, our metric of partner familiarity
reflects whether participants did or did not know their
communication partner.2 After answering this question,
participants were divided into new dyad pairings and
completed the same task with a new picture set. This
process was repeated until each participant had com-
pleted the task with all nine other group members (and
nine different picture sets). In total, 45 conversations
were collected from each group (i.e., male group and
female group), yielding a total of 90 conversations.

Additional Assessments
Rhythm perception abilities were assessed using the

rhythm subtest of the Musical Ear Test (MET; Wallentin
et al., 2010). This measure was selected because of its high
validity as a measure of rhythm perception with essentially
no floor or ceiling effects. The test uses a forced-choice
2187–2203 • June 2022
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3To verify the appropriateness of this question, we asked the panel of
SLPs if they thought this question adequately captured conversational
success. All 10 SLPs affirmed that this question was appropriate.
Additionally, to ensure that the wording of the question appropriately
encapsulated the idea of conversational quality, we asked 10 individ-
uals (i.e., non-SLPs) how they interpreted this question. Responses
closely matched the ideas of conversational quality expressed by our
expert panel (e.g., mutual engagement, neither person dominates, on
the same page).
paradigm for which participants must judge whether 52
pairs of rhythmic phrases are the same or different. The
rhythm sequences within each phrase contain four to 11
woodblock beats and have a duration of one measure
played at 100 beats/min. When phrases are different, they
differ from one another by a single rhythmic change (for
further details on how rhythm complexity is varied across
phrase pairs, see Wallentin et al., 2010). No feedback
regarding judgment accuracy is given at the time of test-
ing. Scores for this assessment were calculated as the per-
centage of correctly answered items.

Social competence was assessed using the social
acceptance subscale of the Self-Perception Profile for Col-
lege Students (Harter, 2012). This subscale contains four
structured alternative questions dealing with participants’
perceptions of their social skills and ability to make
friends. For each question, participants were asked to read
two contrasting statements (e.g., “Some students like the
way they interact with other people. Other students wish
their interactions with other people were different”) and
identify which statement best describes them. The partici-
pant then decides whether the description they chose is
“really true for me” or “sort of true for me.” Each item
is given a numeric value ranging from 1 to 4, with 1 rep-
resenting low social competence and 4 representing high
social competence. A total score for this measure was
obtained by summing scores from each of the four
questions.

Conversation Rating Phase

Listener Participants
Rating data were collected from 94 participants

(male = 56, female = 38), ranging in age from 22 to
65 years (M = 37.72, SD = 10.57). Participants were
recruited using Amazon Mechanical Turk (MTurk; http://
www.mturk.com), an online crowdsourcing website suc-
cessfully used in social science research involving listener
ratings of speech recordings (e.g., Byun et al., 2015;
Parker & Borrie, 2018; Yoho et al., 2019). Our inclusion
criteria required that participants were native speakers of
American English. Additionally, participants were required
to meet the following qualifications on MTurk: (a) location
confirmed in the United States, (b) Human Intelligence
Task (HIT) approval rating of 99% or better (rating pro-
vided by MTurk to characterize worker performance), and
(c) completion of a minimum of 10,000 HITs.

Stimuli
Audio clips that were approximately 60 s in length

were extracted from each of the 90 dialogues elicited dur-
ing the conversational collection portion of the experiment
as described previously. This was done to maintain partic-
ipant engagement with the task (i.e., so that participants
Wy
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did not become bored and inattentive from listening to the
entire duration of the conversation). As is frequently done
in studies employing interactional ratings, the second
minute of the conversation was used as a stimulus (e.g.,
Balaam et al., 2011; Bernieri et al., 1994; Ingham et al.,
2001). In order to improve naturalness of the stimulus,
each audio clip was created at the most natural breaking
point within 5 s of the start and end of the 2-min mark of
the conversation.

Rating Task
After obtaining informed consent, participants

were instructed to put on headphones and check the
sound on their computer. Participants were told they
would be listening to audio clips and were given a short
description of the dialogue task that had formerly been
completed. However, they were not told the purpose of
the study or given any information about the dyads. Par-
ticipants were told that immediately after listening to
each clip, they would use a 5-point Likert-type rating
scale (1 = disagree, 3 = neutral, 5 = agree) to indicate
the extent to which they agreed with the following state-
ment: “This conversation seemed to flow well (i.e., con-
versational partners were in-sync with each other).3 Each
participant was then presented with a randomly selected
audio clip from the 90 total conversations. Participants
selected a play button when they were ready to start each
recording, and they were then required to listen to the
entire duration of the audio clip before being allowed to
make their rating and move to the next audio clip. This
process continued until the participant had listened to
and rated 15 audio clips.

Several measures were taken to better ensure high-
quality data (e.g., data not collected from bots, inattention
from research participants; Aguinis et al., 2020; Jonell
et al., 2020; Keith et al., 2017) These included (a) two
forced-response fill-in-the-blank questions requiring a
good grasp of American English (e.g., “What is the punc-
tuation mark commonly used at the end of a sentence?”)
after one-third and two-thirds of the task had been com-
pleted; (b) a financial bonus promised to participants who
showed evidence that they had fully engaged in the task
(granted when participants answered the fill-in-the-blank
questions correctly); (c) disabling research participants
from completing the study more than 1 time; and
nn et al.: Rhythm, Entrainment, and Conversational Quality 2191

 Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 

http://www.mturk.com
http://www.mturk.com


4Random slopes for leading rate (Yct−1) by conversation ID, partici-
pant ID, and partner ID were also included within original models.
However, model estimations were generally singular suggesting over-
specification and were thus removed from the final models. Notably,
results from these singular models did not lead to different conclu-
sions than those presented herein. Further details regarding all tested
models and results can be found at https://osf.io/zpxrm/.
(d) keeping audio samples short and limiting entire task to
25 min to maintain attention. Only one participant
answered the fill-in-the-blank questions incorrectly, and
their data were subsequently removed from analysis.

Acoustic Analysis

Trained research assistants manually coded each
audio file, annotating and transcribing individual spoken
utterances using the Praat textgrid function (Boersma &
Weenink, 2020). Utterances were defined as a unit of
speech with pauses no greater than 50 ms (Levitan &
Hirschberg, 2011). Illustrations of the associated spectro-
grams were used to aid coding accuracy. These textgrids
were used to calculate the number of syllables using an
automated syllabification script from the Penn Phonetics
Toolkit (Tauberer, 2008). This script relies on a prespeci-
fied list of vowels that are used to identify syllable nuclei.
Onsets and codas for each syllable are then determined
using a series of linguistic rules. In order to ensure accu-
racy of the automated syllable counting algorithm, sylla-
bles were counted by hand by a research assistant for 10%
of the total data set (nine randomly selected conversa-
tions). Comparison indicated high agreement between the
automated script and the research assistant, with a Pear-
son correlation r score of .99.

Speaking rate was then calculated by dividing the
number of syllables by the total time for each utterance.
In order to improve the accuracy of speaking rate mea-
surement, utterances that were only one word long were
removed from analysis. Due to the nature of the tasks,
conversations were all of varying lengths. However, all
conversations lasted at least 180 s. To ensure valid com-
parisons across participants and conversations, only data
extracted from the first 180 s of each conversation were
included in analysis.

Statistical Analysis

Examination of Entrainment
Our first research objective focused on the factors

that predicted speaking rate entrainment (a pathways).
For this objective, we used a measure of static local syn-
chrony, operationally defined as simple, turn-by-turn
alignment where one speaker’s behavior in a single spo-
ken utterance predicts the behavior of their communica-
tion partner in the subsequent adjacent spoken utterance.
This was accomplished using linear mixed-effect models,
similar to those used in previous studies (Borrie, Wynn,
et al., 2020; Seidl et al., 2018). In these models, we
assessed the degree to which the speaking rate of one
speaker (leading rate) predicts the speaking rate of their
conversation partner on a subsequent adjacent turn (sub-
sequent rate) while accounting for individual variability
2192 Journal of Speech, Language, and Hearing Research • Vol. 65 •
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across participants and conversations. This model can be
expressed as follows:

Yct ¼ β0 þ β1 � Yct�1 þ αc þ αi þ αp

þ
X
j

βj � covariatesi þ εct;

(1)

αc eN μc; σ
2
c

� �
; (2)

αp eN μp; σ
2
p

� �
; (3)

αi eN μi; σ
2
i

� �
; (4)

ϵct eN 0; σ2
� �

; (5)

where c is the cth conversation, i is the ith individual, p is
the pth partner, Y is the speaking rate, t is the current
time point (subsequent rate), and t-1 is the leading rate.
Parameters αc αi, and αp are the random intercepts, by
conversation ID, individual ID, and partner ID, respec-
tively.4 The covariates included gender, partner familiar-
ity, rhythm perception, and social competence. The degree
to which an interlocutor’s subsequent rate was predicted
by their partner’s leading rate (β1) is indicative of the
degree to which the interlocutor aligned their speaking
rate to that of their communication partner. As such, only
adjacent utterances between communication partners (as
opposed to consecutive utterances produced by the same
individual) were included. Notably, all continuous vari-
ables were mean centered before analysis.

In order to more fully establish whether entrainment
patterns from the conversational corpus were meaningful
and not capturing accidental or coincidental phenomena,
we also analyzed the entrainment patterns of a sham cor-
pus following an approach established in prior work
(Borrie, Barrett, et al., 2019, 2020; Duran & Fusaroli,
2017). This was done by randomly lining up each speaker
with partners not currently in conversation with them.
For example, we used data from Speaker 1 when convers-
ing with Speaker 2 and paired that up with data from
Speaker 8 when Speaker 8 was conversing with Speaker 3.
That is, Speaker 1 and Speaker 8 are now lined up in a
“sham” conversation—one that never actually occurred.
Thus, the sham corpus had all interdependent behavior
removed while maintaining other aspects of conversation
(e.g., acoustic–prosodic information of two speakers). This
2187–2203 • June 2022
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was done for n = 180 sham conversations (i.e., one for
each participant in each conversation). Using the same
model specification as in the real dialogues, analyses
assessed if entrainment patterns were detectable within
sham conversations.

Entrainment and Predictive Factors
After entrainment patterns were confirmed within

our conversational corpus, we used maximum-likelihood
ratio tests to assess the degree to which four predictive
factors predict entrainment (a pathways). Our four predic-
tive factors were rhythm perception ability (continuous
variable from rhythm subtest of the MET), participant
gender (dichotomous variable of male vs. female), partner
familiarity (dichotomous variable of knowing communica-
tion partner vs. not knowing communication partner), and
social competence (continuous variable from social accep-
tance subscale of the Self-Perception Profile for College
Students). In the first model (Model 1), subsequent rate
was predicted by leading rate while controlling for gender,
partner familiarity, rhythm perception ability, and social
competence for the speaker of subsequent rate (i.e., the
person entraining). This baseline model was then com-
pared to a series of four models, to assess moderation of
each predictive factor. Each model included an interaction
between leading rate and one of the four predictive
factors—rhythm perception (Model 2a), gender (Model
2b), social competence (Model 2c), and partner familiarity
(Model 2d). Each model included the remaining predictive
factors as control variables and included random inter-
cepts for participant ID, partner ID, and conversation ID
to account for intra-individual, intrapartner, and intracon-
versation variability. Thus, the general model for this
objective can be expressed as follows:

Yct ¼ β0 þ A1 � Yct�1 þ A2 � Yct�1 � factorþ αc
þ αi þ αp þ

X
j

βj � covariatesi þ εct; (6)

αc eN μc; σ
2
c

� �
; (7)

αp eN μp; σ
2
p

� �
; (8)

αi eN μi; σ
2
i

� �
; (9)

ϵct eN 0; σ2
� �

; (10)

where factor is the corresponding predictive factor for that
model, covariates include all predictive factors (including
the one in the interaction), and A2 is the estimate of inter-
est. The investigation of any significant interactions
included assessment of simple slopes to estimate entrain-
ment by the levels of the predictive factors.
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Relationship to Conversational Quality
Our second research objective examined the relation-

ship between rhythm perception, speaking rate entrain-
ment, and conversational quality. For this analysis,
rhythm perception and conversational quality are a single
measure per individual in each conversation. As such, it
was necessary to also establish an entrainment value at
that same level. To do this, we estimated the slope (β1) of
the line formed by regressing subsequent rate onto leading
rate across adjacent conversational turns for each interlocutor
in each dialogue. This was done using a series of linear
regression models to obtain this aggregated measure for
each individual in each conversation. This approach can
be expressed as follows:

Yct ¼ β0 þ β1 � Yct�1ϵct (11)

for m = 180 total models (i.e., one model per speaker per
conversation). Thus, the estimate (β1) for each individual in
each conversation (the entrainment score) represents the
degree to which an individual’s speaking rate was predicted
by the rate of their partner’s previous adjacent turn.

As for conversational quality, this measure came
from the ratings provided in the second phase of the
study. Because each participant was presented with audio
clips in a random fashion, some audio clips received more
ratings than others. However, all clips were rated between
10 and 17 times (M = 16.0, SD = 1.4). We then used these
values within linear mixed-effects models to explore the
relationship between speaking rate entrainment and con-
versational quality (pathway b) and the direct pathway
between rhythm perception and conversational quality
(pathway c). Thus, the model for the second objective can
be expressed as follows:

Qualityipr ¼ B0 þ B1 þ B1r þ B1ið Þ � entrainmentipr
þ C1 � rhythmipr þ γr þ γi þ γp þ

X
j¼2

Cj

� covariatesipr þ λipr; (12)

γr
B1r

e N
μγr
μB1r

;
σ2γr ργrB1r

ρB1rγr
σ2
B1r

 !" #
; (13)

γp eN μp; σ
2
p

� �
; (14)

γi
B1i

eN μγi
μB1i

;
σ2
γi

ργiB1i

ρB1iγi
σ2B1i

 !" #
; (15)

λipr eN 0; σ2
� �

; (16)

where r is the rth rater, B1 is the effect of entrainment on
conversational quality, and C1 is the “direct effect” of
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Table 1. Results of fixed effects for real and sham conversations.

Term b SE df t value p value

Real conversations
Intercept 4.40 0.10 21 45.09 < .001***
Leading rate 0.08 0.01 3845 5.86 < .001***
Sham conversations
Intercept 4.40 0.10 21 44.40 < .001***
Leading rate 0.004 0.02 3224 0.27 .79

Note. SE = standard error; df = degrees of freedom.

***p < .001.
rhythm on conversational quality. As before, the model
includes gender, social competence, and partner familiarity
as control variables. The random-effects structure included
random intercepts and slopes (for entrainment) by partici-
pant ID, partner ID, and rater ID.5

All analyses were performed in the R statistical envi-
ronment (R Version 3.6.1; R Development Core Team,
2019). Data cleaning and visualization relied on the “tidy-
verse” packages (Wickham et al., 2019). Mixed-effects
models were analyzed using the lme4 (lme4 package Ver-
sion 1.1–19; Bates et al., 2015) and lmerTest (Kuznetsova
et al., 2017) packages. Simple slope analysis was per-
formed using the interactions (Long, 2019) package. All
p values reported in conjunction with estimates of effect
are based on Satterthwaite approximation to degrees of
freedom. Analysis code and model output associated with
this work are available at the study repository hosted at
https://osf.io/zpxrm/.
Results

Descriptive Data

In total, our data set consisted of 4,699 adjacent con-
versational turns. The number of analyzed turns per partici-
pant per conversation ranged from 15 to 40 (M = 26.1,
SD = 5.8). Analyses described below included seven vari-
ables: leading rate (M = 4.5, SD = 1.5), subsequent rate
(M = 4.4, SD = 1.4), rhythm perception ability (M = 67.2,
SD = 9.3), gender (45 male dialogues, 45 female dialogues),
partner familiarity (40 familiar with partner, 140 unfamiliar
with partner), social competence (M = 12.1, SD = 2.3),
and conversational ratings (M = 4.2, SD = 1.0).
5A random intercept was originally included for conversational ID.
However, the model estimation was singular due to this variable not
accounting for variability in the outcome and was thus removed from
the model.
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Examination of Entrainment

To investigate our first objective, the presence of
acoustic–prosodic entrainment patterns in the speaking
rate of conversational participants was first established.
As shown in Table 1, findings from the real conversational
corpus showed a significant level of entrainment (p < .001).
Using this same analysis approach, we also analyzed the
level of entrainment within the sham corpus. Contrast-
ingly, findings from the sham conversational corpus
showed no significant level of entrainment (p = .79).
Additionally, the overall effect size of entrainment within
our real conversational corpus (b = 0.08) was more than
20 times that of the sham corpus (b = 0.004). We thus
conclude that, within the real conversational corpus,
speakers are genuinely displaying a significant and mean-
ingful level of entrainment. An illustrative example of the
difference between real and sham data is presented in
Figure 2. Using the data from one conversation, the
speaking rate of Speaker 1 is shown with the preceding
adjacent turns of Speaker 2 who is either their real con-
versation partner (left panel) or a sham partner (right
panel). As illustrated, in real dialogues, partners aligned
their speaking rate (i.e., as one increased, the other
increased and as one decreased, the other decreased). This
alignment pattern was not evident in the sham dialogues.

Examination of Predictive Factors

Likelihood ratio tests were performed to assess the
best fitting model from a basic “main effects” model
(Model 1) to more complex models that included potential
moderators. Results indicated Model 2a (the model that
includes an interaction between leading rate and rhythm
perception) as the best-fitting model (see Table 2). Table 3
shows the estimates of Model 2a, revealing the significant
interaction between rhythm perception and leading rate
(b = 0.004, p = .02). Further tests for other potential mod-
erators were also performed (i.e., likelihood ratio tests
between Model 1 and each other models, tested individu-
ally). In each instance, Model 1 was revealed as the best-
2187–2203 • June 2022
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Figure 2. Speaking rate of one speaker (Speaker 1) across a real and sham conversation with the preceding adjacent turns of their partner
(Speaker 2). The left panel, illustrating the real conversation, shows speaking rate entrainment as supported by our analysis across the con-
versations. The right panel, illustrating the sham conversation, shows an absence of speaking rate entrainment.
fitting model (see Table 2). Thus, taken together, findings
showed that entrainment was significantly influenced by
rhythm perception but not by gender, partner familiarity,
or social competence.

To further examine the relationship between entrain-
ment and rhythm perception, a simple slope analysis was
performed. This approach is designed to show the strength
of the relationship in entrainment based on the level of a
third variable—in this case, rhythm perception scores. Spe-
cifically, we assessed the strength of entrainment for when
rhythm perception was 1 SD below the mean, at the mean,
and 1 SD above the mean. As shown in Table 4, the slope
for low rhythm perception scores was .05. The slope for
medium rhythm perception scores was .08, and the slope
Table 2. Linear mixed model fit indices for models of interest.

Model AIC BIC Log likelihood

Model 1 16,237 16,302 −8,109
Model 2a 16,233 16,304 −8,106
Model 2b 16,238 16,309 −8,108
Model 2c 16,239 16,310 −8,109
Model 2d 16,238 16,309 −8,108

Note. Model 1 included main effects for leading rate and each of the
Model 1 on an individual basis. Model 2a included an interaction between
tion between leading rate and gender. Model 2c included an interaction b
interaction between leading rate and partner familiarity. AIC = Akaike info
of freedom. Boldface text represents best-fitting model.

*p < .05.
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for high scores was .11. Thus, the degree of entrainment
increased as rhythm perception scores increased. That is,
the estimated effect size of entrainment was 60% higher
for high rhythm perception scores relative to average
scores and 120% greater for high rhythm perception scores
relative to low rhythm perception scores.

Relationship to Conversation Quality

To investigate our second objective, additional
mixed-effects models were used to examine the relation-
ship between speaking rate entrainment, rhythm percep-
tion, and conversational quality. Because there was no sig-
nificant relationship between acoustic–prosodic entrainment
χ2 χ2 difference df p

16,217
16,211 5.72 1 .02*
16,216 0.58 1 .44
16,217 0.006 1 .94
16,216 1.37 1 .24

four predictive factors. Each remaining model was compared to
leading rate and rhythm perception. Model 2b included an interac-
etween leading rate and social competence. Model 2d included an
rmation criterion; BIC = Bayesian information criterion; df = degrees
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Table 3. Results of fixed effects for Model 2a of the analysis of predictive factors.

Term b SE df t value p value

Intercept 4.12 0.11 23 36.99 < .001***
Leading rate 0.08 0.01 4038 5.63 < .001***
Rhythm perception 0.007 0.008 20 0.89 .39
Gender 0.53 0.16 22 3.42 .002**
Social competence −0.01 0.03 20 −0.32 .75
Partner familiarity 0.10 0.06 77 1.71 .09
Leading Rate × Rhythm Perception 0.004 0.001 4575 2.40 .02*

Note. Only the interaction is indicative of a variable influencing entrainment of speaking rate. Here, the significance of gender simply
denotes an overall difference in the speaking rates of male and female participants. SE = standard error; df = degrees of freedom.

*p < .05. **p < .01. ***p < .001.

6While this p value falls just short of the traditionally accepted thresh-
old for statistical significance, there is no meaningful difference
between p = .05 and p = .056. In consideration of this, taken together
with results of likelihood ratio tests (showing the significant interac-
tion), we can infer that a relationship likely exists in this instance. See
the study of Wasserstein and Lazar (2016) for a wider discussion of p
values.
7Given these findings, we ran an additional the given the model to
investigate whether the direct effect of rhythm perception on conver-
sational quality (pathway c) was moderated by partner familiarity.
This model was similar to Model 4, but included an interaction term
between rhythm perception and partner familiarity while controlling
for entrainment, gender, and social competence. As with Model 4,
the random-effects structure included random intercepts and slopes
by participant ID, rater ID, and partner ID. Findings showed no sig-
nificant interaction between rhythm perception and partner familiar-
ity (b = −0.004, p = .34).
and the other three factors, these were included as control
variables but were not otherwise investigated within the
analysis. We first examined the relationship between
entrainment and conversational quality (pathway b). In our
model (Model 3), conversational quality was predicted by
entrainment score while controlling for rhythm perception,
gender, partner familiarity, and social competence. Analy-
sis of results showed no significant effect of entrainment on
conversational quality (b = 0.20, p = .19). We used the
same model to examine the direct effect of rhythm percep-
tion on conversational quality (pathway c). Again, findings
showed no direct effect of rhythm perception on conversa-
tional quality (b = 0.001, p = .76).

Follow-up Analysis

Given the extensive literature showing a relationship
between conversational entrainment and success, our find-
ings regarding the relationship between conversational
success (specifically conversational quality) and entrain-
ment were unexpected. However, we note that examina-
tion of our model showed a high degree of within-speaker
variability in the relationship between entrainment and
conversational quality (intraclass correlation = .16).
Therefore, it was quite possible that some of this heteroge-
neity could be predicted by other factors that were
influencing this relationship, warranting a more fine-
grained analysis. One potentially important factor that
our data allowed us to account for was partner familiar-
ity. We explored this relationship in a follow-up analysis
using a linear mixed model (Model 4). As above, our
model included conversational quality as the dependent
variable and rhythm perception, gender, and social compe-
tence as control variables. The random-effects structure also
included random intercepts and slopes (for entrainment) by
participant ID, partner ID, and rater ID. However, this
model included an interaction between partner familiarity
and entrainment. Likelihood ratio tests between Model 3
(i.e., the original model) and Model 4 (i.e., the model with
the interaction) revealed Model 4 as the best-fitting model.
2196 Journal of Speech, Language, and Hearing Research • Vol. 65 •
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As shown in Table 5, results revealed a significant interac-
tion between entrainment and partner familiarity (b = 0.42,
p = .03). Simple slopes analysis showed a relationship
between entrainment and conversational quality in conver-
sations between unfamiliar partners (b = 0.31, p = .056).6

However, there was no effect of entrainment on conversa-
tional quality (b = −0.12, p = .58) in conversations between
familiar partners.7
Discussion

The purpose of this study was to examine the role
of rhythm perception abilities, firstly on speaking rate
entrainment and secondly on the functional outcome of
conversational quality. Findings from our first objective
showed that rhythm perception abilities were indeed sig-
nificantly predictive of speaking rate entrainment. Indi-
viduals with high rhythm perception abilities modified
their speaking rate to align with their interlocutor more
than individuals with low rhythm perception abilities.
Thus, we provide empirical evidence to support the theo-
retical model proposed by Phillips-Silver et al. (2010)
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Table 4. Results of simple slopes analysis for Model 2a of the predictive factor analysis.

Group
Rhythm perception

score b SE
95% confidence

intervals t value p value

High rhythm perception 76.63 0.11 0.02 .07–.15 5.74 < .01
Average rhythm perception 67.43 0.08 0.01 .05–.11 5.63 < .01
Low rhythm perception 58.24 0.05 0.02 .01–.08 2.31 .02

Note. High rhythm perception = scores at 1 SD above the mean. Average rhythm perception = scores at the
mean. Low rhythm perception = scores at 1 SD below the mean. SE = standard error.
specifying rhythm perception abilities as a component of
acoustic–prosodic entrainment (here, specifically speaking
rate entrainment). A large body of existing research has
evidenced rhythmic cues as an important factor in aspects
of speech communication, including word segmentation,
speech recognition, and syntactic and lexical processing
(e.g., Cutler & Norris, 1988; Dilley & McAuley, 2008;
Mattys et al., 2005; Rothermich et al., 2012; Schmidt-
Kassow & Kotz, 2008). Furthermore, studies have
revealed that rhythm cues convey unspoken information,
bind turn-taking dynamics, and express emotion (Couper-
Kuhlen, 1993; Quinto et al., 2013; Wilson & Wilson,
2005). Here, we add to the existing body of literature,
extending the role of rhythm in speech communication to
the phenomenon of speaking rate entrainment.

While rhythm perception abilities were significantly
predictive of speaking rate entrainment, gender composi-
tion, social competence, and partner familiarity were not.
Within current literature, consideration of the role that
these factors play in entrainment has led to largely dispa-
rate and inconclusive findings (e.g., Namy et al., 2002;
Pardo, 2006; Pardo et al., 2012, 2018; Street & Cappella,
1989; Street & Murphy, 1987; Weidman et al., 2016; Weise
et al., 2019; Yu et al., 2013). Discrepancies may be
explained, in part, by considerable variability across experi-
mental design and analysis. Thus, our findings, taken with
past literature, lead us to conclude that while these factors
may impact acoustic–prosodic entrainment, their influence
is likely constrained by contexts and situations.
Table 5. Results of fixed effects for Model 4 of the analysis

Term b

Intercept 4.12 0
Entrainment 0.31 0
Rhythm perception < 0.001 0
Gender 0.07 0
Social competence 0.01 0
Partner familiarity 0.13 0
Entrainment × Partner Familiarity 0.42 0

Note. SE = standard error; df = degrees of freedom.

*p < .05. **p < .01. ***p < .001.
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That rhythm perception facilitates acoustic–prosodic
entrainment becomes more meaningful insofar as entrain-
ment leads to functional outcomes in conversation. Our
initial results showed no relationship between conversa-
tional quality and speaking rate entrainment. At first
glance, these findings appear to contradict previous
research that shows evidence of entrainment’s role on con-
versational success (e.g., Manson et al., 2013; Michalsky
et al., 2018; Polyanskaya et al., 2019a). However, given
the large degree of within-participant variability in the
relationship between entrainment and success, we chose to
investigate this relationship further. Our findings indicated
that the relationship between speaking rate entrainment
and conversational quality was significantly influenced by
partner familiarity. When partners were unfamiliar with
one another, there was an effect of speaking rate entrain-
ment on conversational quality. However, when partners
were familiar with each other, the findings suggest that
they relied less on entrainment of speaking rate to achieve
this same measure of success. As the majority of acoustic–
prosodic entrainment research has focused on conversa-
tions between unfamiliar partners, these findings appear to
be aligned with previous literature.

Taken together, our findings suggest that familiar
conversational partners are able to utilize other strategies
to achieve conversational success that may not be readily
available and/or appropriate to unfamiliar partners (e.g.,
shared experience and humor). These findings, while not
originally anticipated, offer important insights into
of predictive factors.

SE df t value p value

.07 72 55.43 < .001***

.15 20 2.03 .06

.003 18 0.24 .81

.07 24 0.91 .37

.01 18 1.05 .31

.04 937 3.02 .003**

.20 126 −2.13 .03*
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conversational dynamics. Here, we lend support to the
idea of a synergistic model of conversation (Dideriksen
et al., 2019; Fusaroli et al., 2014). That is, successful con-
versations are not achieved through the use of a single
fixed and stagnant strategy. Rather, conversational success
may be attained via a number of different pathways, and
dyads dynamically adjust and alter their approach depend-
ing on what strategies are available, appropriate, and con-
venient to them in a given conversational context.

Focusing on the findings from unfamiliar partners,
we show that that rhythm perception abilities indirectly
predicted conversational success, as measured by third-
party listener observations of conversational quality.
Importantly, when controlling for speaking rate entrain-
ment, the direct relationship between these two factors is
nonsignificant (and not influenced by partner familiarity).
Rather, as aforementioned, results point toward an indi-
rect relationship mediated through entrainment of speak-
ing rate. That is, rhythm perception predicted speaking
rate entrainment, and entrainment, in turn, predicted con-
versational success in unfamiliar partners. As previously
discussed, the link between entrainment and success is not
new. Novel here is that, using this established relationship,
we provide some evidence of a possible mechanism (i.e.,
entrainment) through which rhythm perception ability
may elevate conversational outcomes. These findings offer
potential explanations regarding conclusions of previous
studies. For example, Loeb et al. (2021) found that rhyth-
mic abilities were predictive of participants’ self-reported
success in interactional contexts (e.g., leading group dis-
cussions and interacting at parties). Although not directly
investigated, the authors speculated that this relationship
might be driven by entrainment. Our findings provide evi-
dence to support this postulation. Furthermore, other
studies have suggested that musical instruction positively
influences interpersonal relations (Eerola & Eerola, 2013;
Spychiger et al., 1995). Although there are numerous pos-
sible explanations for such conclusions, our findings sug-
gest that entrainment, at least in speaking rate, may be
responsible, in part, for these effects. That is, as individ-
uals increase their rhythm perception abilities through
musical training (e.g., Ireland et al., 2018; Slater et al.,
2013), they increase their ability to entrain to their part-
ners, leading to higher levels of conversational success and
subsequently increased social benefits.

Given differences in neurotypical populations, our
findings offer potential implications in speech-language
pathology. Previous research has indicated that rhythm
perception deficits are present in many disorders, includ-
ing autism (e.g., Isenhower et al., 2012), fluency disorders
(e.g., Wieland et al., 2015), hearing impairment (e.g.,
Stabej et al., 2012), aphasia (e.g., Zipse et al., 2014),
developmental language disorders (e.g., Weinert, 1992),
and traumatic brain injury (e.g., Léard-Schneider &
2198 Journal of Speech, Language, and Hearing Research • Vol. 65 •
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Lévêque, 2020). Furthermore, evidence from other bodies
of literature indicates deficits in entrainment (specifically
speaking rate entrainment; e.g., Freeman & Pisoni, 2017;
Sawyer et al., 2017; Wynn et al., 2018) and reductions in
metrics of conversational success (e.g., Bone et al., 2013;
Horton et al., 2020; Keck et al., 2017; Werle et al., 2021)
in many of these clinical populations. While these compo-
nents have been studied in isolation, our findings support
the development of a casual framework to collectively
consider rhythm perception deficits, acoustic–prosodic
entrainment, and conversational success within the context
of the conversation. More specifically, our study lends
empirical support for earlier postulations that the rhythm
deficits present in many populations with communication
disorders may impact human interaction in terms of
acoustic–prosodic entrainment and, subsequently, success-
ful conversation (Borrie & Liss, 2014). Developing a
causal framework to work within would allow hypothesis-
driven investigations into rhythmic skills as a target to
increase levels of acoustic–prosodic entrainment and con-
versational success, at least with unfamiliar communica-
tion partners. Indeed, rhythmic interventions have been
shown to be an effective way to target communication in
general (Fujii & Wan, 2014) and interactional skills in
particular (e.g., Ghasemtabar et al., 2015; Hidalgo et al.,
2017; Nayak et al., 2000; Sharda et al., 2018) across many
clinical populations. Therefore, it is possible that these
types of interventions may also increase acoustic–prosodic
entrainment, leading ultimately to higher levels of conver-
sational success.
Limitations and Future Directions

Compared to other areas of research in social sci-
ences, the effect sizes of current results are relatively small.
However, it is important to contextualize these values.
Indeed, the effect sizes reported within this study are typi-
cal compared to many studies within entrainment litera-
ture (e.g., Cohen-Priva et al., 2017; Ko et al., 2016;
Lubold et al., 2019; Schweitzer & Lewandowski, 2013).
Key here is that the overall effect size of entrainment
within our conversational corpus was large relative to that
exhibited by entrainment at the level of chance. We offer
some explanations for the small effect sizes reported in
this study and more broadly within entrainment research.
Within our specific analysis of static local synchrony, a
conversation in which the highest level of entrainment
possible was attained would only result in a beta coeffi-
cient equal to one, with values either above or below this
coefficient, indicating less entrainment. Accordingly, by its
very nature, this type of analysis yields inherently small
effect sizes. Beyond this, we note that, within the context
of entrainment, more does not always equate with better.
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A certain degree of entrainment does lead to conversa-
tional success. However, at extreme levels (which would
be reflected in effect sizes close or equal to one), entrain-
ment becomes obsessive mimicry (i.e., copycatting), and,
therefore, may be perceived as being patronizing, condes-
cending, or overfacilitative (Fusaroli et al., 2014; Giles &
Smith, 1979). Thus, within the context of entrainment,
excessively large effect sizes would likely be indicative of
unsuccessful conversations. Studies investigating optimal
levels of entrainment for conversational success would
allow adequate effect sizes to be established.

Our conversational corpus consisted of 90 conversa-
tions, however, we acknowledge that these conversations
only came from 20 individuals. While our data collection
design, in which many conversations were elicited from
each participant, afforded a rigorous means of controlling
for external factors including effects of communication
partner and intra-individual variability, future studies with
larger numbers of participants should be used to substanti-
ate these findings. Our study also focused exclusively on
speaking rate entrainment, driven by extensive evidence of
its presence in conversations and its role in fostering con-
versational success (e.g., Manson et al., 2013; Street, 1984;
Wynn & Borrie, 2020b). Research has shown that, beyond
speaking rate, our perception of rhythm relies on many
different factors across phonological, articulatory, phona-
tory, and temporal aspects of speech (Barry et al., 2009;
Cumming, 2010, 2011; Galves et al., 2002; He, 2012; Lee
& Todd, 2004; Liss et al., 2009; Ramus et al., 1999; White
& Mattys, 2007). Therefore, entrainment of many different
features might be influenced by rhythm perception ability.
However, this can only be determined by future studies that
examine whether findings generalize to other speech fea-
tures. Beyond these factors, research could also examine
other metrics of conversational success. Here, we focused
on conversational quality as determined by third-party lis-
tener ratings. However, the mediated relationship between
rhythm and other conversational metrics such as the dyad’s
perception of the conversation or objective measures of effi-
ciency could be investigated.

While we only looked at rhythm perception abilities,
it is likely that rhythm production abilities also play a
mechanistic role in acoustic–prosodic entrainment and
conversational success. Beyond simply perceiving the
rhythm cues of others, entrainment requires individuals to
produce rhythmic cues, enabling integration of the rhyth-
mic input they receive and their speech output (Phillips-
Silver et al., 2010). Furthermore, Polyanskaya et al.
(2019b) have argued that when speakers produce highly
rhythmic speech, it increases the predictability of the
incoming signal, allowing for easier cue detection and
entrainment between communication partners. Indeed,
research suggests that speakers naturally increase their
speech rhythmicity when trying to facilitate entrainment
Wy
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and that highly rhythmic speech leads to higher levels of
entrainment (Cerda-Oñate et al., 2021). Additionally,
Borrie and colleagues (Borrie et al., 2015; Borrie, Barrett,
et al., 2020) have evidenced disruptions in entrainment
and success in conversations involving individuals with
dysarthria, a speech disorder characterized by rhythm pro-
duction deficits. Thus, a most comprehensive causal model
of acoustic–prosodic entrainment and functional outcomes
would include rhythm production and perception.
Conclusions

This study explored the relationship between rhythm
perception, speaking rate entrainment, and conversational
quality. Here, we showed that rhythm perception abilities
predicted the degree of speaking rate entrainment, and in
turn, entrainment predicted the level of conversational qual-
ity as determined by third-party listener ratings. Thus, taken
together, our findings reveal an indirect relationship between
rhythm perception abilities and conversational quality as
mediated through speaking rate entrainment. These findings
offer important implications for understanding the conversa-
tions of neurotypical populations and provide empirical evi-
dence toward a framework for considering interactional suc-
cess in clinical populations with rhythm perception deficits.
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