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Rhythm as a Coordinating Device:
Entrainment With Disordered Speech
Stephanie A. Borriea and Julie M. Lissa

Purpose: The rhythmic entrainment (coordination) of
behavior during human interaction is a powerful phenomenon,
considered essential for successful communication,
supporting social and emotional connection, and facilitating
sense-making and information exchange. Disruption in
entrainment likely occurs in conversations involving those
with speech and language impairment, but its contribution to
communication disorders has not been defined. As a first
step to exploring this phenomenon in clinical populations, the
present investigation examined the influence of disordered
speech on the speech production properties of healthy
interactants.
Method: Twenty-nine neurologically healthy interactants
participated in a quasi-conversational paradigm, in which
they read sentences (response) in response to hearing
prerecorded sentences (exposure) from speakers with

dysarthria (n = 4) and healthy controls (n = 4). Recordings of
read sentences prior to the task were also collected (habitual).
Results: Findings revealed that interactants modified their
speaking rate and pitch variation to align more closely with
the disordered speech. Production shifts in these rhythmic
properties, however, remained significantly different from
corresponding properties in dysarthric speech.
Conclusion: Entrainment offers a new avenue for
exploring speech and language impairment, addressing a
communication process not currently explained by existing
frameworks. This article offers direction for advancing
this line of inquiry.
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Entrainment is evidenced in many aspects of spoken
language, including acoustic and prosodic speech features
such as speaking rate (e.g., Giles, Coupland, & Coupland,
1991; Local, 2007; Street, 1984; Webb, 1969, 1972), latency
and utterance durations (e.g., Matarazzo & Wiens, 1967;
Matarazzo, Weitman, Saslow, & Wiens, 1963), pitch properties (e.g., Gregory, 1990; Lee et al., 2010; Levitan et al., 2012;
Local, 2007), vocal intensity (e.g., Coulston, Oviatt, & Darves,
2002; Local, 2007; Natale, 1975), voice quality (e.g., Levitan
& Hirschberg, 2011; Neumann & Stack, 2000), and dialectal
features (e.g., Giles, 1973). Beyond speech properties, entrainment is observed in phonological and phonetic features
(e.g., Babel, 2012; Pardo, 2006), linguistic style (e.g., DanescuNiculescu-Mizil, Gamon, & Dumais, 2011; Niederhoffer &
Pennebaker, 2002), lexical choice (e.g., Brennan & Clark,
1996; Garrod & Anderson, 1987), and syntactic structure
(e.g., Branigan, Pickering, & Cleland, 2000; Reitter, Moore,
& Keller, 2006). Alignment of behavior extends across
the motor system to include body posture, facial expression,
and gesture (e.g., Furuyama, Hayashi, & Mishima, 2005;
Louwerse, Dale, Bard, & Jeuniaux, 2012; Richardson,
Marsh, & Schmit, 2005; Shockley, Santana, & Fowler, 2003),
and is even reported in breathing (e.g., McFarland, 2001)
and laughter patterns (e.g., Truong & Trouvain, 2012).
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hythmic entrainment, operationally defined as the
“spatiotemporal coordination resulting from rhythmic responsiveness to a perceived rhythmic signal”
(Phillips-Silver, Aktipis, & Bryant, 2010, p. 5), is a pervasive
communication phenomenon, describing the alignment of
behaviors during human interaction. Put more simply, conversational partners naturally adapt their verbal and nonverbal actions to more closely resemble one another. This
entrainment of behavior is considered critical for successful communication and may in fact be “essential for our
survival as social beings” (Gill, 2012, p. 111). We theorize
that communication disorders induce disruptions to rhythmic entrainment in human interaction and initiate a first
step to exploring this hypothesis within the context of disordered speech. Identifying breakdowns in human interaction is fundamental to ongoing efforts to delineate an
evidence base for assessment and rehabilitation within the
clinical environment.
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Further, entrained action is supported neurologically by a
growing body of evidence showing that neural oscillations
in the auditory cortex are modulated in phase to match
rhythmic properties of incoming speech (e.g., Lakatos et al.,
2005; Peelle, Gross, & Davis, 2013).
That entrainment is such a robust and multilevel communication phenomenon gives rise to the question of its
functional utility. According to cognitive theories of interaction, entrainment is central to understanding spoken language (Pickering & Garrod, 2004), supporting sense-making
and information exchange (Gill, 2012). For example, coordination of behavior relies on the ability to detect rhythmicity,
which enables the listener to generate temporal predictions
about the acoustic and phonetic realizations of upcoming
speech (e.g., Brown, Salverda, Dilley, & Tanenhaus, 2011).
Predictions, or expectations of how the conversation will
unfold, reduce the cognitive effort associated with speech
processing. There is also evidence that entrainment aids
memory for characteristics of one’s communication partner
(Macrae, Duffy, Miles, & Lawrence, 2008; Woolhouse &
Tidhar, 2010), which has been shown to improve perceptual
processing of speech (Goldinger, 1998; Mattys & Liss, 2008).
Entrainment is also important to fulfill a number of social
and emotional functions of human interaction. It binds turntaking dynamics and is positively associated with increased
overlaps, reduced interruptions, and shorter interturn latencies (e.g., Local, 2007; Wilson & Wilson, 2005). Further,
the alignment of behavior during interaction is considered
fundamental to the development of rapport, empathy, and
intimacy between conversational partners (e.g., Bailenson
& Yee, 2005; Chartrand & Bargh, 1999; Lee et al., 2010;
Miles, Nind, & Macrae, 2009; Putman & Street, 1984; Smith,
2008; Street & Giles, 1982). Entrainment, therefore, serves
as a powerful coordinating device, uniting individuals in time
and space to optimize comprehension, establish social presence, and create positive and satisfying relationships.
Entrainment is clearly critical to successful communication, and although this interaction phenomenon has, and
continues to be, studied widely across a number of disciplines
including psychology, linguistics, sociology, evolutionary
biology, neurology, and musicology, entrainment of spoken
language has received very little attention in the field of
speech-language pathology and the study of communication
disorders (see Buder & Edrington, 2008, for a case study with
aphasia and Nakano, Kato, & Kitazawa, 2011, regarding
lack of eye-blink entrainment in autism spectrum disorders).
We, however, consider entrainment as fundamental to the
study of communication breakdowns in clinical populations.
According to the sensorimotor theory of “beat induction”
proposed by Todd, Lee, and O’Boyle (2002) and extended to
the social domain by Phillips-Silver, Aktipis, and Bryant
(2010), the capacity to entrain is dependent on three critical
components: (a) rhythmic detection; (b) rhythmic action;
and (c) rhythmic integration. Entrainment, therefore, necessitates the ability to perceive rhythmic information, to
produce rhythmic information, and to integrate rhythmic
information—that is, to adjust one’s motor output in
response to sensory input. In theory, a breakdown in any

or all elements of this model will disrupt entrainment and
negatively influence human communication. Given that
rhythmic deficits are widespread in a number of communication disorders, it is likely that disruptions in entrainment are
a common feature.
In the present report, we focus on dysarthria, a speech
production disorder that manifests itself in a number of
perceptual and acoustic disturbances that compromise the
integrity of the acoustic signal. Key is abnormal speech
rhythm, evident in a number of phonatory and articulatory
processes, including those related to the production of pitch
(e.g., pitch breaks, monotone), stress (e.g., reduced stress,
excess and equal stress), loudness (e.g., reduced loudness,
monoloudness), and speaking rate (e.g., short phrases, variable rate). These speech degradations contribute to reductions
in speech intelligibility, meaningful communication, and
quality of life (Yorkston, 1996, 2007). While we have, as a
discipline, addressed the important roles of speech production
and listener needs in assessment and intervention of intelligibility deficits, we have not experimentally established how
the rhythmic disturbances that characterize disordered speech
may interfere with entrainment and impact human communication. The most basic consequence of impaired entrainment is that the comprehension benefit afforded by
aligning rhythmic behavior may not be realized. In this sense,
deficits or disruptions in entrainment may contribute to
the intelligibility decrement of the disorder by drawing on
(rather than optimizing) cognitive resources, increasing the
effort required to decipher the degraded input. Another
outcome is an undesirable influence on social presence and
interpersonal relations. Accordingly, entrainment deficits in
clinical populations may reveal an important, yet unexplored,
source of communication difficulty and demise in quality
of life.

Current Study
The current study represents a first step in evaluating
the contribution of disordered speech to rhythmic entrainment by asking the question: Does dysarthric speech induce
production changes, manifested in speech rate and pitch
variation,1 in the speech of healthy interactants?2 On the basis
of the rich literature that underscores the pervasiveness of
entrainment in typical human interaction, it was hypothesized
that dysarthric speech would induce, at least to some degree,
a rhythmic shift in the spoken productions of healthy people.
Whether healthy interactants modify their speech to more
closely align with the abnormal rhythmic patterns that
characterize disordered speech offers valuable insight into
1

Speech rate and pitch variation were selected for two reasons: (a) they
contribute to the perceptual experience of rhythm (Kohler, 2009) and
(b) abnormalities are a common feature of the dysarthrias.
2

The term interactant refers to the experimental design, in which
participants read aloud sentences on a screen after first hearing a
different sentence produced by another person. Although there is no
instruction to interact or even to attend to the other sentences, the turntaking nature of the task is interactive.
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entrainment in disordered settings and supports examination of this communication phenomenon as a viable target of
investigation in the domain of speech-language pathology.

Method
Design
A within- and between-subjects design was used to
investigate production adjustments in rhythmic properties
(speech rate and pitch variation) of speech produced by
healthy individuals (interactants) exposed to neurologically
degraded (dysarthric) and neurologically healthy (control)
speech stimuli, in a quasi-conversational exposure-response
paradigm.

Participants
Data were collected from 29 healthy women ages
19–39 years (M = 24.41; SD = 5.01). All participants were
native speakers of American English and reported no significant history of contact with persons having motor speech
disorders and no identified language, learning, hearing, or
cognitive disabilities. Participants were recruited from undergraduate classes at Arizona State University and received
course credit for their participation in the study.

Speech Stimuli
Speech material consisted of dysarthric and control
sentence productions, derived from a larger stimuli set and
described in detail elsewhere (Liss et al., 2009). Sentences
elicited from four female speakers with dysarthria, including
hypokinetic dysarthria associated with Parkinson’s disease
(n = 2) and ataxic dysarthria associated with cerebellar
disease (n = 2), as well as four neurologically healthy ageand gender-matched controls, were used. All speakers with
dysarthria exhibited a speech disorder of moderate severity
and were selected based on the presence of cardinal speech
features associated with the corresponding speech diagnosis.3
The speakers ranged from age 45 years to 60 years. The reader
is directed to Liss et al. (2009) for further details on the
speakers and a comprehensive description of the stimuli
collection protocol.
The stimulus set for the current study consisted of
five full sentences produced by each of the eight speakers included in the study, yielding a total of 40 sentence productions.
These sentences (exposure productions), composed of 9–
12 words (15–17 syllables), were adapted by White and Mattys
(2007) from a larger set of stimuli developed specifically for

studies on speech rhythm (Nazzi, Bertoncini, & Mehler, 1998).
The five sentences are reported in Appendix A.
Using Praat (Boersma & Weenink, 2013) and standard
operational definitions and procedures (Peterson & Lehiste,
1960; Weismer, 1984), all 40 exposure productions were
analyzed by the first author for a measure of duration and
fundamental frequency variation. Duration of each phrase
was then divided by the number of syllables in the phrase
to calculate speech rate, reported in syllables per second (sps).
Twenty-five percent of the exposure productions were
remeasured by the first author (intrajudge) and by a second
trained judge (interjudge) to obtain reliability estimates for
the acoustic metrics. Discrepancies between the remeasured
data and the original data revealed that agreement was high
(all correlations r > .95), with only minor absolute differences.
Figures 1 and 2 show box and whisker plots of speech rate
and pitch variation, respectively, of the exposure productions
associated with hypokinetic, ataxic, and control speech.
Figure 1 reflects the speech rate for exposure productions by speech type. A one-way analysis of variance (ANOVA)
revealed a significant effect of speech type on speech rate,
F(2, 37) = 168.45, p < .001, h2 = .90. Post hoc tests, using
Bonferroni correction, revealed that all comparisons were
significant. The speech rate of the ataxic productions was
significantly slower than both the control, t(28) = 15.57,
p < .001, Cohen’s d = 1.97, and the hypokinetic productions,
t(28) = 15.33, p < .001, d = 1.88, and the speech rate of the
hypokinetic productions was significantly faster than the
control productions, t(28) = 15.57, p < .001, d = 1.96. Figure 2
reflects the average pitch variation for exposure productions
by speech type. A one-way ANOVA showed a significant
effect of speech type on pitch variation, F(2, 37) = 99.18,
p < .001, h2 = .84. Post hoc tests, using Bonferroni correction,
revealed that the pitch variation of the control stimuli was
significantly greater than that of both the hypokinetic, t(28) =
9.93, p < .001, d = 1.84, and ataxic stimuli, t(28) = 10.80,

Figure 1. Speech rate as a function of speech type for exposure
productions. sps = syllables per second.

3

Cardinal deviant speech features exhibited by speakers with hypokinetic
dysarthria included rapid articulation rate, rushes of speech, imprecise
articulation, monopitch, and reduced loudness. Cardinal deviant speech
features exhibited by speakers with ataxic dysarthria included “scanning”
speech, imprecise articulation with irregular articulatory breakdown,
irregular monopitch, and loudness changes. See Liss et al. (2009) for
additional details.
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Figure 2. Pitch variation as a function of speech type for exposure
productions. Hz = Hertz.

p < .001, d = 1.87. There was no significant difference in pitch
variation between the disordered speech types. Thus, these
metrics validate that the hypokinetic productions were
associated with a fast speech rate and reduced pitch variation
and that the ataxic productions were associated with a slow
speech rate and reduced pitch variation. The data are used for
comparative purposes in the Results section. The same five
sentences used as stimuli for the exposure productions, described in Appendix A, were used to elicit speech from the
interactants, as outlined in the experimental procedure below.

instructed to attend to the exposure productions of the
dysarthric or control speech. This exposure-response continued in a cyclic fashion until interactants had been presented
all 40 of the exposure productions (5 sentences × 8 speakers)
and, themselves, produced a total of 40 response productions. Presentation of the exposure productions was blocked
by a speaker, so that interactants heard all five productions
from one speaker before proceeding to the next speaker.
Speaker order was randomized across interactants. Within
each speaker, the presentation order of the exposure productions was also randomized, as was the order of the response
productions elicited by the interactant. It is important to
emphasize that exposure and response sentences alternated in
a quasi-random fashion such that the response production
was never the same as the exposure production (i.e., no
mimicry condition). Habitual productions and response
productions elicited during the experimental procedure were
recorded digitally to a laptop computer using Sony Sound
Forge (Media Software, Madison, WI) at 48 kHz (16-bit
sampling rate). On completion of the experiment, interactants
were debriefed with a short description regarding the nature
of the study.

Acoustic Analysis
The total data set from the experimental procedures
consisted of 50 sentence productions (10 habitual productions
and 40 response productions) for each of the 29 interactants,
yielding a total of 1,450 sentence productions. Using identical procedures and definitions to those employed in acoustic
analysis of the speech stimuli, each individual sentence
production was analyzed for a measure of speech rate and
pitch variation using Praat (Boersma & Weenink, 2013).

Experimental Procedure
The experiment was conducted in the Motor Speech
Disorders Laboratory at Arizona State University. Interactants were all blinded to the purpose of the study. Upon
entering the laboratory, interactants were seated in a chair
and fitted with sound-attenuating headphones (Sennheiser
AD 280 pro) and a head-mounted microphone, positioned at
a 5-cm mouth-to-microphone distance. The experiment was
presented via a laptop computer, preloaded with the experimental procedure and recording software. Interactants were
informed that task-specific instructions would be provided
in the computer presentation.
The experimental procedure consisted of two tasks. The
first task required interactants to simply produce speech.
Interactants were presented with a slide with the instructions
to “please read aloud the sentences listed on the following
slides.” Each of the five sentences was presented twice, so that
each interactant produced a total of 10 sentences (habitual
productions). The second task involved an exposure-response
paradigm in which interactants were presented with an
exposure production produced by one of the eight speakers,
via the headphones, and followed by a slide on the screen
prompting them to read aloud a different sentence on the
screen (response productions). Interactants were not informed
of the purpose of this experiment, nor were they explicitly

Reliability of Acoustic Analysis
Twenty-five percent of the total data set (363 sentence
productions) was randomly selected according to a computergenerated random number list and were reanalyzed by the
original judge (intrajudge) and a second trained judge
(interjudge) to obtain reliability estimates for the dependent
variables of speech rate and pitch variation. Discrepancies
between the reanalyzed data and the original data analysis are
reported in terms of absolute mean difference and Pearson’s
correlation coefficients to reveal the degree of association
between the data sets. Discrepancies between the reanalyzed
data and the original data revealed that agreement of speech
rate and pitch variation measures was high (all correlations
r > .90), with only minor absolute differences.

Statistical Analysis
The primary goal of data analysis was to identify
whether two metrics associated with speech rhythm (speech
rate and pitch variation) in heard speech (exposure productions) could robustly influence the same metrics in subsequently produced speech (response production) on both an
individual and group basis. Toward this end, ANOVA was
used to estimate and compare group means. The normality
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Figure 3 reflects the average speech rate for exposure
and response productions, pooled across all 29 interactants,
with 95% confidence intervals. The mean speech rates by
speech type were habitual (M = 4.81), control (M = 5.15),
hypokinetic (M = 5.39), and ataxic (M = 4.46). A repeatedmeasures one-way ANOVA was performed on the response
productions to examine the effect of condition. Mauchly’s
test indicated that the assumption of sphericity had been
violated, c2(5) = 66.69, p < .001; therefore, degrees of freedom
were corrected using Greenhouse-Geisser estimates of sphericity (E = .89). The results showed a significant effect of
condition, F(2.66, 768.87) = 40.65, p < .001, h2 = .75. Post hoc
tests, using Bonferroni correction, revealed that all comparisons were significant. Thus, there was a significant difference between the habitual productions and the response
productions associated with all other conditions—control
speech, t(868) = 8.51, p < .001, d = .59, hypokinetic speech,
t(578) = 11.82, p < .001, d = .88, and ataxic speech, t(578) =
7.00, p < .001, d = .59; a significant difference between
control response productions and response productions
associated with hypokinetic speech, t(868) = 5.76, p < .001,
d = .41, and ataxic speech, t(868) = 16.74, p < .001, d = 1.05;
and a significant difference between the response productions
associated with hypokinetic and ataxic speech, t(578) =
18.20, p < .001, d = 1.21. Paired t tests were used to examine
the significance of within-condition discrepancies in exposure and response productions. A significant difference was
evident between the exposure and response productions
associated with the degraded productions—hypokinetic

speech, t(289) = 6.93, p < .001, d = .41, and ataxic speech,
t(289) = 40.02, p < .001, d = 2.35. There was no significant
difference between the exposure and response productions
associated with the control speech.
Taken together, the statistical analyses revealed that
interactants modified their speech rate to more closely align
with these same properties in the exposure productions,
even when speech was disordered. Interactants increased
their speech rate in response to the slightly faster rates that
characterized the control speech. Interactants also increased
their speech rate in response to the faster rates that characterized hypokinetic speech and decreased their speech rate
in response to the slower rates that characterized ataxic
speech. Speech rate modifications following exposure to
disordered speech did not, however, equal the abnormally
fast and abnormally slow speech rates associated with hypokinetic and ataxic speech, respectively.
Figure 4 reflects the average pitch variation for exposure and response productions, pooled across all 29 interactants, with 95% confidence intervals. The mean pitch
variation by speech type were habitual (M = 67.83), control
(M = 65.66), hypokinetic (M = 54.19), and ataxic (M =
54.50). A repeated-measures one-way ANOVA was performed on the response productions to examine the effect
of condition. Mauchly’s test indicated that the assumption
of sphericity had been violated, c2(5) = 249.16, p < .001;
therefore, degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity (E = .62). The results
showed a significant effect of condition, F(1.87, 539.98) =
43.06, p < .001, h2 = .69. Post hoc tests, using Bonferroni
correction, revealed no significant difference between the
habitual productions and the response productions associated
with control speech but found a significant difference between
habitual productions and response productions associated
with both hypokinetic, t(578) = 71, p < .001, d = .62, and
ataxic speech, t(578) = 7.67, p < .001, d = .61. Accordingly,

Figure 3. Mean speech rate for exposure and response productions
by experimental condition across interactants (n = 29).

Figure 4. Mean pitch variation for exposure and response productions by experimental condition across interactants (n = 29).

of the residuals was determined by visual inspection of normal
probability plots.

Results
Analysis of Variance
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there was also a significant difference between the control
response productions and the response productions associated with both hypokinetic, t(868) = 8.61, p < .001, d = .59,
and ataxic speech, t(868) = 8.41, p < .001, d = .58. There was
no significant difference between the response productions
associated with hypokinetic and ataxic speech. Paired t tests
were used to examine the significance of within-condition
discrepancies in exposure and response productions. Significant differences were evident between the exposure and
response productions associated with the degraded productions, hypokinetic speech, t(289) = 32.58, p < .001, d = 1.91,
and ataxic speech, t(289) = 36.61, p < .001, d = 2.15. There
was a small but significant difference between the exposure
and response productions associated with the control speech,
t(579) = 4.13, p < .001, d = .46.
Similar to the conclusions with the speech rate data, the
statistical analyses revealed that interactants modified their
pitch variation to be more closely align with these same
properties in the disordered speech. Interactants decreased
their pitch variation in response to the reduced pitch variation
that characterized both hypokinetic and ataxic speech. Pitch
variation modifications, however, did not match the abnormally low pitch variation associated with the disordered
speech. Thus, findings from both the speech rate and pitch
variation data reveal that interactants modified their speech
in the direction of the incoming signal but did not completely
assimilate the abnormal rhythmic production properties of
the dysarthric speech.

Discussion and Conclusion
The purpose of the present study was to determine
whether dysarthric speech, an acoustic signal characterized
by disordered rhythmic properties, could induce production
changes in the rhythmic speech patterns of healthy interactants. Such changes would support examination of rhythmic
entrainment as a viable target of investigation in the domain
of speech and language pathology. While the concept holds
intuitive appeal as a source of communication breakdown,
no previous data exist to support this. We used a quasiconversational paradigm, similar to shadowing paradigms
frequently used in the sociolinguistics literature (e.g., Babel,
2010, 2012; Babel & Bulatov, 2012; Goldinger, 1998;
Namy, Nygaard, & Sauerteig, 2002; Shockley, Sabadini, &
Fowler, 2004), to examine the influence that dysarthric speech
exerts on the spoken productions of healthy interactants. This
represents the initial step in evaluating the contribution of
speech production disorders to rhythmic entrainment. Our
results revealed that interacting with dysarthric speech, even
within an interaction paradigm in which social interaction is
not overt, invoked production shifts in the direction of the
rhythmic characteristics of the exposure production. Interactants increased their rate of speech in response to productions from individuals with hypokinetic dysarthria
(characterized by fast speech rate); decreased their rate of
speech in response to productions from individuals with
ataxic dysarthria (characterized by slow speech rate); and
reduced their pitch variation in response to productions from

individuals with hypokinetic and ataxic dysarthria (both
of which were characterized by reduced pitch variation).
Production shifts in speech rate and pitch variation, however,
remained significantly different from corresponding properties in dysarthric speech. These results support the notion
that entrainment is an operational interaction process—at the
level of perceptual sensitivity to rhythmic features—even in
the context of disordered speech.
The current findings also support a model of spoken
language in which perception and production are fundamentally linked (Clark, 1997; O’Regan & Noë, 2002). An
account of the bidirectional synergies of perception and
production during spoken interaction in clinical populations
does not exist, nor does a framework in which to illustrate
how deficits in production and/or perception of rhythmic
information may influence this dynamic relationship and
impact human communication. We propose that the construct of entrainment offers a novel avenue to investigate a
potential source of communication breakdown in interactions involving individuals with disordered speech. The
present investigation gives rise to a host of research questions
that offer direction for advancing this line of inquiry. We,
therefore, devote the remainder of this discussion to presenting a subset of these questions in an effort to stimulate
further research.
In the present study, we examined the effects of the
presence of disordered speech on the spoken productions of
healthy interactants. The next important question to address
is how rhythmic entrainment with clinical populations is
characterized in embodied face-to-face conversation. By
using natural dialogue, we can explore entrainment as an
entity of the conversational pair, a dynamic joint activity in
which both interactants must coordinate their actions to
succeed. In the context of dysarthria, we hypothesize that the
associated motor impairments may interfere with entrainment in the following key areas: the ability of the person with
dysarthria to modify speech relative to his or her healthy
conversational partner and, to a smaller degree, the ability
of the healthy partner to perceive and integrate abnormal
rhythmic production patterns. We are presently addressing
the nature of entrainment in a dialogue setting within a
modeling paradigm. This approach, which draws on a
translational methodology from the field of engineering,
employs dynamic, runnable computational tools to quantify
feature similarity between dialogue partners over the course
of the interaction. The model output enables us to identify
the presence or absence of production shifts—for both the
person with dysarthria and his or her healthy conversational
partner—along multiple perceptual/production dimensions
and to consider behavior change as something constructed in
dialogue, rather than an individual’s preference or dispreference for a given rhythmic property.
The next important question concerns the mechanisms
or drivers of entrainment in disordered settings. Entrainment necessitates that individual processes engage in an
“exchange,” allowing the properties of one to influence the
other (Cummins, 2009). Modeling entrainment in dialogue,
using the approach described above, will shed light on the
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types of rhythmic cues that drive entrainment in the context of
dysarthria. Indeed, there is evidence that the answer to this
question will be multifaceted. Cummins (2009) systematically
degraded the availability of rhythmic information in prerecorded speech samples to examine the contribution of
different cues to synchronization between speakers and
recordings. Findings revealed that intelligibility alone was not
sufficient to support synchronization; rather, speech synchrony was the result of several channels of information
working together in an integrated fashion. For example,
degrading fundamental frequency had no effect on synchrony
when intelligibility of the speech samples remained intact, but
when intelligibility was reduced, these pitch cues became
critical to support synchronization. This laboratory finding
raises the notion that the drivers of entrainment will likely
change depending on the type and severity of dysarthria. This
finding is further complicated by the fact that although cues
like loudness, pitch variation, and speaking rate are robust
carriers of speech rhythm, there is a multitude of other cooccurring communication cues that may also serve as drivers
in entrainment (e.g., Gill, 2004; Gill & Borchers, 2004; Gill &
Kawamori, 2002). Gill and colleagues, for example, coined
the term body moves to refer to pragmatic acts of body
movement (e.g., head nodding, body sway, shoulder movement) that convey salient rhythmic information during
human interaction; others have shown that a number of
conversational moves (e.g., requests for understanding) and
speech backchannels (e.g., uh huh, ok) also afford rhythmic
speech cues (e.g., Shimojima, Koiso, Swerts, & Katagiri,
1998). Necessary lines of research will be ones that explore
and define the cues to speech rhythm, within a multilevel
international framework, that drive entrainment in disordered settings.
Another potential driver is a speaker’s estimation of
listener need—that is, how a speaker incorporates deliberate
modifications in speech production characteristics (e.g.,
slower speech rate, longer and more frequent pauses, exaggerated articulation) that are expected to benefit the listener
(Cooke, King, Garnier, & Aubanel, 2014). These speakerinduced modifications have been observed with a number
of different populations, including infants (e.g., Burnham,
Kitamura, & Vollmer-Conna, 2002; Lindblom, Brownlee,
Davis, & Moon, 1992), children with learning disabilities
(Bradlow, Kraus, & Hayes, 2003), individuals with hearing
impairment (e.g., Bradlow & Bent, 2002; Lam & Kitamura,
2012; Uchanski, Choi, Braida, Reed, & Durlach, 1996), and
foreign speakers (e.g., Scarborough, Dmitrieva, Hall-Lew,
Zhao, & Brenier, 2007; Skowronski & Harris, 2006; Uther,
Knoll, & Burnham, 2007). Although the current findings
point to a perceptual mechanism underlying the production
shifts observed with exposure to dysarthric speech, this does
not preclude additional influences of one’s inferences about
listener needs. Further, the contribution of listener needs
becomes substantially more important to consider when
entrainment is explored in embodied conversation. It may
also be the case that speakers with dysarthria show a differential vulnerability to the drivers of entrainment across
communicative exchanges, based on the composition of the

dialogue pairs (i.e., familiar vs. unfamiliar communication
partners).
From an intervention standpoint, a number of questions arise. First, it is critical to examine the consequences of
entrainment, or lack thereof, in disordered settings—that is,
does the degree of similarity/difference between dialogue
partners predict how successful the interaction will be?
Further, if entrainment is positively and significantly correlated with conversational success—as would be anticipated
from existing literature—then can the drivers of entrainment
be exploited for therapeutic gain? In other words, can the
seemingly subconscious process of coordinating rhythmic
behavior be consciously manipulated to enhance conversational success? Adank, Hagoort, and Bekkering (2010) show
that deliberate imitation of an unfamiliar accent improves
subsequent understanding of that type of speech. Can we train
one or both interactants to better identify and/or integrate the
rhythmic behaviors of their dialogue partner? A series of
recent studies on perceptual learning of dysarthric speech
demonstrate that healthy listeners can improve their ability
to detect relevant acoustic cues available in the disordered
speech signal (Borrie et al., 2012a, 2012b; Borrie, McAuliffe,
Liss, O’Beirne, & Anderson, 2013). Does this learning
translate to production changes, and further, is such learning
possible in people with disordered speech? Knowledge of the
drivers, and the breakdowns, of entrainment in disordered
settings affords potential targets for remediation of deficits,
for both the person with dysarthria and his or her primary
communication partners.
Finally, the study of entrainment is not limited to dysarthria. Any impairment in the capacity to perceive, produce,
and/or integrate rhythmic information has the potential to
disrupt entrainment and negatively impact communication
success. Accordingly, it is likely that a variety of communication disorders (e.g., apraxia of speech, stuttering, voice
disorders, autism spectrum disorders, aphasia, hearing impairment, etc.) induce entrainment disruptions in conversation, albeit for different reasons. For example, individuals
with a hearing impairment may have difficulty detecting the
rhythmic properties of their conversational partner and
therefore lack the necessary input to entrain. On the other
hand, individuals with apraxia of speech may have no trouble
detecting rhythm, but the associated motor impairments
may prevent them from adjusting their own communicative
actions accordingly. Rhythmic entrainment is a viable line
of inquiry with speech and language impairment arising from
a wide range of etiologies.
Indeed, the clinical import of studying rhythmic
entrainment in the domain of speech-language pathology
cannot be underestimated. Entrainment is critical for successful human interaction; disruptions can have deleterious
consequences on developing and maintaining interpersonal
relations and may exist as an integral component of the
communication disorder itself. Accordingly, the study of
entrainment may reveal an important source of communication difficulty and demise in quality of life in disordered
settings. A model of entrainment with clinical populations
would form the basis for a diagnostic tool to reveal and
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understand a source of breakdown in human interaction
and, ultimately, identify treatment targets for improving
conversational success. Entrainment, therefore, offers a
new avenue for exploring speech and language impairment,
addressing communication processes not currently explained
by existing frameworks.
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Appendix A
Speech Stimuli
1.
2.
3.
4.
5.

The supermarket chain shut down because of poor management.
Much more money must be donated to make this department succeed.
In this famous coffee shop they serve the best doughnuts in town.
The chairman decided to pave over the shopping center garden.
The standards committee met this afternoon in an open meeting.
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