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Methodology Matters: The Impact
of Research Design on Conversational

Entrainment Outcomes

Camille J. Wynna and Stephanie A. Borriea
Purpose: Conversational entrainment describes the tendency
for individuals to alter their communicative behaviors to more
closely align with those of their conversation partner. This
communication phenomenon has been widely studied, and
thus, the methodologies used to examine it are diverse.
Here, we summarize key differences in research design and
present a test case to examine the effect of methodology on
entrainment outcomes.
Method: Sixty neurotypical adults were randomly assigned
to experimental groups formed by a 2 × 2 factorial combination
of two independent variables: stimuli organization (blocked
vs. random presentation) and stimuli modality (auditory-
only vs. audiovisual stimuli). Individuals participated in a
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quasiconversational design in which the speech of a
virtual interlocutor was manipulated to produce fast and
slow speech rate conditions.
Results: There was a significant effect of stimuli organization
on entrainment outcomes. Individuals in the blocked, but not
the random, groups altered their speech rate to align with
the speech rate of the virtual interlocutor. There were no
effect of stimuli modality and no interaction between modality
and organization on entrainment outcomes.
Conclusion: Findings highlight the importance of
methodological decisions on entrainment outcomes. This
underscores the need for more comprehensive research
regarding entrainment methodology.
Communication is anything but simple. This pro-
cess, in which ideas are exchanged through a
dynamic interplay of words, facial expressions,

body postures, gestures, and prosodic features, is intri-
cate and multifaceted. It is no surprise, therefore, that
research in this area is riddled with obstacles and difficul-
ties. The study of human communication requires adherence
to subtle details and slight nuances while still maintaining
a larger and more holistic perspective. Because of these
complexities, careful attention to methodological choices
employed in the study of communication is essential.
Seemingly insignificant variations in the ways in which
studies are designed may yield vastly different outcomes.
Research questions in this area must focus not only on
what answers can be found but also on how the overall
research design may impact those findings. One area in
which this idea is particularly important is in research re-
garding conversational entrainment.
Known by several different terms including alignment,
accommodation, and convergence, conversational entrain-
ment can be defined as the synchronization of behavior
throughout communicative interactions. Put simply, during
conversation, individuals will unconsciously alter their ver-
bal and nonverbal behaviors to more closely align with the
behaviors of their conversation partner. Within the realm
of speech, conversational entrainment has been documented
across many acoustic–prosodic features including speech
rate (e.g., Freud et al., 2018; Manson et al., 2013), vocal in-
tensity (e.g., Local, 2007; Natale, 1975), pitch properties
(Borrie & Liss, 2014; C. Lee et al., 2010), and vocal quality
(Borrie & Delfino, 2017; Levitan & Hirschberg, 2011). Fur-
thermore, research has not only documented the pervasive
occurrence of conversational entrainment but also has re-
vealed a myriad of associated benefits including increased
conversational fluidity (Local, 2007; Wilson & Wilson, 2005),
better cooperation (Manson et al., 2013), and greater empa-
thy, rapport, and closeness (C. Lee et al., 2010; Pardo et al.,
2012).

Conversational entrainment has been studied for
decades across a wide variety of disciplines including psy-
chology, linguistics, neuroscience, sociology, and com-
puter science, and the types of methodologies used to study
this phenomenon are as numerous and diverse as these
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disciplines. Regarding entrainment of speech production
behaviors, we conceptualize methodologies along a spec-
trum, ranging from highly naturalistic conversational set-
tings to tightly controlled experimental conditions. On
one end of the spectrum, naturalistic studies examine en-
trainment in embodied conversations, which seek to
replicate real-world contexts. Dyads are often free to discuss
topics of their choice (e.g., Natale, 1975; A. Schweitzer &
Lewandowski, 2013), though researchers may add some
level of control by assigning specific conversation topics
(e.g., Frued et al., 2018; Webb, 1969) or presenting dyads
with a collaborative, goal-directed task (i.e., Map Task,
Pardo et al., 2019; Diapix Task, Van Engen et al., 2010).
Beyond topic of conversation, research designs may form
dyads from two participants (e.g., Borrie et al., 2015; Pardo,
2006) or make use of a confederate to converse with each
participant (e.g., Borrie & Delfino, 2017; Gregory, 1990).
Furthermore, while some confederates are given no explicit
instructions about how to use their speech, others are
told to consciously alter their speech patterns (e.g., speak
slowly) to meet specific requirements of different experi-
mental conditions (e.g., Freud et al., 2018; Schultz et al.,
2016). In some studies, conversational participants engage
in face-to-face conversation (e.g., Borrie et al., 2020; Giles,
1973). In others, participants are separated by a curtain or
divider (e.g., Levitan et al., 2012; Louwerse et al., 2012).
Furthermore, conversation partners are often strangers (e.g.,
Pardo, 2006; Pardo et al., 2010), but some studies target
participants who are familiar with one another such as
roommates (Pardo et al., 2012) or married couples (C. Lee
et al., 2010).

On the opposite end of the spectrum are studies that
employ highly structured settings to study entrainment,
which, while inducing some loss of ecological validity, af-
ford a level of experimental control simply not achieved in
more naturalistic contexts. The typical nature of these re-
search designs is to make use of prerecorded speech stim-
uli; participants listen to the stimuli recordings and are
asked to provide some type of verbal response. As with the
more natural, conversation-based methodologies, there are
many elements that differ across studies. Stimuli, for exam-
ple, may consist of speech produced by a single speaker
(e.g., Babel et al., 2013; Nguyen et al., 2012) or by multiple
speakers (e.g., Babel et al., 2014; Namy et al., 2002). Re-
cordings may be unaltered (e.g., Goldinger, 1998; Porter &
Castellanos, 1980) or digitally manipulated to create differ-
ent experimental conditions such as slow or fast speaking
rates (e.g., Fowler et al., 2003; Staum Casasanto et al., 2010).
Individual trials may consist of recordings that are several
sentences (e.g., Kosslyn & Matt, 1977; Wynn et al., 2018),
a single sentence (e.g., Borrie & Liss, 2014; Jungers et al.,
2002), or even just a single word (Goldinger, 1998), syllable
(Sanchez et al., 2010), or phoneme (Sato et al., 2013). Some
stimuli sets are presented alongside a visual component
such as a video or a still picture (e.g., Babel, 2012; Jungers
et al., 2016), whereas others are exclusively auditory (Miller
et al., 2013; Pardo et al., 2017). The types of verbal responses
following stimuli presentation also vary. Participants may
Wyn
be asked to read aloud scripted sentences (e.g., Borrie &
Liss, 2014; Kosslyn & Matt, 1977), repeat the utterance of
the stimuli (e.g., Goldinger, 1998; Pardo et al., 2013), or
form their own spontaneous productions (e.g., Jungers &
Hupp, 2009; Wynn et al., 2018).

Given the amount of research investigating entrain-
ment in the speech domain, the diversity of methodologies
is not surprising, nor is it problematic. In fact, using such a
wide array of research designs can be extremely beneficial.
All research designs carry inherent limitations, but through
multimethodological research, the strengths of certain
methods can offset the weaknesses of others. What is prob-
lematic, however, is that few studies have evaluated how
these differences in approaches may alter research findings.
While one hopes that variations in methodology do not
implicate big-picture outcomes, this notion is likely too
idealistic to hold true in all situations. Indeed, there are
probably contexts in which entrainment is more easily
achieved than others. Consequently, some methodological
choices may alter study outcomes, and if this is the case,
the validity of results may be largely dependent upon the
degree to which research designs are well understood and
well justified. Therefore, a line of study focused on meth-
odologies and their effects on entrainment is an important
component of research in this area.

As a first step, research should examine individual
methodological factors and the role they play on research
findings. Within the realm of speech, there are a small hand-
ful of studies that have explored this issue, primarily in re-
spect to stimuli modality (i.e., audio vs. audiovisual aspects
of stimuli; see Dias & Rosenblum, 2011; A. Schweitzer &
Lewandowski, 2013; K. Schweitzer et al., 2017). However,
research regarding other aspects of methodology is virtually
nonexistent. Furthermore, focusing on individual factors,
independent of one another, may not be sufficient. It is
plausible that different aspects of the research design inter-
act with each other to alter outcomes in ways that go
undetected when such factors are studied in isolation.
Accordingly, research investigating multiple factors and
their relationships with each other may provide a more
comprehensive picture regarding research design. In this
study, we explore the influence of methodology on entrain-
ment outcomes. Our hypothesis is twofold: (a) There are
certain methodological factors that influence entrainment
outcomes, and (b) outcomes may be the result of an inter-
action between two or more factors. To test these hypothe-
ses, we present a test case in which we examine the effect of
two methodological factors on entrainment outcomes.

First, we focus on stimuli organization—whether
stimuli are presented in blocked sets or in a random fash-
ion. In blocked presentation schedules, participants listen
and respond to a stimulus set containing several recordings
from the same speaker or condition before being presented
with a different stimulus set. For example, in a study on
speech rate entrainment, Jungers and Hupp (2009) employed
a blocked paradigm in which participants listened and
responded to recordings from one speech rate condition (e.g.,
slow rate condition) before listening and responding to
n & Borrie: Methodology Matters in Entrainment Outcomes 1353



Figure 1. Participants were randomly assigned to one of four
experimental groups formed by a 2 × 2 factorial combination of
stimuli organization and stimuli modality contexts.
recordings from another condition (e.g., fast rate condition).
Contrasting blocked schedules are randomized schedules
in which trials from different speakers or conditions are inter-
spersed at random with each other. For example, in a study
similar to that of Jungers and Hupp (2009), participants
were also asked to listen and respond to recordings from
different speech rate conditions. However, rather than pre-
senting stimulus sets in blocks, recordings from each condi-
tion were randomly interspersed with one another. It is
probable that conversational entrainment is a dynamic pro-
cess, in which individuals make gradual adjustments to
their own speech patterns as they become more comfortable
and familiar with the patterns of their conversation partner.
Therefore, we would assume that blocked paradigms,
which allow more time for familiarity and adaptation, would
be more sensitive to capture entrainment than random-
ized paradigms. However, to date, this idea has not been
investigated.

Another aspect of the methodology that may influence
entrainment outcomes is stimuli modality—whether partici-
pants are presented with auditory stimuli only or whether
auditory stimuli are coupled with visual information. As
mentioned previously, there is a small body of research in-
vestigating the effect of stimuli modality on entrainment
outcomes. However, research in this area is disparate and
inconclusive. Some studies have shown that entrainment
outcomes are more pronounced when communication part-
ners are able to see each other than when they are only
able to hear each other, indicating that visual cues may
augment auditory information to enhance entrainment (Dias
& Rosenblum, 2011). Others studies have shown greater
entrainment in auditory-only contexts, suggesting that, in
audiovisual contexts, individuals may exert greater focus
toward nonverbal cues being presented, thus reducing the
cognitive resources available to attend to verbal informa-
tion (e.g., K. Schweitzer et al., 2017). Still, others show no
significant difference between the two modalities (e.g., A.
Schweitzer & Lewandowski, 2013). Given the disparate
findings, it is possible that stimuli modality influences entrain-
ment outcomes, but does so in tandem with other methodo-
logical factors that, together, interact to shape the given
result. For example, individuals in random stimuli organi-
zations may be more successful in an audiovisual condition
where they can rely on visual information to compensate
for the rapidly changing acoustic patterns. Contrastingly,
individuals in the blocked organizations may be less reliant
and therefore more distracted by extraneous visual informa-
tion. Therefore, they may be more successful in an auditory-
only condition. Thus, it is possible that stimuli modality
and organization interact with each other, in unique ways,
to affect entrainment outcomes.

In this study, we employ a quasiconversational para-
digm and focus on entrainment of speech rate to target
two key research questions: (a) Is speech rate entrainment
modulated by differences in the presentation of stimuli
organization and/or the modality in which the speech
stimuli are presented? (b) Is speech rate entrainment modu-
lated by an interaction between the presentation of stimuli
1354 Journal of Speech, Language, and Hearing Research • Vol. 63 •
organization and stimuli modality? If significant, these re-
sults would highlight the importance of methodological
decisions on entrainment outcomes and underscore the need
for further research regarding entrainment methodology.
Method
Overview

Participants, randomly assigned to one of four exper-
imental groups (see Figure 1), engaged in a quasiconver-
sation with a virtual interlocutor. Groups (n = 15) were
formed by a 2 × 2 factorial combination of two indepen-
dent variables: stimuli organization (blocked vs. random)
and stimuli modality (audiovisual vs. audio-only). Linear
mixed models were used to compare differences in speech
rate entrainment outcomes between groups.

Participants
Participants included 60 (51 women, nine men) neuro-

typical adults between the ages of 18 and 33 years (M = 22.6,
SD = 2.6). All participants were native speakers of American
English with no identified intellectual, language, or speech
impairments. Prior to the experimental task, all participants
passed a pure-tone hearing screening administered at 20 dB
for 1000, 2000, and 4000 Hz in both ears.

Entrainment Task and Stimuli
The entrainment task used was an altered version of

the entrainment task used by Wynn et al. (2018). Audio-
visual stimuli were created in a sound-attenuated booth
with an industry standard microphone (Shure SM58) and
a video camera (Canon EOS 70D). Recordings were cap-
tured digitally on a memory card at 48 kHz (16-bit sam-
pling rate) and stored as individual recording files.

In each recording, a 22-year-old female speaker of
American English is positioned against a neutral backdrop
with the camera positioned to capture a view of her head
and shoulders. The woman holds a picture from a popular
children’s book near her face. She introduces the picture, re-
quests that participants describe what they see, and provides
1352–1360 • May 2020



examples of what participants could talk about for each
picture (see the Appendix for a sample transcript). A total
of 16 audiovisual recordings, each approximately 20–25 s in
length, were produced. Audio stimuli, for the audio-only
groups, were created by extracting .mp3 files from the au-
diovisual recordings. Both audio and audiovisual record-
ings were then digitally manipulated to form two different
conditions. Half of the recordings were assigned to the slow
condition (digitally manipulated to 80% of the original
rate), and half were assigned to the fast condition (digitally
manipulated to 120% of the original rate). This level of rate
modification was chosen in order to provide a natural ap-
pearance, while still providing sufficient variability in the
speech rate of the speaker. Trials were embedded in a web-
based application, hosted on a secure university server.
Procedure
The experiment was conducted in a quiet room.

Participants were blind to the purpose of the study. After
obtaining informed consent, participants were seated in
front of a computer screen to undergo the experimental
task. The researcher explained to the participants that
they would be watching/listening to a series of short video
clips of a woman talking about some pictures and that, im-
mediately following each clip, the picture described by the
woman would appear on the screen. The participants were
instructed to watch/listen to each recording and then de-
scribe the picture. They were informed that they should
continue talking for 15 s, until a visual cue (stop sign sym-
bol on the screen) and an auditory cue (short beep) let
them know that it was time to stop. The experimental pro-
cedure began with one practice trial, using an unaltered
clip of a novel picture. Participants then viewed and
responded to each of the 16 stimuli clips. The average total
time to complete the procedure was 15 min.

As noted in the overview, prior to the experimental
procedure, participants were randomly assigned to one
of the four experimental groups (again, see Figure 1).
First, in order to determine the effect of stimuli organiza-
tion, stimuli were presented to participants either in blocks
or randomly. Participants in the two blocked groups
were presented with stimuli of the same speech rate con-
dition in blocks (i.e., eight fast and then eight slow, or
vice versa), whereas participants in the two randomized
groups were presented with stimuli of both conditions
randomly interspersed with each other. In addition to
stimuli organization, the effect of stimuli modality was
examined. Participants in the two audiovisual groups
were presented with audiovisual clips, whereas partici-
pants in the two audio-only groups were presented with
audio clips while looking at a neutrally colored back-
drop on the computer screen. Within both the audio-only
and audiovisual blocked groups, presentation of the stim-
uli was counterbalanced so that equal numbers of individ-
uals were presented with the fast condition first and with
the slow condition first.
Wyn
Data Analysis
The total data set for the entrainment task consisted

of 960 audio response recordings—480 response recordings
for the slow condition and 480 response recordings for the
fast condition. Two trained research assistants used an acous-
tic analysis software, Praat (Boersma & Weenink, 2018), to
manually calculate speech rate in syllables per second for
each individual response recording. Research assistants or-
thographically transcribed each response recording and
counted the number of syllables for each production. All
verbal outputs, including whole-word repetitions, part-word
repetitions, and filler words (e.g., uh, um), were included
as syllables in the speech rate calculation. They then mea-
sured the entire duration of the response recording, begin-
ning with the moment the participant began articulating
their response and ending when articulation of the partici-
pant’s response (within the 15-s time frame) ceased. Speech
rate for each response recording was then calculated by di-
viding the total number of syllables by the duration measure.
During analysis, assistants were blinded to the participant
group and the response condition of each recording. In order
to obtain interrater reliability for speech rate calculations,
25% of the total data set (15 participant data sets) was ran-
domly selected by a computer-generated random number
list and analyzed by both research assistants. Comparison
indicated high agreement between the two judges, with a
Pearson correlation r score of .99.

Linear mixed models were used to analyze the data in
the R statistical environment (R Version 3.5.2; R Development
Core Team, 2018) using the lme4 package (lme4 package
Version 1.1–19; Bates et al., 2015). This analysis was used
to investigate the effects of speech rate condition, stimuli or-
ganization, and stimuli modality on average speech rate while
controlling for intraindividual variability across the repeated
measures. Effects were tested using a series of nested mixed-
effects models to determine the best-fitting model. For each
model, the random effects structure included a random in-
tercept by participant. Fixed effects within each model in-
cluded the within-participant factor of condition (i.e., slow
stimuli vs. fast stimuli) and the between-participant factors
of stimuli organization (i.e., blocked vs. random) and stimuli
modality (i.e., audio vs. audiovisual). Additionally, sex was in-
cluded in each model as a fixed effect to account for potential
variability between male and female participants. The first
model included main effects for condition, organization, and
modality (Model 1). The second model included a two-way in-
teraction between condition and organization while controlling
for modality (Model 2). The third model included a two-way
interaction between condition and organization and a two-
way interaction between condition and modality (Model 3).
Finally, the last model included a three-way interaction be-
tween condition, organization, and modality (Model 4).
Results
Based on likelihood ratio tests, the most parsimoni-

ous best-fitting model was Model 2, which included the
n & Borrie: Methodology Matters in Entrainment Outcomes 1355



two-way interaction between condition and organization,
but not between condition and modality (see Table 1).
Thus, speech rate entrainment was influenced by the or-
ganization of stimuli but not by the modality of stimuli.
Analysis of Model 2 revealed a significant interaction be-
tween condition and organization (see Table 2). This inter-
action, as illustrated in Figure 2, revealed that participants
entrained their speech rate with the virtual interlocutor in
the blocked organization condition, but not in the random
organization condition.

Our findings, demonstrating a significant effect of
stimuli organization on speech rate entrainment, warranted
further analysis to investigate whether the difference between
groups could be accounted for by changes in entrainment
over time. We hypothesized that the degree of entrainment
would increase within the blocked condition over time as
participants became more familiar with the speech rate
patterns of the interlocutor and subsequently adjusted their
own patterns, while the degree of entrainment (or lack
thereof ) in the random condition would remain stable
over time. Therefore, a secondary analysis using linear
mixed models was conducted to examine the interaction
between block, condition, and time (as measured by trial
number). As with the previous analysis, the random effects
structure included a random intercept by participant, and
sex was included as a fixed effect. Results revealed no sig-
nificant interaction between block, condition, and time, in-
dicating that the difference in the degree of entrainment
between groups did not change over time.
Discussion
The aim of this study was to examine the influence

of methodology on entrainment outcomes in healthy adult
populations. As a test case, we focused on the effects of stim-
uli organization and stimuli modality on speech rate entrain-
ment with a virtual interlocutor. Our hypothesis consisted
of two separate components. First, certain methodological
factors will influence entrainment outcomes. Second, out-
comes may be the result of an interaction between two or
more factors. We comment on the current findings and how
they relate to these hypotheses below.
Table 1. Linear mixed-model fit indices for models of interest

Model AIC BIC Log likelihood

Model 1 1,469.6 1,503.7 −727.80
Model 2 1,463.5 1,502.4 −723.73
Model 3 1,464.0 1,507.8 −723.01
Model 4 1,467.4 1,520.9 −722.68

Note. Model 1 included main effects for condition, stimuli or
two-way interaction term for condition and organization. Mod
and organization and a two-way interaction term for condition an
condition, organization, and modality. Bold text represents the
Akaike information criterion; BIC = Bayesian information criterio
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Our findings showed that the methodological factor of
stimuli organization played a significant role in entrainment
outcomes. Individuals in the blocked groups spoke more
slowly in the slow condition than in the fast condition, re-
vealing significant levels of entrainment. In contrast, indi-
viduals in the random groups did not modulate their speech
rate depending on the condition. We postulated that blocked
stimuli presentation may be more amendable to entrainment
because it allows individuals greater opportunity to learn,
and subsequently adapt, to the interlocutor’s speech rate.
The interaction between condition, group, and clip number,
however, was nonsignificant, implicating that differences
between the blocked and random groups cannot be accounted
for as a function of time. Thus, the result of significant en-
trainment in the blocked but not random groups warrants
exploration of other explanations. One prominent model of
learning, the model of contextual interference, makes pre-
dictions about learning in blocked versus random contexts.
One of the model predictions is that, during initial learning
of a new task, individuals will perform better in blocked
presentation formats than randomized formats (Shea &
Morgan, 1979). According to the action-plan reconstruc-
tion hypothesis, a more specific conceptualization of this
model, individuals form an action plan before engaging in a
given task. In blocked contexts, these plans remain in the
working memory, and individuals are able to reactivate
them on successive trials. However, in randomized contexts,
differing actions plans cannot be stored in the working
memory at the same time. Therefore, individuals are re-
quired to reconstruct their action plans on every trial, lead-
ing to more effortful cognitive processing and increased
performance error (T. D. Lee & Magill, 1983, 1985). The
effect of stimuli organization on novel task acquisition has
been verified in complex rhythmic activities such as instru-
mental music (e.g., Abushanab & Bishara, 2013) and dance
(Bertollo et al., 2010). Conversational entrainment is, of
course, a complex rhythmic activity demanding perception
and adjustment of rhythmic speech patterns. As such, the
current findings, in which speech rate entrainment is evi-
dent in the blocked but not random groups, are supported
by this framework.

While there was a significant effect of stimuli orga-
nization, there were no significant main effects of stimuli
.

χ2 χ2 difference df p

1,455.6
1,447.5 8.1410 1 .004
1,446.0 1.4440 1 .229
1,445.4 0.6593 2 .719

ganization, and stimuli modality. Model 2 included a
el 3 included a two-way interaction term for condition
d modality as well as a three-way interaction term for
best-fitting model based on likelihood ratio tests. AIC =
n.
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Table 2. Results of Model 2 with a two-way interaction for condition
and stimuli organization while controlling for stimuli modality and sex.

Term B SE t value p value

Intercept 3.969 0.121 32.778 < .001**
Condition 0.129 0.043 3.003 .003*
Organization 0.053 0.137 0.387 .700
Modality 0.043 0.132 0.329 .744
Gender 0.373 0.187 1.998 .051
Condition × Organization 0.174 0.061 2.857 .004*

*p < .01. **p < .001.
modality on entrainment outcomes, nor was there a signifi-
cant interaction between stimuli organization and modality.
This finding is in line with A. Schweitzer and Lewandowski
(2013), showing that stimuli modality did not play a signifi-
cant role in entrainment outcomes. There are several possible
explanations for this finding. From a theoretical perspective,
some researchers argue that visual information aids entrain-
ment (i.e., provides additional compensatory information;
Dias & Rosenblum, 2011), whereas others have argued that
visual information is disadvantageous (i.e., presents unneces-
sary distraction; K. Schweitzer et al., 2017). However, these
arguments are not necessarily mutually exclusive. One could
imagine that visual information carries both the abovemen-
tioned advantages and disadvantages, and in certain contexts
such as this study, these counterbalance each other, resulting
in similar results for both the audiovisual and audio-only
groups. Additionally, from a more pragmatic viewpoint,
most adults communicate regularly via both audiovisual
(e.g., face-to-face conversations) and audio-only (e.g., tele-
phone conversations) channels. Therefore, adults may be
adept at adjusting their speech rate patterns regardless of
the communication modality. Our findings contrast those
who did find that stimuli modality affected entrainment
outcomes (Dias & Rosenblum, 2011; K. Schweitzer et al.,
Figure 2. Entrainment outcomes are affected by stimuli organization but n

Wyn
2017). Therefore, although there was no interaction be-
tween stimuli organization and modality in this study, it is
also plausible that stimuli modality is moderated by other
methodological factors not investigated in this study. For
example, while our study and that of A. Schweitzer and
Lewandowski (2013) examined entrainment of speech rate,
the studies that did find an influence measured pitch accents
and articulatory behavior. Thus, it is possible that the effect
of stimuli modality may be moderated by the type of acous-
tic feature being measured.

Beyond simply providing information regarding the
effects of stimuli organization and modality on entrain-
ment outcomes, this study affords important evidence that
methodology matters. As evidenced in this study, small
changes in methodology can yield large transformations of
study outcomes. Here, we demonstrate that a simple shift
—from a blocked presentation to a random presentation—
meant the difference between detecting and not detecting
significant levels of entrainment. Such effects are likely not
exclusive to stimuli organization. Significant entrainment
outcomes may be undercut by any number of other meth-
odological factors. Our findings, therefore, highlight the
need for well-designed research studies in this area of com-
munication research. This does not imply that those de-
signs with promises of significant findings should always
be used simply for the sake of getting more notable results.
It does imply, however, that in research regarding entrain-
ment, conclusions cannot simply be taken at face value,
and research design decisions must be carefully considered.

While important for any study, considerations re-
garding entrainment methodology are especially significant
in studies with populations whose entrainment skills may
be impaired or not fully developed. For example, in a re-
cent large-scale study by Wynn et al. (2019), speech rate
entrainment was not detected in the production behaviors
of a large cohort of 48 children between the ages of 5 and
14 years. Rather than concluding that these children sim-
ply do not entrain their speech rate, the authors advanced
ot stimuli modality. Error bars delineate ± 1 SEM.
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that entrainment is a multistep process in which skills
“…emerge over time and, through continued practice, become
increasingly refined and solidified” (Wynn et al., 2019,
p. 3710). Thus, the design used in that study may have been
too challenging to capture emerging entrainment skills. Other
studies, however, may employ research designs that are too
simple, making it difficult to detect differences in entrain-
ment across development. Thus, identifying factors that in-
crease or decrease the sensitivity of the research designs to
entrainment outcomes would assist in making well-informed
and suitably justified methodological decisions. Another
group in which the influence of methodology decisions may
be particularly pertinent is individuals with communication
disorders. While still a relatively new area of exploration in
speech-language pathology, there is a growing body of re-
search highlighting entrainment deficits in individuals with
autism spectrum disorder (Wynn et al., 2018), dysarthria
(Borrie et al., 2015, 2020), traumatic brain injury (Gordon
et al., 2015), fluency disorders (Sawyer et al., 2017), and
hearing impairments (Freeman & Pisoni, 2017). As with
children, further research in this area requires balanced
designs—ones that are sensitive enough to detect entrainment
impairments while still capturing the weaker patterns of
entrainment that may exist in these populations. Thus, a
greater understanding of the contextual factors that influ-
ence entrainment would be beneficial for clinical popula-
tions with entrainment deficits.

The benefit gained from exploring entrainment meth-
odologies is not limited to more informed research designs.
The study of entrainment methodologies may also offer
many theoretical and clinical implications. Indeed, the con-
cept of gaining foundational knowledge through the study
of research methodologies has been successful in many
areas of social science. For example, in their meta-analysis
on educational performance outcomes, de Boer et al. (2014)
examined studies that focused on different types of educa-
tional intervention and academic outcome measures. How-
ever, rather than searching for the interventions that were
most effective, the authors leveraged the methodological
differences between studies (e.g., computer-implemented vs.
teacher-implemented instruction, cooperative vs. individual
learning) to identify aspects of teaching, aside from actual
content, that were most influential in student outcomes.
Boer and colleagues found that methodological differences
accounted for over 60% of the variance in the outcome
effect sizes between studies and, thus, were able to high-
light key aspects of student learning. In another study, re-
searchers found that methodological differences accounted
for between-study variability regarding the typical funda-
mental frequency range in healthy adults (Reich et al., 1990).
Although focused on understanding the effects of research
design, their findings led to subsequent studies and further
conversations about the best way to elicit phonation frequency
range in clinical voice evaluations (e.g., Zraick et al., 2000).

We advance that similarly valuable insights may be
gained from research focused on entrainment methodologies.
For example, while still speculative at this point, our findings
that the blocked organization led to greater entrainment
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than random organization may carry theoretical implica-
tions for differences between entrainment in conversations
between dyads and multiple speakers. That is, in conversa-
tions with more than two conversation partners, where
speakers must constantly adjust their speech patterns to
align with different speakers, entrainment may be more
difficult to achieve. Additionally, study of entrainment
methodologies may yield important findings for clinical
populations with entrainment deficits. For example, a
better understanding of the contextual factors that influ-
ence entrainment could inform therapeutic techniques in
which communication partners are taught strategies to
scaffold conversational environments so that individuals
with entrainment impairments are more easily able to
synchronize their speech.

Conclusion
In summary, this study investigated the impact of

methodological decisions on entrainment outcomes using
a test case that examined the main effects and interaction
effects of stimuli organization and stimuli modality. We
showed that variations in one of these factors, stimuli orga-
nization, led to significant differences in entrainment out-
comes. Thus, this study affords empirical evidence to support
the statement that “methodology matters.” It also high-
lights the need for further, more comprehensive research in
this area, including systematic reviews that target the effects
of methodological factors in existing studies.
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Appendix

Example Transcript of Stimuli Recording
This is a picture from a book called The Berenstain Bears Go Green. I want you to describe this picture for me. You can
tell me about what the houses look like. You can tell me about what the weather is like outside, or you can tell me about what
the bears are doing or what they are wearing. Remember to keep talking until the timer runs out.

Formula for the model constructed for statistical analysis:
lmer(rate ~ condition*age+ condition*set + condition* gender + (1 | participant), data = children)
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