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Extensive individual variability has been reported in both spontaneous phonetic convergence and in explicit pho-
netic imitation tasks. This work tests the consistency of these individual patterns: are some individuals just globally
more imitative, showing greater-than-average imitation regardless of the specific phone being imitated, and
regardless of the type of imitation, or does an individual's extent of imitation depend heavily on the phonetic con-
tent or the type of task? We examine the stability of individual variability in imitation of two types of subphonemic
differences (VOT of voiceless stops and F2 of the vowels /ae/ and /u/), in two types of imitation tasks (implicit and
explicit). We found that individuals' degree of imitation was significantly related across different phones within the
same class (e.g., imitation of /p/ vs. /t/) in both implicit and explicit imitation tasks, but that individuals' degree of
imitation of phones from different classes (e.g., imitation of stops vs. vowels) was only related in explicit, but
not implicit, imitation. Findings are consistent with the idea that general cognitive or personality traits may govern
individual variability in explicit imitation, but challenge the idea that they play any measurable role in predicting indi-
vidual variability in implicit or spontaneous imitation. We also found a weak but significant correspondence
between individual performance on the implicit and explicit imitation tasks, providing evidence that the two tasks
rely on shared mechanisms, as well as a significant relationship between discrimination performance and explicit,
but not implicit, imitation.
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1. Introduction et al., 2021). However, the scope and generalizability of these
individual patterns of imitation is an open question: are some
individuals simply more global imitators, regardless of the con-

text of imitation or the nature of the exposure speech, or does

“Phonetic imitation,” defined broadly, can refer to any situa-
tion in which an individual’'s speech becomes more closely

aligned with the phonetic properties of speech they are
exposed to. Phonetic imitation occurs in diverse contexts and
at different levels of active awareness, from “phonetic conver-
gence,” where conversation partners may unconsciously start
to sound more like one another, to metalinguistic tasks like imi-
tating the idiosyncrasies of a specific accent (e.g., Pardo,
2013; Myers et al., 2024). Previous work has documented con-
siderable variability in the extent of imitation, in that some
individuals show much more imitation than others (e.g. Wade
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the extent of an individual’s imitation ability depend heavily on
the type of task, and/or on the specific phonetic characteristics
being imitated? An understanding of the uniformity of individual
variability in performance on imitation tasks is important for
understanding the cognitive architecture underlying (different
types of) phonetic imitation and is a necessary step in identify-
ing the “individual differences,” i.e. systematic linguistic, cogni-
tive, and/or social characteristics intrinsic to individuals, that
predict how “imitative” they are.

The primary goal of this work is to examine the consistency
of individuals’ patterns of imitation across two different pho-
netic features (voice onset time (VOT) in voiceless stops and
F2 in vowels), in two different types of imitation (implicit and
explicit). If general cognitive or personality-based factors are

This is an open access article under the CC BY-NC-ND license (http:/creativecommons.org/licenses/by-nc-nd/4.0/).
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strong drivers of individual differences in imitation, we expect
to see a strong relationship between a given speaker’s imita-
tion of different features; for example, someone who shows
greater-than-average imitation of stops should also show
greater-than-average imitation of vowels. Along with testing
stability of imitation across features in each type of task, we
also test the relationship between individual performance
across the implicit vs. explicit tasks, and, via a discrimination
task, assess the extent to which individual variability in imita-
tion can be attributed to differences in perception of the rele-
vant features.

1.1. Implicit vs. explicit phonetic imitation tasks

Phonetic imitation has been examined across a wide range
of contexts that vary in the level of interaction, the nature of the
exposure speech, and the instructions given to participants.
This work examines the structure of individual variability in
implicit and explicit imitation tasks that differ in whether or
not they are designed to elicit active, conscious imitation by
the speaker. Implicit imitation (also called spontaneous imita-
tion or phonetic convergence) encompasses any task
designed to elicit phonetic imitation without conscious intent
to imitate, including that found in naturalistic interactions as
well as in non-interactive, word repetition tasks (e.g.
Goldinger, 1998; see discussion and examples in Pardo,
2013). Explicit imitation (or forced imitation) encompasses
any situation where the stated goal of the task is for partici-
pants to sound like the speech they hear, whether it is imitation
of individual words (e.g. Pinget, 2022) or mimicking an unfamil-
iar accent (e.g. Mora et al., 2014; Kopeckova et al., 2021;
Myers et al., 2024).

Implicit and explicit imitation have generally been examined
in independent lines of research, but a small set of studies has
directly compared the two types. These studies have for the
most part found greater degrees of imitation in explicit than
in implicit tasks (Dufour & Nguyen, 2013 for F1 of vowels;
Garnier et al., 2013 for f0; Sato et al., 2013 for fO and vowel
F1; Clopper & Dossey, 2020 for perceptual assessment of imi-
tation of monosyllabic words; an exception to this pattern is
Pardo et al., 2010, who found no increase in convergence in
with explicit instructions to imitate in a conversational task).
While the precise nature of the relationship between them is
an open question, implicit and explicit phonetic imitation have
been proposed to be distinct processes that nevertheless draw
on shared mechanisms (Dufour & Nguyen, 2013; Schertz
etal., 2023). There is good evidence that there is an automatic
component to imitation, proposed to be a direct consequence
of interaction between incoming speech and listeners’ repre-
sentations (e.g. Goldinger, 1998; Pickering & Garrod, 2013),
but which may also be modulated by linguistic or social factors,
even when below the level of conscious awareness (see
Coles-Harris, 2017, for discussion). Any such automatic com-
ponent would be expected to be shared by, and play a role
in, both implicit and explicit imitation.

At the same time, implicit and explicit tasks likely differ sub-
stantially in their “targets” of imitation, in the mechanisms
involved in the process of imitation, and in the factors that
might influence the extent of imitation. For explicit imitation,
the intended target of imitation is faithful replication of relevant

properties of the incoming speech.” The intended target for
implicit imitation is less transparent, but given the absence of
instructions to imitate, it is likely that participants assume that
faithful imitation is not the intended target, particularly when
the stated goal of the task is something other than imitation
(e.g., when it is presented to the participants as a memory task,
as in Delvaux & Soquet, 2007, and as in the current work). Work
by Zellou et al. (2017) suggests that the targets for implicit imita-
tion are influenced both by the immediately preceding input (i.e.
a word that has just been heard) and by the longer-term average
properties of a model talker’s productions.

In terms of the mechanisms invoked during imitation, expli-
cit tasks direct attention to the phonetic characteristics of the
incoming speech, prompting participants to identify what they
consider to be its salient properties and to manipulate their pro-
duction patterns to replicate those properties, whereas implicit
tasks do not. In one sense, therefore, explicit imitation tasks
recruit additional processes not necessarily invoked in implicit
imitation tasks (Dufour & Nguyen, 2013; Schertz et al., 2023).
In another sense, however, because of the absence of direct
instruction, “successful” imitation in an implicit task requires
engagement from the participant in ways that are not strictly
necessary in an explicit task. Baseline abilities to perceive
and produce the relevant target features are necessary for
both types of tasks; however, for imitation to occur in an implicit
task, the participant must additionally track and attend to the
relevant dimension without prompting. Furthermore, they need
to determine (not necessarily consciously) that at least some
degree of convergence or imitation is the intended goal, since
the target is not explicitly specified in the instructions.

The primary goal of this work is to examine the extent of
individual uniformity in imitation of phonetic features, i.e.
whether some individuals tend to be globally “more imitative”
than others, or whether imitation is feature-specific. However,
given the considerable differences between the goals and
processes associated with implicit and explicit imitation, the
degree of feature-specificity could depend on the type of imi-
tation being tested, as individual variability on the two types
of tasks may be governed by different factors (as will be dis-
cussed below). Therefore, we test the extent of uniformity
across features in two different lab-based word repetition
tasks in which participants hear words and are asked to
repeat them, either without or with explicit instructions to imi-
tate. In addition, we test individual uniformity across the two
tasks (i.e. whether individuals who show greater-than-
average imitation in explicit tasks are the same ones who
do so in implicit tasks), as this may be informative about
the cognitive architecture of explicit vs. implicit imitation,
and the relationship between the two.

1.2. Predictors of variability in phonetic imitation

Phonetic imitation is fundamental to broader domains such
as sound change, language learning, and conversational inter-

" Which properties are “relevant” are not static and may vary based on the properties of
the participants or the task instructions. For example, consider two sentence repetitions
tasks that are identical except for the task instructions: one asks participants to imitate the
voice they heard, and the other asks participants to imitate the accent they heard. Even if
the material to be imitated is identical, these different instructions might elicit attention to,
and imitation of, different phonetic properties.
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action, and as such, there has been considerable interest in
trying to identify the factors that are correlated with variability
in imitation, as well as the underlying causes of this variability.
The extent of imitation can differ based on the linguistic or
social properties of the exposure speech on a group level,
and individual characteristics of the imitators themselves have
been proposed to further facilitate/inhibit imitation. This section
briefly outlines some examples of group-level phonetic and
social selectivity before turning to reported predictors of indi-
vidual variability in phonetic imitation.

Previous work has reported phonetic selectivity in imitation,
i.e., that the extent of imitation may vary systematically across
different sounds or classes of sounds. Some of these differ-
ences have been ascribed to the phonological status of the tar-
get sound or feature. For example, Mitterer and Ernestus
(2008) found that phonetic detail was more likely to be imitated
when it was phonologically relevant: Dutch speakers faithfully
imitated stops differing in the presence vs. absence of prevoic-
ing, but did not imitate differences in the duration of prevoicing.
This discrepancy was attributed to the fact that the presence of
voicing is the primary differentiator of the Dutch laryngeal con-
trast (e.g. /b/ vs. /p/), whereas the duration of prevoicing is not
relevant to the contrast (see also Olmstead et al., 2013).
Nielsen (2011) found that English speakers produced longer
VOTs in phonologically voiceless stops (e.g. /p/) after exposure
to stimuli with lengthened VOTs, but showed no analogous
modifications when exposed to shortened VOTs. Nielsen
(2011) noted that there were multiple possible explanations
for this asymmetry, including a production-based consideration
for contrast maintenance, i.e., that producing shortened VOT
might impinge on a different phonological category, and a
perception-based explanation, i.e., that the tokens with length-
ened VOT were more perceptually salient than those with
shortened VOT, supported by subsequent work (Nielsen &
Scarborough, 2015).

Social factors also influence the extent of imitation. Positive
attitudes toward a talker have been reported to facilitate imita-
tion overall (e.g., Babel, 2012; Yu et al., 2013; Myers et al,,
2024), and the extent of imitation has also been shown to
depend on sociophonetic properties of specific sounds.
Clopper and Dossey (2020) tested imitation of a non-prestige
variety of English (Southern American English) which differed
from Standard American English in several features (/ar/
monophthongization, back vowel fronting, and word duration).
They found that in implicit imitation, participants avoided con-
vergence to a socially stereotyped sound variant (/ar/ monoph-
thongization), even though they did converge to other
systematic phonetic variation in the same model talker. This
provided strong evidence that metalinguistic awareness or
stereotypicality of a feature, and not simply its presence in a
non-prestige variety, can modulate imitation. Similarly, Lee-
Kim and Chou (2024) found that female speakers of Tai-
wanese Mandarin avoided convergence towards a socially
stigmatized variant (highly retroflexed sibilants), despite show-
ing imitation more generally. However, the extent of social
selectivity may vary depending on the nature of the task: the
avoidance of convergence to /ai/ monophthongization found
in Clopper and Dossey (2020) was somewhat mitigated for lis-
teners who were given explicit instructions to imitate.

The studies discussed in this section so far have examined
how properties of the exposure speech, whether it be phonetic
characteristics or social connotations, affect the extent of imita-
tion. At the same time, there has been a growing interest in
identifying individual-level predictors, i.e. how social, cognitive,
or linguistic characteristics inherent to individuals may influ-
ence imitation (see review in Myers et al., 2024). Existing work
has found that personality traits like the Big Five dimensions of
Openness and Neuroticism (Yu et al., 2013; Lewandowski &
Jilka, 2019), Attention-Switching, a subcomponent of the Aut-
ism Spectrum Quotient (Yu et al., 2013), and rejection sensitiv-
ity (Aguilar et al., 2016) correlate with individual variability in
spontaneous imitation, and Myers et al. (2024) found that indi-
viduals’ openness and musical perception correlated positively
with explicit imitation of different regional accents of English
(see also Coumel et al., 2019, who found that musical talent
correlates with imitation of foreign speech). At the same time,
it is worth noting that while many correlations have been
reported, findings are not always consistent across studies.
The provenance of these cross-study discrepancies is not
clear, but some potential reasons are spurious results, lack
of power, or methodological/task-based differences across
studies: as discussed by Myers et al. (2024), individual-level
predictors may apply differently to different tasks.

Along with the considerations of phonetic selectivity dis-
cussed above, linguistic factors, both production- and
perception-based, have also been shown to modulate imitation
on an individual level. In terms of production, articulatory ability
or flexibility has been reported to correspond with more pho-
netic convergence in a conversational task (Lee et al., 2021),
in explicit imitation of regional accents (Myers et al., 2024),
and in explicit imitation of foreign speech (Reiterer et al.,
2013), and bilingualism has been reported to facilitate better
imitation of novel accents (Spinu et al., 2018; Spinu et al,,
2020). The relative position of an individual in an ongoing
sound change has also been found to correspond with imita-
tive ability: Pinget (2022) showed that the extent of imitation
of a phonetic feature currently undergoing change (devoicing
of Dutch /v/) differed systematically based on the extent to
which an individual participated in the change (see also
Zellou & Brotherton, 2021).

In terms of perception, there is growing evidence of system-
atic individual differences in listeners’ perceptual sensitivity or
gradience in phonetic perception (e.g. Kapnoula et al., 2017),
relative reliance on phonetic dimensions (see Schertz &
Clare, 2020, for review), and the structure of their phonetic/
phonological representations more generally (Yu & Zellou,
2019). Since imitation relies on perception, these differences
in perceptual strategies or representations might be expected
to contribute to the individual variability found in performance
on imitation tasks. Direct tests of the correspondence between
individual-level perception and imitation have provided some
evidence for this link, but not in an entirely straightforward
way. Kim & Clayards (2019) examined explicit imitation of
spectral and durational cues to the English /e/-/ae/ contrast
and perceptual weighting of the same dimensions. While it
might be expected that higher perceptual weighting of a dimen-
sion would relate to more imitation of the same dimension, this
was not the case. Instead, individual reliance on spectral cues
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in perception was related to more faithful imitation of durational
(but not spectral) variability, while individual reliance on dura-
tional cues was not predictive of imitation on either dimension.
The authors concluded that general perceptual acuity, rather
than attention to individual dimensions, was likely to be the dri-
ver of individual variability in imitation, given that the only sig-
nificant correlation between perception and imitation
occurred across different dimensions (see also Hazan &
Rosen, 1991; Clayards 2018).

1.3. Structured variability in phonetic imitation

The existing empirical findings and the proposals about the
cognitive architecture of different types of imitation set the
groundwork for some general predictions about expected indi-
vidual consistency across tasks and features.

1.3.1. Expectations for task-based consistency

Previous work has proposed that implicit and explicit imita-
tion rely on shared resources, including some degree of auto-
maticity, but that the two tasks also recruit distinct processes
(Dufour & Nguyen, 2013; Schertz et al., 2023). If this is correct,
we might expect to see a relationship between individual per-
formance on the two tasks, since any variability linked to the
automatic component should influence performance on both
tasks. If both tasks draw heavily on this shared automatic com-
ponent, this relationship should be relatively strong. At the
same time, as discussed above, the two tasks differ in many
ways, including the targets of imitation, the perceptual/atten-
tional processes necessary for imitation, and the effect of
social factors on imitation in each task. While not an exhaus-
tive list, here we lay out three individual-level predictors that
could potentially affect the two tasks in different ways, leading
to a disconnect in individual performance between implicit and
explicit imitation.

First, some individuals might be more willing or motivated
than others to consciously try to attain the stated goal of a task.
We expect that this factor would play a stronger role in explicit
than in implicit imitation: since the intended target for this task
is faithful imitation, then all else being equal, an individual who
is highly motivated to try to “succeed” in the task will show
more imitation than one who is not. On the other hand, for
the implicit task, since the stated target is not faithful imitation,
we would not necessarily expect differential performance by
these same two individuals.

Second, individual differences in phonetic cue weighting, or
the relative importance of different dimensions in phonetic rep-
resentations (e.g., Schertz & Clare, 2020) might differentially
impact imitation on the two types of tasks. Previous work has
shown that patterns of imitation are governed not just by the
phonetic characteristics of the exposure speech itself, but also
by the phonetic and phonological properties of the relevant
sounds on a more abstract level (Mitterer & Ernestus, 2008;
Kwon 2019). While both explicit and implicit imitation require
baseline sensitivity to the relevant differences, implicit imitation
additionally requires the participant to pay attention to the rel-
evant dimension, even when not explicitly directed to do so.
It is therefore possible that individual differences in sensitivity
and cue weighting may be a stronger predictor of individual
performance in implicit than in explicit imitation tasks.

Third, while social factors have been shown to play a role in
both implicit and explicit imitation (implicit: Babel, 2012; Yu
et al.,, 2013; Lee-Kim & Chou, 2024; explicit: Myers et al.,
2024), they could potentially affect the two tasks differently.
In a direct comparison of the two tasks, Clopper and Dossey
(2020) found that participants’ avoidance of imitation of a
socially stigmatized phonetic variant in an implicit word repeti-
tion task was somewhat mitigated when participants were
explicitly instructed to imitate. Based on this finding, individual
differences in attitudes toward the target talker or perceived
social connotations of the target speech may be expected to
play more of a role in implicit than in explicit imitation.

1.3.2. Expectations for feature-based consistency

The various individual predictors discussed above might be
expected to apply at different levels of generality, operating
over different domains of linguistic structure. As discussed
above, non-language-specific predictors (e.g. personality or
cognitive traits) would generally be expected to apply equally
to imitation of all features. Furthermore, some linguistic predic-
tors, like perceptual acuity (Kim & Clayards, 2019) and general
articulatory flexibility (Reiterer et al., 2013) have been pro-
posed to apply at a general, rather than (or in addition to) at
a phone- or feature-specific level. If any of these general char-
acteristics play a large role in predicting individual imitative
ability, we should see a correspondence in individual patterns
across features; i.e., those individuals who imitate stops more
should also imitate vowels more.

At the same time, some of the predictors discussed would
be expected to apply to specific sounds, with the effect poten-
tially differing across individuals. For example, if imitation is
inhibited by negative stereotypes of a specific variant (as in
Clopper and Dossey’s (2020) finding of avoidance of conver-
gence to monophthongized /ar/), and if listeners differ in the
strength of its associated social connotations, then this would
affect the relative ranking of individuals’ imitation of /ar/ in a
way that would not correspond with the relative ranking of imi-
tation of a different vowel.

Finally, some individual predictors might be expected to oper-
ate not just on specific phones, but more broadly on phonetic
classes. Individual variability in speech production has been
shown not to be random, but instead governed by target unifor-
mity (Chodroff & Wilson, 2017, 2022): the idea that talker-
specific production norms can apply to phonetic or phonological
classes, such that an individual talker will show similar realiza-
tions of a feature across all sounds in that class (e.g., a talker
who shows longer-than-average VOT for /p/ is also likely to
show longer-than-average VOT for /t/). While target uniformity
in previous work has generally been considered in terms of a
talker’s baseline production patterns, we similarly might expect
that the extent to which they imitate a given feature also varies in
a structured way, based on the substantial evidence for individ-
ual differences in speech perception more generally (as
reviewed in Yu & Zellou, 2019). For example, some listeners
might attend differentially to certain types of information (e.g.
one listener might have strong perceptual acuity for spectral
characteristics like formants, but less for temporal characteris-
tics like VOT, see Makashay, 2003), and/or listeners might differ
in the relative importance of a given dimension in their phonetic
representations (as reviewed in Schertz & Clare, 2020).
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In sum, observing the domain of individual uniformity in imi-
tation may help to inform about which types of factors play
meaningful roles in predicting the extent of imitation. If only
non-phonetically-selective factors play a role, we would expect
individual patterns to be stable across different phones and
features. If only phonetically-selective factors play a role, then
we would expect a complete disconnect between individual
performance across different phones. In reality, of course, mul-
tiple predictors likely contribute to variability in imitation.
Assuming that this is the case, we would expect to see some
correspondence in individual patterns across the board,
regardless of what phone is being targeted, since some of
these factors are non-phonetically-selective. At the same time,
because of the simultaneous presence of factors that are pho-
netically selective, we would expect even stronger correspon-
dences for phones sharing a phonetic feature. We would
expect the strongest correspondences for imitation of the
same phone.

Finally, as discussed above, individual predictors may play
different roles in implicit vs. explicit imitation tasks. Therefore,
depending on the relative roles of phonetically-selective vs.
non-selective predictors in the two tasks, we expect that the
degree of individual uniformity across features may differ
between for implicit and explicit imitation. We do not have
strong a priori predictions for what these differences might
be, but in interpreting the results, we will consider what any dis-
connect in individual uniformity across implicit vs. explicit imita-
tion can tell us about the roles of different predictors.

1.3.3. Previous work examining individual uniformity in imitation

The previous sections laid out a catalogue of characteristics
reported to influence individual imitation performance. These
studies encompass a diverse range of tasks, including both
implicit and explicit imitation, and quantify imitation using differ-
ent perceptual and/or acoustic metrics. The claims are gener-
ally tested by examining how a proposed predictor relates to
individuals’ performance on a specific task, with significant cor-
relations between the predictor and individual performance
taken as support for that predictor. For example, Yu et al.
(2013) reported that individuals with greater Openness scores
in the Big Five personality test showed more implicit imitation
of VOT. The authors suggested that this finding might be attri-
butable to these individuals having a higher level engagement
with the exposure materials, leading them to pay more atten-
tion to the exposure speech and show more imitation overall.
This sort of interpretation relies on two assumptions. First, in
order to have confidence in the validity of the specific correla-
tion (e.g. Openness and implicit VOT imitation), the individual
indices of imitation collected in the study must be a reliable
metric of the individual's performance in the specific task. Sec-
ond, for this finding to be taken as evidence for Openness influ-
encing imitation more generally, it must be the case that the
individual indices are also more generally representative of
how much they would imitate other features, or how much imi-
tation they would show on other tasks.

Wade et al. (2021) tested the first assumption, stability of
individual variability across multiple sessions of the same task.
They found that variability in individuals’ performance in imita-
tion of lengthened VOT in an implicit word repetition task was
stable across different sessions of the same task on different

days, confirming “narrow reliability” of the individual indices
of imitation for that task. However, there has been little work
examining the stability of individual variability across tasks
and across features, and the studies that do exist have not
shown evidence of a high degree of consistency.

There is very little work that directly examines the degree of
individual uniformity across the two types of tasks, i.e., whether
those individuals who show more spontaneous imitation than
average also imitate more in an explicit task. Pinget (2022)
tested both implicit and explicit imitation of devoicing of Dutch
Ivl, a feature undergoing change, and found that leaders of
sound change (those who were further advanced in the sound
change in their baseline productions) showed more imitation in
the implicit task, but /ess imitation in the explicit task. While this
suggests a disconnect between individual performance in the
two types of imitation, this interpretation is complicated by
the fact that the targets of imitation (i.e. the exposure stimuli)
in the two tasks were different (see also Pardo et al., 2018
for a disconnect in individual performance across shadowing
and conversational tasks). The only work we are aware of that
has directly examined the relationship between individual per-
formance across implicit vs. explicit imitation of the same expo-
sure speech (Sato et al., 2013) found no correspondence in a
small subset of participants who had completed both tasks
(n = 12); however, the modest number of participants makes
it difficult to draw strong conclusions about this lack of relation-
ship. It is therefore an open question whether there is a detect-
able correspondence between an individual’s tendency for
spontaneous convergence and how much they imitate when
explicitly instructed to do so.

Turning to the question of cross-feature uniformity: several
studies have examined whether individuals are stable in their
imitation of different features within the same task. All of the
studies we are aware of have failed to find any evidence of
consistency across features. Cohen Priva and Sanker (2020)
measured convergence in six linguistic characteristics (fO med-
ian, fO range, speech rate, and three lexical/sentential factors)
in a corpus of conversational speech and found no correspon-
dence between individual rates of convergence across fea-
tures. Similarly, Sanker (2015) found no individual
consistency in convergence of eight acoustic characteristics
(including formant measures, f0, intensity, and turn-transition
timing) in a conversational task, and similar null results were
found in conversational speech in work by Weise & Levitan
(2018). However, it is worth noting that all of these studies
examined spontaneous convergence in conversational inter-
action. It is therefore possible that there may indeed be individ-
ual uniformity in imitation across features, but that the
relationship is obscured by the extensive variability inherent
to conversational tasks.

In sum, the question of consistency of imitation across tasks
and features is not well-established: there is no positive evi-
dence for consistency, but there have been few direct tests,
and those that exist may not have the best chance of finding
an effect, either due to small sample size or the presence of
substantial other sources of variability. The current study was
designed to test of whether individual stability in imitation
across features and tasks would be detectable in a more con-
trolled paradigm. Knowing the extent of uniformity of individual
patterns is necessary to gauge how confident we can be in
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generalizing findings of one study to others. In addition, exam-
ining the structure of this individual variability may be informa-
tive about the processes governing explicit vs. implicit
imitation, the types of factors that play substantial roles in pre-
dicting each type of imitation, and at what level of generality

they apply.
1.4. Current study

Establishing the presence and nature of individual unifor-
mity in phonetic imitation is a necessary step in identifying
the most reliable types of predictors of individual differences
in imitation, and how these predictors may apply differently
depending on the type of imitation. In addition, from a practical
point of view, it provides an idea of how reliable results from a
single task are as a proxy for an individual’s proclivity for imita-
tion in other features and/or tasks. In this work, we test the
extent to which individuals show stable levels of phonetic imi-
tation across features (VOT of voiceless stops /p/ and /t/ and
F2 of vowels /ze/ and /u/) in two types of imitation tasks: implicit
word repetition and explicit imitation. Previous work has found
both implicit and explicit imitation of both VOT and vowel for-
mants. VOT is likely the best-studied dimension, and a large
number of studies have found that speakers adjust their VOT
when exposed to speech with artificially-lengthened VOT
(e.g. Shockley et al., 2004; Nielsen, 2011; Yu et al., 2013;
Wade et al., 2021 for implicit imitation; Schertz & Paquette-
Smith, 2023 for explicit imitation). Imitation of vowel formant
values has also been found in both implicit and explicit imita-
tion (e.g., Tilsen 2009; Babel, 2012; Pardo, 2017; Dufour &
Nguyen, 2013 for implicit; Dufour & Nguyen, 2013 for explicit),
but there have also been cases where imitation was not found:
notably, Ulusahin et al., 2023 found no imitation of acoustically
large but subphonemic differences in F2 of Dutch vowels.

We begin with group-level analyses testing the presence
and extent of imitation of each feature in the two tasks, as well
as the discriminability of the target differences. We then turn to
the test of stability of individual variability in imitation perfor-
mance. For each type of imitation, we first test whether an
individual’s extent of imitation is stable across the differ-
ent classes of phones (i.e. whether an individual who shows
greater-than-average imitation of stops also shows greater-
than-average imitation of vowels), and whether there is
greater stability across phones within a phonetic class. If
general cognitive or personality traits strongly influence spon-
taneous convergence, we would expect individual patterns to
be correlated across all phones in both tasks. If there are gen-
eral cognitive or personality traits that would be expected to
apply exclusively in the explicit imitation task (e.g. task motiva-
tion, willingness to diverge from production norms), we would
expect individual patterns to be more strongly correlated
across phones in explicit imitation than in implicit imitation.
Finally, to the extent that imitation is influenced by phonetic fac-
tors (either perception- or production-based) that might be
feature- or phone-specific, we expect that within-class corre-
spondences  will be stronger than  across-class
correspondences.

Along with testing the stability of cross-phone correspon-
dences, we also examine two additional questions. First, we
examine the relationship between individuals’ implicit
and explicit imitation, testing whether those participants
who show a high degree of explicit imitation are also those
who show greater-than-average spontaneous imitation, or
whether performance on these two tasks appears to be inde-
pendent. Finally, we test the relationship between individu-
als’ extent of imitation and their discrimination accuracy
in order to assess the extent to which individual variability in
imitation might be attributable to perceptual factors.

2. Methods
2.1. Participants

Data from 133 participants (63 women, 69 men, 1 nonbi-
nary, aged 18—41 at time of study) are included in this report.
All were born and residing in the United States and were
monolingual native speakers of English: they reported learning
English and no other languages in the home, and were not flu-
ent in any languages other than English. Participants were
recruited via Prolific and received monetary compensation for
their time.

Our planned sample size was determined based on a power
assessment: We planned to do correlation analyses to test our
questions about the reliability of individual variability across
phones and tasks using one datapoint per participant, and
arrived at a target sample size of 130 by calculating the num-
ber of data points needed to detect a relatively weak correla-
tion (r = 0.3) with 80% power, using a Bonferroni-corrected
alpha-level of 0.05/6 = 0.0083 (this correction was chosen
because we expected to include up to 6 pairwise comparisons
in a given analysis). In other words, by collecting data from 130
(or more) participants, we should expect to be able to detect
correlations of r = 0.3 or greater with 80% power, within our
framework for assessing significance.

215 participants initially recruited for the study completed a
screening session in which they completed a word-reading
task and language background form. 45 of these participants
were considered ineligible for the main study because of
reported fluency and/or early exposure to other languages
(n = 3) or recording quality unsuitable for phonetic analysis
(n = 42). Of the remaining 169 participants who were invited
to complete the main study, 18 chose not to participate, and
19 participated but were subsequently excluded because of
recording quality, leaving the 133 participants whose data is
analyzed here.

2.2. Stimuli

The same target stimuli were used in all three tasks (implicit
imitation, explicit imitation, and discrimination). Target stimuli
consisted of two versions each of 6 “stop words” starting with
Ip/ or It/ (page, poke, pub, tape, tub, type) and 6 “vowel words”
containing /ee/ or /u/ (map, sad, sack, boot, food, mood). The
two versions of each word were manipulated from a single
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baseline token to differ minimally in VOT (for stop words) or F2
(for vowel words). The two versions of each stop words differed
by 100 ms VOT, centered around the VOT value of each base-
line token.? The two versions of vowel words differed in F2 by 1
Bark (for /ze/ words) or 1.75 Bark (for /u/ words), centered
around the F2 value of each baseline token.

Our rationale for the specific VOT and F2 differences cho-
sen for this study was based on an effort to equalize perceptual
salience across the target contrasts: we wanted the two ver-
sions of each word to have similar discriminability, as well as
above-chance but below-ceiling performance. We had done
previous pilot work in the lab testing discrimination of different
magnitudes of difference for each dimension, and chose VOT
and F2 differences based on what we expected would elicit the
desired perceptual patterns. VOT and F2 values for all stimuli
are given in the supplementary materials.

Baseline recordings of all target words were made by a
female native speaker of Standard American English and
scaled to 70 dB. For stop words, VOT of the natural production
was measured, and the two target tokens were created by
reducing VOT by 50 ms for the low condition and increasing
it by 50 ms for the high condition, using Praat's built-in PSOLA
algorithm (Moulines & Charpentier, 1990). For vowel words, F2
of the vowel of each word was manipulated with Praat's built-in
LPC synthesis function. F2 was manipulated to match the tar-
get value (with low and high levels differing by 1 Bark for /ze/
words and 1.75 bark for /u/ words, centered around the natural
production mean) across the full vowel. All other formants were
left unmanipulated.

The implicit imitation task also included 34 filler words,
which were natural productions of monosyllabic English words
by the same speaker. Filler words did not contain any word-
initial voiceless stops or /ee/ or /u/ vowels. All filler words are
provided in the supplementary materials.

2.3. Procedure

The experiment was completed fully online using the Gor-
illa Experiment Builder (Anwyl-Irvine et al., 2020). Participants
were asked to use headphones or earbuds to listen, if possi-
ble, and their own recording devices. Based on self-report, lis-
tening devices included headphones or earbuds (n = 131) or
computer speakers (n = 2), while recording devices included
a built-in computer microphone (n = 35), a microphone on
earbuds or headphones (n = 75), or an external microphone
(n = 23). Participants completed three tasks in the following
order: 1) an implicit word imitation task (disguised as a mem-
ory study), 2) an explicit word imitation task, and 3) a discrim-
ination task. Both implicit and explicit imitation were elicited
via word repetition tasks, a design choice made with two con-
siderations in mind. First, we wanted to keep the two tasks as
similar as possible, such that any differences in results could
be attributed to the implicit vs. explicit element of the task, as
opposed to other task-related differences. At the same time,
we wanted to maximize the implicit vs. explicit nature of the

2 For stops words, mean VOT was 46 ms and 146 ms for the shortened and lengthened
versions, respectively. For vowel words, mean F2 for low and high versions were 1760 Hz
(11.98 Bark) and 1992 Hz (12.98 Bark) for /ee/ words and 1309 Hz (10.20 Bark) and 1709
Hz (11.95 Bark) for /u/ words. Original and manipulated values for all tokens are available in
the supplementary materials.

tasks, both in terms of the goals (such that participants were
clear in the explicit task that the goal was imitation, and
thought that the goal was something other than imitation in
the implicit task) and in terms of whether attention was explic-
itly directed to the target phonetic differences. Task order was
held constant, with the explicit task and discrimination task
always presented after the implicit task, in order to avoid
undermining the implicit nature of the latter by drawing atten-
tion to the target features and the fact that imitation is a goal
of the study.’

Fig. 1 shows a schematic of all three tasks. The same set of
24 target stimuli (12 words * 2 levels) were used for all three
tasks, and each imitation task presented the full set 4 times,
resulting in 96 imitated target tokens per participant per task.
The full session took about 30 min to complete. A language
background questionnaire had been completed in a pre-
screening session.

2.3.1. Implicit imitation task

In the implicit imitation task, participants completed four
blocks with two phases each: a Listen and Repeat Phase,
where participants listened to words and repeated them out
loud, followed by a short Memory Test phase, where partici-
pants were shown a word and asked whether they had heard
it in the study (Fig. 1).

Each of the four test blocks consisted of 48 Listen and
Repeat trials, presented auditorily, followed by 4 Memory Test
trials, presented visually. The Listen and Repeat trials were
designed to test for implicit imitation. On each trial, participants
heard a word and repeated it out loud, with the screen advanc-
ing automatically after 4 s. The Listen and Repeat trials alter-
nated between target and filler words, with the full set of 24
target stimuli (12 words * 2 levels) included in each block.
The Memory Test trials were included to disguise the true pur-
pose of the task. In each Memory Test trial, participants saw a
word in English orthography and were asked whether they had
heard it during the study. They responded with the keyboard
and were given feedback on accuracy. All Memory test words
were filler items, 2 of which had been heard and 2 of which had
not. Although targets and fillers always alternated, the order of
targets and the order of fillers were randomized. An initial prac-
tice block contained two Listen and Repeat trials and two
Memory Test trials.

2.3.2. Explicit imitation task

In the explicit imitation task, participants listened to pairs of
target items differing minimally in the target feature (e.g. ‘boot’
with low and high F2) and were then asked to imitate the differ-
ence (Fig. 1). In each ftrial, participants listened to a pair of
words, then immediately heard each word again but were
asked to repeat each word out loud after they heard it, imitating
the way it was said. They were specifically asked to pay atten-
tion to and try to replicate the differences between the two
words.

The task consisted of two blocks that were identical other
than the trial-level presentation order: each consisted of 24 tri-
als, or two repetitions of the full set of 12 target pairs. Order of

3 While task order is therefore a confound that should be taken into account when
interpreting results, we do not have reason to expect that it would affect our questions of
interest in a systematic way.
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Listen and Repeat phase (48 trials/block)

LISTEN AND REPEAT

©

< boot (low F2)|

Implicit imitation task (4 blocks, 48+4 trials/block)

In each trial, you will hear an English word spoken out loud. Please repeat each word out loud when
the microphone appears. The screen will advance to the next word automatically.

At the end of the block, you will complete a memory task. In each trial, you will be presented with a
word and asked to decide whether you heard it or not.

Memory test phase (4 trials/block)

MEMORY TEST

Did you hear this word?

mail

LyesJ no |

Explicit imitation task (2 blocks, 24 trials/block)

In each trial, you will first hear a pair of words. Listen and pay attention to the differences.
Then you will hear the same pair of words again. This time, right after you hear each word, please
imitate it, repeating the word out loud. Try to replicate the differences between the words.

LISTEN
) boot (high F2)|

LISTEN
(% boot (low F2))

boot boot|

IMITATE IMITATE
[#_boot (low F2) [ boot (high F2)|
& &
ool ool

across the whole task. See how high you can go!

Discrimination task (2 blocks, 24 trials/block)

In each trial, you will hear two words that are pronounced slightly differently. Then you will hear a third
word and be asked whether it matches the first or second word you heard.
You will receive feedback if your choice was correct or not, and you will see your overall accuracy

) boot (high F2)|

&

F J
boot [boot]

(#)_boot (low F2))

(% boot (low F2)|

boot|

Does ?? match F or J?
I O ]

[boot X

2

2

Fig. 1. Summary of instructions and procedure for all three tasks. Grey boxes with an audio icon represent the audio clip that was being played to the participant; these were not

displayed on the screen.

trials was randomized within each block, and half of the trials
had the lower level of the feature presented first (e.g. ‘boot’
with low then high F2), while the other half had the higher level
presented first (e.g. ‘boot’” with high then low F2). A practice
trial preceded the main blocks.

During the listening stage of each trial, the two audio tokens
were presented in sequence with a 750 ms break in between.
During the Imitation stage, the audio tokens were presented in
the same order, but after each one played, a microphone

appeared, prompting the participant to imitate the word. The
screen advanced automatically after 2.5 s.

2.3.3. Discrimination task

The participants then completed an ABX discrimination task
on the same stimuli, in which they were asked to listen to a pair
of words, then decide whether a third word they heard matched
the first or second word (Fig. 1). The third word was always
acoustically identical to the matching word.
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The structure was the same as for the explicit imitation task:
two blocks of trials, with each block consisting of two repeti-
tions of the 12 target pairs, in randomized order. The three
audio clips played on each trial were separated by 750 ms
ISI, and a practice trial preceded the main blocks. Feedback
was given on each response, as well as the cumulative per-
centage accuracy across the experiment.

2.4. Data processing and acoustic measurements

Each participant had the opportunity to produce 96 imitated
target items in each imitation task (12 target words * 2 levels *
4 repetitions), for a total of 192 production per participant. Of
the possible 25,536 tokens (192 productions * 133 partici-
pants), 401 tokens (1.6% of the data) were omitted because
productions were missing (n = 97), contained background or
signal noise making annotation impossible (n = 45), contained
a word other than the target word (n = 3), or because a reliable
formant track could not be identified (n = 256).

All acoustic measurements were done using Praat
(Boersma and Weenink, 2021). Production data was seg-
mented at the phone-level using the Montreal Forced Aligner
(McAuliffe et al., 2017) to facilitate annotation. VOT of stop
words was then annotated automatically with AutoVOT
(Keshet et al., 2014), then all tokens were manually checked
and corrected if necessary.

For formant measurements for vowel words, each token
was manually examined, correcting the force-aligned vowel
boundaries if necessary, and selecting parameters that would
result in accurate tracking of F2. F2 was then measured at
the vowel midpoint. If no accurate track could be identified,
the token was excluded from analysis (n = 256). F2 was con-
verted to Bark frequency using a formula from Traunmiller
(1990) as implemented in the emuR package (Jochim et al.
2024) prior to analysis.

2.5. Statistical analyses

All statistical analyses were performed in R (R Core Team,
2023). Group-level imitation and discrimination were tested
with mixed-effects linear (for imitation) and logistic (for discrim-
ination) regression models, using the package Ime4 (Bates
et al., 2015). P-values for linear models were computed using
the ImerTest package (Kuznetsova et al., 2017), and an alpha-
level of 0.05 was used as the threshold for significance. In the
case of significant interactions, we performed follow-up tests
using the phia package (De Rosario-Martinez, 2015). To test
the stability of individual variability across features and tasks,
we calculated by-participant mean values for the relevant mea-
sure and performed correlation tests, using Bonferroni-
corrected alpha-levels as a threshold for significance. Details
of the model structure and statistical tests vary by task and will
be introduced in the relevant subsections of results.

3. Results
3.1. Group-level effects

In this section, we report group-level results of tests of the
presence and extent of convergence in each of the imitation

tasks, as well as the perceptibility of the target differences in
the discrimination task.

3.1.1. Group-level imitation

Results for both imitation tasks are presented in Fig. 2 and
Tables 1 and 2. Fig. 2 shows participants’ VOT (for stop words)
and F2 (for vowel words) when repeating after target words
varying in each dimension, in the implicit and explicit tasks
and for each phone separately. Overall, these plots show con-
sistent imitation in both tasks: For each task and for all phones,
participants produced higher values of VOT/F2 when repeating
after stimuli with high levels of the relevant dimension (light-
colored distributions) compared to those with low levels
(dark-colored distributions). Furthermore, for each phone, the
extent of imitation (as quantified by the difference between
the two levels) is always greater in the explicit than in the impli-
cit task.

We used two mixed-effects linear regression models, one
for stop words and one for vowel words, to test for the pres-
ence of imitation and whether the extent of imitation differed
by task and/or phone. Results of these models are shown in
Tables 1 and 2. The two models had the same structure and
included the predictor variables Task (Implicit vs. Explicit),
Phone (/p/ vs. /t/ for the stop model; /ae/ vs. /u/ for the vowel
model), Level (Low vs. High), and all interactions. Random
intercepts were included for Participant and Word, as well as
a by-participant random slope for Level.* Predictor variables
were centered (—0.5, 0.5) and reference levels are in italics
above.

We are primarily interested in the magnitude of imitation, or
how much participants’ productions differ when repeating after
stimuli with low vs. high VOT/F2, which corresponds to the
effect of Level in our statistical model. Therefore, we structure
our interpretation of the models around the effect of Level: the
estimate and corresponding p-value for Level gives the extent
and significance of imitation overall, across all of the predictor
variables, and higher-order interactions between Level and
other predictor variables indicate how this effect differs
depending on Phone and/or Task.

For stop words, the significant effect of Level indicates that
participants showed imitation overall. Significant interactions
between Level and Phone and between Level and Task indi-
cate that the extent of imitation is greater for /t/ than /p/ words,
and greater in the explicit than in the implicit task. Follow-up
tests were done to confirm that the effect of imitation was sig-
nificant even in the least imitative condition, i.e. implicit imita-
tion of /p/ words (3> = 18.652, p < 0.001). The average
amount of imitation was 6 ms for /p/ and 10 ms for /t/ in the
implicit task, and 27 ms for /p/ and 28 ms for /t/ in the explicit
task.

Results for vowels were qualitatively similar, with a signifi-
cant overall effect of Level, significant two-way interactions of
Level with the other two predictors, and a significant three-
way interaction. Follow-up tests again confirmed the signifi-
cance of imitation in all Phone/Task combinations, including
the least imitative, i.e. implicit imitation of /ae/ (Xz = 4.31,

4 This random effects structure was chosen over more complex structures which did not
converge; however, the models that we considered theoretically the most motivated, which
included by-participant slopes for all predictor variables and their interactions, showed the
same qualitative effects.
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Fig. 2. Group-level results for implicit and explicit imitation tasks for each phone separately, showing participants’ VOT (for stop words; top) and F2 (for vowel words; bottom) when
repeating after low (darker) or high (lighter) values of the target dimension. Violin plots show distribution of by-participant means, with error bars showing 95% confidence intervals.

Table 1
Statistical results for group-level imitation of stop words. Significant effects (p < 0.05) are in bold. SE = Standard Error. Reference levels are in italics.
Estimate SE t value p value

Intercept 85.506 1.970 43.407 < 0.001
Level (high vs. low) 17.814 1.274 13.977 < 0.001
Phone (/t/ vs. /p/) 8.170 2.256 3.621 0.022
Task (explicit vs. implicit) 3.921 0.436 9.003 < 0.001
Level (high vs. low) * Phone (/t/ vs. /p/) 2.215 0.871 2.543 0.011
Level (high vs. low) * Task (exp. vs. imp.) 19.472 0.871 22.355 < 0.001
Phone (/t/ vs. /p/) * Task (exp. vs. imp.) —3.963 0.871 —4.550 <0.001
Level (high vs. low) * Phone (/t/ vs. /p/) * Task (exp. vs. imp.) —2.304 1.742 —1.323 0.186

Table 2
Statistical results for group-level imitation of vowel words. Significant effects (p < 0.05) are in bold. SE = Standard Error. Reference levels are in italics.
Estimate SE t value p value
Intercept 11.522 0.078 147.599 < 0.001
Level (high vs. low) 0.434 0.026 16.955 < 0.001
Phone (/u/ vs. /a/) -1.102 0.114 —9.690 < 0.001
Task (explicit vs. implicit) 0.173 0.012 13.927 < 0.001
Level (high vs. low) * Phone (/u/ vs. /a/) 0.395 0.025 15.863 < 0.001
Level (high vs. low) * Task (exp. vs. imp.) 0.497 0.025 19.957 <0.001
Phone (/u vs. /z/) * Task (exp. vs. imp.) 0.158 0.025 6.339 < 0.001
Level (high vs. low) * Phone (/u/ vs. /a/) * Task (exp. vs. imp.) 0.325 0.050 6.524 < 0.001

p = 0.038). The average amount of imitation was 0.07 Bark for /
ae/ and 0.30 Bark for /u/ in the implicit task, and 0.40 Bark for
/el and 0.96 Bark for /u/ in the explicit task.

In sum, the group results for the imitation tasks showed
robust imitation effects: participants imitated VOT and F2 in

the relevant phones in both implicit and explicit imitation tasks,
although, as expected, imitation was consistently greater in the
presence of explicit instructions to imitate. There were also
overall phone-related differences in imitation, with more imita-
tion of /t/ than /p/, and more imitation of /u/ than /ae/. However,
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Fig. 3. Group-level results for the discrimination task. Violin plots show distribution of by-
participant accuracy in discrimination of each phone, with error bars showing 95%
confidence intervals.

given the relatively small number of words used for this task,
we do not want to overgeneralize about these phone-related
differences.

3.1.2. Group-level discrimination

A discrimination task was included primarily as a method of
testing the relationship between an individual's extent of imita-
tion and their ability to perceive the target difference. Group-
level results for this discrimination task are in Fig. 3 and
Table 3. Fig. 3 shows the distribution of by-participant mean
accuracy in discrimination of target words differing in VOT
(for stop words) or F2 (for vowel words), shown separately
for each phone. Overall, these plots show robust above-
chance performance on a group level, with a wide range of
variability in individual performance.

We tested whether discrimination accuracy differed by
phone using a mixed-effects logistic regression model. The
binary outcome variable was Accuracy on each trial, and the
fixed predictor was Phone (/p/, /t/, /ee/, lu/, dummy-coded with
Ip/ as the reference level). Random intercepts were included
for Participant and Word (a model including a by-participant
random slope for Phone was did not converge but showed
the same qualitative results).

Statistical results are shown in Table 3. The significant inter-
cept indicates above-chance performance for /p/ words (i.e. at
the reference level), and the significant effects of Phone indi-
cate that accuracy was higher for /ae/ and /u/ than it was for /
p/. A model testing the difference between adjacent levels (us-
ing backward-difference coding of Phone) showed that there
was no significant difference between accuracy between /t/
and /ee/, or between /ae/ and /u/. Mean accuracies were 70%
for Ip/, 73% for /t/, 76% for /ee/, and 75% for /u/.

In sum, performance was well above chance (70-76%
accuracy) for all featural differences tested in this study. Accu-
racy on the two vowels was significantly higher than /p/ words
(while /t/ words were intermediate but did not differ significantly
from either /p/ or vowel words), but overall, phone-based differ-
ences were fairly small in magnitude.

3.2. Individual variability

We structure the analysis of individual patterns in terms of
the three questions laid out in the introduction: 1) How stable
are individual patterns of imitation across phones with different
degrees of phonetic similarity?; 2) How well is individual vari-
ability in imitation predicted by discrimination ability?; and 3)

How stable are individual patterns across implicit and explicit
imitation? We perform these analyses using indices of each
participant’s imitation or discrimination for the relevant phone
(s)/task, then perform Pearson’s correlation tests, using a
Bonferroni-corrected alpha-level to assess significance.

Before presenting the correlation analyses, we first present
a summary of individual patterns across both imitation tasks.
For each task and each phone, we calculated an individual “im-
itation index” for each participant: the difference in VOT dura-
tion (for stop words) or F2 (for vowel words) when comparing
their repetition of “high” vs. “low” levels, such that a positive
value represents imitation, with higher values representing
more imitation.®

Fig. 4 shows the distribution of individual imitation indices
for each phone separately. Overall, these reiterate the patterns
discussed above in the group results: there was imitation for all
of the target phones in both tasks, with most individuals show-
ing imitation (i.e. positive values) in all phones for both implicit
and explicit imitation tasks, with more imitation in the explicit
than in the implicit task, as indicated by higher imitation indices
in the explicit task for all phones). However, this graph reveals
one important property of the results that was not discussed
above: not only is there more imitation in the explicit task,
but there is also a much greater range of individual variability:
aggregated across both phones of a given class, the standard
deviation of the stop imitation indices was 3.87 times greater in
explicit (SD = 27.10) than implicit (SD = 7.01) tasks, and for
vowels, variability was 3.23 times greater in explicit (SD =
0.533) than implicit (SD = 0.165).

3.2.1. Patterning of individual variability in imitation across phones

We first test whether patterns of individual variability in imi-
tation generalize across different phones, and whether corre-
spondences are stronger across sounds sharing in the same
class (e.g. a stronger correlation between /p/ and /t/ than
between /p/ and /ae/). Since implicit and explicit imitation tasks
involve different processes that might be expected to vary
across individuals, we examine this question separately for
implicit and explicit imitation tasks.

Results are shown in Fig. 5, which includes scatterplots
showing the individual extent of imitation, as well as the results
of a correlation test, for each of the six possible pairwise com-
parisons of the four phones, for implicit and explicit imitation
separately, using a Bonferroni-corrected alpha-level of
0.05/6 = 0.008. In the plots, each point represents one partic-
ipant and shows that participant’s amount of imitation for the
two phones shown on the x- and y-axes.

In implicit imitation (top row), individual performance was
significantly correlated for phones within a class: individual
participants' extent of implicit imitation of /p/ predicted imitation
of /t/, and individual imitation of /ae/ predicted imitation of /u/.
None of the other correlations (i.e. those between phones of
different classes) were significant.

For the explicit imitation task, all six pairwise correlations
were significant. The correlations were strongest (as evi-

5 In some analyses, as will be discussed below, the imitation index is calculated over a
larger domain; e.g., a combined index of both stops together. In these cases, the
calculation is done in the same way: the difference between a participants’ mean value
when repeating the higher vs. the lower level of the target stimuli.
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Table 3

Statistical results for the discrimination task. Significant effects (p < 0.05) are in bold. Reference levels are in italics.

Estimate Standard error z value p value
Intercept 0.897 0.112 7.974 < 0.001
Phone (/t/ vs. Ip/) 0.170 0.141 1.203 0.229
Phone (/z/ vs. Ip/) 0.361 0.142 2.539 0.011
Phone (/u/ vs. Ipl) 0.316 0.142 2.224 0.026
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Fig. 4. Distribution of individual extent of imitation for each phone in implicit and explicit
imitation. Each point represents an individual participant’s “imitation index” for each
feature, i.e. the difference in VOT (for stops) or F2 (for vowels) when repeating after high
vs. low levels of the target feature. Black dots show the group mean for each distribution.

denced by the highest r values) for the within-class compar-
isons: r = 0.855 and r = 0.624 for the stop comparison and
vowel comparison, respectively, as compared to rs ranging
from 0.415 to 0.480 for the different-class comparisons. Nota-
bly, the correlation was stronger for all of the between-phone
comparisons in the explicit task than any of those from the
implicit task: the lowest correlation for explicit imitation
(r = 0.415 for /t/ vs. /ae/) was still higher than the strongest
(within-class) correlations in implicit imitation, which both had
rs of 0.344.°

In sum, there were clear correlations between extent of indi-
vidual imitation of related phones in both the implicit and expli-
cit imitation tasks. The extent of individual imitation for
unrelated phones was also correlated in an explicit imitation
task, although the correspondence was weaker than it was
for related phones in the same task. On the other hand, the
correlations for unrelated phones were not significant for impli-
cit imitation, though all correlations were numerically positive.

% The same correlation analyses were run on a dataset excluding one participant who
had very high explicit imitation scores (>150ms for both /p/ and /t/). Removal of this
participant did not change the direction or significance of effects, and did not affect r-values
by more than 0.05 for any comparison.

3.2.2. Patterning of individual variability across implicit vs. explicit
imitation tasks

We now turn to the comparison of individual performance
across the two imitation tasks, examining to what extent an
individual's explicit imitation ability is related to the extent to
which they show imitation in an implicit task. We test the corre-
spondence between the two types of tasks for vowels and con-
sonants separately, using individual participant imitation
indices, calculated in the same way as above.

Scatterplots of individual extent of imitation on the two
tasks, and results of the correlation tests, are shown in
Fig. 6. First, these graphs again highlight the difference in
extent of individual variability across the two tasks: while imita-
tion was, across the board, greater in the explicit task, as
shown by the higher numbers overall, another important differ-
ence was that participants showed a larger range of extent of
imitation in the explicit than the implicit task. In terms of the cor-
relation between tasks, individual imitation scores were weakly
but significantly correlated across implicit and explicit imitation
for both stops and vowels (r = 0.217 and 0.188 respectively). In
sum, there appears to be a relationship between individuals’
convergence on the implicit imitation task and how much they
imitated on the explicit task, but this relationship is quite weak.

3.2.3. Role of discrimination ability in predicting imitation

Finally, we examine the question of whether individual dif-
ferences in imitation might be attributable to differences in per-
ception, testing the correspondence between each individual's
imitation and their discrimination accuracy. We test this corre-
spondence separately for vowels and consonants, using indi-
vidual participant imitation indices calculated as above (i.e.
the difference between imitation of “high” and “low” levels of
the relevant stimuli), but combining the two phones in each
class (i.e., each participant has a single value for explicit imita-
tion of stops), and using each individual’'s mean accuracy for
discrimination of each class separately as a discrimination
index.

Fig. 7 shows scatterplots of the relationship between indi-
vidual imitation and discrimination accuracy, for stops and vow-
els separately. The patterns are qualitatively similar for both
stops and vowels: Explicit, but not implicit, imitation perfor-
mance is significantly correlated with discrimination accuracy,
and these correspondences are fairly strong (r = 0.590 and
0.621 for stops and vowel respectively). In sum, there is a clear
relationship between explicit imitation and perception in the
tasks tested here, but no evidence that individual differences
in implicit imitation are attributable to different perceptual
strategies.

We also tested whether stop and vowel discrimination were
correlated on an individual level. We found a significant corre-
lation (r = 0.410, p < 0.001), indicating that individuals who
were more accurate at discriminating the stop contrasts were
also more accurate at vowel discrimination, as shown in Fig. 8.
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Implicit imitation: Correlations across phones
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Explicit imitation: Correlations across phones
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Fig. 5. Scatterplots showing individual extents of imitation for all pairwise comparisons of four phones in implicit (top) and explicit (bottom) imitation tasks. Each plot shows each
individual’s imitation index for the two relevant phones, the best-fit regression line and 95% confidence interval, and the results of a Pearson’s correlation test. Significant results are
shown in bold and colored font.

The fact that discrimination of stops and vowels is related relationship between imitation across the classes, but rather
brings up the possibility that the finding of the across-class cor- simply to the fact that discrimination of the two classes is cor-
relation between explicit imitation of stops and vowels, dis- related, and imitation follows from discrimination. We therefore
cussed above, might be due not to any meaningful tested whether the significant individual-level correspondence
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Fig. 6. Scatterplots showing the relationship between individual performance on the implicit vs. explicit imitation tasks, for stops (left) and vowels (right). Each point represents an
individual, and the plot shows best-fit regression lines, 95% confidence intervals for the slopes, and the results of a Pearson’s correlation test of each relationship.
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Fig. 7. Scatterplots showing the relationship between individual discrimination and imitation, for stops (left) and vowels (right). Each point represents an individual, representing their
discrimination accuracy on the x-axis and their implicit (purple) and explicit (purple) imitation index on the y-axis. Best-fit regression lines and 95% confidence intervals are shown, as
well as the results of a Pearson’s correlation test of each relationship. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this

article.)

across classes in explicit imitation (i.e. whether explicit stop
imitation is related to explicit vowel imitation) holds even when
controlling for discrimination, via model comparison. For each
class, we built two regression models, the first predicting expli-
cit imitation from discrimination of the same class, and the sec-
ond adding a predictor of imitation of the different class
(Table 4). In both cases, the model containing across-class imi-
tation as a predictor showed significantly improved fit as com-
pared to the discrimination-only model, indicating that explicit
imitation of the other class contributed to explicit imitation
accuracy above and beyond the role of discrimination.

4. Discussion and conclusions
4.1. Summary of results

This work examined phonetic imitation of subphonemic dif-
ferences in VOT of voiceless stops /p/ and /t/ and F2 of the
vowels /ze/ and /u/ in two types of tasks: a word-repetition task

(disguised as a memory task) designed to elicit implicit imita-
tion, and an explicit imitation task in which participants heard
minimal pairs differing in the target feature and were asked
to pay attention to, and imitate, the differences. We tested
the stability of individual performance across different phones,
features, and tasks, as well as the extent to which discrimina-
tion accuracy predicted the extent of an individual’s imitation.

On a group level, we found that participants showed imita-
tion of both VOT and F2 differences in both tasks, and that they
showed more imitation in the explicit than the implicit task. On
an individual level, we found evidence for structured variability
in imitation patterns: individual levels of imitation were related in
systematic ways across the different target phones and tasks.

Fig. 9 presents a visual summary of the within- and across-
task individual correlations tested above. The purpose is to be
able to compare the relative strength of each correlation in pre-
dicting individual performance for each type of imitation, for
stops and vowels separately. The left panel shows how tightly
individual variability in explicit imitation is predicted by individ-
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Fig. 8. Scatterplot showing the relationship between individual discrimination accuracy
for stops vs. vowels. Each point represents an individual, representing their discrimi-
nation accuracy for stops on the x-axis and vowels on the y-axis. The best-fit regression
line and 95% confidence interval is shown, as well as the results of a Pearson’s
correlation test of the relationship.

Table 4
Statistical models used to test whether cross-class individual patterns of explicit imitation
are predictive above and beyond what might be accounted for by discrimination ability.

Stop Model 1: Im(Explicit stop imitation ~ Stop discrimination)
Model 2: Im(Explicit stop imitation ~ Stop discrimination + Exp. vowel
imitation)
ANOVA results of model comparison: F = 27.927, p < 0.001
Vowel Model 1: Im(Explicit vowel imitation ~ Vowel discrimination)
Model 2: Im(Explicit vowel imitation ~ Vowel discrimination + Exp. stop
imitation)
ANOVA results of model comparison: F = 19.278, p < 0.001

ual performance in 1) explicit imitation of the same class of
sounds; 2) explicit imitation of a different class of sounds; 3)
implicit imitation; and 4) discrimination. The analogous com-
parisons for implicit imitation are shown in the right panel.”
The first individual-level analysis tested whether an individ-
ual’s extent of imitation was stable across phones, and
whether this stability was greater for phones with the same tar-
get feature. We found that in both types of imitation, individu-
als’ extent of imitation did correspond across phones within
the same class (individuals who imitated VOT differences in /
p/ more than average also imitated // more than average,
and those who imitated F2 differences in /ae/ more than aver-
age also imitated /u/ more than average), as shown by the
above-zero correlations corresponding to the “within-class”
bars in both panels of Fig. 9. When considering imitation of
phones from different classes (i.e. stops vs. vowels), we also

7 These correlations were calculated in the same way as in the analyses above, based
on individual indices of imitation (or discrimination) over the relevant subset of data, though
sometimes in a more aggregated form than the above for clarity of visualization so as to
give a single value for each relevant predictor.

found a significant, albeit weaker, correspondence in the expli-
cit imitation task: individuals who imitated VOT differences
more than average also imitated F2 differences more than
average. In implicit imitation, on the other hand, there was no
evidence of correspondence between individuals’ imitation of
stops and vowels. In other words, while we saw evidence of
structured variability in both imitation tasks, the extent and nat-
ure of individual reliability depended on the task: the corre-
spondences were both less reliable (as shown by weaker
correlations overall) and less generalizable (as shown by the
lack of significant correlation in the across-phone analyses)
in implicit, as compared to explicit, imitation.

We also examined the relationship between implicit and
explicit imitation performance. We found a significant corre-
spondence between individual performance in the two types
of imitation (shown twice in Fig. 9, once in each panel): individ-
uals who showed a high degree of explicit imitation also
showed greater-than-average spontaneous imitation, though
this correspondence was quite weak.

Finally, we tested whether individual patterns of imitation
depended on differences in discrimination ability. Again, we
found that the answer to this differed for the two imitation tasks:
an individual’s discrimination accuracy was a fairly strong pre-
dictor of individual imitation in the explicit task, but there was
no detectable relationship between perception and imitation
in the implicit task.

Along with these primary questions, the summary in Fig. 9
allows us to compare the magnitude of the correspondences
for each type of imitation. In both implicit and explicit imitation,
individuals’ imitation of phones within the same class was the
strongest predictor for the extent of individual imitation. For
explicit imitation, discrimination accuracy was the next stron-
gest correspondence, followed closely by across-class imita-
tion, with implicit imitation indices showing the weakest
correspondence. For implicit imitation, this same correspon-
dence (between explicit and implicit imitation) was the second
most predictive, with discrimination and across-class imitation
failing to predict implicit imitation patterns. The relative ranking
of the different correspondences was consistent across stops
and vowels.

4.2. Uniformity of phonetic imitation across features and tasks

The broad question motivating this work was the generaliz-
ability of individual differences in imitation: in other words, are
some individuals globally greater imitators than others, or is
imitation feature-specific — and are individual patterns consis-
tent across implicit and explicit tasks? The few existing studies
directly examining the reliability and uniformity of individual
variability in imitation have resulted in mixed findings. On the
one hand, Wade et al. (2021) found consistent individual per-
formance on imitation of a single feature (extended VOT)
across multiple sessions of an identical task, providing impor-
tant confirmation of within-task individual reliability. However,
studies testing consistency across different tasks or features
have found no correspondence (different tasks: Sato et al.,
2013; different features: Sanker, 2015; Weise & Levitan,
2018; Cohen Priva & Sanker, 2020). The current study was
an attempt to provide a controlled test of cross-feature unifor-
mity in two different types of imitation tasks.
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confidence interval of the estimate, based on the correlation between the two individual indices of performance.

We found that the extent of uniformity across features (VOT
and F2) differed for the two imitation tasks. In the explicit task,
individual performance was related across features, consistent
with the idea that some individuals are indeed “better (explicit)
imitators,” regardless of the specific feature being imitated. On
the other hand, no cross-feature consistency was found in the
implicit imitation task. These results are in line with those from
previous work finding no clear correspondence between indi-
vidual extents of imitation of different features in spontaneous
imitation in conversational speech (Sanker, 2015; Weise and
Levitan, 2018; Cohen Priva & Sanker, 2020), and add to this
body of work by showing that this lack of correspondence
holds even when using a highly controlled task. However,
despite the lack of cross-feature consistency in implicit imita-
tion, individual performance was still characterized by struc-
tured variability on a finer-grained level. We found that an
individual's extent of imitation was related for phones within a
class in both types of imitation: the amount that an individual
imitated VOT (relative to other participants) was related across
different stops, and the amount of F2 imitation was related
across vowels.

The differential patterns of cross-feature uniformity across
implicit and explicit tasks indicate that the factors governing
individual imitation performance are different for the two types
of imitation; this is further supported by the relatively large
amount of non-shared variance in correlations of individual
indices of imitation across the two tasks. Here we consider
what our results suggest about the types of individual predic-
tors that may be relevant for each type of imitation.

First, it appears that some subset of non-phonetically-
selective factors play a meaningful role in predicting individual
variability in explicit imitation. We think it likely that this is due
to task-related factors such as motivation, or willingness or
ability to intentionally modify production norms in a substantive
way. However, general cognitive or personality traits, attitudes
toward the talker, or perception- or production-based factors
applying across the board (i.e., any factor expected to affect
all sounds equally) could equally be driving this uniformity.

At the same time, whatever these non-phonetically-
selective factors underlying the uniformity in explicit imitation
may be, they do not appear to predict individual variability in
implicit imitation. There are different explanations for why this
could be the case. It is possible that a factor important for expli-
cit imitation is simply not relevant for implicit imitation: for
example, as discussed in the Introduction, individual differ-
ences in task motivation are more likely to condition variability
in an explicit task where imitation is the stated goal, than in one
where it is not. On the other hand, it is possible that a factor
could be equally relevant for both types of imitation, but that
there are other, phonetically-selective, factors that play a more
important role in implicit imitation, outweighing its effect. For
example, in the introduction we posited that individual differ-
ences in dimension-specific cue weighting or attention might
play a greater role in implicit than explicit imitation. If so, then
we would expect to find a larger cross-feature disconnect in
individual performance in implicit than in explicit imitation, even
if there are other general factors playing an equal role in both.

Despite the fact that there is a clear disconnect in perfor-
mance across the two tasks, it is important to keep in mind that
there was a significant, albeit small, relationship between the
two: those individuals who showed more spontaneous conver-
gence showed, on average, more imitation in the explicit task
as well. This is the first study, as far as we are aware, to find
a detectable relationship between implicit and explicit imitation,
providing empirical support for the idea that the two types of
imitation draw on shared processes (as proposed by Dufour
& Nguyen, 2013; Schertz et al., 2023).

In sum, the current work provides empirical support for mod-
els of implicit and explicit imitation that rely on both shared and
distinct processes. Our specific patterns of results further indi-
cate that there is a relatively large disconnect between individual
performance on implicit and explicit imitation tasks, and that this
disconnect is likely driven by the fact that that non-phonetically-
selective factors play a proportionally larger role in explicit than
in implicit imitation. Determining the provenance of both the
shared components and the components where the two types
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of imitation differ can be addressed in future work, using targeted
experiments that examine the independent role of specific pre-
dictors in implicit and explicit imitation. This line of work will be
useful in laying the groundwork for accurate models of the cog-
nitive processes governing each type of imitation.

4.3. Provenance of within-class consistency

The within-class consistency (i.e., the fact that individual
imitation indices for /p/ and /t/ are related, as are those for
/ael and /u/), found in both explicit and implicit imitation, is con-
sistent with the idea that certain individuals may be more prone
to imitate certain features — both spontaneously and in explicit
imitation tasks. This is related to the idea of target uniformity, or
the tendency for individual production patterns to be consistent
across related phones; for example, individuals who have
longer-than-average VOT for /p/ also tend to have longer-
than-average VOT for /t/ (Chodroff & Wilson, 2017, see also
Chodroff & Wilson, 2022; Theodore et al., 2009). Our results
extend findings from this previous work to show that feature-
specific individual tendencies apply not only to baseline pro-
duction patterns but also to imitation.

It is worth noting that this within-class consistency was pre-
sent in two features/classes that are qualitatively quite differ-
ent: VOT of voiceless stops /p/ and /t/, and F2 of the vowels
/el and /u/. Voiceless stops are uncontroversially considered
a phonological and phonetic class in English, and the primary
defining feature, VOT, has been shown to pattern consistently
across places of articulation within individuals in production
studies (e.g. Chodroff & Wilson, 2017). Given this, it is perhaps
unsurprising to find that individuals’ imitation patterns are also
consistent within this class of sounds. On the other hand, the
status of the vowels /ee/ and /u/ as a unified class is a bit more
tenuous, and they also are characterized by substantial dialec-
tal and allophonic variation (Jacewicz et al., 2011). Given this,
the finding of consistency in imitation of F2 for these two
phones is particularly striking.

What constitutes a “class,” or the domain of consistency, is
an open question. While here we have targeted two specific
acoustic features, VOT and F2, it is likely that the domains of
consistency are broader. For example, some listeners might
show more imitation of spectral characteristics, while others
are more imitative of temporal characteristics, or listeners
could differ in their imitation of segmental vs. suprasegmental
parameters; both of these are distinctions that have been pro-
posed to underlie individual differences in speech perception
more generally (e.g., Makashay, 2003; Symons et al., 2023).
Existing work on imitation does not provide much evidence
bearing on the question of what constitutes the domain of con-
sistency. Studies have included measures that might be
expected to pattern together (e.g. imitation of f0 mean and fO
range in Cohen Priva & Sanker, 2020; F1 and F2 in Sanker,
2015) have found no correspondences, even between these
closely related measures; however, these studies were exam-
ining spontaneous convergence in conversational interaction,
where the extensive variability inherent to the task could make
the relationship difficult to detect. Therefore, it may be useful to
carry out more controlled studies across a range of measures
or features in order to determine the scope of consistency of
individual imitation performance.

This within-class consistency could, in principle, arise from
production and/or perception-based mechanisms. From a pro-
duction point of view, speakers could differ in how articulatorily
malleable or variable a specific dimension is, with greater flex-
ibility corresponding to more imitation. In terms of perception, it
seems intuitively plausible that individual differences in the
extent of reliance on, or attention to, specific phonetic dimen-
sions, might correspond to their extent of imitation of those
dimensions. However, as far as we are aware, there is not
existing evidence supporting either of these. While several
studies have found a correspondence between articulatory
flexibility or ability and imitation, these have all been on a gen-
eral level (Reiterer et al., 2013; Lee et al., 2021; Myers et al.,
2024). For perception, the one study examining this directly
(Kim & Clayards 2019) did not find a straightforward relation-
ship between feature-specific perception and imitation, and
results from the current work also do not show a relationship
between discrimination and implicit imitation, as will be dis-
cussed in the following section. Determining what constitutes
a “class” as well as the provenance of this within-class consis-
tency, and whether it is driven by perception, production, or a
combination, are therefore open questions to explore in future
work.

4.4. Role of perception

Perception is a fundamental component of imitation: if a
phonetic difference is not auditorily perceptible (i.e. below the
threshold of a just noticeable difference), imitation is not possi-
ble. However, it is also likely that perceptual factors beyond
this basic ability to auditorily perceive the difference play a role
in imitation, whether it be the amount of attention directed to a
given dimension, the phonological importance of a dimension,
or different levels of sensitivity to a given dimension (see
Schertz et al. 2023 for discussion). Examining the precise role
of perception in imitation was not the focus of the current work,
but we did want to ensure that the differences to be imitated
were indeed perceptible, and therefore tested participants’ dis-
crimination of the acoustic variation present in the stimuli used
for the imitation tasks. These tests confirmed that overall, all
differences were perceptible on a group level, and we further
took the opportunity to examine whether individual variability
in discrimination accuracy predicted performance on the imita-
tion tasks. We found that the strength of discrimination as a
predictor depended on the type of imitation. Discrimination per-
formance was a fairly strong predictor of individual variability in
the explicit imitation task, but was not predictive of implicit imi-
tation: instead, the range of individuals’ implicit imitation was
remarkably consistent across the full range of discrimination
accuracy.

The relationship between discrimination and explicit imita-
tion, i.e., the fact that individuals who were less accurate in
identifying phonetic differences were also less prone to imitate
them, is fairly unsurprising, particularly given that the presenta-
tion context for these two tasks was similar: hearing a minimal
pair of sounds in direct sequence. It is also possible that exter-
nal factors, like task engagement, contributed to this relation-
ship: participants less likely to make an effort on a
discrimination task might also be less likely to make an effort
in accurate imitation. Trying to tease apart the roles of these
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factors, and pinpointing the source(s) and directionality of the
relationship between discrimination and imitation, could inform
L2 sound training paradigms (Nagle & Baese-Berk, 2022;
Henderson & Rojczyk, 2023).

While no significant relationship was found between dis-
crimination and implicit imitation, this does not necessarily
mean that perception plays less of a role in spontaneous than
in explicit imitation. Instead, we think it likely that perceptual
factors play a role in both types of imitation, but that these per-
ceptual mechanisms may be different. In our design, the proce-
dure of the discrimination task was closely linked to the explicit
imitation task. In both discrimination and explicit imitation, par-
ticipants were prompted to pay attention to and identify a min-
imal difference between two sounds presented back to back,
and were provided feedback on their choice in the discrimina-
tion task. On the other hand, in the implicit task, target words
were not presented with their minimal pair, but rather in isola-
tion, in the context of other filler words. As discussed above,
implicit imitation requires tracking (and reproducing) a specific
value of a cue when heard in isolation, something that was not
tested by our discrimination task. It is therefore possible that a
different sort of perception task which tests the importance of a
cue in listeners’ representations, or their sensitivity to fine-
grained differences on a given dimension, might be more likely
to correspond to implicit imitation.

4.5. Methodological implications

Knowing the extent of reliability of individual metrics of imi-
tation on a given task (e.g. Wade et al., 2021) and to what
extent an individual’s imitation in one feature or task can be
taken as a proxy for imitation more generally, has practical
implications in terms of research design and interpretation.

The first issue involves the reliability of individual acoustic
metrics used as a proxy for imitation more generally. Our
results support and build on findings reported in previous work
(Sanker, 2015; Weise & Levitan, 2018; Cohen Priva & Sanker,
2020) that found that individual patterns of spontaneous imita-
tion were not stable across different phonetic features. This
previous work examined implicit imitation in conversational
speech, which is highly variable both in terms of the linguistic
content and the phonetic properties of the exposure speech.
Because of this, small convergence effects may be unlikely
to be found. The current work showed that this disconnect
between imitation of two phonetic features (VOT and F2) held
even in a highly controlled paradigm. This feature-specificity in
implicit imitation underscores the fact that imitation of a single
feature should not be taken as a proxy for an individual’s over-
all tendency to imitate, underscoring previous claims in the lit-
erature (e.g. Pardo et al. 2013). This poses a problem for
research examining predictors of individual differences in imi-
tation: if a specific acoustic feature cannot be used as a proxy,
what is the best solution?

One commonly proposed alternative that avoids the issue of
feature-specificity is to use perceptual, instead of acoustic,
metrics of convergence (see Pardo et al., 2013; Pardo et al.,
2017 for discussion). Usually based on independent listeners’
judgments of similarity of the imitated speech to the model/ex-
posure speech, these are more holistic, in that these percep-
tual judgments take into account multiple features

simultaneously. However, while one commonly-noted problem-
atic aspect of acoustic metrics is that they rely on specific,
researcher-selected dimensions, perceptual metrics also rely
on a subset of dimensions, but these are dimensions selected
by the listener, and unlike with acoustic metrics, we cannot
control — or directly know — what listeners are paying attention
to. It is not necessarily the case that listeners are paying atten-
tion to all dimensions that are systematically being manipu-
lated by speakers. Therefore, perceptual metrics may fail to
capture relevant information about what a speaker is actually
doing. While the choice of the best metric will rely on the speci-
fic research question, we echo previous work that emphasizes
the importance of considering both acoustic and perceptual
metrics, as they capture different types of information (Pardo
et al., 2013; Pardo et al., 2017), when moving toward a more
complete understanding of phonetic imitation.

Another methodological issue is that of statistical power.
The current study was designed to be able to capture correla-
tions below r = 0.3, resulting in a larger sample size (n = 133)
than that of the previous experimental work on this topic. This
is likely the reason for significant results that were not found in
previous work: specifically, we found a relationship between
individual extents of imitation in implicit vs. explicit tasks, which
had not been found in direct tests of the same question by Sato
et al. (2013) and Garnier et al. (2013) (n = 12 and n = 14
respectively). It also strengthens our ability to interpret the fact
that certain relationships were not found in our study, particu-
larly the lack of cross-feature correspondence in implicit imita-
tion. As always is the case with null results, it is not possible to
prove that there is no relationship: it could be the case that
there is a correlation that was too weak to be detected with
our sample size (i.e. a correlation below r = 0.3). However, it
is worth noting that we did find significant correlations between
within-feature correspondences in individual imitation, so it is
not the case that there was simply too little power to predict
any structured variability at all.

4.6. Limitations

One limitation of this study is that while one of its motiva-
tions was to test the generalizability of individual performance
across features and tasks, we used only two features and two
tasks. Clearly, for a more robust test of this question, imitation
across a wide range of different features and different tasks
need to be considered. For features, it will be important not
only to confirm our proposal that speakers show more stability
in imitation in more related phones or features, but also to
examine the scope of this stability (i.e. identifying the relevant
classes, phonetic features, or dimensions, over which individ-
ual differences in imitation generalize). In addition, examining
features that differ systematically in their phonological pattern-
ing and social connotations is necessary to determine the
locus of phone- or feature-specific imitation effects.

There are many different types of tasks used to elicit both
types of imitation, and the chosen task for a specific study will
inevitably impact the results. As discussed in the Methods sec-
tion, the imitation tasks used in this work were designed with
the consideration of keeping the explicit and implicit tasks as
similar as possible procedurally (while still maintaining the
spirit of the implicit vs. explicit distinction), such that any differ-
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ence in performance could be attributed to the implicit vs. expli-
cit nature of the task. Since the two tasks were as comparable
as possible, and both features were tested in the same two
tasks, we do not expect that our methodological choices have
a substantial impact on the patterns of results that are the pri-
mary focus of this study: uniformity of individual patterns
across features and across implicit vs. explicit imitation. How-
ever, here we discuss ways that our choice of task might affect
the group-level results, in comparison to methods used in other
studies examining phonetic imitation in word-repetition tasks.

For the explicit task, we chose to present the stimuli in min-
imal pairs in order to direct attention to the target differences.
We expect this to increase the overall magnitude of imitation
relative to a design where stimuli are presented in a random
order (as in e.g. Dufour and Nguyen, 2013). This expectation
is based on both perception- and production-based explana-
tions. First, we expect the immediate juxtaposition of the con-
trasting words will maximize the chance that participants
identify the target difference. Second, increasing awareness
of minimal pair competitors has been shown to result in con-
trast enhancement in speech production more generally (e.g.
Baese-Berk & Goldrick, 2009), so this would likely apply in
the current context as well.

For the implicit task, our participants heard two different ver-
sions of tokens varying in a given feature within the same
block, which differs from many studies which test how partici-
pants respond when exposed to a single phonetic shift across
trials (e.g. exposing participants to only lengthened, and not
shortened, VOT, e.g. Nielsen 2011). We expect that our para-
digm would elicit overall less convergence than one where lis-
teners hear the same type of stimuli across the same block, as
convergence effects have been shown to be cumulative, inte-
grating longer-term properties of exposure speech (e.g. Zellou
et al., 2017).

As discussed in the introduction, phonetic imitation stud-
ies make use of a wide range of methods, and the word rep-
etition tasks chosen for this work are qualitatively very
different than some tasks used in other work, including impli-
cit convergence in conversational interaction (e.g. Pardo
et al., 2018), “carry-over” effects found in post-exposure pro-
duction (e.g. Nielsen 2011), or explicit imitation of running
speech (e.g. Myers et al., 2024). It will therefore be important
in future work to explore the extent to which the findings
shown here are general to other types of implicit and explicit
tasks.

Finally, given that all three tasks were completed within the
same session, it is possible that any structured variation could
reflect idiosyncratic properties of the session (e.g. if a partici-
pant happens to be sleepy, or was using a different type of
headphones than another participant). We do not think that this
is a likely explanation for the uniformity found in our study, par-
ticularly since uniformity was not found in all cases (e.g. no
cross-feature uniformity in implicit imitation), and given the fact
that that previous work has found that individual variability is
relatively stable across sessions for a given task (e.g. Wade
etal., 2021), but testing across multiple sessions and/or in mul-
tiple listening environments would be a way to confirm this
more robustly.

Although much work is left to be done, we hope that this
study has built on previous work which calls for the need to
do more systematic testing of the structured variability of
individual imitation (e.g. Cohen Priva and Sanker, 2020;
Wade et al., 2021; Myers et al., 2024). We think that moving
forward with high-powered studies and replications, using mul-
tiple metrics to quantify imitation, is the best strategy to tackle
the issues of reliability, statistical power, and generalizability
cited above.

4.7. Conclusion

Understanding the sources and structure of individual vari-
ability in imitation is necessary for arriving at accurate models
of various linguistic phenomena, including the dynamic nature
of speech during conversational interaction, the propagation of
sound change, and predictors of success in foreign language
learning. Knowing the extent of generalizability of individual
patterns is also important from a methodological point of view,
as this knowledge helps to gauge the amount of confidence we
can have in individual performance metrics from a single task.
This work examined the structure of individual variability in
English speakers’ imitations of subphonemic differences in
VOT of voiceless stops and in F2 of the vowels /ee/ and /u/,
in controlled implicit and explicit imitation tasks. Our primary
goal was to test the extent to which individual proclivity to imi-
tate was related across different phones and across the differ-
ent tasks. We found that an individual’s extent of imitation was
correlated across similar types of sounds (how much an indi-
vidual imitated the VOT of /p/ was related to their extent of imi-
tation of /t/, and imitation of F2 of /ae/ vs. /u/ were also
correlated with one another), and this held in both implicit
and explicit imitation. Furthermore, in the explicit imitation task,
individual extents of imitation were correlated, albeit less
strongly, even across phones in different classes (how much
an individual imitated VOT of stops was predictive of how much
they imitated F2 of vowels). In the implicit task, however, these
across-class correlations were not significant. In addition, there
was a significant relationship between individual performance
on the implicit and explicit task, as well as a role for perception
in predicting individual variability in explicit, but not implicit,
imitation.

In sum, when considering the question of whether some
individuals are overall “greater imitators” than others, the
answer appears to depend on what type of imitation is being
considered. The results of this work suggest that an individ-
ual's extent of explicit imitation may be primarily governed by
non-phonetically-selective factors. On the other hand, the
extent of spontaneous imitation in a word repetition task
depends more heavily on the specific feature being targeted.
This suggests a limited role for general cognitive or personality
factors in predicting spontaneous imitation: if there is a role, it
appears to be too weak to be detectable, even in a highly con-
trolled design. Nevertheless, individual performance in sponta-
neous convergence is not random, but rather characterized by
structured variation, as evidenced by the within-class correla-
tions in extent of implicit imitation. We hope that this work pro-
vides a jumping-off point for work examining the scope and
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limits of this individual uniformity, as well as more focused tests
of factors predicting individual variability in phonetic imitation,
in its various forms.
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