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Toddlers Process Common and Infrequent
Childhood Mispronunciations Differently

for Child and Adult Speakers

Dana E. Berniera and Katherine S. Whitea
Purpose: This study examined toddlers’ processing of
mispronunciations based on their frequency of occurrence
in child speech and the speaker who produced them.
Method: One hundred twenty 22-month-olds were assigned
to 1 of 4 conditions. Using the intermodal preferential looking
paradigm, toddlers were shown visual displays containing
1 familiar object and 1 novel object, labeled by either a child
or an adult. Familiar objects were labeled correctly or with
a small mispronunciation that is either common in child speech
(e.g., waisin for raisin) or infrequent (e.g., rauter for water).
Results: A significant interaction of speaker and type of
mispronunciation showed that, for the child speaker,
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toddlers treated common and infrequent mispronunciations
similarly, with equivalently sized mispronunciation
penalties relative to correctly pronounced labels. In
contrast, for the adult speaker, toddlers showed a large
penalty for common mispronunciations, but infrequent
mispronunciations were treated equivalently to correct
pronunciations.
Conclusion: These results both reinforce and extend
previous work on toddlers’ processing of mispronunciations
by revealing a complex interplay of speaker, type of
mispronunciation, and specific contrast in toddlers’
perceptions of mispronunciations.
Toddlers’ environments are filled with people of dif-
ferent ages who speak in different ways—from
mature adult speakers to other young language

learners. Although adult speakers show some variability in
their productions of speech sounds, very young children
show much higher variability and are more likely to make
phonological errors, such as substituting one sound for an-
other. However, these substitutions are not random; some,
such as saying fumb for thumb, are very common for young
children to make, whereas others, such as saying pumb for
thumb, are rarely observed (Smit, 1993). In the current arti-
cle, we investigate toddlers’ processing of these different
types of substitutions.

The majority of young children’s phonological errors
(whether substitutions or other types of errors, such as pho-
neme deletions) decrease by the age of 4 years, and they are
largely absent after the age of 6 years (Dodd, Holm, Hua,
& Crosbie, 2003). In keeping with this gradual improvement
with age, the speech of very young children can be difficult
for naive adult listeners to understand (Flipsen, 2006;
Hodson & Paden, 1981), whereas the productions of
slightly older children are (on average) quite intelligible.
However, an adult’s experience with young children can
influence intelligibility (Munson, Johnson, & Edwards,
2012). The fact that the speech of young children is diffi-
cult to process for even mature language listeners suggests
that it could pose problems for younger listeners as well.
Two studies assessing young children’s processing of the
natural productions of young children (either their own
or another child’s) support this intuition.

In an early study, Dodd (1975) examined 2- to 4-year-
olds’ comprehension of their own mispronounced object
labels or those of another child and compared these with
their comprehension of adults’ correctly pronounced labels.
She found that children were less accurate in choosing the
correct object for the children’s mispronounced labels
(whether their own or another child’s) than they were for
the adults’ correctly pronounced labels. More recently, Cooper,
Fecher, and Johnson (2018) used an eye-tracking paradigm
to examine the same question in 2.5-year-olds and found a
similar advantage for adult speech. These studies involved
many different kinds of errors (from single phoneme errors
to multiple errors per word). The presence of multiple errors
in a single word results in a significant mismatch between
the production and the target representation. Therefore,
Disclosure: The authors have declared that no competing interests existed at the time
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although such studies indicate that child speech is gener-
ally disruptive for child listeners, they do not allow us to
evaluate the effects of specific types of mispronunciations
on children’s processing. More precise manipulation of the
type of mispronunciation is required to determine whether
certain errors are more disruptive than others and whether
young listeners’ experience or expectations affect their pro-
cessing of these errors.

Manipulations of single segments have already pro-
vided a great deal of insight into toddlers’ early lexical pro-
cessing. For example, whereas words in which a segment is
altered by a single phonetic feature are often still mapped
to the named object (though significantly less well than
correct pronunciations), words with segments altered by
two or three features are often not (and may be mapped
to a different object). This is true for speech produced by
adults (Mani & Plunkett, 2011; White & Morgan, 2008)
and by a young school-aged child (Bernier & White,
2019). These studies demonstrate that the degree of mis-
pronunciation matters. However, as noted above, the mis-
pronunciations produced by children are not random; some
mispronunciations are more commonly produced than
others (Dodd et al., 2003; Smit, 1993). Therefore, in the
present work, we ask whether manipulations of the type
of mispronunciation (i.e., how commonly they occur) and
who is producing them (i.e., a child or an adult) can provide
additional insight into how toddlers’ experience and expec-
tations affect word processing.

In a recent study, the types of people toddlers had
previous experience with influenced how they treated a
new individual’s speech (Weatherhead & White, 2018). In
that study, 16-month-old toddlers heard both familiar (e.g.,
dog) and unfamiliar (e.g., dag) pronunciations of known
words while viewing images of objects. The words were
preceded by photos of either an individual of a familiar
race (i.e., their own race) or an individual from a racial
group they had little prior experience with. Toddlers’ look-
ing behavior differed in these two conditions. In particular,
toddlers showed increased looking to unfamiliar objects
when they heard unfamiliar pronunciations, such as dag
(mapping the new labels to the new objects), but only for
the familiar-race individual. This suggests that they have
an expectation that people who have an unfamiliar appear-
ance (e.g., are from a different racial group) might talk
differently. More generally, this shows that toddlers may
treat the same speech differently depending on social prop-
erties of the speaker.

In the situation above, toddlers were presented with
individuals from racial groups they did or did not have prior
experience with. In contrast, all hearing children have heard
child speech (from either themselves or other children) in
addition to adult speech. Thus, it is possible that they have
developed expectations about the way children speak, such
as the types of mispronunciations they are likely to make. If
so, it is possible that mispronunciations commonly made by
children will be better tolerated than rarely made ones.

In addition to familiarity with the type of changes
that are likely to happen, toddlers may also have some
2 Journal of Speech, Language, and Hearing Research • 1–13

Downloaded from: https://pubs.asha.org University of Waterloo on 10/24/20
expectations about the people who are likely to make them,
recognizing that, whereas children typically make certain
mispronunciations, adults generally do not. Therefore, it is
possible that toddlers will be less tolerant of mispronuncia-
tions when they are produced by an adult than when they
are produced by a child, particularly for those mispronunci-
ations that are common in child speech. As these expecta-
tions should be stronger for toddlers with more experience
with other children, we additionally compared toddlers with
higher and lower amounts of experience with other children.

However, experience-based expectations are not the
only factor that could affect toddlers’ processing of mispro-
nunciations. For adult speech, asymmetries have been found
for infants’ and toddlers’ processing of certain mispronunci-
ations. For example, some studies (Altvater-Mackensen
& Fikkert, 2010; Altvater-Mackensen, van der Feest, &
Fikkert, 2014; Nam & Polka, 2016; van der Feest & Fikkert,
2015) report that toddlers detect single-feature changes in
one direction (e.g., /b/➔/d/, /v/➔/b/), but not in the opposite
direction (e.g., /d/➔/b/, /b/➔/v/). These asymmetries are of-
ten (though not always) consistent with differences in input
frequency, with changes to frequent sounds (such as /d/)
more likely to be detected. Corpus analyses have demon-
strated that coronals, such as /d/, are more frequent than
other sounds in English. This is true for both speech between
adults (Hayden, 1950; Kessler & Treiman, 1997) and speech
from adults directed toward young children (Anderson,
Morgan, & White, 2003). These asymmetries are also of-
ten consistent with underspecification accounts of lexical
representation, which predict that listeners are more likely
to detect changes to unmarked sounds (e.g., coronals, stops)
than the reverse (e.g., labials, fricatives). According to such
accounts, only marked information is specified in lexical
representations (Lahiri & Reetz, 2010), meaning that mispro-
nunciations of unmarked sounds will not be detected, as the
incoming speech does not conflict with the representation.

Based on these types of asymmetries, we might predict
a different pattern of results, given that children’s mispro-
nunciations are likely to involve changes from less frequent
to more frequent sounds, which tend to be produced earlier
(Edwards, Beckman, & Munson, 2015). Therefore, in con-
trast to our expectation-based predictions, it is possible that
commonly made mispronunciations will be detected but
that rarely made mispronunciations in the reverse direction
will not. However, the majority of studies demonstrating
asymmetries have focused on labials (b, v, p, f ) and their
alveolar counterparts (d, z, t, s). Asymmetries may not be
seen for other contrasts (see Tsuji, Fikkert, Yamane, &
Mazuka, 2016, for evidence of Dutch and Japanese toddlers’
sensitivity to a /d/➔/g/ change).

In the current study, we assessed 22-month-olds’ pro-
cessing of mispronunciations that were produced by either
a child or an adult. Mispronunciations involved a change of a
single feature and included three types of change: deaffrica-
tion/affrication errors (/t/–/ʧ/), fronting/backing errors in-
volving fricatives (/s/–/ʃ/), and liquid/glide errors (/w/–/ɹ/).
We presented toddlers with one of two broad types of mis-
pronunciations—either those that are common in child
19, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



speech (e.g., /ɹ/➔/w/) or those that are infrequent in child
speech (e.g., /w/➔/ɹ/). All common mispronunciations were
listed as being the most frequent error for the youngest age
group in Smit (1993). All infrequent mispronunciations did
not appear in Smit or were listed as rare.

Toddlers’ processing of these mispronunciations was
assessed using an intermodal preferential looking task. On
each trial, toddlers were shown two objects on a screen
(one familiar and one novel). An audio recording (pro-
duced by either a first-grade child or a university-aged adult)
labeled the familiar object either correctly or with a mispro-
nunciation. Previous work with this type of paradigm has
demonstrated that children increase their looking to named
objects if they understand the words. The degree to which
they increase their looking for mispronounced labels, com-
pared to correctly pronounced labels, provides a measure of
their sensitivity to mispronunciations.

If toddlers (a) have expectations about the types of
mispronunciations that are common and (b) know that
children are more likely to make these mispronunciations,
then common mispronunciations should be less disruptive,
and this should be particularly true for the child speaker.
However, given some previously observed asymmetries
involving more versus less frequent sounds, it is possible
that infrequent mispronunciations will not be detected,
whereas common mispronunciations will be. If so, this
asymmetry should be more evident for the adult speaker.
This is because, despite being intelligible to adult listeners,
the speech of early school-aged children is more variable
than that of adults, particularly for later acquired contrasts
such as /s/–/ʃ/ and /w/–/ɹ/ (Klein, McAllister Byun, Davidson,
& Grigos, 2013; Maas & Mailend, 2017; Magloughlin, 2016;
Nissen & Fox, 2005).
Table 1. Sample pairing of common and infrequent mispronunciations
(MP).

MP Condition Correct Mispronounced
Method
Participants

A total of 120 monolingual English-learning 21- to
25-month-olds (M = 22.07 months) were recruited from
the Waterloo Region of Ontario, Canada, and randomly
assigned to one of four conditions (n = 30 per condition).
Participants had no more than 10% exposure to another
language and no hearing, vision, or language problems
(determined via parent report). Participants were recruited
through a database of families who had agreed to be con-
tacted, and informed consent was obtained from parents
prior to the study. Ten additional toddlers were tested
but not included due to fussiness (n = 1), technical issues
(n = 2), not knowing at least seven of the 12 familiar items
labeled (n = 2), and not meeting trial inclusion criteria (see
details below) on more than half of the correct pronuncia-
tion trials (n = 4) or more than half of all trials (n = 1).1

The study was approved by a research ethics committee at
the University of Waterloo.
1The latter three criteria exclude filler and /w/–/l/ contrast trials (which
were removed due to low item familiarity).
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Design
Each participant was assigned to one Speaker (adult

or child) and one Type of Mispronunciation (common or
infrequent), resulting in four between-participant experimental
conditions (adult common, adult infrequent, child common,
and child infrequent). Common mispronunciations were
errors most frequently produced by 2- to 3-year-olds (Smit,
1993) and involved a variety of errors types (deaffrication,
fronting, liquid gliding). Infrequent mispronunciations in-
volved the same sound pairs as the common mispronuncia-
tions but were exchanged in the opposite direction (see
Table 1 for examples); these are rarely or not at all pro-
duced by 2- to 3-year-olds. Target words were selected
based on comprehension norms for 18-month-olds for the
MacArthur–Bates Communicative Development Invento-
ries (Fenson et al., 1994; as obtained from the WordBank
database [Frank, Braginsky, Yurovsky, & Marchman,
2017]). Due to the limited number of picturable words
beginning with /w/, additional items likely to be familiar
to toddlers were added in this category. A parental ques-
tionnaire after the study was used to verify that the words
were familiar to our participants.

There were 24 test trials in total, each with a unique
object pair (a list of the familiar objects and their pronun-
ciations is presented in the Appendix). The 20 critical trials
presented one familiar object and one novel object. On eight
of these trials, the familiar object was labeled correctly; on
eight trials, the familiar object was labeled with a small
one-feature change in the onset consonant; and on four
trials, the novel object was labeled with a novel word (e.g.,
gimble). The remaining four trials were filler trials with two
familiar objects. Novel and filler trials were the same across
conditions.

Onsets of the 16 critical familiar-label trials involved
four contrasts: /t/–/ʧ/, /s/–/ʃ/, /w/–/ɹ/, and /w/–/l/. For each
contrast, toddlers heard two object labels pronounced cor-
rectly and two mispronounced. Importantly, correct and
mispronounced object labels were counterbalanced across
the common and infrequent mispronunciation (MP) condi-
tions, with each child hearing labels beginning with only
one member of each contrast. For example, for the com-
mon MP condition, toddlers heard only /w/ (but not /ɹ/), as
in the correct item water and the mispronounced item waisin
(for raisin). For the infrequent MP condition, toddlers
heard only /ɹ/ (but not /w/), as in the correct item raisin and
the mispronounced item rauter (for water). All mispronunci-
ations resulted in either a nonword or in a word toddlers
are unlikely to know. Onset consonants for the novel words,
familiar distractors, and familiar targets in the filler trials, as
Common raisin [ɹezɪn] waisin [wezɪn]
Infrequent water [wɑtɚ] rater [ɹɑtɚ]
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well as the frames (“Can you find the ___” and “Ooo!
A ___”), did not include the critical contrasts.

Stimuli
Stimuli were recorded into Praat (Boersma &

Weenink, 2014) in a sound-attenuated room using a
Sennheiser e945 microphone connected to a laptop via
a blue icicle USB adaptor. In order to have precise control
over the mispronunciations, while maintaining the qualities
typical of young children’s speech, we chose a female first-
grade student as our child speaker (aged 6;9 [years;months]).
To elicit these productions, the child saw an image of the
target object on a laptop and repeated the prerecorded pro-
ductions of a female adult speaking in a child-directed
speech register. The adult stimuli were those of a female
graduate student elicited in the same manner. A minimum
of three productions per speaker were elicited for each target
word. The clearest token (e.g., no unintended mispronuncia-
tions or extra noise) of each was selected. Stimuli were
later adjusted in Praat with all tokens set to the same in-
tensity. They were presented in the testing room through
speakers at a comfortable listening volume of 65–70 dB.
Table 2 presents the mean acoustic measures of the adult
and child productions.

Procedure
Toddlers were tested using the Intermodal Preferen-

tial Looking Procedure in a sound-attenuated room. The
child sat on the parent’s lap while the parent listened to
music over circumaural headphones. In front of them was
a 42-in. widescreen television and two hidden speakers lo-
cated at the base of the television; both were connected to
a computer in an adjacent room. The participants were
monitored over closed-circuit video feed that was recorded
for later off-line coding; the camera was centrally located
beneath the television and hidden behind a black curtain.

There were four blocks of trials, each with one filler
trial, one novel label trial, and four critical trials. On these
critical trials, the familiar object labels were pronounced
correctly on two trials and mispronounced on two trials,
with each of the four contrasts (/t/–/ʧ/, /s/–/ʃ/, /w/–/ɹ/, and
/w/–/l/) represented. Before each block, the image of a
Table 2. Mean acoustic measures for child and adult speaker

Measure Child speaker

Full sentence
Duration (ms) 1,722
Pitch (Hz)a 284.39
Pitch variation (SD; Hz) 45.65

Target word
Duration (ms) 733
Pitch (Hz) 307.07
Pitch variation (SD; Hz) 30.41

aPitch values were calculated using a floor of 100 Hz and a c
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young child or a young adult (depending on speaker con-
dition) was presented for 4 s.

Each test trial consisted of images of two objects,
presented on the left and right sides of the screen. The
objects were first shown in silence for 3 s; this was used
as the baseline phase (see Figure 1). Following the baseline
phase, the audio stimulus (e.g., “Can you find the table?”)
began to play. The images remained up for an additional
5 s from the start of the audio (for a total trial length of
8 s). We defined a priori a 3-s naming phase that commenced
267 ms (8 frames) after the start of the target word (based on
the time needed to program an eye movement and previous
convention; e.g., Swingley & Aslin, 2000; White & Morgan,
2008). The dependent measure was the change in the propor-
tion of time toddlers spent looking at each object from the
baseline to the naming phase.

Following the testing session, the parent completed a
questionnaire on their child’s comprehension and production
of the experimental items (both familiar and novel), the
amount of time their child interacted with other children
(siblings, day care, and playgroups) on a weekly basis, and
the number of individuals (toddlers, preschoolers, older
children, adults) they interacted with throughout the day.
Analysis
Looking behavior was coded off-line using custom-

ized software at a rate of 30 frames per second (~33.33 ms/
frame). Filler trials, which contained two familiar objects,
were excluded from the analysis. For all other trials, which
contained one familiar object and one novel object, the pro-
portion of time toddlers spent looking at the familiar object
(out of the total time spent looking at the two objects) was
calculated for both baseline and naming phases. A differ-
ence score was then computed (naming minus baseline),
which indicates how much toddlers changed their looking
to the familiar object from baseline to naming. A positive
score indicates that they increased their looking to the fa-
miliar object following naming, whereas a negative score
indicates that they decreased their looking. In this type of
paradigm, toddlers significantly increase their looking to a
labeled object when they understand the label. The degree
to which they show this increase for mispronunciations is
typically considered to be a measure of mispronunciation
s.

Adult speaker Adult–child difference

1,728 5.
269.64 −14.74
69.72 24.06

681 −52.
269.80 −37.26
70.08 39.68

eiling of 600 Hz for both speakers.
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Figure 1. Schematic of a test trial.
sensitivity (e.g., White & Morgan, 2008). Due to low com-
prehension of the /w/–/l/ contrast items (e.g., lamp was known
by only 51% of participants, with many of the participants
recognizing the object as a light), trials pertaining to this
contrast were excluded from the analysis.

For a trial to be included in the analysis, the partici-
pant needed to look at each of the objects for a minimum
of 8 frames (267 ms) during the baseline phase (i.e., a mini-
mum of ~500 ms on-task). This criterion resulted in 10.8%
of trials being discarded. Participants also needed to attend
to the objects for a minimum of 1 s total during each of
the baseline and naming phases. This criterion resulted in
1% of trials being discarded. There were no differences
across the four conditions in the overall number of trials
excluded (adult common: 11.5%; adult infrequent: 11.3%;
child common: 11.9%; child infrequent: 13.3%).

Data were analyzed using linear mixed-effects regres-
sion (Baayen, Davidson, & Bates, 2008) with R’s (R Core
Team, 2018) lme4 package (Bates, Mächler, Bolker, &
Walker, 2015). The between-participant fixed effects of
Speaker (adult, child) and MP Type (common, infrequent)
were contrast coded; the within-participant fixed effect of
Pronunciation (correct, mispronounced) remained treat-
ment coded. Novel labels were assessed separately. The
maximum random effects structure that was considered for
each analysis included random intercepts for subject and
item, as well as by-subject random slopes for Pronunciation
and by-item random slopes for Speaker and Pronunciation.
For each analysis, the maximum random effects structure
that allowed for convergence was used. The lmerTest pack-
age (Kuznetsova, Brockhoff, & Christensen, 2017), which
uses Satterthwaite’s method for approximating degrees of
freedom, was used to assess the significance of model inter-
cepts, factor effects in models with only one fixed effect, and
the contrasts of factors with more than two levels (Luke,
2017). Random effects error variance was used as an estimate
of σ2 to calculate Cohen’s d for model estimates (Brysbaert
& Stevens, 2018; Westfall, Kenny, & Judd, 2014).
Results
We first assessed looking during the baseline phase

against chance (0.5). To do this, baseline looking was centered
Downloaded from: https://pubs.asha.org University of Waterloo on 10/24/20
around 0 by subtracting 0.5 from each value, thus making the
intercept equivalent to the deviation from chance. A lin-
ear mixed-effects regression model was generated with the
two between-participant conditions of Speaker (adult, child)
and MP Type (common, infrequent), along with their interac-
tion, entered as fixed effects. The random effect structure
included random intercepts for subject and item (i.e., the
specific object being labeled) and by-item random slopes for
Speaker. Because the pronunciation of the forthcoming label
(correct or mispronounced) should not have affected baseline
performance, a random slope for pronunciation was not in-
cluded. Overall, toddlers spent equivalent amounts of time
during baseline on the familiar and novel objects (β0 = 0.011,
β0 SE = 0.017), t(15.8) = 0.665, p = .515, d = 0.06. Compari-
son of maximum likelihood models showed that this did not
differ across the four between-participant experimental
conditions (adult common, adult infrequent, child com-
mon, and child infrequent), χ2 ≤ 1.01, p ≥ .315.

Our main analyses involved toddlers’ change in look-
ing (difference scores) for correct (CP) and mispronounced
(MP) labels of familiar objects. As a reference point, we
first assessed performance on correctly pronounced labels
across the four between-participant experimental conditions.
Next, we examined whether the MP Type (common or infre-
quent) and Speaker (adult or child) influenced toddlers’
processing of the mispronounced labels. As each type of
mispronunciation involved three different kinds of con-
trasts (/t/–/ʧ/, /s/–/ʃ/, and /w/–/ɹ/), we subsequently looked
at performance on each of the contrast pairs indepen-
dently to determine whether the pattern we observed over-
all held for each contrast. Finally, we explored whether the
patterns differed for toddlers with differing amounts of
exposure to other children.

Correctly Pronounced Labels
To compare toddlers’ recognition of correctly pro-

nounced (CP) labels in the four experimental conditions,
a model was generated for CP trials with Speaker (adult,
child), MP Type (common, infrequent), and their interac-
tion entered as fixed effects, along with random intercepts
for subject and item. This model showed that toddlers sig-
nificantly increased their looking to the familiar object
from baseline (β0 = 0.156, β0 SE = .019), t(12.3) = 8.253,
p < .001, d = 0.5. Comparison of maximum likelihood
models showed that this did not differ across conditions,
χ2s ≤ 2.25, ps ≥ .134.

Type of Mispronunciation and Speaker
Next, we assessed the effect of mispronunciations with

a model that included Pronunciation (CP, MP), Speaker
(adult, child), MP Type (common, infrequent), and their
interactions as fixed effects. The maximum random ef-
fects structure included random intercepts for subject and
item, as well as by-subject random slopes for Pronunciation
and by-item random slopes for Speaker. Comparison of
maximum likelihood models revealed a significant effect of
Bernier & White: Type of Childhood Mispronunciation 5
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Pronunciation, χ2(1) = 26.13, p < .001, that did not interact
with Speaker, χ2(1) = 0.42, p = .519. Thus, consistent with
prior work (Bernier & White, 2019; White & Morgan, 2008),
model estimates showed an overall mispronunciation
penalty (β = −0.098, β SE = 0.018, d = −0.31) that was
similar in size across child and adult speakers (β = −0.023,
β SE = 0.036, d = −0.07). Importantly, however, there was
a three-way interaction between Pronunciation, Speaker,
and MP Type, χ2(1) = 3.92, p = .048 (β = −0.161, β SE =
0.082, d = −0.50). No other effects reached significance,
χ2s ≤ 2.53, ps ≥ .112.

To examine the three-way interaction (see Figure 2),
models were generated separately for each Speaker, with
Pronunciation, MP Type, and their interaction entered as
fixed effects. The maximum random effects structure included
random intercepts for subject and item for the models of
both speakers, as well as by-subject and by-item random
slopes for Pronunciation for the child speaker model.

Adult Speaker
Model comparisons for the Adult Speaker conditions

revealed that, in addition to an expected overall MP penalty,
χ2(1) = 12.79, p < .001 (β = −0.087, β SE = 0.024, d = −0.28),
the size of the penalty significantly differed across MP Types,
χ2(1) = 5.79, p = .016. The mispronunciation penalty was
substantially smaller for infrequent MPs than common
MPs (β = 0.143, β SE = 0.057, d = 0.46).

To further examine this difference, models were gen-
erated for each MP Type with Pronunciation as a fixed
effect, along with random intercepts for subject and item;
by-subject random slopes for Pronunciation were included
for the infrequent MP condition only. Intercept-only models
(i.e., no fixed effects, with only random intercepts for subject
and item) were used to assess toddlers’ change in looking
from baseline for the mispronounced labels. For common
mispronunciations, toddlers did not change their looking
from baseline (β = −0.007, β SE = 0.027), t(5.0) = −0.244,
p = .817, d = −0.02, which was significantly different from
what they did for correctly pronounced labels (β = −0.159,
β SE = 0.037), t(296.2) = −4.337, p < .001, d = −0.48. Thus,
toddlers showed a large mispronunciation effect when an
adult speaker produced words with common childhood
Figure 2. Model estimates of the difference scores of familiar o
bars represent standard error.
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mispronunciations. For infrequently mispronounced labels,
however, toddlers significantly increased their looking to
the familiar object from baseline (β = 0.103, β SE = 0.029),
t(6.0) = 3.588, p = .012, d = 0.36, doing so as much as they
did for correctly pronounced labels (β = −0.015, β SE =
0.036), t(8.0) = −0.403, p = .697, d = −0.05. In other words,
infrequent mispronunciations produced by an adult were
treated similarly to correct pronunciations.

Child Speaker
Model comparisons for the Child Speaker conditions

revealed only an overall effect of Pronunciation, χ2(1) = 8.01,
p = .005 (β = −0.110, β SE = 0.036, d = −0.32), and no inter-
action with MP Type, χ2(1) = 0.06, p = .813 (β = −0.015,
β SE = 0.072, d = −0.05). Models for each type of mispronun-
ciation showed that toddlers exhibited similarly sized MP
penalties for common MPs (β = −0.102, β SE = 0.0552,
d = −0.30) and infrequent MPs (β = −0.119, β SE = 0.047,
d = −0.38). An intercept-only model for MP labels (taken
across both types of MPs) showed that toddlers signifi-
cantly increased their looking to the familiar objects when
hearing these mispronunciations (β = 0.067, β SE = 0.023),
t(11.6) = 2.903, p = .014, d = 0.21.

Based on this difference across speakers, we directly
compared toddlers’ processing of mispronunciations for
the Adult and Child Speaker conditions. Models for each
MP Type included Pronunciation and Speaker, and their
interaction as fixed effects, along with random intercepts
for subject and item; by-subject random slopes for Pro-
nunciation were also included in the common MP model.
Model comparisons showed that the interaction effect for
common MPs was not significant, χ2(1) = 1.01, p = .295
(β = 0.058, β SE = 0.056, d = 0.17), whereas the interac-
tion effect for infrequent MPs was, χ2(1) = 4.93, p = .026
(β = −0.104, β SE = 0.047, d = −0.35). In other words, al-
though the mispronunciation penalties differed across
speakers (common: d = −0.48 vs. −0.30 for adult and child
speakers respectively; infrequent: d = −0.05 vs. −0.38,
respectively), only the difference for the infrequent mis-
pronunciations was significant, and this was driven by a
reduced penalty for the adult speaker. We will address
this result further in the Discussion section.
bject labels for the four experimental conditions. Error
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Individual Contrasts
We next considered whether these patterns were simi-

lar across the three contrasts assessed (/t/–/ʧ/, /s/–/ʃ/, and /w/
–/ɹ/). To examine this, we first generated models separately
for each contrast for the four experimental conditions, with
Pronunciation entered as a fixed effect, along with random
intercepts for subject and item (see Table 3 for model esti-
mates). Regardless of Speaker or MP Type, toddlers exhib-
ited larger mispronunciation effects for the /t/–/ʧ/ contrast
than they did for the /s/–/ʃ/ and /w/–/ɹ/ contrasts. Even tod-
dlers who heard infrequent mispronunciations from the
adult speaker detected the /t/–/ʧ/ mispronunciations. To as-
sess the significance of this observed difference, a model
was generated over all participants with Pronunciation and
Contrast Pair entered as fixed effects (Contrast Pair was
coded to examine, first, /s/–/ʃ/ vs. /w/–/ɹ/ and, second, these
two contrasts vs. /t/–/ʧ/). The maximum random effects
structure included random intercepts for subject and item,
as well as by-subject random slopes for Pronunciation and
by-item random slopes for Speaker. This analysis showed
that the sizes of the MP effects for /s/–/ʃ/ and /w/–/ɹ/ were
not different from one another (β = −0.011, β SE = 0.042),
t(1061) = −0.262, p = .794, d = −0.03, whereas the size of
the MP effect for /t/–/ʧ/ was marginally larger than the MP
effect of the other two (β = 0.064, β SE = 0.036), t(1061) =
1.801, p = .072, d = 0.20. Together, this indicates that mis-
pronunciations involving /t/ and /ʧ/ led to the greatest
decreases in looking, irrespective of direction and who
produced them.
Experience With Other Children
To explore the effects of experience with other children,

we compared the performance of the 50 toddlers who had
the least experience with other children in group activities
Table 3. Model estimates (SE) of the difference scores for eac
sizes (Cohen’s d) of the mispronunciation (MP) effects.

Contrast
by speaker

Common MP condition

CP MP effecta d

Adult speaker
/t/–/ʧ/ 0.201

(0.045)
−0.190
(0.064)

−0.5

/s/–/ʃ/ 0.101
(0.061)

−0.126
(0.088)

−0.3

/w/–/ɹ/ 0.156
(0.048)

−0.161
(0.064)

−0.4

Child speaker
/t/–/ʧ/ 0.207

(0.102)
−0.143
(0.143)

−0.4

/s/–/ʃ/ 0.178
(0.046)

−0.066
(0.058)

−0.2

/w/–/ɹ/ 0.153
(0.068)

−0.088
(0.094)

−0.2

aThe MP effect indicates the difference in looking behavior for
pronounced (CP) labels; it represents both the size and directi
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to that of the 50 toddlers who had the most experience
(≤ 10 hr/week [M = 3.3; 0.8 hr/week in day care] vs. ≥ 35 hr/
week [M = 41.4; 39.7 hr/week in day care], equally repre-
sented from each condition). The 20 participants who made
up the middle range of experience were excluded in order to
get a clean separation in experience between the groups.
Because splitting the data this way resulted in a small num-
ber of participants (n = 12 or 13) per Experience Level for
each of the four conditions, we report only effect sizes.

We first generated models separately for High and
Low Experience groups for the four experimental conditions,
with Pronunciation entered as a fixed effect, along with
random intercepts for subject and item (see Table 4 for model
estimates). For the adult speaker, toddlers showed a greater
penalty for common than infrequent mispronunciations,
regardless of their experience with other children. For mis-
pronunciations produced by the child speaker, there were
differences as a function of experience group, but only for
the common mispronunciations. Toddlers with more child
experience who heard common mispronunciations from the
child speaker showed a smaller mispronunciation penalty
than the other three groups who heard the child speaker
(high experience/infrequent, low experience/common and
infrequent); the latter three groups had equivalently sized
mispronunciation penalties.

Novel Labels
Finally, to examine novel label processing, a model

was generated for novel label trials with the two between-
participant factors of Speaker (adult, child) and MP Type
(common, infrequent) and their interaction entered as fixed
effects, along with random intercepts for subject and item.
This analysis showed that, overall, toddlers did not map
novel labels to novel objects (β0 = −0.042, β0 SE = 0.051),
t(3.2) = −0.828, p = .465, d = −0.12. Maximum likelihood
h contrast as a function of Speaker, along with effect

Infrequent MP condition

CP MP effecta d

8 0.186
(0.069)

−0.082
(0.097)

−0.32

8 0.106
(0.040)

−0.010
(0.056)

−0.03

8 0.069
(0.043)

0.037
(0.056)

0.12

2 0.220
(0.051)

−0.150
(0.069)

−0.49

2 0.095
(0.054)

−0.087
(0.076)

−0.28

8 0.073
(0.073)

−0.118
(0.102)

−0.37

the mispronounced (MP) labels relative to the correctly
on of the difference.
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Table 4. Model estimates (SE) of the difference scores for each Speaker as a function of Experience, along with effect sizes (Cohen’s d) of the
mispronunciation (MP) and novel label effects.

Speaker by
experience

Common MP condition Infrequent MP condition Across MP condition

CP MP effecta d CP MP effecta d Novel Label d

High experience
Adult speaker 0.153

(0.055)
−0.148
(0.078)

−0.42 0.107
(0.038)

−0.003
(0.052)

−0.01 −0.070
(0.063)

−0.20

Child speaker 0.101
(0.054)

−0.034
(0.071)

−0.10 0.166
(0.042)

−0.099
(0.057)

−0.32 −0.058
(0.064)

−0.16

Low experience
Adult speaker 0.202

(0.035)
−0.165
(0.051)

−0.57 0.142
(0.044)

−0.041
(0.051)

−0.14 −0.051
(0.055)

−0.17

Child speaker 0.208
(0.050)

−0.101
(0.061)

−0.36 0.146
(0.058)

−0.110
(0.082)

−0.33 0.022
(0.056)

0.07

aThe MP effect indicates the difference in looking behavior for the mispronounced (MP) labels relative to the correctly pronounced (CP) labels;
it represents both the size and direction of the difference.
model comparisons showed no difference across the four
experimental conditions, χ2s ≤ 0.720, ps ≥ .396.

However, prior work has shown that toddlers with dif-
ferent amounts of experience with other children may process
novel labels differently (Bernier & White, 2019). Therefore,
we also report novel label performance as a function of
experience. The rightmost columns of Table 4 show that
toddlers with more child experience looked toward the
novel object upon hearing a novel label regardless of which
speaker they heard produce it. However, toddlers with lim-
ited experience looked toward the novel object only when
the label was produced by an adult speaker and not when it
was produced by a child speaker. This differential respond-
ing is consistent with the possibility that experience with
other children affects toddlers’ novel label processing.
Discussion
We assessed toddlers’ processing of mispronunciations

as a function of the type of mispronunciations they heard
(commonly or infrequently occurring in children’s speech)
and the speaker who produced them (a child or an adult).
Overall, toddlers showed similarly sized penalties for mis-
pronunciations from child and adult speakers when the type
of mispronunciation was not taken into account. However,
when the type of mispronunciation was considered, toddlers’
processing of common and infrequent mispronunciations
differed for child and adult speakers, but not as predicted
by an expectation-based account.

Type of Mispronunciation: Adult Speaker
On an expectation-based account, there should be no

difference in the processing of common versus infrequent
child mispronunciations if they are produced by adults. How-
ever, our results show that these two types of mispronuncia-
tions are treated differently, with those that are common
in children’s speech resulting in a large mispronunciation
penalty and those that are rare being treated equivalently
to correctly pronounced labels. This pattern is consistent
8 Journal of Speech, Language, and Hearing Research • 1–13
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with some previously observed asymmetries that have
been attributed to differences in input frequency, lexical
underspecification, or the perceptual stability of stops
(Altvater-Mackensen & Fikkert, 2010; Altvater-Mackensen
et al., 2014; Nam & Polka, 2016; van der Feest & Fikkert,
2015). For example, some have argued that children should
be less likely to detect a change from a more frequently
heard sound to a less frequent one (such as “soap” mispro-
nounced as “shoap”), because the latter may be less well
represented and thus more difficult to identify. In contrast,
children should be more likely to detect a change to a more
frequent sound (such as “shoe” mispronounced as “sue”),
because the onset of the mispronunciation should be more
robustly represented and thus easily recognized as incorrect.
A similar asymmetry is predicted on underspecification
accounts, where changes from unmarked—typically more
frequent—sounds should be more difficult to detect.

An alternate explanation for the asymmetries we
observed lies with perceptual confusability. To assess this
possibility, we looked at how often the onsets of the mis-
pronounced (MP) labels (i.e., the sounds toddlers actually
heard) are confused with the correct (CP) onsets. The con-
fusability tables of Wang and Bilger (1973), which include
all of the sounds we assessed, demonstrate that, for both
the /t/–/ʧ/ and /s/–/ʃ/ contrasts, the infrequent MP onsets
(/ʧ/ and /ʃ/) are more likely to be misperceived as the corre-
sponding CP onsets (/t/ and /s/) than the reverse. For exam-
ple, the [ʧ] in chable (for table) is more likely to be perceived
as the correct onset /t/ than the [t] in tair (for chair) is to be
perceived as the correct onset /ʧ/. Therefore, toddlers’ simi-
lar treatment of infrequent mispronunciations and correct
pronunciations may have been in part due to confusability
(although the asymmetry for /w/–/ɹ/ in our data is not mir-
rored by an asymmetry in confusability in the Wang and
Bilger data set). However, these confusion matrices are based
on adult judgments, so it is important to also consider con-
fusability from a child listener’s perspective.

Nishi, Lewis, Hoover, Choi, and Stelmachowicz (2010)
examined consonant confusability for 4- to 5-year-old and
adult listeners. They found that consonants were, overall,
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more confusable for the children than they were for adults
and that children exhibited some of the same asymmetries
in confusability that adults do (e.g., /ʃ/ was more likely to
be misperceived as /s/ than the reverse). This provides addi-
tional support that, on at least some of the trials, toddlers
who heard infrequent mispronunciations by the adult speaker
may have misperceived the onsets as the correct sounds.
This may in part explain why toddlers in this condition did
not show a mispronunciation penalty.

It is also possible that toddlers’ own productive abili-
ties contributed to the asymmetry in performance. Indeed,
infants’ listening preference for speech sounds has been
shown to be influenced by their own production abilities
(DePaolis, Vihman, & Keren-Portnoy, 2011; Majorano,
Vihman, & DePaolis, 2014). Sounds that toddlers can
produce themselves are likely to be particularly robustly rep-
resented and processed more easily in the input. This should
make the mismatch between the input and their lexical rep-
resentation easier to detect. By design, our common mis-
pronunciations are sounds that toddlers should be able to
produce well given their early acquisition (Dodd et al., 2003).

One factor that has been argued to affect toddlers’
phonological development is type frequency (Edwards et al.,
2015), with sounds that occur across more words in the child’s
productive lexicon thought to be more robustly repre-
sented. We therefore examined the number of different
words (type frequency) in the MacArthur–Bates Commu-
nicative Development Inventories: Words & Sentences
(Fenson et al., 1994) that begin with each of our target
sounds (excluding onset clusters). We found that there are
approximately 2.3 times as many words beginning with
our infrequently mispronounced onsets (/t/, /s/, /w/) as with
their commonly mispronounced counterparts (/ʧ/, /ʃ/, /ɹ/)
and that the pattern is similar for each of our contrast pairs
(/t/–/ʧ/, /s/–/ʃ/, /w/–/ɹ/). Importantly, a summary of the data
for WordBank’s American English-learning 20- to 25-month-
olds (n = 1,855) shows that toddlers this age are producing
words with both types of onsets at about the same rate (Frank
et al., 2017). This means that children are likely producing the
sounds /t/, /s/, and /w/ in a greater number of phonological
contexts (i.e., across more different words), which may con-
tribute to more robust knowledge of these sounds. Further
work is needed to better assess this possibility, as it requires
an assessment of individual participants’ productive abilities.

Finally, we note that a similar failure to detect infre-
quent mispronunciations was also found recently with older
children. Krueger, Storkel, and Minai (2018) presented
5-year-olds with images of two objects—a familiar (real)
object and a novel (non) object—along with a recording of
an adult labeling the real object either correctly, with a
common substitution, or with an uncommon substitution
(e.g., thumb pronounced correctly as fumb [a common error]
or as shum [an uncommon error]). In other words, in con-
trast to our manipulation of frequency (which used the
same onset pairs, changing only the direction in which the
exchange occurred), Krueger et al. used a particular set of
objects whose labels were changed in different ways for com-
mon and uncommon mispronunciations. In their eye-tracking
Downloaded from: https://pubs.asha.org University of Waterloo on 10/24/20
experiment, after children heard an object label mispro-
nounced with a common substitution (e.g., fumb for thumb),
they looked equally at both objects. However, after hearing
the object label produced with an uncommon substitution
(e.g., shum for thumb), children looked more to the real ob-
ject. So, like our 22-month-olds, children in Krueger et al.
showed chance looking behavior when they heard an adult
produce a familiar label with a common substitution but
looked more to the familiar object when they heard an
adult produce the label with an uncommon substitution.
However, the object labels in their study involved a variety of
different contrasts, the majority of which have not specifi-
cally been shown to have asymmetric effects in perception.
Therefore, further work is needed to determine whether the
same factors are driving the asymmetry in the two studies.
Type of Mispronunciation: Child Speaker
Turning now to the child speaker, an expectation-

based account predicts that toddlers should recognize that
only children typically mispronounce words and that only
certain kinds of mispronunciations are likely to occur. In
other words, toddlers should be more tolerant of common
mispronunciations from a child speaker. However, given
previously observed asymmetries when toddlers listen to
adult speech, we might alternatively predict that they should
show the same (though possibly less clear) types of asym-
metries when listening to child speech. In this case, toddlers
should detect common mispronunciations but not infre-
quent ones. Our results did not align with either of these
possible outcomes. Instead, we found that toddlers’ treat-
ment of common and infrequent mispronunciations was
equivalent when they were produced by a child. The pri-
mary difference across speakers, in fact, was that toddlers
showed a reduced penalty for infrequent mispronunciations
produced by an adult speaker.

If expectations are not driving toddlers’ responses, why
don’t they show the same asymmetry for the child speaker
as they do for the adult speaker? One potential reason is the
nature of the child speaker’s productions. Even at the age
of 6 years, when children produce few overt errors in their
speech (Dodd et al., 2003), their productions continue to
be less accurate, showing more variability than those of
adults. Compared to adults, early school-aged children have
been shown to have a more variable /s/ (Koenig, Lucero, &
Perlman, 2008; Munson, 2004), a less distinguishable /s/ and
/ʃ/ (Maas & Mailend, 2017; Nissen & Fox, 2005), and less
accurate /ɹ/ (Klein et al., 2013; Magloughlin, 2016) and /l/
(Lin, Inkelas, McDonnaughey, & Dohn, 2016) and to have
a larger vowel space (Hillenbrand, Getty, Clark, & Wheeler,
1995; Lee, Potamianos, & Narayanan, 1999), among other
differences. In terms of our stimuli, this means that the child
speech should be less accurate, especially for later acquired
sounds such as /ʃ/ and /ɹ/ (likely making them more similar
to /s/ and /w/, respectively). However, this would predict an
overall reduction in the size of the mispronunciation penal-
ties for the child speaker (compared to the adult speaker).
Instead, we found that, although toddlers were somewhat
Bernier & White: Type of Childhood Mispronunciation 9
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worse at detecting common mispronunciations (compared
to the adult speaker), they were actually better at detecting
infrequent ones. Additional work is needed to better under-
stand this difference.

Finally, although the type of mispronunciation did
not matter with the child speaker, it is important to note
that all of our mispronunciations involved sounds that are
frequently exchanged with one another by children (albeit
typically in only one direction). It is therefore possible that
toddlers treat mispronunciations involving sounds that are
frequently exchanged differently than mispronunciations in-
volving sounds that are rarely exchanged. Additional work
would need to be done to determine whether toddlers’ treat-
ment of mispronunciations is different for contrasts such
as /f/–/h/ (which are rarely or never exchanged with one
another).
Individual Contrasts
Toddlers did not respond equally for all contrasts.

Instead, they showed larger penalties for mispronunciations
involving /t/–/ʧ/ compared to those involving /s/–/ʃ/ or /w/–/ɹ/
(which were treated similarly). Even in the adult infrequent
condition, where there was no mispronunciation penalty
overall, toddlers showed a penalty for /t/–/ʧ/ mispronunci-
ations. This suggests that the /t/–/ʧ/ contrast is processed
differently than the other contrasts.

We begin by considering whether perceptual confusa-
bility can explain this pattern. In the confusion matrices
of Wang and Bilger (1973), only the /t/–/ʧ/ pair showed a
strong directional asymmetry in the probability of a mis-
perception (i.e., 1.7% vs. 8.7% of the time); misperceptions
for the other contrasts occurred equally often in both direc-
tions (i.e., 3.3%–4.9% of the time). Therefore, perceptual
confusability does not explain why we found directional
differences for the /s/–/ʃ/ and /w/–/ɹ/ contrasts, nor does it
explain the stronger overall effect for the /t/–/ʧ/ contrast.

Another possible explanation for the different pattern
across contrasts is that /t/–/ʧ/ errors might be less frequently
encountered in the input. Because mispronunciations in
adults are relatively rare, we consider the frequency with
which 2-year-olds produce these errors. By design, our com-
mon mispronunciations occur more frequently than our in-
frequent ones, which are extremely rare. Smit (1993) found
that infrequent /t/➔/ʧ/ errors never occurred and infrequent
/s/➔/ʃ/ and /w/➔/ɹ/ errors occurred less than 1% of the time.
For common mispronunciations, Smit found that /ʧ/➔/t/
and /ʃ/➔/s/ occur at roughly the same rate, whereas /ɹ/➔/w/
errors occur much more often. Thus, frequency of occur-
rence also cannot explain the stronger effects of /t/–/ʧ/ mis-
pronunciations in both directions, nor can it explain why
toddlers showed the same directional differences for /s/–/ʃ/
and /w/–/ɹ/ mispronunciations.

A more likely possibility is that the stronger effect for
the /t/–/ʧ/ pair is due to the fact that /t/ is an early acquired
sound (Dodd et al., 2003) and is therefore likely to be very
robustly represented. Indeed, stops in general are particu-
larly well represented and may be more stable in children’s
10 Journal of Speech, Language, and Hearing Research • 1–13
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production and perception (Altvater-Mackensen et al., 2014).
Additionally, for /t/, Nishi et al. (2010) found that 4- to
5-year-olds had adultlike perception and low error rates.
Therefore, it may be particularly salient to toddlers when a
sound is changed to (or from) /t/. This is consistent with the
high sensitivity to these common mispronunciations in our
data (e.g., the [t] in tair [for chair] was unlikely to have been
misperceived as the correct sound /ʧ/). One final consider-
ation is that /ʧ/ is a more complex sound than the others,
one that is characterized by a rapid sequence of /t/ and /ʃ/
with acoustic cues of both stops and fricatives. It is possible
that the addition or deletion of frication for the /t/–/ʧ/ con-
trast is easier to detect than the complete substitutions of
the other mispronunciations.

Experience With Other Children
Although we did not find patterns that were consis-

tent with an expectation-based account when we considered
our toddlers as a whole, because toddlers’ expectations
about children’s mispronunciations should be influenced
by experience, we also compared toddlers with the most ex-
perience with other children in group settings to those with
the least experience. Regardless of their experience, toddlers
showed the same pattern when mispronunciations were pro-
duced by the adult speaker (with a larger penalty for com-
mon mispronunciations). For mispronunciations produced
by the child speaker, however, toddlers with high and low
levels of experience trended toward treating common mis-
pronunciations differently—toddlers with more experience
showed a smaller penalty (possibly reflecting greater toler-
ance for the mispronunciations). Similarly, for the process-
ing of novel labels, we found no effect of experience when
the labels were produced by an adult. However, when the
labels were produced by a child, only toddlers with more
child experience looked toward the novel object; those with
less experience did not change their looking from baseline.
Together, this suggests that experience with other children
in group settings has some influence on toddlers’ processing
of child speech and may additionally influence their willing-
ness to learn a novel label from a child.

However, given the small sample size for each expe-
rience group, it remains possible that these results are due
to Type I error and that toddlers varying in their experience
with other children do not differ in their processing of child
speech. If so, this would suggest that, at this age, even ex-
tensive experience with other children is not enough to build
expectations about how children speak (compared to adults).
Although young toddlers have been shown to have a gen-
eral expectation that people who look different may speak
differently (Weatherhead & White, 2018), expectations
about speakers of different age groups may not emerge
until later in development. By the time children are 5 years
old, they appear to have developed some familiarity with
the types of mispronunciations that occur in child speech,
demonstrating greater tolerance for common childhood
mispronunciations than infrequent ones in selection tasks
(Krueger et al., 2018). However, that work used adult speech,
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so it did not directly compare children’s treatment of mis-
pronunciations from speakers of different ages. Further
work is needed to determine if and when children develop
differential expectations for child versus adult speakers and
how this is affected by experience.
Conclusion
This study is the first to directly compare toddlers’

processing of mispronunciations produced by adults and
children. The results both reinforce and add to previous in-
vestigations of toddlers’ mispronunciation processing. We
found that toddlers treated common and infrequent childhood
mispronunciations differently when they were produced by
an adult, with infrequent mispronunciations having a mini-
mal effect on processing. This pattern is consistent with some
previously reported perceptual asymmetries. In contrast,
toddlers had a similar response to these two types of mis-
pronunciations when they were produced by a child. This
difference between child and adult speech will be important
to explore in the future, as it may provide additional insight
into the factors contributing to perceptual asymmetries.

We additionally found that errors involving /t/–/ʧ/
produced a larger mispronunciation penalty than did errors
involving /s/–/ʃ/ and /w/–/ɹ/, a result that is not unexpected
given that /t/ is likely better known than the other sounds.
More generally, toddlers seemed to be better at detecting
mispronunciations in adult speech that involved changes to
sounds that they are likely to be able to produce themselves.
Finally, the number of hours spent with other children ap-
peared to have some influence on toddlers’ performance.
Those with more experience appeared more tolerant of
commonly produced childhood mispronunciations and more
willing to map novel labels to novel objects for a child
speaker. Our results show a complex interplay of speaker,
type of mispronunciation, specific contrast, and amount of
experience with other children in driving toddlers’ processing
of mispronunciations.
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Appendix

Object Labels and Pronunciations
Labeled
object

MP condition

Common Infrequent

Familiar object labels
/t/–/ʧ/ table CP: [tebl] MP: [ʧebl]

turtle CP: [tɝtl] MP: [ʧɝtl]
chair MP: [tɛɹ] CP: [ʧɛɹ]
cheese MP: [tiz] CP: [ʧiz]

/s/–/ʃ/ sock CP: [sɑk] MP: [ʃɑk]
soap CP: [soʊp] MP: [ʃoʊp]
shoe MP: [su] CP: [ʃu]
shirt MP: [sɝt] CP: [ʃɝt]

/w/–/ɹ/ water CP: [wɑtɚ] MP: [ɹɑtɚ]
wagon CP: [wægʌn] MP: [ɹægən]
raisin MP: [wezɪn] CP: [ɹezɪn]
rock MP: [wɑk] CP: [ɹɑk]

/w/–/l/ wheel CP: [wil] MP: [lil]
window CP: [wɪndoʊ] MP: [lɪndoʊ]
lamp MP: [wæmp] CP: [læmp]
lion MP: [waɪʌn] CP: [laɪʌn]

Novel object labelsa

— gimble [gɪmbl] bird
finkle [fɪŋkl] cookie
poggle [pɑgl] cat
moogie [mugi] book

Filler trialsa

— cup [kʌp] horse
ball [bɑl] car
bike [baɪk] hat
keys (toy) [kiz] phone (toy)

Note. MP = mispronunciation; CP = correctly pronounced.
aFamiliar distractors for novel label and filler trials are provided to
the right of each labeled object.
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