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Within a language, there is considerable variation in the pronunciations of words owing to social factors
like age, gender, nationality, and race. In the present study, we investigate whether toddlers link social
and linguistic variation during word learning. In Experiment 1, 24- to 26-month-old toddlers were
exposed to two talkers whose front vowels differed systematically. One talker trained them on a word-
referent mapping. At test, toddlers saw the trained object and a novel object; they heard a single novel
label from both talkers. Toddlers responded differently to the label as a function of talker. The following
experiments demonstrate that toddlers generalize specific pronunciations across speakers of the same
race (Experiment 2), but not across speakers who are simply an unfamiliar race (Experiment 3). They
also generalize pronunciations based on previous affiliative behavior (Experiment 4). When affiliative
behavior and race are pitted against each other, toddlers’ linguistic interpretations are more influenced
by affiliative behavior (Experiment 5). These experiments suggest that toddlers attend to and link social
and speech variation in their environment.
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One of the most impressive accomplishments of early language
acquisition is how quickly children acquire new words. Critical to
this process is determining the mappings between words and their
referents. Although much attention has been paid to the difficulty
of determining referents, the acquisition of word-referent map-
pings is also made challenging by the variability of the word pro-
nunciations themselves. A single referent may be labeled by
different wordforms (e.g., the beginning of the word “pasta” has
the same vowel as pod in the United States, but pad in Canada). In
many cases, between-individual linguistic variability is systemati-
cally linked to social factors, including aspects of the speaker’s
identity (such as their geographic background or racial background).
For example, both Southern American English and African Ameri-
can English include phonological, lexical, and grammatical differen-
ces from Standard American English (Fridland et al., 2014; Green,
2002).

How might this variability affect word learning? One possibility
is that, when first acquiring words, children acquire only a single
form of each word, perhaps the most frequent or salient form in
their environment. Alternate forms would be acquired later, along
with social information governing their usage. Alternatively, chil-
dren may track multiple forms of a word from early in develop-
ment, as well as the social context in which these various forms
occur (see Johnson & White, 2020; for discussion of these issues).
In the present study, we seek evidence that young children are
tracking multiple word variants and linking them to social proper-
ties of speakers.

There is considerable evidence that adults track social informa-
tion about speakers (such as their gender, age, nationality) and link
it to variation in the pronunciations of words. This evidence comes
from production data showing that speakers modify their use of
different variants in different contexts (e.g., Babel, 2010; Bell,
1984; Craig & Grogger, 2012; Delvaux & Soquet, 2007; Eckert,
1988, 1989; Hay et al., 1999; Rickford & McNair-Knox, 1994), as
well as perception data showing that providing information about
a speaker’s nationality or race can impact the way speech is per-
ceived (Babel & Russell, 2015; Campbell-Kibler, 2007; Hay et al.,
2010, 2006; Kang & Rubin, 2009; McGowan, 2015; Niedzielski,
1996; Rubin, 1992).

One indication that young children might not be tolerant of mul-
tiple forms of the same word is their tendency to assume that dif-
ferent labels map to different objects (Clark, 1990, 1997;
Golinkoff et al., 1994; Halberda, 2003; Markman, 1989, 1990;
Merriman et al., 1989). However, they appear to relax that
assumption and map different labels to the same object when they
know that speakers use different languages (Au & Glusman,
1990). This suggests that they understand that labels are conven-
tions that are shared within, and are specific to, a language
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community (Clark, 1992, 1997). Thus, when they have evidence
that people belong to different language communities, they can
use this information to selectively accept alternative labels.
Similarly, there is some evidence that by the age of 4 years, chil-

dren may use multiple forms in their own speech. However, they
do not always do so according to the adult patterns of usage. This
is particularly true when the use of different forms is conditioned
by social factors (Roberts, 1997; Smith et al., 2009), although there
is some evidence that children’s productions are sensitive to social
context (e.g., Miller, 2013; Smith et al., 2007). But it is unclear just
how early children begin to track multiple pronunciation variants in
their perceptual input or what their expectations are about what
kinds of social information condition this type of linguistic varia-
tion. That is, what types of information do children use to infer that
speakers are part of the same linguistic community?
Artificial language experiments, in which both the type of lin-

guistic variation and conditioning context can be precisely manip-
ulated, have demonstrated that adults prioritize particular social
cues (such as gender/sex) over others (such as age and race) when
learning novel patterns of linguistic variation (Rácz et al., 2020).
But adults have considerably more experience with social and lin-
guistic variation than children, and their biases may reflect this
prior experience. What little research exists using these paradigms
with children has shown that by the age of 6 years, children can
learn some patterns of variation—for example, the fact that the
usage of a specific particle differs by speaker gender (Samara
et al., 2017). However, they do not always extract the same pat-
terns that adults do (Hudson Kam, 2015).
In the present study, we begin to examine how the links

between linguistic and social variation are formed at the earliest
stages of word learning. To do so, we conduct a simplified artifi-
cial language study to ask whether toddlers assume a link between
pronunciation variation and two types of social information about
speakers that they have been shown to be highly sensitive to: race
and affiliative behavior.

Race

Infants are sensitive to race from a very early age. By 3 months,
infants prefer to attend to same-race faces over other-race faces
(Bar-Haim et al., 2006; Kelly et al., 2005). Throughout the course
of their first year of life, infants become less capable of discrimi-
nating or recognizing other-race faces; at 9 months, infants catego-
rize faces by race and are better at recognizing individual same-
race faces than individual other-race faces (Anzures et al., 2010;
Kelly et al., 2007, 2009) and they display different scanning pat-
terns for same-race and other-race faces (Wheeler et al., 2011).
These changes reflect the limited experience that infants in these
studies had with other-race faces. For example, the majority of
mono-racial infants' interactions are with people from the same
mono-racial background as themselves (e.g., Rennels & Davis,
2008; Sugden et al., 2014).
There is some evidence that infants use race as a linguistic

marker. For example, six-month-olds match familiar race faces to
a familiar language and other-race faces to a novel language (Utt-
ley et al., 2013). A more recent study suggests that 11-month-old
White infants who have experience with individuals of Chinese or-
igin associate both English and a Chinese language with an East
Asian face, but do not match an unfamiliar language (Spanish) to

an East Asian face (May et al., 2019), demonstrating that familiar-
ity with a linguistic community can influence infants’ race-lan-
guage associations.

To date, only one study has investigated the role of race in
infants’ language processing at the word level. This study demon-
strated that a speaker’s race influenced 16-month-olds’ recognition
of familiar and unfamiliar pronunciations (e.g., “dog” vs. “dag”)
of familiar words (Weatherhead & White, 2018). Infants initially
recognized only familiar pronunciations from a familiar-race
speaker (and not the unfamiliar pronunciations). For the unfami-
liar-race speaker, infants did not initially recognize either type of
pronunciation (e.g., “dog” or “dag”), perhaps because they had no
prior expectations about how the speaker should produce words.
However, they rapidly learned to recognize both types of pronun-
ciations from the unfamiliar-race speaker. This suggests that, by
16 months, infants have formed links between familiar-race speak-
ers and familiar pronunciations of words, whereas they do not link
familiar pronunciations to unfamiliar race speakers. This result is
consistent with the possibility that infants and toddlers are tracking
social information (in this case race) during word learning.

Affiliative Behavior

Infants use people’s previous behavior to make inferences about
their social affiliations. For example, infants use information about
shared ritualistic behavior, shared evaluations or preferences, and
previous independent interactions to make inferences about the
social relationship between two individuals (e.g., Liberman et al.,
2014, 2018; Powell & Spelke, 2013; Spokes & Spelke, 2017).

Infants also have general assumptions about the behavior of
communicative partners. For example, six-month-old infants rec-
ognize that speech should be directed toward another person and
not an inanimate object (Molina et al., 2004), and by 10 months
infants expect conversation partners to look at one another (Beier
& Spelke, 2012).

Beyond these general assumptions about communicative behav-
ior, infants also appear to have more specific expectations about
the relation between language and social behavior. Work in this
area has focused on whether infants have behavioral expectations
for individuals who speak the same language. For example, nine-
month-olds look longer when two individuals who both speak the
infants’ native language have a negative interaction than when
they have a positive interaction (Liberman et al., 2017). And 14-
month-olds generalize food preferences across individuals who
speak the same language but not across individuals who speak dif-
ferent languages (Liberman et al., 2016). This work suggests that
infants expect individuals with similar linguistic patterns to have
positive interactions and share the same conventional behavior.
However, no previous work has asked the reverse, whether social
relationships between speakers influence children’s interpretation
of language.

In addition to examining toddlers’ attention to these two social
properties independently, we also ask whether they treat one as
more relevant for language processing than the other. The social
relevance of particular speaker properties has been shown to affect
word learning in adults (Rácz et al., 2020). What do toddlers do
when race and affiliation information conflict? One could argue
that affiliation is a stronger cue to a speaker’s linguistic commu-
nity, as it entails familiarity between individuals. Do toddlers
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prioritize affiliative behavior over race when interpreting pronun-
ciation variation?

The Current Study

The aforementioned work suggests that infants and toddlers can
track linguistic information in their environment, and that they are
sensitive to social information, namely race and affiliation, as a de-
lineator of social groups. In the current study, we ask whether tod-
dlers (a) track multiple versions of the same words and (b) use race
and affiliation as markers of which form a speaker will use. We
focus on 24- to 26-month-olds because of their facility for word
learning (e.g., Borgströmet al., 2015) and their ability to accommo-
date unfamiliar pronunciations of novel words after receiving expo-
sure to the relevant linguistic variation (Schmale et al., 2011,
2012).
To investigate these questions, we introduced toddlers to two

speakers with different patterns of word pronunciation, or accents
(Weatherhead & White, 2016), and then asked how they inter-
preted the speech of a third individual. Following the procedure
used in Weatherhead & White (2016), toddlers were presented
with two talkers whose productions systematically differed in the
height of their front vowels—a “Training” Speaker and an “Exten-
sion” Speaker. The Extension Speaker’s pronunciations were
always shifted relative to the Training Speaker’s. For example, if
the Training Speaker said delu, the Extension Speaker said dIlu.
Toddlers heard this shift across two different front vowels (/e/ to
/I/ and /I/ to /i/) to ensure they learned the general phonetic charac-
teristics of the difference between the accents, and not just a rule
about a particular vowel (Maye et al., 2008). This type of vowel
shift reflects real world variation; for example, the Canadian
Vowel shift entails lowering and retraction of the three short front
vowels: /I?/ (kit), /e/ (dress), and /æ/ (trap; e.g., Boberg, 2019).
After some exposure to the differences in their accents, toddlers

learned the label for a novel object from the Training Speaker
(tepu) but did not hear the Extension Speaker label it. Thus, tod-
dlers did not directly hear the Extension Speaker’s label for the
object, although if they were able to track the systematic difference
in the accents, they could infer the Extension Speaker would label
it tIpu. At test, toddlers saw the trained object from earlier, and a
new untrained object, and heard each talker use the label tIpu. If
toddlers successfully track the differences across the talkers, their
interpretation of the test label tIpu should differ as a function of the
talker. That is, for the Training Speaker, toddlers should interpret
tIpu as referring to the untrained object, as she previously labeled
the trained object tepu. Thus, we expect a disambiguation response
wherein a phonetically different label is interpreted as a new label
referring to a new object. For the Extension Speaker, toddlers
should interpret tIpu as referring to the trained object, as they
should have inferred that tIpu is her pronunciation of the word
tepu, which previously referred to the trained object. Thus, toddlers
should infer that the same wordform refers to different objects,
depending on which speaker said it.
A disambiguation response is expected in response to the Train-

ing Speaker despite research demonstrating that toddlers and
young children sometimes interpret familiar words differing in one
phonological feature as referring to the familiar objects (e.g.,
Creel, 2012; Swingley, 2016; White & Morgan, 2008). We make
this prediction for two reasons. First, other work has found that

toddlers do reject close vowel mispronunciations as familiar labels
(Mani & Plunkett, 2007, 2008, 2011; Weatherhead & White,
2018; White & Aslin, 2011). Second, in our methodology, toddlers
are tested on a newly trained word for which they have heard
numerous repetitions of the Training Speaker’s pronunciation.
Thus, when toddlers hear the Training Speaker utter tIpu we
anticipate that they will identify the vowel change as signaling a
new word.

In Experiment 2, we determine whether toddlers extend specific
accent properties to an individual who is the same race. To accom-
plish this, we introduced toddlers again to productions from a Train-
ing Speaker (White) and an Extension Speaker (South Asian).
However, we then introduced a new silent individual (the General-
ization Speaker) who was the same race as the Extension Speaker.
At test, productions were heard from all three speakers. If toddlers
generalize specific accent properties to individuals of the same race,
then their interpretation of the Generalization Speaker’s tIpu should
be the same as their interpretation for the Extension Speaker (i.e., the
trained object). In Experiment 3, we address the specificity of the
social information toddlers track about speakers by again introducing
a Generalization Speaker. However, this time she differed in race
from both the Training Speaker and Extension Speaker (she was
East Asian). If toddlers infer that all outgroup members use the same
pronunciation conventions, then their interpretation of the General-
ization Speaker’s tIpu should be the same as their interpretation for
the Extension Speaker (i.e., the trained object). However, if they are
instead making more specific links between race and pronunciation,
then their interpretation of the Generalization Speaker’s tIpu should
not match either the Training or the Extension Speaker’s.

In Experiment 4, we address whether toddlers link more abstract
social information to pronunciation variation. In this experiment,
both the Training and Extension speaker were White, and the Gen-
eralization Speaker (also White) affiliated with either the Training
Speaker or the Extension Speaker (between subjects). If toddlers
link abstract cues to group membership to pronunciation variation
across words, then their interpretation of the Generalization Speak-
er’s tIpu should differ as a function of which speaker she affiliates
with. That is, if she affiliates with the Training Speaker, tIpu
should refer to the untrained object, but if she affiliates with the
Extension Speaker, tIpu should refer to the trained object. Finally,
in Experiment 5, we pitted race and affiliation against one another
to determine which social cue toddlers more strongly consider. In
this experiment, the Training Speaker was White and the Exten-
sion Speaker was South Asian, and the Generalization Speaker
(also South Asian) affiliated with the Training Speaker. If toddlers
prioritize affiliation, they should interpret tIpu the same as they
did for the Training Speaker (i.e., the untrained object). But if tod-
dlers prioritize race, they should interpret tIpu the same as they did
for the Extension Speaker (i.e., the trained object).

Experiment 1: Can Toddlers Track Pronunciation
Variation Across Talkers?

Method

Participants

Forty 24- to 26-month-olds were tested (16 females and 24
males; mean age: 749 days; age range: 724–795 days). This first
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experiment included a larger sample size to have adequate power
to assess whether there were any effects of speaker order at test (as
in Weatherhead & White, 2016). Three additional participants
were tested, but not included, because of failure to attend to the
screen during the postnaming period of test trials (2) or failure to
attend to both objects during the baseline period of test trials (1).
In the Waterloo, Canada region, 85% of residents are from White
European backgrounds; East Asian and South Asian individuals
account for the largest visible minority groups. Additionally, 75%
of residents identify English as their mother tongue, 1% report
French and 24% report another language. Toddlers in all five
experiments were White and were monolingual English learners as
indicated by parental report during the experimental session. All
experiments received ethics approval from the Office of Research
Ethics, at the University of Waterloo (protocol number: 16660,
title: Specificity and flexibility in early word recognition).
In all five experiments, we required 20 participants for each

condition (Experiments 1 and 4 had two conditions). Testing
stopped after 20 participants met the language exposure criteria
and showed sufficient attention during the familiarization period
and test trials. This stopping criterion was selected based on previ-
ous work using the intermodal-preferential looking procedure to
examine children’s recognition of familiar words produced in fa-
miliar and unfamiliar accents (e.g., Weatherhead & White, 2018,
which found medium-sized effects for paired sample tests, and
medium to large effects for one-sample tests). A posthoc power
analysis of Experiment 1 revealed that a sample size of 19 is
needed to detect the main effect between the Training and Exten-
sion speaker (Faul et al., 2007, 2009). In Experiment 1, the sample
size was doubled to 40 participants to allow for 20 participants in
each speaker order at test, because of the order effects found in
Weatherhead and White (2016). In Experiment 4, we again
doubled the sample size to 40, to allow for 20 participants in each
affiliation condition.

Stimuli

Audio Stimuli. The stimuli consisted of four pairs of CVCV
(consonant, vowel, consonant, vowel) nonsense words (see Table
1), produced by two female native speakers of English. We created
an artificial accent difference by having speakers’ pronunciations
of the same words differ by a systematic vowel shift. The pronun-
ciations of words in a pair differed only in the first vowel (a front
vowel, /e/ as in bed, /I/ as in bid, or /i/ as in bead), while the
remaining sounds in each word were consistent across speakers.
Three of the word pairs (m[I/i]to, d[e/I]lu, and b[I/i]mo) were pre-
sented during exposure without referents (exposure pairs). The
Training Speaker also used the word tepu during exposure to label

an object (object presentation event). The last word, tIpu, was
heard only at test. Stimuli were recorded in a sound-treated booth
at a sampling rate of 44,100 Hz and equated for amplitude in Praat
(Boersma, 2001). The audio stimuli for the exposure phase were
inserted into the videos described below.

Audiovisual Stimuli (Exposure Phase). Both talkers, 24-
year-old White females, were recorded against the same backdrop
and wore different colored t-shirts (white and black). Both talkers
recorded three exposure videos, in which a single exposure word
was repeated three times in toddler-directed speech with approxi-
mately one second between each utterance. Each talker also
recorded an object presentation event, during which they held two
objects, an unfamiliar blue object and an unfamiliar yellow object,
one in each hand. Each speaker drew attention to one object (the
trained object) by waving it in their hand and looking at it, while
the other object remained still in their other hand. In the Training
Speaker’s object presentation event, she held and waved the target
object while labeling it tepu three times (this object is hereafter
referred to as the trained object). In contrast, the Extension
Speaker was only seen holding and waving the trained object, pro-
viding no label. Toddlers were either trained with an unfamiliar
blue object or an unfamiliar yellow object (counterbalanced).

Procedure

The participant sat on his or her parent’s lap approximately 1.5
ft. from a 36 3 21-inch plasma screen TV in a sound-treated test-
ing room. A camera under the TV recorded the child’s looking
behavior. The camera linked to a monitor and recording device in
the lab area adjacent to the testing room for the experimenter’s
viewing purposes and later off-line coding. Stimuli were presented
in Psyscope X (Cohen et al., 1993) at approximately 65 dB.
Parents wore noise-cancelling headphones playing instrumental
music.

The exposure phase began with the object presentation events
from both talkers, to indicate to the toddlers that they were in a
word-learning situation (recall, only the training speaker labeled
the trained object). Next, the three pairs of yoked exposure videos
(e.g., mIto-mito) were presented in random order (see Table 1).
These pairs highlighted the vowel difference between the talkers.
Finally, the object presentation event pair was presented again
twice. In total, toddlers saw the Training Speaker label the trained
object 9 times (see Figure 1 for schematic of Exposure Phase). An
attention getter occurred between the video pairs, with the next
pair beginning when the experimenter judged that the participant
was focused on the screen.

The test phase began immediately after the exposure phase. In
Experiment 1, there were two test trials, one per talker. Each trial

Table 1
Audio Stimuli Used During Exposure and Test

Word type Training speaker Extension speaker

Exposure pair 1 mIto mito
Exposure pair 2 delu dIlu
Exposure pair 3 bImo bimo
Object presentation event tepu
Test word tIpu
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was 10 seconds in length. At the start of each trial, the talker’s
face appeared alone for 2 seconds, followed by a display with the
trained object and a novel untrained object. The objects remained
on the screen for an additional 8 seconds, the first 3 seconds of
which was a silent baseline period, followed by an audio recording
of the pictured talker saying the test word (tIpu; see Figure 2 for
schematic of the test phase). The talker in the first test trial and the
side on which the trained object appeared were counterbalanced
across participants (this side assignment remained constant for
both test trials).
If toddlers learn the Training Speaker’s label for the trained

object, tepu, during the exposure phase, then the novel label tIpu
should be mapped to the untrained object for this talker. Previous
work suggests that toddlers will interpret a familiar label varying
by a front vowel (e.g., dag instead of dog) as a new label belong-
ing to a new object (Weatherhead & White, 2018). Thus, a similar
disambiguation response is expected for the Training Speaker. If
they also track the pronunciation differences between the speakers,
then they should interpret tIpu as the Extension Speaker’s pronun-
ciation of the trained object’s label and look longer to the trained
object for this talker.

Coding of Looking Times

Looking time during the test phase was coded off-line using
customized software (James Morgan, Brown University), frame-
by-frame (1 frame = 33 ms). Looking proportions for the objects
were determined for the baseline period and for the postnaming
period, which began 267 ms after test word onset to account for

the time necessary to program an eye movement in response to the
auditory stimulus (e.g., Swingley & Aslin, 2002). Only the first 3
seconds of the postnaming period were analyzed, to equate the
length of the baseline and postnaming periods. Postnaming win-
dows of 3 s and longer have been used in previous studies using
looking time measures of toddlers’ responses to newly learned
words (e.g., Bion et al., 2013; Booth & Waxman, 2009; Houston-
Price et al., 2005)

Results and Discussion

For both the baseline and postnaming periods, the proportion of
time toddlers looked at each object was computed (out of the total
time looking at either object during the three-second period). To
assess toddlers’ interpretation of the novel test word tIpu, a differ-
ence score was calculated for each trial using the looking propor-
tions for each period (proportion trained objectpostnaming–

proportion trained objectbaseline). This measure was selected
because it indicates the change in looking toward the trained
object after labeling occurred. Such a measure eliminates concern
that toddlers had a preference for a particular object or side of the
screen (and has been used in many studies of toddler word recog-
nition; Kalashnikova et al., 2018; Kandhadai et al., 2017; Mather
& Plunkett, 2011; White & Aslin, 2011; White & Morgan, 2008).
We include the proportions for the baseline phase, the postnaming
phase, and the calculated difference scores for all experiments in
Table 2.

A repeated measures ANOVA on these difference scores with
the within-subjects factor of Speaker and between-subjects factor
of test Order revealed a main effect of Speaker, F(1, 38) = 9.44,
p = .004, h2 = .199, no main effect of Order, F(1, 38) = .69, p =
.411, and no Speaker 3 Order interaction, F(1, 38) = .19, p = .664
(see Figure 3).

Figure 1
Schematic of the Exposure Phase for all Experiments

Note. The exposure phase begins with one object presentation event,
followed by the three exposure events, followed by two more object pre-
sentation events. In each event, the Training Speaker is seen first (approx-
imately 6 seconds), followed by the Extension Speaker (approximately 6
seconds). In each event, the speaker is alone on the screen. We present
them together in the figure to highlight the alternation (note that the spe-
cific Training and Extension speakers depicted for the object presentation
and exposure events are for Experiments 1 and 4). See the online article
for the color version of this figure.

Figure 2
Schematic of a Test Trial

Note. An image of the speaker appears alone on the screen for two sec-
onds, followed by images of the trained and untrained object on either
side of the screen. Objects are onscreen for 3 seconds before the test word
is uttered (baseline period) and remain on screen for another 3 seconds
(postnaming period). There was one test trial for each speaker, for a total
of two test trials in Experiment 1, and three test trials in Experiments 2–5.
See the online article for the color version of this figure.
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To determine the effect of labeling for each speaker separately,
one-sample t-tests compared difference scores for each speaker
against chance (i.e., a difference score of 0). As predicted, when the
Training Speaker said tIpu, looking marginally decreased to the
trained object, t(39) = .97, p = .056, d = .309. In contrast, for the
Extension Speaker, looking significantly increased to the trained
object, t(39) = 2.25, p = .030, d = .355. Thus, just as the 11-month-
olds in Weatherhead & White (2016), toddlers increased their look-
ing toward the untrained object when the Training Speaker said

tIpu, but increased their looking toward the trained object when the
Extension Speaker said tIpu. The lack of an order effect shows
sophistication beyond that of the 11-month-old infants in Weather-
head and White (2016), who were only successful in the easier test
order in which the Training Speaker appeared first.

This pattern of results demonstrates that toddlers learned the
Training Speaker’s label for the training object (tepu) and inferred
that the novel test label mapped onto the untrained object for this
talker. More importantly, toddlers tracked the linguistic differen-
ces across talkers and used this information to infer the Extension
Speaker’s label for the trained object. It is important to note that
Experiment 2 of Weatherhead and White (2016) rules out the pos-
sibility that participants simply learned to respond differently to
the two speakers (without learning the features of their accents). In
that experiment, 11-month-olds responded similarly to the two
speakers when the test label had only back vowels. Thus, during
training infants had specifically learned that front vowels differed
across the speakers.

Experiment 2: Do Toddlers Generalize Pronunciations
Based on Race?

Experiment 1 demonstrated that 2-year-olds are able to track the
subtle pronunciation differences between two speakers, and later
interpreted a test word differently as a function of who produced it.
Experiment 2 investigates whether toddlers generalize pronuncia-
tion variation to individuals of the same race. To accomplish this,
in Experiment 2, the Training Speaker and the Extension Speaker
were different races (White and South Asian, respectively). A third
speaker was introduced immediately preceding the test trials

Table 2
Means and Standard Deviations of Proportion Looking to the Trained Object for the Baseline
Phase and Postnaming Phase, and Postnaming � Baseline Difference Scores, for Each
Experiment

Experiment Baseline Postnaming Difference score

Experiment 1
Training speaker .55 (.14) .48 (.24) �.07 (.24)
Extension speaker .53 (.17) .61 (.24) .09 (.24)

Experiment 2
Training speaker .54 (.16) .38 (.20) �.17 (.24)
Extension speaker .49 (.20) .67 (.17) .18 (.29)
Generalization speaker .51 (.13) .62 (.17) .11 (.17)

Experiment 3
Training speaker .49 (.17) .36 (.29) �.13 (.31)
Extension speaker .45 (.16) .56 (.18) .11 (.29)
Generalization speaker .54 (.14) .51 (.20) �.03 (.31)

Experiment 4
Affiliation to Training speaker
Training speaker .54 (.17) .41 (.20) �.13 (.16)
Extension speaker .47 (.17) .64 (.26) .17 (.33)
Generalization speaker .51 (.10) .37 (.13) �.14 (.18)

Affiliation to Extension speaker
Training speaker .56 (.15) .45 (.27) �.11 (.34)
Extension speaker .45 (.17) .63 (.21) .18 (.27)
Generalization speaker .45 (.11) .61 (.18) .16 (.24)

Experiment 5
Training speaker .50 (.19) .38 (.20) �.14 (.12)
Extension speaker .52 (.18) .61 (.16) �.12 (.23)
Generalization speaker .57 (.11) .43 (.16) .09 (.22)

Figure 3
Difference Scores and Standard Errors for Experiment 1

Note. Speaker is on the x axis. The y axis gives the difference score
(postnaming � baseline) for the proportion looking to the trained object.
Positive scores indicate increased looking to the trained object; negative
scores indicate increased looking to the untrained object.
1 p , .1. * p , .05.
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(hereafter referred to as the Generalization Speaker); she was the
same race as the Extension Speaker. If toddlers generalize pronun-
ciation variants to individuals of the same race, then their interpreta-
tion of the Generalization Speaker’s tIpu should be the same as that
for the Extension Speaker and different than that for the Training
Speaker. Such a pattern would suggest that toddlers’ representations
of the two speakers’ utterances are linked to the speakers’ race in
some way.

Method

Participants

Twenty 24- to 26-month-olds were tested (9 females; mean age:
762; age range: 739–796 days). One additional participant was
tested, but not included, because of failure to attend to the screen
during the entire test phase. Toddlers were White and were mono-
lingual English learners, with very little exposure to racial diver-
sity, as indicated by parental report during the experimental
session.

Stimuli

Audio Stimuli. The same four pairs of CVCV nonsense
words as in Experiment 1 were produced by two female native
speakers of English. An additional female, native-English speaker
provided a third token of tIpu to be used for the Generalization
Speaker’s test trial. The audio stimuli for the exposure phase were
inserted into the videos described below.
Audiovisual Stimuli (Exposure Phase). Both talkers were

recorded against the same backdrop and wore different colored
t-shirts (white and green). The talkers recorded the same exposure
videos and object presentation events as in Experiment 1. Crit-
ically, the Training Speaker was White and the Extension Speaker
was South Asian. Immediately preceding the test trials, a new
speaker, the Generalization Speaker, was introduced. The General-
ization Speaker stood equidistant from the two other speakers, and
waved to the toddler; critically, she was not heard speaking during
Exposure, nor did she interact with either the Training or Exten-
sion Speaker (see Figure 4). The Generalization Speaker was of
the same South Asian origin as the Extension Speaker.

Procedure

The procedure was identical to that of Experiment 1, with the
addition of the introduction video described above and a third test
trial (there was one test trial for each talker). For all participants,
the Generalization Speaker appeared first at test. Whether the
Training or Extension Speaker was presented next was counterbal-
anced across children (i.e., half of the participants had the order
Generalization, Training, Extension, and the other half had Gener-
alization, Extension, Training). The side on which the trained
object appeared was also counterbalanced across participants.

Coding of Looking Times

See Experiment 1.

Results and Discussion

A repeated measures ANOVA on the participants’ difference scores
with the within-subjects factor of Speaker and between-subjects factor

of test Order revealed a main effect of Speaker, F(2, 18) = 10.46, p,
.001, h2 = .368, no main effect of Order, F(2, 18) = .04, p = .853, and
no Speaker 3 Order interaction, F(2, 18) = .03, p = .967. Paired
sample t-tests revealed no difference in looking behavior for the
Generalization Speaker and the Extension Speaker, t(19) = .96, p =
.351, but significant differences between the Generalization Speaker
and the Training Speaker, t(19) = 4.00, p = .001, d = .895, and
between the Training Speaker and the Extension Speaker, t(19) =
3.86, p = .001, d = .862 (see Figure 5).

To determine the effect of labeling for each talker separately,
one-sample t-tests compared difference scores for each speaker
against chance (where chance = a difference score of 0). As pre-
dicted, looking significantly decreased to the trained object when
the Training Speaker said the novel test word tIpu, t(19) = �3.05,
p = .007, d = .681. In contrast, looking significantly increased to
the trained object for both the Generalization Speaker, t(19) =
2.79, p = .012, d = .624, and the Extension Speaker, t(19) = 2.78,
p = .012, d = .623. Thus, when the Training Speaker said tIpu, tod-
dlers increased their looking toward the untrained object, but when
the Extension Speaker and the Generalization Speaker said tIpu,
they increased their looking toward the trained object. The fact
that toddlers showed the same pattern of looking for the General-
ization Speaker and the Extension Speaker suggests that they
linked the linguistic variation to race during the familiarization
phase and then used this link to determine how to interpret the pro-
nunciation of the new speaker. This finding is also noteworthy
because toddlers had not even heard the Extension Speaker’s label
for the trained object; thus, they not only inferred how the Exten-
sion Speaker would pronounce tepu, they also inferred that a new
person of the same race would pronounce it in the same way.

Experiment 3: How Specific Is the Race Information
Being Encoded?

Experiment 3 addresses the nature of the information toddlers are
tracking about race in this context. The procedure was identical to
Experiment 2 with one exception. Rather than being the same race as

Figure 4
The Silent Introduction to the Generalization Speaker in
Experiments 2 and 3

Note. In both experiments, the three speakers appeared on the screen at
once, with the Training Speaker (White) to the left, the Extension
Speaker (South Asian) to the right, and the Generalization Speaker (South
Asian in Experiment 2; East Asian in Experiment 3) in the middle. The
Generalization Speaker stood silently and waved to the camera. See the
online article for the color version of this figure.
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the Extension Speaker, the Generalization Speaker (East Asian) was
a different race than the Extension Speaker (she was South Asian).
If toddlers simply think about race in terms of same/different

(e.g., familiar-race, or ingroup, speakers talk one way and everyone
else talks in some different way), they should interpret the General-
ization Speaker’s pronunciations in the same way as the Extension
Speaker’s pronunciations. If, however, the information they are
tracking is more specific (i.e., they encode race-specific informa-
tion), they should not generalize either speaker’s accent to the Gen-
eralization Speaker, and thus perform at chance for this speaker.

Method

Participants

Twenty 24- to 26-month-olds were tested (11 females; mean
age: 758; age range: 728–792 days). One additional participant
was tested, but not included, because of failure to complete the
task. Toddlers were White and were monolingual English learners,
with very little exposure to racial diversity, as indicated by paren-
tal report during the experimental session.

Stimuli

Audio Stimuli. See Experiment 2.
Audiovisual Stimuli (Exposure Phase). See Experiment 2.

In this experiment, the Training Speaker was again White and the
Extension Speaker was of an unfamiliar race (South Asian). Crit-
ically, the Generalization Speaker was of an unfamiliar race, but a
different race than the Extension Speaker (she was East Asian).

Procedure

The procedure was identical to that of Experiment 2. Based on
Experiments 1 and 2, toddlers should map the novel label tIpu
onto the untrained object for the Training Speaker, and to the
trained object for the Extension Speaker. If toddlers are simply
tracking whether speakers are ingroup (familiar race) or outgroup
(unfamiliar race) members, then they should extend the Extension

Speaker’s accent to the Generalization Speaker. If toddlers are
tracking more specific socioindexical information about the speak-
ers, they should not extend either speaker’s pronunciations to the
Generalization Speaker, and thus perform at chance levels for this
speaker.

Coding of Looking Times

See Experiment 1.

Results and Discussion

A repeated measures ANOVA on the participants’ difference
scores with the within-subjects factor of Speaker and between-sub-
jects factor of test Order revealed a main effect of Speaker, F(2,
17) = 3.62, p = .037, h2 = .167, no main effect of Order, F(2, 17) =
.16, p = .696, and no Speaker 3 Order interaction, F(2, 17) = .12,
p = .883. Paired sample t-tests revealed a significant difference in
looking behavior between the Training Speaker and the Extension
Speaker, t(19) = 3.27, p = .004, d = .728, and a marginal difference
between the Generalization Speaker and the Extension Speaker,
t(19) = 1.95, p = .065, d = .436. There was no difference in looking
behavior for the Generalization Speaker and the Training Speaker,
t(19) = .89, p = .386 (see Figure 6).

To determine the effect of labeling for each talker separately,
one-sample t-tests compared difference scores for each speaker
against chance (where chance = a difference score of 0). As pre-
dicted, looking decreased to the trained object when the Training
Speaker said the novel test word tIpu, t(19) = 1.84, p = .082, d =
.410, and increased to the trained object for the Extension Speaker,
t(19) = 1.75, p = .096, d = .392, though both effects were marginal.
For the Generalization Speaker, toddlers’ change in looking did
not differ from chance, t(19) = .41, p = .689. Thus, toddlers did
not increase their looking to the Trained Object when the General-
ization Speaker said tIpu, unlike in the previous experiment, sug-
gesting they were unsure which object to direct their attention to.

These findings suggest that toddlers are not simply tracking race
in terms of whether speakers are of a familiar or unfamiliar race.

Figure 6
Difference Scores and Standard Errors for Experiment 3

Note. Speaker is on the x axis. The y axis gives the difference score (post-
naming � baseline) for the proportion looking to the trained object. Positive
scores indicate increased looking to the trained object; negative scores
indicate increased looking to the untrained object.
1 p , .1. * p , .05.

Figure 5
Difference Scores and Standard Errors for Experiment 2

Note. Speaker is on the x axis. The y axis gives the difference score
(postnaming � baseline) for the proportion looking to the trained object.
Positive scores indicate increased looking to the trained object; negative
scores indicate increased looking to the untrained object.
* p , .05.
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Rather, it appears that toddlers track specific information about
race, and this specific social information is linked to linguistic
variation.

Experiment 4: Do Toddlers Generalize Pronunciations
Based on Previous Affiliative Behavior?

The previous two experiments demonstrate that toddlers link
race to linguistic variation at the word level. The motivation for
Experiment 4 is to determine whether more abstract cues, like
affiliative behavior, influence toddlers’ generalizations of pronun-
ciation variants. Experiment 4 uses the same general methods
from Experiments 2 and 3, with the exception that the third
speaker (the Generalization Speaker) was the same race as both
speakers, but chose to affiliate with, and wore the same t-shirt
color as, either the Training Speaker or the Extension Speaker
(between subjects). If social group membership influences tod-
dlers’ assumptions about shared pronunciations, and if affiliation
is a cue to group membership, then they should interpret the Gen-
eralization Speaker’s test word tIpu as a function of who she affili-
ated with previously.

Method

Participants

Forty 24- to 26-month-olds were tested (18 females and 22
males; mean age: 763 days; age range: 730–786 days). We
doubled the sample size in this experiment to have 20 participants
in each affiliation condition, as we were uncertain whether tod-
dlers would succeed in both of these conditions. Four additional
participants were tested, but not included, due to failure to attend
to the screen during the postnaming period of test trials. Partici-
pants were randomly assigned to one of two affiliation conditions
(20 per condition). Toddlers were White and were monolingual
English learners as indicated by parental report during the experi-
mental session.

Stimuli

Audio Stimuli. See Experiment 2.
Audiovisual Stimuli (Exposure Phase). See Experiment 2.

All speakers were White. An Affiliation introduction video was
added to the end of the familiarization phase. For half the partici-
pants, the Generalization Speaker wore the same color t-shirt as
the Training Speaker; she looked at both speakers, and then
silently waved at the Training Speaker in a highly excited manner,
and the two embraced for a hug which lasted approximately two
seconds (see Figure 7). For the other half of the participants, the
Generalization Speaker wore the same color t-shirt as the Exten-
sion Speaker; again, she looked at both speakers, and then silently
waved at the Extension Speaker, and the two embraced. T-shirt
color thus added another perceptual cue to group membership
(e.g., Dunham et al., 2011; Patterson & Bigler, 2006).

Procedure

See Experiment 2. Based on the previous experiments, toddlers
should map the novel label tIpu to the untrained object for the
Training Speaker, and to the trained object for the Extension
Speaker. If toddlers interpret a speaker’s utterances based on social

group membership and use affiliative behavior as a cue to social
group membership, they should interpret the Generalization Speak-
er’s tIpu differently depending on which speaker she affiliated with.
When she has affiliated with the Training Speaker, tIpu should be
interpreted as referring to the untrained object. However, when she
has affiliated with the Extension Speaker, tIpu should be interpreted
as referring to the trained object.

Coding of Looking Times

See Experiment 1.

Results and Discussion

Overall Analysis

A repeated measures ANOVA on the participants’ calculated
difference scores with the within-subjects factor of Speaker
(Generalization, Training, Extension) and between-subjects fac-
tor of condition (affiliation with Training Speaker vs. affiliation
with Extension Speaker) revealed a main effect of Speaker, F(2,
38) = 13.96, p , .001, h2 = .269, a main effect of Condition,
F(2, 38) = 4.51, p = .04, h2 = .106, and a Speaker 3 Condition
interaction, F(2, 38) = 3.97, p = .023, n2 = .095. Because of the
Speaker 3 Condition interaction, analyses for each condition
were run separately.

Affiliation to the Training Speaker

A repeated-measures ANOVA on participants’ postnaming �
baseline difference scores with the within-subjects factor of

Figure 7
The Silent Introduction to the Generalization Speaker in
Experiments 4 and 5

Note. Following the Exposure Phase, all three speakers appeared on the
screen at once, with the Training speaker to the left, the Extension
Speaker to the right, and the Generalization Speaker in the middle. In
Experiment 4 all speakers were the same race (White), and in Experiment
5 the Extension Speaker and the Generalization Speaker were the same
race (South Asian) whereas the Training Speaker was a different race
(White). In both experiments, the Generalization Speaker looked to both
speakers and then waved in an excited manner to one of the two speakers,
and those two speakers then embraced. See the online article for the color
version of this figure.
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Speaker and between-subjects factor of test Order revealed a main
effect of Speaker, F(2, 18) = 12.33, p , .001, h2 = .407, no main
effect of Order, F(2, 18) = .04, p = .485, and no Speaker 3 Order
interaction, F(2, 18) = .60, p = .557. Paired sample t-tests revealed
no difference in looking behavior for the Generalization Speaker
and the Training Speaker, t(19) = .13, p = .902, but significant dif-
ferences between the Generalization Speaker and the Extension
Speaker, t(19) = 3.71, p = .001, d =.830, and the Training Speaker
and the Extension Speaker, t(19) = 4.04, p = .001, d = .903 (see
Figure 8).
To determine the effect of labeling for each talker separately,

one-sample t-tests compared difference scores against chance
(a difference score of 0). As predicted, looking significantly
decreased to the trained object when the Training Speaker said
the novel test word tIpu, t(19) = 3.35, p = .003, d = .814. Tod-
dlers also significantly decreased their looking to the trained
object when the Generalization Speaker said tIpu, t(19) = 3.62,
p = .002, d = .757. Thus, toddlers interpreted words from the
Generalization Speaker in the same way as they did for Train-
ing Speaker. In contrast, for the Extension Speaker, looking
significantly increased to the trained object, t(19) = 2.32, p =
.032, d = .519.

Affiliation to the Extension Speaker

A repeated-measures ANOVA on participants’ postnaming �
baseline difference scores with the within-subjects factor of Speaker
and between-subjects factor of test Order revealed a main effect of
Speaker, F(2, 18) = 6.35, p = .004, h2 = .261, no main effect of
Order, F(2, 18) = .486, p = .495, and no Speaker 3 Order interac-
tion, F(2, 18) = .14, p = .874. Paired sample t-tests reveal no differ-
ence in looking behavior for the Generalization Speaker and the
Extension Speaker, t(19) = .36, p = .723, but significant differences
between the Generalization Speaker and the Training Speaker,

t(19) = 2.94, p = .008, d = .657, and the Training Speaker and the
Extension Speaker, t(19) = 3.04, p = .007, d = .791 (see Figure 8).

To determine the effect of labeling for each talker separately,
one-sample t-tests compared difference scores against chance. As
predicted, looking significantly increased to the trained object
when the Extension Speaker said tIpu, t(19) = 3.05, p = .007, d =
.677. It also increased significantly to the trained object when the
Generalization Speaker said tIpu, t(19) = 2.94, p = .008, d = .656.
In contrast, for the Training Speaker, looking did not significantly
change from baseline, t(19) = 1.40, p = .178. Thus, toddlers inter-
preted words from the Generalization Speaker in the same way as
they did for the Extension Speaker.

Overall, these results suggest that toddlers tracked linguistic and
affiliative behavior during familiarization. Previous affiliation was
later the basis for interpreting a pronunciation from a new speaker.

Experiment 5: Do Actions Speak Louder Than Race?

The previous four experiments demonstrate that toddlers link
race and previous affiliative behavior to variation in the pronuncia-
tions of words. The motivation for Experiment 5 is to determine
whether toddlers privilege one type of information over the other.
Although race is certainly a salient social property, it is not a reli-
able cue to linguistic variation. For example, there are many
instances in which two speakers with the same racial background
use variant forms of words, and in which two speakers of different
racial backgrounds use the same forms. A more reliable indicator
of linguistic variation might be affiliative behavior, as it suggests
familiarity between two speakers. However, this would require
toddlers to prioritize affiliation over the highly visually salient
property of race.

Experiment 5 uses the same general methods as Experiment 4,
with the exception that the third speaker (the Generalization

Figure 8
Difference Scores and Standard Errors for Experiment 4

Note. Speaker is on the x axis. The y axis gives the difference score (postnaming � base-
line) for the proportion looking to the trained object. Positive scores indicate increased
looking to the trained object; negative scores indicate increased looking to the untrained
object.
* p , .05.
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Speaker) shared racial characteristics with only the Extension
Speaker but affiliated with Training Speaker. If race is a privileged
property along which toddlers expect linguistic variation, then
they should interpret the Generalization Speaker’s tIpu the same
way they do for the Extension Speaker. However, if previous
affiliative behavior is privileged, then they should interpret the
Generalization Speaker’s tIpu like the Training Speaker’s tIpu.

Method

Participants

Twenty 24- to 26-month-olds were tested (10 females; mean
age: 759 days; age range: 737–793 days). Three additional partici-
pants were tested, but not included, because of failure to attend to
the screen during the postnaming period of test trials (2) and tech-
nical errors (1). Toddlers were White and were monolingual Eng-
lish learners, with very little exposure to racial diversity, as
indicated by parental report during the experimental session.

Stimuli

Audio Stimuli. See Experiment 2.
Audiovisual Stimuli (Exposure Phase). See Experiment 4

(see Figure 7). In the Affiliation Video, the Generalization Speaker
stood between the Training and Extension speaker, looked at both
speakers, and then silently waved at the Training Speaker in a
highly excited manner, and the two embraced for a hug, which
lasted approximately two seconds. The Generalization Speaker
and the Extension Speaker were both South Asian, while the
Training Speaker was White.

Procedure

Same as Experiments 2–4.
As in the previous experiments, toddlers should map the novel

label tIpu to the untrained object for the Training Speaker, and to
the trained object for the Extension Speaker. For the Generaliza-
tion Speaker, toddlers’ behavior provides a test of whether race or
affiliation is a stronger cue to them about a speaker’s potential lin-
guistic pattern. If race is stronger, looking should increase to the
trained object, whereas if affiliation is stronger, looking should
increase to the untrained object.

Coding of Looking Times

See Experiment 1.

Results and Discussion

A repeated measures ANOVA on participants’ test-baseline dif-
ference scores with the within-subjects factor of Speaker (General-
ization, Training, and Extension), and between-subjects factor of
test Order revealed a main effect of Speaker, F(2, 18) = 10.29,
p , .001, h2 = .364, and no main effect of Order, F(2, 18) = .02,
p = .891, but a marginal Speaker 3 Order interaction, F(2, 18) =
3.23, p = .0511.1

Paired sample t-tests revealed no difference in looking behavior
for the Generalization Speaker and the Training Speaker, t(19) =
.37, p = .713, but significant differences between the Generaliza-
tion Speaker and the Extension Speaker, t(19) = 4.96 p , .001,

d = 1.112, and the Training Speaker and the Extension Speaker,
t(19) = 2.85, p = .010, d = .740 (see Figure 9).

To determine the effect of labeling for each talker separately,
one-sample t-tests compared difference scores against chance (a
difference score of 0). As predicted, looking significantly
decreased to the trained object when the Training Speaker said the
novel test word tIpu, t(19) = 2.39, p = .028, d = .536. Toddlers
also significantly decreased their looking to the trained object
when the Generalization Speaker said tIpu, t(19) = 5.23, p , .001,
d = 1.182. Thus, toddlers interpreted words from the Generaliza-
tion Speaker in the same way as they interpreted words from
Training Speaker. In contrast, for the Extension Speaker, looking
marginally increased to the trained object, t(19) = 1.92, p = .070,
d = .431. Thus, when previous affiliative behavior and speaker
race are pitted against each other, toddlers privilege affiliation.

General Discussion

We encounter a great deal of diversity in our linguistic environ-
ments, even within the same language. In some cases, this linguis-
tic variation is attributable to idiosyncratic differences across
talkers. In other cases, it can be linked to group-level social factors
such as nationality, socioeconomic status, and ethnicity (e.g.,
Labov, 2006). In five experiments, we demonstrate that two-year-
olds track speech variation across talkers and use this information
to interpret future pronunciations from those talkers, as well as
talkers who appear to be members of the same social group—even
if they have never heard these individuals speak previously. The
fact that toddlers generalized the learned pronunciations to new
individuals suggests that they viewed these pronunciations as
group-level conventions, rather than idiosyncratic features of indi-
vidual speakers. Importantly, these results demonstrate that very
early in development, children simultaneously track multiple

Figure 9
Difference Scores and Standard Errors for Experiment 5

Note. Speaker is on the x axis. The y axis gives the difference score (post-
naming � baseline) for the proportion looking to the trained object. Positive
scores indicate increased looking to the trained object; negative scores indi-
cate increased looking to the untrained object.
1 p , .1. * p , .05.

1 The interaction in Experiment 5 was unexpected based on the previous
experiments. Given the small sample size in each order, we are reluctant to
interpret it further.
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forms of the same new word, as well as the social context in which
these forms occur.
A variety of studies have shown that children make social judg-

ments and inferences on the basis of accent (e.g., Kinzler et al.,
2007; Kinzler & DeJesus, 2013a, 2013b; Liberman et al., 2016;
Weatherhead et al., 2016, 2018); suggesting that children treat
accent as an indicator of an individual’s social group membership.
These types of inferences can be quite specific. For example, chil-
dren infer that speakers with the same accent have similar cultural,
but not personal, preferences (Weatherhead et al., 2016). The
current study demonstrates the reverse: that social properties
of speakers influence toddlers’ processing of similar sounding pro-
nunciation variants. These results together suggest that from an
early age, children appreciate the links between linguistic and
social variation. Critically, these links are nuanced and specific:
children infer that some types of social variation are more relevant
to a speaker’s pronunciations than others, and that pronunciation
variation is more relevant to certain types of social information
(i.e., cultural preferences vs. personal preferences).

Sociolinguistic Development

This is the one of the first studies to investigate which types of
social information influence toddlers’ word-referent interpreta-
tions. Our results show that salient physical properties of the
speaker such as race, as well as abstract social information such as
the speaker’s previous affiliative interactions, influence which pro-
nunciations are generalized to that speaker.
Experiment 2 demonstrates that toddlers privileged information

about race over other visible speaker characteristics; although both
speakers were of Southeast Asian origin, there were a number of
other salient differences between the Generalization Speaker and
the Extension Speaker (such as height, body type, t-shirt color,
and the presence/absence of glasses). The fact that toddlers did
generalize across these speakers suggests that the social informa-
tion indexed to the word representations is not overspecified. At
the same time, in Experiment 3 (in which the Generalization
Speaker was a different race from both the Training and Extension
Speakers), toddlers did not interpret the Generalization Speaker’s
pronunciations in the same way as the Extension Speaker’s, de-
spite both speakers being from a race unfamiliar to the partici-
pants. The fact that toddlers did not increase their looking to either
object suggests that they were not making any assumptions about
how the novel Generalization Speaker should pronounce the word.
This is consistent with the findings of Weatherhead and White
(2018), in which younger toddlers initially failed to map words
from an unfamiliar race speaker to either presented object. The dif-
ference between the Experiment 3 results and those of Experiment
2 suggests that the social information indexed to word representa-
tions is neither overspecified nor underspecified, and is specific to
the group level, at least in terms of race.
Critically, toddlers in this study had very little exposure to racial

diversity, and specifically to individuals of South East Asian and
East Asian backgrounds, as suggested by parental report in Experi-
ments 2, 3 and 5. Additionally, the words used by the speakers in
this study were novel. Thus, it is not the case that toddlers need
previous experience with the specific linguistic and social proper-
ties of speakers to learn and generalize this information to new
speakers. Our results show that toddlers consider both race and

affiliative behavior to be relevant dimensions for interpreting lin-
guistic variability. But when and how do these links develop? One
possibility is that infants have innate biases to track certain types
of information during speech processing. Another possibility is
that learners track all types of salient information as they encoun-
ter individuals, and through experience abstract the pertinent social
information. The answer to this question is beyond the scope of
the present study. The fact that our toddlers had little exposure to
other races and accents (as per parent report) makes our findings
consistent with the former explanation. At the very least, our
results suggest that toddlers do not need contrastive information in
the environment to form links between linguistic patterns and
these social properties. Moreover, the fact that one type of infor-
mation (affiliative behavior) was prioritized over the other (race)
suggests there is some hierarchical organization in which some
types of social information are considered more relevant (to lin-
guistic variation, or more broadly) than others. Whether this orga-
nization is innate or learned through experience is an open
question for future research.

One concern may be that because toddlers had little exposure to
racial diversity, they could have had trouble differentiating speak-
ers of the same race, particularly in Experiments 2 and 5, in which
the Generalization and Extension Speakers were both from a South
Asian background. However, we believe that this possibility is
unlikely because both speakers appeared on screen at the same
time, along with the Training Speaker, prior to the test trials.
Importantly, they were seen wearing different colored t-shirts, and
differed on a number of characteristics such as height, weight, and
hair style. Furthermore, toddlers in Experiment 5 interpreted the
Generalization Speaker’s pronunciations as being consistent with
the Training Speaker (who was a different race). Thus, it is
unlikely that in Experiment 2 their responses were due to confu-
sion about talker identity. However, it is still possible that, because
toddlers had little exposure to racial diversity, they were unsure
how to interpret the Generalization Speaker in Experiment 3.
Indeed, one way to interpret the null result is that toddlers were
uncertain how to classify the East Asian speaker, and that this is
why they did not generalize the Training or the Extension Speak-
er’s pronunciations to the Generalization Speaker. Even so, the
difference in results across Experiments 2 and 3 demonstrate that
there is some level of specificity in how toddlers link language
variation to race.

One limitation of the current study is that the races explored
were White, South Asian, and East Asian, and that participants
were from white monolingual backgrounds. Future work using
more racially and linguistically diverse participants and stimuli are
necessary to develop a fully develop a full understanding of how
these sociolinguistic links develop. Additionally, the present study
provided limited linguistic information about the Training and
Extension speakers. How speaker race influences toddlers’ com-
prehension of fluent speech in familiar and unfamiliar accents is
an open question for future research.

Overall, like adults, the potential relevance of the social infor-
mation appears to influence the degree to which toddlers weigh it
during learning (Rácz et al., 2020). The fact that affiliative behav-
ior outweighed other more visibly salient social information dem-
onstrates that, at least early in development, affiliation is a strong
linguistic marker. We speculate that this may be because affiliation
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indicates a communicative relationship between two individuals
(Liberman et al., 2016).

Toddlers’ Understanding of the Conventionality of
Accent

Language has communicative power because people assume
that the mappings between words and meanings will be consistent
among individuals who share the same knowledge (Clark, 1990,
2007; Kalish & Sabbagh, 2007). Older children appear to appreci-
ate this conventionality of language (Clark, 1990; Clark & Clark,
1979), expecting that word meanings are limited to individuals
who share the same linguistic conventions or who share the same
knowledge (Diesendruck, 2005). The current study demonstrates
that toddlers appear to recognize that individuals within a social
group adhere to a certain pronunciation for a lexical item, while
individuals outside the group may use other pronunciations for
that very same item.
In other words, the current study suggests that toddlers recog-

nize that, even within the same language, there can be variations
in pronunciation across social groups. Because the pronunciations
used in this study were systematically related and not distinct
words (as have been used in previous research), they more closely
resemble real world accent variation, rather than language differ-
ences. Our findings may also have implications for other work
investigating children’s recognition of accented words. Toddlers
and children often fail to recognize words produced in unfamiliar
accents, at least without exposure (e.g., Bent, 2014; Mulak et al.,
2013; Nathan et al., 1998; Newton & Ridgway, 2016; van Heugten
et al., 2015; White & Aslin, 2011). One possible contributor to
children’s difficulty may be the assumption that a new speaker is a
member of their own social group. Our results suggest that chil-
dren may show greater flexibility in processing words in novel
accents if they are given some indication that the speaker is from a
different social group.

Conclusion

Within a language, there is considerable variation in the pronun-
ciations of words, which co-occurs with variation in social factors
like gender, nationality, and race. A critical question for language
acquisition is when learners begin to track this variability in their
linguistic environment and determine the factors governing its
occurrence. We demonstrate for the first time that social informa-
tion influences two-year-olds’ word learning and processing.
Importantly we demonstrate that toddlers treat both race and affili-
ative behavior as socially relevant cues to linguistic variation.
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