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Abstract

Previous behavioural research suggests that infants possess phonologically detailed representations of the vowels and consonants
in familiar words. These tasks examine infants’ sensitivity to mispronunciations of a target label in the presence of a target and
distracter image. Sensitivity to the mispronunciation may, therefore, be contaminated by the degree of mismatch between the
distracter label and the heard mispronounced label. Event-related potential (ERP) studies allow investigation of infants’
sensitivity to the relationship between a heard label (correct or mispronounced) and the referent alone using single picture trials.
ERPs also provide information about the timing of lexico-phonological activation in infant word recognition. The current study
examined 14-month-olds’ sensitivity to vowel mispronunciations of familiar words using ERP data from single picture trials.
Infants were presented with familiar images followed by a correct pronunciation of its label, a vowel mispronunciation or a
phonologically unrelated non-word. The results support and extend previous behavioural findings that 14-month-olds are
sensitive to mispronunciations of the vowels in familiar words using an ERP task. We suggest that the presence of pictorial
context reinforces infants’ sensitivity to mispronunciations of words, and that mispronunciation sensitivity may rely on infants
accessing the cross-modal associations between word forms and their meanings.

Introduction

The last decade has seen a surge of interest in the accu-
racy of infants’ representations of the sounds of words in
accessing word–object associations. Much of this interest
originates initially from an habituation-switch study by
Stager and Werker (1997) reporting that 14-month-olds
cannot simultaneously learn two word–object associa-
tions differing by only a single consonant (e.g. bih-dih).
There are two possible conclusions that can be drawn
from this finding. The first is that infants do not possess
phonologically detailed representations, i.e. their repre-
sentations of words are not detailed enough to differen-
tiate between dih and bih (Charles-Luce & Luce, 1990).
This conclusion is not the preferred explanation of
Stager and Werker (1997) and is challenged by the
findings of a number of behavioural studies using the
Inter-modal Preferential Looking task (IPL) that find
that infants as young as 12 months of age are sensitive to
small vowel and consonant mispronunciations of famil-
iar words (12-months: Mani & Plunkett, in press;
14-months: Swingley & Aslin, 2002; Fennell & Werker,
2003; Mani & Plunkett, 2007; 18-months: Bailey &
Plunkett, 2002; Mani & Plunkett, 2007; Mani, Coleman
& Plunkett, 2008; Mani & Plunkett, 2008a;
18–24 months: Swingley & Aslin, 2000). The alternative
conclusion (Stager and Werker, 1997) is that infants may

not be able to access this phonological detail in some
tasks, perhaps owing to task difficulty, even though their
representations of words contain enough phonological
detail to discriminate between them.

Stager and Werker (1997) reach their conclusion on the
basis of a habituation task. Infants are habituated to a
novel word–object association (Object A with the word
‘bih’) followed by presentation of the same novel object
with a switched label, i.e. ‘dih’. Fourteen-month-olds
failed to notice the switched pairing of Object A with the
new label ‘dih’. In contrast, IPL studies typically present
infants with two images of familiar objects side-by-side
on a screen, followed by a correct or mispronunciation of
the label for one of the presented images. In this task,
infants successfully discriminate correct pronunciations
from mispronunciations of the labels for the presented
images. Two important differences between the habitua-
tion studies and the IPL studies may account for this
contrasting pattern of responding. First, Stager and
Werker examined infants’ sensitivity to changes to newly
learnt words, i.e. words to which infants were exposed in
a laboratory setting immediately prior to testing. The
other studies, however, assess infants’ sensitivity to the
sounds of familiar words: words infants acquired in a
natural setting prior to testing. The contrast between the
two studies may, therefore, rest on the assumption that
infants pay more attention to the sounds of familiar
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words relative to newly learnt words. Evidence against
this perspective comes from work suggesting that infants
at this age are sensitive to mispronunciations of newly
learnt words (Ballem & Plunkett, 2005; Mani & Plunkett,
2008b; Yoshida, Fennell, Swingley & Werker, 2009). A
second reason for the contrast may pertain to the cog-
nitive demands of the tasks being presented to infants.
For instance, an ERP study shows that, in certain tasks,
infants may have difficulty accessing the phonological
form of even familiar words (Mills, Prat, Zangl, Stager,
Neville & Werker, 2004). Mills et al. presented infants
with lists of correctly pronounced words, mispronuncia-
tions of these words and non-words, and measured the
brain potentials associated with the different lists. Mills
et al. found that, at 14 months of age, there was no dif-
ference in the brain potentials to correct pronunciations
and mispronunciations although both differed from
ERPs to phonetically unrelated nonsense words. Four-
teen-month-olds were not sensitive to small changes in
the pronunciations of even familiar words. By 20 months
of age, infants did discriminate between correct and
incorrect pronunciations of the words presented to them
in the absence of referential context.1 Is referential con-
text, however, required for infants to display sensitivity
to mispronunciations of familiar words? For instance, in
the Mills et al. (2004) task, in order for infants to per-
ceive gare as a mispronunciation of bear, they must first
activate the representation of the word bear from the
mispronunciation. This internal generation of the
intended representation of a mispronounced word can be
difficult for infants, especially 14-month-olds, who may
not have that much familiarity with the word bear for it
to be activated upon hearing a mispronunciation.

A recent study by Fennell and Waxman (2010) high-
lights the importance of providing infants with referen-
tial context in order to assess their sensitivity to
mispronunciations. Fennell and Waxman use an adapted
habituation task, where infants were initially exposed to
pictures of familiar objects and the labels for these
objects (e.g. shoe). This was followed by the Stager and
Werker switch task (described above). The authors found
that 14-month-olds can simultaneously learn two mini-
mally different words, just so long as infants were
properly inducted into the referential context of the task,
i.e. the task presents infants with objects and the labels
for these objects through the prior presentation of
familiar object–label pairs. The study highlights the
importance of infants’ understanding of the referential
context of the task, i.e. the association between objects
and their labels, in order for them to succeed in paying
attention to the phonological detail associated with
words. Procedures such as the adapted habituation

switch task used by Fennell and Waxman (2010) and the
IPL mispronunciation studies may, therefore, provide a
cognitively less demanding approach to examining
infants’ sensitivity to changes to the phonological
structure of words than either the Stager and Werker
(1997) or the Mills et al. (2004) studies.

Nevertheless, there are concerns with the interpreta-
tion of the processes underlying infants’ sensitivity to
mispronunciations in the context of the preferential
looking task. The preferential looking task typically
presents infants with two images of familiar objects
simultaneously followed by either a correct or an incor-
rect pronunciation of the label for one of the objects. In
order to demonstrate robust attention to the phonolog-
ical detail of the words used in this task, infants need to
exhibit diminished preference for the target image and ⁄ or
reject the distracter image as the intended referent for the
mispronunciation. Performance in this task, therefore,
depends not just on infants’ knowledge of the pronun-
ciation of the label for the target image (i.e. the image
whose label has been mispronounced), but also the
distracter image. For example, for vowel-medial mispro-
nunciations, an important control is that target-distracter
labels begin with the same onset consonant (e.g. bib-bed:
Mani & Plunkett, 2007; Mani et al., 2008). This ensures
that infants’ looking to target and distracter pictures is
influenced by the word-medial vowel (correct or mis-
pronounced) and not by a difference in the onset con-
sonant of the target and distracter labels. This shared
onset consonant may also impact the influence of the
distracter image (and its label) on infants’ responding.
For instance, a vowel mispronunciation of bib as beb may
lead to less robust target recognition, when the mispro-
nounced vowel is more similar to the distracter vowel
(bed) than the target vowel – infants, in this case, would
be prompted to look more at the distracter image due to
greater overlap between the mispronunciation and the
distracter label. Hence, the phonological characteristics
of the label associated with the distracter image have the
potential to impact infants’ sensitivity to mispronuncia-
tions of the target label in complex ways. A simpler, less
contaminated, estimate of infants’ sensitivity to vowel
mispronunciations might therefore be more readily
achieved in the absence of confounding distracter images,
i.e. single picture trials.

In fact, the habituation ⁄ switch procedure (Stager &
Werker, 1997; Fennell & Waxman, 2010) uses cross-modal
single picture presentation. However, this procedure
requires pre-habituation to label–object associations,
which is time-consuming and potentially compromises the
referential character of the task (cf. repetition priming
effects in adults). That is, because infants are necessarily
habituated to repeated presentations of the same label–
object pairs, sensitivity to a change in the acoustic stimulus
may rely on more short-term working memory demands in
these tasks. Other tasks that rely on infants’ sensitivity to
mispronunciations of words from single presentations of
familiar word–object associations may give us a more

1

Mani and Plunkett (2010) have demonstrated that 18-month-old in-
fants can internally generate the name of an object in a preferential
looking task. If 18-month-old infants can also internally generate the
mental representation of an object when they hear its name, then they
may also be able to provide their own referential context.
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accurate index of the phonological detail associated with
infants’ representations of words. Furthermore, the
habituation ⁄ switch procedure has only been used suc-
cessfully with infants under 20 months of age and, there-
fore, undermines the potential for direct comparisons with
older infants.

Event-related potentials (ERPs), on the other hand,
may provide an index of the suitability of a heard word as
the label for a presented image using single picture trials.
ERPs are averaged epochs of electrical activity time-
locked to a particular stimulus event, such as the pre-
sentation of a label for a single displayed image. Previous
ERP studies using a cross-modal paradigm to investigate
brain activity to mispronounced words have identified
two electrophysiological indices of phonological and
semantic processing in adults. The first is an early neg-
ativity between 250 to 350 ms after stimulus onset, sen-
sitive to changes to the expected phonological form of a
word, sometimes referred to as a Phonological Mismatch
Negativity (PMN) (Connolly & Phillips, 1994; Newman,
Connolly, Service & McIvor, 2003; D’Arcy, Connolly &
Crocker, 2000). Using a picture–word matching para-
digm with adults similar to the current study, Desroches,
Newman and Joanisse (2008) show an early negative
component sensitive to consonant changes (e.g. bone,
comb) to the labels of visually presented images (cone). In
addition, the consonant changes also influenced a later
negative component (the N400), with a more negative
going wave for single consonant changes (e.g. bone,
comb) and completely unrelated words (e.g. fox) than for
matching labels (cone). The N400 is an index of semantic
processing, indicating the integration of a stimulus into
prior semantic context (Kutas & Hillyard, 1983).
Changing the way a word is pronounced influences the
meaning of the word, resulting in disruption of the ease
of integrating the image (cone) with the auditory stimulus
(comb), as reflected by the N400.

Previous research shows a similar modulation of
infants’ brain potentials in these time windows using
picture–word matching tasks (Sheehan, Namy & Mills,
2007; Friedrich & Friederici, 2004). Sheehan et al. report
finding an early (200–400 ms) and later negative com-
ponent (400–600 ms) influenced by the congruence of an
auditorally presented word as a label for a visually pre-
sented image, with a more negative going wave for
incongruous word–image pairings (e.g. cup-book) com-
pared to congruous pairings (e.g. cup-cup) at 18 and
26 months of age. The 200–400 ms time window also
showed significant differences between mispronuncia-
tions and correct pronunciations in 20-month-olds in the
Mills et al. study (2004). Similarly, Friederich and
Friederici (2004) find early effects (between 150 to
400 ms) of semantic congruence of picture–word pair-
ings (e.g. apple-apple vs. apple-book) in 19-month-olds,
with more negative responses to incongruous words than
congruous (see also Torkildsen, Sannerud, Syversen,
Thormodsen, Simonsen, Moen, Smith & Lindgren, 2006;
Mills, Conboy & Paton, 2005, for other studies reporting

modulation of the N400 component by semantic con-
gruency).

The current study, therefore, examines infants’ sensi-
tivity to vowel mispronunciations of familiar words by
analysing the ERPs to single picture trials, with the aim
of obtaining an estimate of infants’ attention to vocalic
detail in the absence of confounding distracter images.
The age tested in the current study, i.e. 14 months, pro-
vides a useful comparison with previous work on the
specificity of infants’ phonological representations, given
that both the Mills et al. (2004) study and Stager and
Werker (1997) test infants at this age. However, we use a
contrasting method of stimulus presentation and focus
on vowel mispronunciations as opposed to consonant
mispronunciations. Based on Fennell and Waxman’s
(2010) demonstration of the importance of infants’
understanding of the referential context of the task for
attending to phonological detail, we present infants with
cross-modal stimuli, i.e. a visual image and an auditory
label for this image. We believe that the concurrent pre-
sentation of image and label will help infants better as-
sess the quality of this auditory label relative to their
stored representation of the label for this image, and al-
low us to estimate infants’ attention to the phonological
make-up of the auditory label in the presence of pictorial
context. The ERP approach also has the advantage of
offering fast brain responses and high levels of temporal
resolution that are advantageous for investigation of
speech processing. Using a cross-modal design, we
examine whether the ERP components to correct and
incorrect pronunciations vary in latency or amplitude,
such that ERPs to mispronunciations are larger in
amplitude than to correct pronunciations.

Based on the results of previous ERP studies, we focus
our analysis on the time windows 200 to 600 ms after
onset of the label (correct or incorrect). If 14-month-olds
display sensitivity to mispronunciations of the labels for
the images presented to them, we would expect to find a
significant N400 effect, and possibly an earlier effect
around 200 ms (N200–300). We also expect a significant
N400, and possibly an early phonological negativity to a
control condition, where the auditory stimulus is a non-
word phonetically dissimilar in its entirety to the label for
the presented image. Note, however, that it is also pos-
sible that if the PMN and the N400 tap separably into
pre-lexical and lexical stages of processing, we may find
only a PMN; suggesting that infants are sensitive to
mispronunciations of words for which they do not as yet
have fully formed semantic representations (as has been
shown in behavioural studies; Swingley, 2003). Com-
paring the pattern of results across the PMN and N400
may, therefore, provide us with an assessment of the level
at which the mispronunciations are being detected, i.e.
pre-lexical or lexical. The control condition also allows
examination of whether the ERPs to mispronunciations
pattern with these phonetically dissimilar non-words or
with correct pronunciations, providing an indication of
the lexical status of mispronunciations. The absence of a
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significant difference between non-words and mispro-
nunciations would indicate that the non-words and mis-
pronunciations are both incongruous to the displayed
image, while the correct pronunciations are more easily
integrated with the displayed image. Furthermore, given
the evidence in favour of left-hemisphere specialization
of the response to mispronunciations reported by Mills
et al. (2004) and the response to familiar versus unknown
words in Mills, Coffey-Corina and Neville (1993, 1997),
we also examine the pattern of sensitivity to mispro-
nunciations and non-words separately in the left and
right hemispheres. In keeping with these results, we may
find that at 14 months, any significant differences across
conditions are broadly distributed across the scalp, since
Mills and colleagues find left-hemisphere specialization
of the response to mispronunciations only later, at
20 months of age. However, the presentation of an image
may help to create a referential context for the label,
leading to specialization of the response to a mispro-
nunciation even in young infants.

Method

Participants

The participants in this experiment were 16 infants at
14 months of age (M = 14.4, range = 13.9 to 14.8). Five
additional infants were tested but were excluded due to
their failure to provide at least 10 artifact-free trials per
condition. All infants had no known hearing or visual
problems, were born full-term and were recruited via the
local maternity ward. Infants came from homes where
British English was the only language in use. Parents gave
their informed consent and were given a free T-shirt
and ⁄ or travel expenses as compensation for participa-
tion. Prior to beginning the study, parents were asked to
indicate whether their children understood the meanings
of the words presented to them in the study by com-
pleting the British Communicative Development Inven-
tory (Hamilton, Plunkett & Schafer, 2000, an adaptation
of the MacArthur-Bates CDI; Fenson, Dale, Reznick,
Thal, Bates, Hartung, Pethic & Reilly, 1993).

Stimuli

The speech stimuli were produced by a female speaker of
British English in an enthusiastic, child-directed manner.
The audio recordings were made with a solid state
compact flash card recorder in a sound-treated recording
booth. The audio stimuli were digitized at a sampling
rate of 44.1 kHz and a resolution of 16 bits and spliced
using Goldwave v. 5.10. The stimuli presented to children
were 30 monosyllabic nouns taken from the British
Communicative Developmental Inventory (Hamilton
et al., 2000). Mispronunciations changed the word-
medial vowel of these words by vowel height (e.g. image
of a bed along with the label bid) or vowel backness (e.g.
image of a brush along with the label brash) to another

standard English vowel. In addition, we also presented
infants with 30 phonotactically legal non-words.
Non-words were created by combining the onset conso-
nant of one of the familiar words with the medial vowel
and final consonant of another word, e.g. such a com-
bination of milk and dog yields the non-word mog. Non-
words were paired with images whose labels were
phonetically completely dissimilar to the non-word, e.g.
mog presented with an image of a cup. We ensured that
there were no systematic differences in the duration of
the correct pronunciations (M = 468 ms, SE = 15) and
non-words (M = 480 ms, SE = 15; p = .3). We also
attempted to equate vowel durations for correct pro-
nunciations (M = 198 ms; SE = 12) and mispronuncia-
tions (M = 212 ms; SE = 12) by asking the speaker to
pronounce the word in a particular way (p > .4). A
complete list of the auditory stimuli used in the experi-
ment is provided in the Appendix.

Visual stimuli were computer images created from
photographs, with three different images for each famil-
iar word. All subjects saw all three images for the familiar
word paired with a different condition, i.e. correct pro-
nunciations of the label for the image, mispronunciations,
or non-words. Familiar images were judged by three
adults (two of the authors and an independent observer)
as typical exemplars of the labelled category.

Procedure

Stimulus presentation

After the electrode cap placement, children sat on their
caregiver’s lap during the experiment 80 cm away from a
projection screen. Auditory stimuli were presented
through a centrally located loudspeaker located imme-
diately above the screen at an average of 65 dB. Visual
stimuli (measuring 30 cm · 24 cm) were centrally
located on the presentation screen (55 cm in diameter).

Each infant was presented with 90 trials; 30 correct
pronunciation trials, 30 vowel mispronunciation trials
and 30 non-word trials. Each trial began with the pre-
sentation of an animated cartoon dancing to music on
the middle of the screen until infants fixated the centre of
the screen. To ensure that infants attended to the screen,
a researcher sat in the testing booth and pressed a button
to start each trial when the infant oriented to the screen.
Once the researcher determined that infants were paying
attention, they were presented with a centrally located
image of a familiar object. This image remained on
screen in silence for a predetermined period, at the end of
which infants heard the label for the displayed image.
The heard label would be either a correct pronunciation,
a vowel mispronunciation of the label for the image, or a
phonetically dissimilar non-word. The onset of the label
varied from 750 to 1250 ms, i.e. at 750 ms, 850 ms,
950 ms, 1050 ms, 1150 ms, 1250 ms. The timing of
presentation of the label for the image varied across trials
in order to ensure that infants did not begin to expect the

Vowels in early words: an event-related potential study 5

� 2011 Blackwell Publishing Ltd.



label to be presented at a certain time in each trial.
Varying the SOA of the visual and auditory stimuli
ensures that subjects do not consciously or unconsciously
predict the onset of the auditory stimuli leading to brain
potentials yoked to the expected timing of the stimulus.
The timing of the onset of the label was counterbalanced
across conditions across infants. The image remained on-
screen for 1500 ms after the onset of the label.

Infants saw three different images for each familiar
object during the course of the experiment. Each
image was, therefore, presented only once during the
experiment paired with a correct pronunciation, a vowel
mispronunciation or a non-word. The pairing of pro-
nunciation condition and each of the three images for the
familiar object was counterbalanced across infants,
ensuring that across infants we compare the same visual
stimuli across conditions. Infants, therefore, never heard
the same word repeated during the experiment. The
order of presentation of the three pronunciation condi-
tions during the experiment was interleaved but coun-
terbalanced across words and across infants, ensuring a
gap of at least 15 trials between different pronunciations
of the same word. Therefore, a third of the infants
received the correct pronunciation of a word first, a third
received the mispronunciation first, and a third received
the non-word first.

Event-related potential recording

EEGs were recorded continuously from tin electrodes at
19 channels attached to a stretchable electrode cap, with
two additional electrodes placed on the mastoids and one
electrode located above the eye. Electrodes were placed in
the standard 10 ⁄ 20 locations, i.e. FP1 ⁄ FP2, F7 ⁄ F8,
F3 ⁄ F4, T3 ⁄ T4, C3 ⁄ C4, T5 ⁄ T6, P3 ⁄ P4, O1 ⁄ O2, FZ, CZ,
PZ, and A1 ⁄ A2. See Figure 1 for a visual display of
electrode site locations on the electrode cap. EEG was
referenced online to A1 and re-referenced offline to
averaged mastoids (A1 ⁄ A2). EEG was digitized at

1000 Hz, with a band-pass filter of 0.1 Hz to 70 Hz. All
impedances were maintained below 10 kX.

Event-related potential analysis

Averaging and artifact rejection was carried out offline
using Neuroscan analysis software (Scan 4.3). Artifact
rejection thresholds were calculated individually for each
infant after inspection of the infant’s blinking and eye-
movement data. Infants were excluded from the analysis
if they provided fewer than 10 trials per condition. In
addition, those trials where parents indicated that their
infants did not know the words presented to them were
also excluded from analysis. This resulted in the exclu-
sion of 33.6% of trials, with a mean of 19.58 trials
included per condition (range = 12.0 to 24.6). The EEG
data were time-locked to the onset of the auditory
stimulus using epochs from 100 ms prior to word onset
until 1000 ms after word onset. The data from individual
electrodes were then corrected to the 100 ms pre-stimulus
baseline and averaged according to condition, i.e. correct
pronunciations, mispronunciations and non-words. A
30 Hz low-pass filter was applied to the data post-
averaging. We then analysed the data in 50 ms time
windows (from 0 ms to 1000 ms) to determine the onset
and offset of significant differences between conditions.
Based on this analysis, and adult and infant studies
showing functionally distinct components for phono-
logical and semantic processing (e.g. Connolly & Phillips,
1994; Sheehan et al., 2007), we focused our analyses on
two separate time windows; between 200 ms to 300 ms
and between 400 ms to 600 ms (the N400 window).
For purposes of data reduction, a selection of electrode
locations was entered into data analysis, divided into
four regions from front to back of the head: fronto-
central (F3 ⁄ F4), fronto-lateral (F7 ⁄ F8), anterior-
temporal (T3 ⁄ T4) and central (C3 ⁄ C4). The central

Figure 1 Placement of electrodes in International 10–20
array. Results are reported for F7, F8, F3, F4, T3, T4, C3 and
C4.

Figure 2 ERPs to mispronunciations and non-words were
larger (more negative going) than to words in both the 200–300
and 400–600 time windows over the left-hemisphere sites F7,
F3, T3, and C3.
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electrodes were also entered into a separate analysis to
check for consistency with the lateral sites. This analysis
examined whether there was a difference in the amplitude
and latency of the brain potentials following correct
pronunciations, mispronunciations and non-words. Ef-
fect sizes are reported using partial eta squared. For
purposes of clarity, only main effects of condition and
interactions with condition will be reported. Because our
hypotheses pertain to planned comparisons between
specific conditions rather than a condition effect in
general, we do not report the omnibus ANOVA (see
Ableson & Prentice, 1997).

Results

200–300 ms

We examined the difference in the mean amplitude of the
brain potentials following correct pronunciations, mis-
pronunciations and non-words in this 200 ms to 300 ms
window following auditory stimulus onset (see Figures 2
and 3). A repeated measures ANOVA comparing correct
pronunciations and non-words found a near-significant
interaction between condition, hemisphere and electrode
site (F(3, 13) = 3.20, p = .059, gp

2 = .42). Although we
didn’t find a similar interaction comparing correct pro-
nunciations and mispronunciations (ps > .1), based on
visual inspection of the individual data and previous
work showing hemisphere effects in similar paradigms
(Mills et al., 2004), planned comparisons examined the
effects across the three conditions separately for the left
and right hemispheres.

Left hemisphere

There was a significant difference between correct pro-
nunciations and non-words (F(1, 15) = 4.65; p = .04,
gp

2 = .23), with the N200–300 to non-words being more
negative than to correct pronunciations. Similarly, there
was a significant difference between correct and mis-
pronunciations, with the N200–300 to mispronunciations
being more negative than to correct pronunciations (F(1,
15) = 7.53; p = .015; gp

2 = .33). This effect was found in
left fronto-central and temporal regions. Thirteen out of
16 participants showed this N200–300 effect for both
mispronunciations and non-words. There was no differ-
ence in the N200–300 to mispronunciations and non-
words (F(1, 15) = .35; p = .5).

Right hemisphere

There was no significant difference between correct
pronunciations and non-words (F(1, 15) = .6; p = .4),
between correct and mispronunciations (F(1, 15) = .7;
p = .4) or between mispronunciations and non-words
(F(1, 15) = .4; p = .5).

Overall, these results suggest that while infants were
sensitive to the pairing of a mispronunciation or a pho-
netically dissimilar word with the familiar image, infant
sensitivity to both mispronunciations and phonetically
dissimilar non-words was more prominent in the left
than in the right hemisphere.

400–600 ms

We examined the difference in mean amplitude of the
brain potentials following correct pronunciations, mis-
pronunciations and non-words in the 400 ms to 600 ms
window (see Figures 2 and 3). A repeated measures
ANOVA comparing correct pronunciations and non-
words found a significant interaction between condition,
hemisphere and electrode site (F(3, 13) = 5.66, p = .011,
gp

2 = .56). A repeated measures ANOVA comparing
correct pronunciations and mispronunciations found a
significant main effect of condition (F(1, 15) = 8.15,
p = .012; gp

2 = .35), but no interactions with condition.
As with the earlier time window, based on these analyses
and visual inspection of the individual data, planned
comparisons examined the effects across the three con-
ditions separately for the left and right hemispheres.

Left hemisphere

There was a significant difference in the N400 to correct
pronunciations and non-words, with the N400 to
non-words being larger than to correct pronunciations
(F(1, 15) = 4.95; p = .04, gp

2 = .24). Similarly, the
N400 to correct pronunciations was smaller than to

Figure 3 ERP differences are directly compared to correct
pronunciations and mispronunciations (left side) and correct
pronunciations and non-words (right side). Significant differ-
ences in the N200–300 and N400–600 mean amplitudes are
shaded and enclosed in the rectangle. ERPs plotted for F7 and
T3. ERPs plotted from )100 ms to 800 ms from word onset.
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mispronunciations (F(1, 15) = 11.49; p = .004, gp
2 =

.43). This effect was found in left fronto-central and
temporal regions. Twelve out of 16 participants showed
this N400 effect for both mispronunciations and non-
words compared to correct pronunciations. There was no
difference in the N400 to mispronunciations and non-
words (F(1, 15) = .07; p = .78).

Right hemisphere

There was no significant difference in the N400 between
correct pronunciations and non-words (F(1, 15) = .4;
p = .5), between correct pronunciations and mispro-
nunciations (F(1, 15) = 1.29; p = .2) or between mis-
pronunciations and non-words (F(1, 15) = .04; p = .8).

Discussion

The current experiment aimed to provide an electro-
physiological index of infants’ sensitivity to mispronun-
ciations of the vowels in familiar words at 14 months of
age. Infants were presented with a single image of a
familiar object followed by a label for this object. The
label was either correctly pronounced, mispronounced by
a single vocalic feature, or a phonotactically legal non-
word, which was phonologically unrelated to the label for
the image. There were significant differences in the brain
potentials to the auditory stimuli across two time win-
dows, i.e. 200–300 ms and 400–600 ms after the onset of
the auditory stimuli.

During the N200–300 time window, we found a sig-
nificant difference between correct pronunciation and
non-word trials, correct pronunciation and vowel mis-
pronunciation trials, but no significant difference between
vowel mispronunciation and non-word trials. Similarly,
there was a significant difference between correct pro-
nunciation and non-word trials, and between correct
pronunciation and vowel mispronunciation trials across
the N400–600 time window. Again, there was no differ-
ence between non-word and vowel mispronunciation
trials in this time window. These effects were more
prominent in the left fronto-central and left temporal
regions potentially indexing the violation of the top-down
phonological expectations raised by the visual stimulus.

The differences in ERPs to correct pronunciation,
mispronunciation and non-word trials can be taken to
indicate that, in the context of a familiar image, infants
are able to detect mispronunciations of the label for this
image by 14 months of age. We interpret this difference
as indexing the difficulty of integrating a mispronuncia-
tion or a non-word with the phonological expectation
raised by the visually presented object. In keeping with
previous behavioural results (Mani & Plunkett, 2007,
2008b; Curtin, Fennell & Escudero, 2009), the current
study provides the first ERP evidence that infants possess
phonetically detailed representations of the vowels in
familiar words, and that infants are able to access these

phonetically detailed representations in cross-modal,
word recognition tasks by 14 months of age.

Experiments to date using eye-fixation methods report
that infants look less at an image of a familiar object
when the label for this object is mispronounced by either
a vocalic or a consonantal feature change. However, most
of this work examines infants’ sensitivity to the mispro-
nunciation of a label of one of two simultaneously pre-
sented images, e.g. comparing infants’ looking time at a
picture of a bib, relative to a bed, when presented with
either a correct or incorrect pronunciation of the word
bib. As argued previously, in examining infants’ sensi-
tivity to vowel mispronunciations, especially, such an
approach may be confounded by the similarity of the
mispronunciation (e.g. bib mispronounced as beb) to the
label for the distracter image.2 ERPs, on the other hand,
allow evaluation of the congruence of a label (correctly
or incorrectly pronounced) to a single image, thereby
examining infants’ sensitivity to vowel mispronunciations
in the absence of confounding distracter images. The
current experiment demonstrates infant sensitivity to
single feature mispronunciations of the medial vowel of
familiar, monosyllabic words, even in the absence of a
distracter image.

It is also important to highlight the parallels and
contrasts between the results of the current study and
Mills et al. (2004). Mills et al. report not finding a
significant difference in the N200–400 effect to conso-
nant mispronunciations and correct pronunciations at
14 months of age, the age group tested in the current
study. In contrast, the current study finds robust sensi-
tivity to vowel mispronunciations at the same age. Sim-
ilar to Mills et al. (2004) and previous work by Mills and
colleagues, however, is the finding that the effects were
predominantly limited to the left hemisphere. Neverthe-
less, Mills et al. (2004) report finding the effects broadly
distributed over the scalp at 14 months of age, and lim-
ited primarily to left temporal and parietal sites at
20 months of age.

One reason for these differences may be that
14-month-olds are not sensitive to consonant mispro-
nunciations, as tested in Mills et al. (2004), but are sen-
sitive to vowel mispronunciations, as tested in the current
study. The acoustic cues that differentiate vowels versus
consonants may affect the outcomes of studies, particu-
larly in young infants whose lexical representations are
still highly flexible. Therefore, future studies should
investigate whether the addition of referential context (by
presenting infants with an image whose label is mispro-
nounced) influences infants’ sensitivity to consonant
mispronunciations, in comparison to Mills et al. (2004).

2

Evaluation of infants’ sensitivity to consonant mispronunciations may
not be equally susceptible to a confounding influence from the di-
stracter image, because the mispronounced consonant is always as
different from the onset consonant of the distracter label as it is from
the target label in the Mani and Plunkett task (where target-distracter
labels begin with the same onset consonant).
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However, it is unlikely that the difference between the
results reported in the current study and that reported by
Mills et al. is due to any differences in infants’ sensitivity
to vowel versus consonant mispronunciations. This con-
jecture is motivated by previous studies (apart from Mills
et al., 2004) which find, without exception, that infants at
11 months (Swingley, 2005), 12 months (Mani &
Plunkett, in press), 14 months (Swingley & Aslin, 2002;
Ballem & Plunkett, 2005; Mani & Plunkett, 2007),
15 months (Mani & Plunkett, 2008b) and 18 months of
age (Bailey & Plunkett, 2002; Swingley & Aslin, 2000;
Mani & Plunkett, 2007, 2008b) show a robust sensitivity
to consonant mispronunciations of familiar words.

A second possibility relates to the finding of individual
differences in infants’ sensitivity to mispronunciations.
For instance, Friederich and Friederici (2006) find
differences in the size of the N400 effect displayed by
infants with varying degrees of expressive language skills.
Since ERPs appear sensitive to such individual differ-
ences, it is possible that the contrast between Mills et al.
(2004) and the current study is related to differences in
the expressive language skills of the infants tested. Whilst
it is possible that individual differences in infants’ ability
to detect mispronunciations underlie the contrasting
results of the two studies, we focus here on a potentially
more revealing difference; i.e. the task used to examine
infants’ sensitivity.

Indeed, the most plausible alternative explanation for
the difference in results is the difference in design between
Mills et al. (2004) and the current study. The current study
presents infants with pictorial context in the form of an
image of the familiar object, prior to testing infants’
sensitivity to mispronunciations of the label for this
image, while Mills et al. tested infants’ sensitivity to
mispronunciations of words in the absence of such pic-
torial support. Presentation of the image of the familiar
object may help infants more readily access the phono-
logical representation of the label for this image and better
detect small variations from this stored representation.
Pictorial context might, therefore, be crucial to examining
infant sensitivity to small variations from the stored
phonological representations of familiar words.3

It is also noteworthy that, similar to other studies, using
prior pictorial (Sheehan et al., 2007; Desroches et al.,
2008) or semantic context (van den Brink, Brown &
Hagoort, 2001), we find an effect of congruency in an
early (200–300 ms) and a later time window (400–
600 ms). One interpretation of this finding is that these

differences index two potentially separable processes
(Connolly & Phillips, 1994; Desroches et al., 2008; van
den Brink et al., 2001). The early effects may reflect ‘the
interface between lexical form and contextual meaning’,
where word candidates with shared phonological or lex-
ical form are all assessed for their goodness-of-fit to the
semantic context (provided by the image in the current
study), similar to the PMN (Phonological Mismatch
Negativity) components reported by Connolly and Phil-
lips (1994). Indeed, the fronto-central distribution of the
N200–300 found in the current study matches the effect
reported in van den Brink et al. (2001).4 The later effect,
the N400, may reflect higher-order semantic integration
of the selected candidate into the context provided.

While these seem potentially viable explanations for
the processes underlying the reported effects, it is worth
noting the similarity of the distribution and pattern of
differences found between 200–300 and 400–600 ms in
the current study. Unlike van den Brink et al. (2001),
both the early (N200–300) and later (N400) congruency
effects found in the current study were located at fronto-
central and left temporal regions. Furthermore, the dif-
ferences in the pattern of wave-forms for correct and
incongruent labels were similar across the two time
windows, suggesting that these two windows may index
similar cognitive processes, i.e. infants’ assessment of the
goodness-of-fit of the mispronunciation and non-word
relative to the correct pronunciation as a potential label
for the visually presented image.

A similar result is reported by Sheehan et al. (2007),
with an N400-like congruency effect being found at both
200–400 and 400–600 ms time windows. Also, Friedrich
and Friederici (2004) find an early effect of image–label
congruence in 19-month-olds between 150 and 400 ms.
Friederich and Friederici collapse this time-range as one
N400, rather than separate it out into two different
effects (as has been suggested in the adult literature
reviewed above). Therefore, at least in the context of
infant studies (see also Friederich & Friederici, 2005),
these early effects (i.e. between 150 and 400 ms) are
generally taken to reflect an early onset of the N400.
However, we acknowledge that a proper interpretation of
the difference between the two time windows is contro-
versial and may require more research into the develop-
ment of such effects in infancy. For example, in keeping
with van den Brink et al. (2001), this early time window
may reflect infants’ processing of phonological form
correspondences between the different pronunciation

3

Note that Swingley (2005) finds that 11-month-olds are sensitive to
consonant mispronunciations of familiar words even in the absence of
pictorial context (in a preferential listening task). However, in keeping
with the Stager and Werker (1997) hypothesis, it is possible that 11-
month-olds may be displaying sensitivity to changes in phonological
form alone, while the 14-month-olds in Mills et al. (2004) may have
attempted to access more than just phonological form (i.e. correspon-
dences between sequences of phonemes), but also relate this form to
word-meaning. This additional load on the 14-month-olds might render
them insensitive to the changes they were sensitive to at 11 months.

4

One might wonder why this component does not pick up on the form-
similarity between the mispronunciation and correct pronunciation.
The reason for this might lie in the fact that the mispronunciation
differs from the correct pronunciation in the vowel, while in the com-
parable condition in van den Brink et al. (2001) the onset matching
condition shared the entire first syllable with the target word (penseel-
pension), not just the onset consonant as in the current study. A similar
early incongruency effect has also been reported recently by Kov�c,
Plunkett and Westermann (2010) in an ERP study of vowel-driven
sound symbolism effects in adulthood.
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conditions presented to them, and the later time window
indexes the integration of the auditory stimulus into the
higher-order semantic context provided by the image.

Irrespective of the correct interpretation, i.e. arguing
for either the separability or similarity of the two com-
ponents, importantly, they both lead to the same con-
clusion regarding the current study – by 14 months of
age, infants display a robust sensitivity to vowel mis-
pronunciations of words. The current study provides the
first ERP study of infant sensitivity to vowel mispro-
nunciations of words. Not only does this extend previous
behavioural assessments with an electrophysiological
correlate of the phonological specificity of infant lexical
representations, the current study also establishes the
importance of providing infants with a referential con-
text in testing the degree of specificity associated with
infants’ representations of words.
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