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Abstract
The goal of the presented study was to
investigate the use of coarticulatory vowel
nasalization in lexical access by native speakers of
American English. In particular, we compare the
use of coarticulatory place of articulation cues to
that of coarticulatory vowel nasalization. Previous
research on lexical access has shown that listeners
use cues to the place of articulation of a
postvocalic stop in the preceding vowel. However,
vowel nasalization as cue to an upcoming nasal
consonant has been argued to be a more complex
phenomenon. In order to establish whether
coarticulatory vowel nasalization aides in the
process of lexical access in the same way as place
of articulation cues do, we conducted two
perception experiments: an off-line 2AFC
discrimination task and an on-line eyetracking
study using the visual world paradigm. The results
of our study suggest that listeners are indeed able
to use vowel nasalization in similar ways to place
of articulation information, and that both types of
cues aide in lexical access.

1. Introduction
The fact that listeners consider lexical
candidates equally if they are identical in the makeup of their initial sound sequences up to the point of
disambiguation has lead to models of spoken word
recognition that posit that lexical access proceeds
incrementally (cf. [13], [15] among others).
Whether these increments are of phonemic or subphonemic size has been a focus of recent research
(cf. [8], [14]). While some recent studies suggest
that listeners use sub-phonemic allophonic
information to the place of articulation of an
upcoming consonant (cf. [7], [8]), previous studies

on the perception of coarticulatory vowel
nasalization ([10], [2], and [3]) and its use in lexical
access (cf. [11]) seem to suggest that vowel
nasalization is not used by listeners in the same
way. Some studies have shown that, out of context,
listeners can discriminate between an oral and a
nasalized vowel (v~ ~ v) [10]. However, when
given a lexical item or a nasalized vowel followed
by a nasal consonant, they are much more likely to
classify a nasalized and an oral vowel as ‘the
same’, indicating that listeners at least partially
ignore the nasality in the vowel and rely on their
phonemic knowledge; i.e. they compensate for
coarticulation [10] [2][3]. Furthermore, Lahiri &
Marslen-Wilson [11] report that listeners did not
use coarticulatory vowel nasalization as cue to an
upcoming nasal consonant in lexical access during
a gating task.
These differences in the use of coarticulatory
information to the place of articulation (PoA) and
to the nasality (Nas) of an upcoming consonant
reported in the literature and summarized above
may have at least two sources: 1. Listeners exploit
these two coarticulatory cues (PoA and Nas) indeed
differently or 2. The gating task used by Lahiri &
Marslen-Wilson [11] was not sensitive enough to
show the use of coarticulatory vowel nasalization
as cue to an upcoming nasal.
It is very well possible that listeners exploit PoA
and Nas cues differently, since the two cues have
different phonological as well as phonetic
properties: A vowel carrying coarticulatory
information about the PoA of an upcoming stop is
considered the same phonemic vowel independent
of its context (i.e. The [ˆ] in kit is the same sound as
a [ˆ] in kick.). A nasalized vowel, however, can be
phonemic in some languages, which, in turn, may
lead to less pronounced coarticulatory nasalization
in vowels preceding a nasal consonant [18].
Phonetically, vowel nasality is considerably more
complex in the acoustic domain than cues to PoA

2. Off-line discrimination of vowel nasality
and place of articulation cues
We conducted a discrimination study to examine
how listeners use the coarticulatory information
present in the vowel of a CVC word to predict the
upcoming final consonant. In order to do so, a
stimulus list was constructed containing two
experimental conditions: the PoA condition and the
Oral/Nasal (O/N) condition. In both, the stimuli
consisted of word pairs that differed in the final
consonant of the word. The PoA stimuli consisted
of pairs differing in the place of articulation of the
final consonant (e.g. tack vs. tap) and the majority
of these stimuli consisted of the same word pairs
used in the study by Dahan et al. [7]. The O/N
stimuli consisted of word pairs differing only in the
nasality of the final consonant (e.g. bong vs. bog).
All words were picturable, and matched for
frequency using the American National Corpus.
The final consonant in all stimulus words was
excised using Praat [17].
Overall, there were 18 word pairs (36 items
total). 11 word pairs contrasted in the nasality of
the final consonant and 7 word pairs contrasted in
the place of articulation of the final consonant.
Listeners were presented with each of the 36 items

6 times, amounting to 216 trials per subject (66
nasal trials, 66 oral trials, 30 velar PoA trials, 36
alveolar PoA trials, 18 bilabial PoA trials). The
trials were presented in randomized order. The
differences in the numbers between PoA and O/N
contrast items was unavoidable, due to the need to
present picturable words.
During the experiment, participants (5 male and
6 female native speakers of American English with
no known hearing impairment) were seated in front
of a computer screen and listened to the stimuli
over headphones while two pictures representing
the contrast pair (i.e. a picture of a bong and a
picture of a bog while hearing ‘bo’) occurred on the
screen. The participants were asked to click on the
picture representing the word from which they
thought the sounds had come.
The response on each trial was recorded, and the
error rate for each condition was calculated.
Listeners were largely able to correctly identify the
correct words based on the coarticulatory
information present in the vowel, without the final
consonant present. The overall error rate across all
trials was 9.5%. However, listeners’ accuracy
varied depending on the experimental condition:
7.4 % of the 9.5% were errors that occurred on PoA
trials, while only 2.1% of the errors occurred on
O/N trials (p < 0.0001).
Categories within errors

Proportion of total
errors

of consonants. Cues to the place of articulation of a
stop consonant are acoustically encoded by welldefined differences in the formant transitions [12].
However, there is no simple measurable acoustic
correlate of nasality in vowels. Vowel nasality is
characteristically affected by vowel height, speaker
[9][4][5], and, arguably, there exist timing
differences between languages in the production of
nasality [18][6] that may arise due to phonemic or
allophonic status of vowel nasality. These
properties make nasality in vowels a very different
cue from PoA cues.
In the current study, we seek to determine
whether listeners differ in how they exploit
coarticulatory cues to an upcoming nasal consonant
as opposed to coarticulatory cues to the place of
articulation of an upcoming stop in lexical access.
For this purpose, we conducted two perception
experiments with native speakers of American
English. A 2AFC discrimination task to test
listeners sensitivity to the two types of
coarticulatory information off-line, and a 4AFC
eyetracking experiment using the visual world
paradigm [1] to test the online processing of
coarticulatory cues to PoA and nasal consonants.
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Figure 1: Percentage of errors made in
discriminating the place of articulation of the final
consonant (POA) and the nasality of the final
consonant (NAS) relative to all errors made.

As shown in Figure 1, listeners made better use
of the nasality cue in the vowel than of the place of
articulation cues, since the error rate for the
nasal/oral contrast pairs was significantly lower
than that for the PoA pairs, replicating the findings

by Kawasaki [10]. There was, however, no bias
toward either nasal or oral vowels: oral vowels
were mistaken for nasalized vowels in 0.09% of the
trials, and nasalized vowels were mistaken for oral
vowels in 0.12% of trials.

3. On-line discrimination of vowel nasality
and place of articulation cues
Based on the results from the off-line
discrimination task, we would expect that listeners
will use vowel nasality as cue for an upcoming
nasal consonant at least as much - if not more so during lexical access. However, previous research
using a gating task seems to suggest that
nasalization of vowels is not exploited in such a
way [11]. In order to test whether coarticulatory
nasalization is used similarly or different from
place of articulation cues, we conducted a 4AFC
eyetracking experiment.
The 11 participants in this study were again
native speakers of American English with no
known hearing impairment. Participants in the
eyetracking study had not participated in the
discrimination experiment.
The stimuli for this experiment consisted of the
same lexical material as those used in the
discrimination
experiment.
However,
the
recordings of the stimuli for this experiment
consisted of the complete words (including final
consonants). There were again two lists; one
containing pairs that contrasted in the place of
articulation of the final stop, and one containing
word pairs contrasting in the nasality of the final
sound.
Wearing a head-mounted eye-tracker, subjects
saw four pictures on a computer screen while
hearing the target word over headphones. The
display on the screen always contained the target
word (e.g. bong), the phonological competitor with
different final consonant (e.g. bog) and two
unrelated items that differed in the initial
consonant-vowel sequence from the target word
(e.g. gut and neck). As in the discrimination study,
each word was repeated 6 times in randomized
order. Participants were instructed to click on the
named object. The eye movements of the
participants were monitored as they listened to the
word and clicked on the picture representing the
word.
Our results suggest that listeners may indeed use
nasalization in the vowel preceding a nasal
consonant. Figure 2 shows the proportion of looks

to the target relative to the offset of the vowel in the
CVC word. Since it takes on average 200 ms to
initiate an eye movement to react to a stimulus, 200
ms after the offset of the vowel (0 ms on the time
axis) marks the point relative to which the
proportion of looks for each condition has to be
evaluated. If the proportion of looks starts to
increase before the 200 ms mark, listeners have
most likely identified the target based on
coarticulatory information in the vowel. If listeners’
looks increases after the 200 ms mark, they have
most likely not identified the word before hearing
the final consonant.
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Figure 2: Proportion of looks to the target word

when the final consonant was a nasal, an oral, a
bilabial, an alveolar, and a velar consonant.
As can be seen in Figure 2, the proportion of
looks to the target starts to increase already before
the 200 ms mark for all but the words that have a
final consonant at the alveolar place of articulation.
Considering the 200 ms window before the off-set
of the vowels, the proportion of looks to the nasal
target in the last 100 ms before the off-set of the
vowel differed significantly (p < 0.001) from the
proportions of looks to the target in the first 100
ms.
This seems to suggest that the nasalization of a
vowel aides as much in lexical access as the cues in
a vowel that provide information about the place of
articulation of an upcoming consonant. The only
condition in which listeners did not seem to exploit
coarticulatory information for lexical access was in
the case of the alveolar stops. This may, however,
very well be an artifact of our stimuli since most of
the phonemically alveolar final stops were
phonetically realized as glottal stops in our stimuli,

hence leaving little coarticulatory information on
the preceding vowel.
Overall, the results from this eyetracking study
strongly suggest that listeners use acoustic cues
indeed as they become available in the speech
signal (cf. [14].

4. Discussion and conclusion
The current study investigated the use of
coarticulatory vowel nasalization in lexical access.
Both off-line and on-line experiments suggest that
listeners are sensitive to nasalization in vowels
preceding an upcoming nasal consonant and that
they use this information during lexical access.
While the claim that coarticulatory vowel
nasalization facilitates lexical access cannot be
deduced from our findings, the fact that listeners
were affected in similar ways by coarticulatory
cues to the place of articulation of an upcoming
consonant and by coarticulatory cues to the nasality
of an upcoming consonant, however, makes it
likely that this is the case. Especially in light of the
results reported in [7] who found facilitation in
lexical access due to coarticulatory place of
articulation cues.
Overall, the results in this study contradict
claims that listeners ignore non-contrastive vowel
nasality [10], [2], and [3]. However, to what extent
the phonological status of vowel nasalization
affects lexical access remains a question for future
research, and can only be answered by crosslinguistic studies.
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