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ABSTRACT

Coarticulatory information affects lexical access,
more so among dense inventories. We explore
the Malayalam dental, alveolar and retroflex stop
contrast. In this eye-tracking study, VC:V words
were used where ‘C’ was one of the three stops.
Consonants were cross-spliced with either the same
stop (match condition) or one of the other two
from an identical vocalic environment (mismatch
condition) to generate real word audio stimuli.
Participants viewed two words, followed by an
audio. Pupillary fixations were analysed for 3
conditions- target matched with audio; audio from
the ‘mismatch condition” with the the distractor and
audio either sharing a stop or not.

Participants looked at the target and distractor
at the same rate in the second condition.
Coarticulatory information from two different
consonants in the audio impacts lexical access.
Presence of matched coarticulatory information
results in higher looks at the target, even if the
distractor is from the same phonological cohort.
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1. COARTICULATORY INFORMATION AND
LEXICAL ACCESS

One thread of research highlights the significance
of segmental coarticulation as an aid to speech
perception ([1, 2]). Coarticulatory information
also effects lexical access and activation [3].
Research on coarticulatory resistance has also
shown that segments exhibit variable degrees
of coarticulatory resistance ([4, 5, 6]). While
coarticulatory information is used successfully
by listeners to both perceive and access lexical
items, it has not been shown how coarticulatory
resistance interferes in this process, especially when
the segmental contrasts are relatively dense or
comparably sparse. In this eye-tracking study,
we show how coarticulatory information as a
result of dynamic gestural overlap interacts with
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lexical access. This experiment is aimed to tease
out the fine-grained interaction of contrastive and
coarticulatory information in aiding lexical access.

Match-mismatch  studies  where  auditory
information is presented to subjects alongside
visual stimuli within a modified visual world
paradigm show that listeners pay keen attention to
coarticulatory information for successful lexical
access and activation. There are a number of studies
that explore the subtle relationship between fine-
grained phonetic information and lexical activation.
For instance, listeners are found to use prosodic cues
such as vowel duration to anticipate word length
and constrain competing lexical choice [7]. In an
eye-tracking paradigm, subjects look preferentially
at those bisyllabic items that are consistent with
auditory cues exhibiting vowel durations stemming
from bisyllabic items. Similarly, when cross-spliced
words where misleading coarticulatory cues for final
consonants are tested against consistent patterns,
subjects tend to show effects of these inconsistencies
vis-a-vis lexical activation and competition (within
the visual world paradigm) [8]. More recently,
Beddor, McGowan, et al. show that listeners’
moment-by-moment fixations on visual displays
are mitigated by coarticulatory acoustic effects in
real-time [3]. While these studies point to how
coarticulatory information is successfully utilized
for lexical access; the interaction of articulatory-
motor and auditory-perceptual information, and
the attendant effect on lexical access has not
been studied. There is hardly any information
about how varying inventory sizes could impact
both coarticulatory influence and lexical access in
complex ways.

In this study, we report on an eye-tracking
study where cross-spliced matched and mismatched
auditory stimuli are presented to the subjects in a
modified visual world paradigm.

2. CORONAL STOPS IN MALAYALAM

Malayalam exhibits a number of coronal segments
that makes it interesting to test the predictions
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of articulatory-motor and auditory-perceptual
constraints in languages. Malayalam has a three-
way contrast in place of articulation among plosives
showing differences in tongue tip and tongue blade
involvement (and sublaminal regions in the case
of the retroflex), namely dental /t/, alveolar /t:/
and retroflex /ti/ [9]. This three-way contrast is
only available intervocalically, and the plosives are
always geminate in this context. Thus, Malayalam
poses interesting questions on both these counts
due to the fairly large number of contrasting
segments in the dental/alveolar region. We are
especially interested in determining how dynamic
information (that is, the relationship between
coarticulatory cues in the preceding and succeeding
vowels, and the place cues in the articulation of
the consonant itself) about the consonant place
of articulation in the adjoining vowels can be
successfully utilized by listeners to access the
lexicon and what (if any) effect phonological
cohorts may have in mitigating lexical access and
activation. To that end, we present subjects with
auditory stimuli under matched coarticulatory
information, and mismatched coarticulation in a
visual world experiment. Our results indicate that
listeners gaze at printed words with coarticulatory
information regardless of the presence or absence of
a phonological cohort word. We argue that in dense
consonantal systems, in addition to the activation of
the cohort, coarticulatory information (ostensibly,
the dynamics of variable articulatory overlap) is
encoded in the lexicon.

3. MATERIALS AND METHODS
3.1. Materials

72 words were chosen for this experiment
containing a V1C:V; sequences, where V; belonged
to the /9, 0, 1, u, e/, V, was from the set /o, ai, i, 0,
u, e/, and C: is one of the three coronal geminate
stops. The words chosen for this study are a subset
of the ones used in [10], with four words excluded
because the vowel neighbourhood only had one of
the three stops.

First, three instances of each word were
recorded in isolation by a female native speaker
of Malayalam, using a fixed cardioid condenser
microphone (Shure Beta 53), and a sampling rate of
22.5 kHz. Next, these recordings were used to create
stimuli using using Praat [11] for two conditions:
match and mismatch. For each condition, the stop
closure and burst of the coronal stop were removed
and replaced with the stop closure and burst from
the audio of a different word. The stop closure was
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identified as the earliest point with low or no energy
in the signal. The end of the burst was marked
as the last point before the appearance of formant
bands in the signal while ensuring that the burst was
included completely in the extraction. This process
separates the acoustic information of the stops’
place of articulation observed in the stop (closure
duration, burst amplitude) from that observed in
the neighbouring vowels (formant transitions, F3
changes (retroflexes)).

For the match condition, closure and burst from
one of the other instances of the same word
were used for the cross-splicing (coarticulatory
information before closure matched information of
the consonant). For the mismatch condition, two
stimuli were generated where possible, using a word
with the same vocalic environment (i.e. identical
Vi and Vj;), but a different coronal stop. This
yielded 72 tokens for the match condition, and 105
tokens for the mismatch condition, with every word
represented at least once in each condition. Figure-1
is an example of the original recording, the match
condition, and the mismatch condition for the token
[et:i]. The stimuli in the second frame was generated
by replacing the closure and burst from one of the
other two recordings of [et:i], while the stimuli in the
third frame used the closure and burst from the token
[et:i] (Figure 1). Following the cross-splicing, four
native speakers of Malayalam listened to the stimuli
in the mismatch condition, and provided qualitative
feedback on the stimuli, to ensure that the words
were still identifiable in the altered tokens.

Figure 1: original recording, matched token and
mismatched token for the word “etzi”

3.2. Methods

We chose eye-tracking because it allowed us to
study the effects of keeping or removing given
acoustic cues in a stimuli in a task involving lexical



