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ABSTRACT

The perception of phones in visible speech is
affected by coarticulation. In this study, visual
speech stimuli are created by concatenating an
image of the articulatory target position of the
vowels /i:,a:,u:/ with an image of the target position
of the consonants /p, ,k/. These phones differ in
their labial articulations: /u:/ is the only rounded
vowel, the close articulation of /i:/ is compatible
with rounding, while the open articulation for /a:/ is
not; /p/ is a labial consonant, / has secondary
labialization and /k/ only acquires coarticulatory
rounding in the context of a rounded vowel. In this
paper, the different effects of the consonant
articulation on vowel perception are investigated,
and vice versa. Differences between the phones in
susceptibility to coarticulatory effects are
confirmed, and it is shown that in the stimuli used
here the perception of a phone is affected by its
neighbor, particularly the rounding in an /u:k/
sequence can be interpreted as labiality of the
consonant. Even if there is no coarticulatory
rounding in /k/, because it was taken from an /i:/ or
/a:/ context, the rounding of /u:/ can lead to the
perception of labiality in the following consonant.
Vice versa, the vowel /i:/ can be perceived as /u:/
when followed by a /k/ taken from an /u:/ context;
for /a:/, this is less often the case. This shows that
the labial articulation can be reinterpreted as a
property of the neighboring phone (if it is
compatible with its other articulatory properties),
not just of the phone on which it appears.

1. INTRODUCTION
The confusion between phones in visual perception
has led to the definition of visemes [1]. Previous
findings have shown that coarticulation affects
visual speech perception and leads to different
viseme classes ([2,3]). In the experiment presented
here, coarticulatory effects in visually presented VC
syllables (V=/i:,a:,u:/; C=/p, ,k/) are investigated in
more detail. Specifically, the coarticulatory effect of
rounding and labialization is addressed.

2. METHOD
VC syllables were recorded for a female native
speaker of British English. From the recordings VC
stimuli were derived where each of the two phones
is represented by a single video image selected at
the articulatory target position of the phone in
question. In addition to the original, “natural” phone
combinations (Vi produced in context Ci, followed
by Ci produced in context Vi), we also presented
decontextualised VC’s (e.g. Vi produced in context
Cj, followed by Ci produced in context Vj). Since
we sometimes observed slight differences in the
position of the face across target positions in the
latter stimuli, the V and C images for the natural
stimuli were also taken from two different stimulus
realizations for the sake of comparability. No audio
signal was played to the subjects.

The consonants differ in their labial articulations: /p/
uses the lips as primary articulator and is therefore
called [labial]; additional rounding occurs in the
context of a rounded vowel. The postalveolar
consonant / / has secondary labialization, i.e. lip
rounding can be observed even in unrounded vowel
contexts (cf. [4]), although the rounding is stronger
in the context of a rounded vowel. The velar
consonant /k/ only shows rounding of the lips when
it coarticulates with a neighboring rounded vowel.

Of the vowels, only /u:/ is rounded. The vowel /i:/ is
also close like /u:/, but unrounded. Finally, the low
jaw position for the open vowel /a:/ excludes the
possibility of rounding the vowel.

Besides these linguistic considerations of the
coarticulatory effects on speech perception, we also
considered short (V=40 ms; C=40 ms) and long
(V=80ms; C=120ms) stimulus presentation times to
evaluate whether the exposure time affects phone
perception. In particular, stronger effects of fusing
properties of the neighboring sounds were expected
for short presentation times.

Ten subjects, all native speakers of English, were
instructed decide which VC combination was shown
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on a computer screen by clicking a button on the
screen with the VC combination shown in
orthographic form.

3. RESULTS
Here we only highlight some of our findings.
Stimulus presentation time does not seem to have a
strong effect on the subjects’ perception and will not
be further considered here.

For the consonants /p/ is recognized correctly most
often, followed by / / and then /k/. The context in
which these consonants are best recognized is
always /i:/ followed by /a:/ and then /u:/. In table I
the correct consonant recognition percentages are
shown.

VC group1 group2 group3 group4
/u:k/ 24
/a:k/ 58
/i:k/ 62
/u: / 71 71

/a: / 83 83

/i: / 88

/u:p/ 89
/a:p/ 90
/i:p/ 93

Table I. Percentage correct consonant recognition shown as
subgroups in a Scheffé test (Note: Vs and Cs are taken from all
contexts, not just from one, e.g. /u:k/ stimulus is /u:/ from
/p, ,k/-context followed by /k/ taken from /i:,a:,u:/-contexts)

The highest correct identification rate of consonants
in the VC stimuli is about 90% and is found for /Vp/
sequences, followed by /i: ,a: / (difference n.s.) and
/u: /. The lowest correct rate is found for /u:k/, with
only 24% correct consonant identifications.

When we look at the percentage of correctly
recognized vowels we find that it strongly depends
on the neighboring consonant, as shown in Table II.

VC group1 group2 group3 group4
/u:k/ 49
/i: / 58 58

/i:k/ 63 63 63
/a:k/ 74 74
/u: / 77 77

/a:p/ 80 80
/a: / 84

/u:p/ 85
/i:p/ 85

Table II. Percentage correct vowel recognitions shown as
subgroups in a Scheffé test (Note: Vs and Cs are taken from all
contexts, not just from one, e.g. /u:k/ stimulus is /u:/ from
/p, ,k/-context followed by /k/ taken from /i:,a:,u:/-contexts)

It is not only the effect of the decontextualisation
which causes poor recognition of /u:k/ sequences.

Even when V and C are taken from their original
context, visual /u:k/ sequences are seldom identified
correctly (10%), both for short and long stimulus
presentation durations. /u:k/ is particularly often
recognized as /u:p/ (35%) or / u: / (15%), but also as
/i:p/ (12.5%) and /a:p/ (7.5%). Even for
decontextualised stimuli where there is no
coarticulatory rounding of the /k/, this effect is
apparent. To give an example, the sequence /u:/
from a /k/ context followed by /k/ from an /i:/
context is identified as /i:p/ in 45% of the cases.
Vowel perception is also influenced by the visible
coarticulatory effects on the neighboring consonant,
e.g. the vowel /i:/ can be perceived as /u:/ when
followed by a /k/ taken from an /u:/ context. This is
far less often the case for /a:/, which can possibly be
explained by the fact that rounding is not compatible
with the open target position of /a:/.

4. DISCUSSION
The results in Table I show that /p/ is relatively
stable against coarticulatory influences, while /k/ is
not.

As the perception of the “natural“ /u:k/ (natural only
in terms of the context from which the phones were
taken, not in terms of their presentation as a
sequence of two still images taken from the
articulatory target position) shows, the lip rounding
of /u:/ is often not only interpreted as a feature of
the vowel, but also (or instead) perceived as an
indication for labiality of the following consonant,
either as a primary feature (in which case /p/ is
recognized) or as a secondary articulation (in which
case the subject responds with / /). Similarly (but far
less often), coarticulatory rounding of /k/ in
decontextualised stimuli can be interpreted as a
vowel property (if it is compatible with the other
articulatory properties of the vowel), not just of the
phone on which it appears.
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