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Explaining the visual and masked-visual advantage
in speech perception in noise: The role of visual phonetic cues

Vincent Aubanel, Chris Davis, Jeesun Kim

The MARCS Institute, University of Western Sydney, Australia
v.aubanel@uws.edu.au

Abstract
Visual enhancement of speech intelligibility, although clearly
established, still resists a clear description. We attempt to con-
tribute to solving that problem by proposing a simple account
based on phonetically motivated visual cues. This work ex-
tends a previous study quantifying the visual advantage in sen-
tence intelligibility across three conditions with varying degrees
of visual information available: auditory only, auditory visual
orally masked and auditory-visual. We explore the role of lex-
ical as well as visual factors, the latter derived from group-
ings in visemes. While lexical factors play an undiscrimina-
tive role across modality conditions, some measure of viseme
confusability seems to capture part of the performance results.
A simple characterisation of the phonetic content of sentences
in terms of visual information occurring exclusively inside the
mask region was found to be the strongest predictor for the
auditory-visual masked condition only, demonstrating a direct
link between localised visual information and auditory-visual
speech processing performance.
Index Terms: Auditory-visual speech processing, visemes,
sentence intelligibility, visual advantage

1. Introduction
It has long been established that seeing the talker’s face con-
tributes dramatically to speech intelligibility in noise [1], which
can be quantified as an equivalent intensity increase of about
11 dB [2]. As highlighted in a recent review of auditory-visual
speech processing however [3], little is known about the mech-
anisms at play in that advantage. In what follows we briefly
review some approaches to index visual speech information.

One indirect method for probing the nature and extent of
visual speech information has been used in a series of studies
quantifying the extent to which speech acoustics can be pre-
dicted by associated visual facial movements. This is an indirect
method, as it assumes that listeners make use of the informa-
tion available from visible speech production gestures as well as
from the patterning of these with other non-visible articulatory
gestures. For example, multivariate correlation analyses found
that 7 two-dimensional vocal tract markers (including the jaw
and the lips) accounted for 80% of the face motion behaviour as
measured with 18 three-dimensional markers on the face [4, 5].
Those studies also showed a similarly good prediction of the
speech acoustics from the vocal tract configuration, especially
in the F2 region which is closely related to the volume of the
frontal oral cavity. Rigid head motion was found to be strongly
correlated with f0, a functional rather than structural link as ev-
idenced by talker’s ability to consciously decorrelate the two.
Rigid head motion information enhances speech intelligibility
[6] with the tentative explanation for this being that it does so

by helping the perceiver focus on suprasegmental rather than
the segmental level.

A more direct approach to assessing visual speech informa-
tion comes from occlusion studies, e.g., [7]. Such studies have
explored the influence of different facial regions and highlighted
the importance of oral regions in enhancing visual speech intel-
ligibility. Conversely, studies that have measured gaze patterns
to identify information bearing regions suggest that the talkers’
eye regions are more attended to than the mouth regions [8],
even when increasing the talker’s face projection to render si-
multaneous viewing of the eye and mouth regions impossible
within the fovea [9].

Limiting the visual information to the lips provides some
cues to retreive associated speech acoustics when presented in
noise, but the intelligibility benefit is removed when only timing
information is retained, by converting the lip rounding gesture
to an equivalent rectangle height [10]. A complementary ap-
proach was adopted by [11] who investigated the relative con-
tribution of timing and content information in speech, by super-
imposing a circular patch on the oral region: the full-face is pro-
posed to contain both timing and form information while only
timing information is present in the masked face. They found
that timing information alone was beneficial in discriminating
speech from non-speech over a baseline of a static face. An ad-
ditional facilitatory effect was observed when form information
was present only for speech stimuli, suggesting a cross-modal
priming associating the matching spectral characteristics of the
speech stimuli and the form of lips and mouth.

The visual equivalent of phonemes, visemes [12], have for
a long time been a focus of research, with the hope that a cat-
egorisation of visual features of speech sounds would provide
some explanatory power to describe and understand auditory-
visual speech perception [13, 14, 15, 16]. While linguistic-
based rather than data-driven groupings seem to perform best,
to date this approach has not been successful in identifying a
set of phoneme-to-viseme mapping which would exceed what
can be achieved with a phonemic categorisation, even when ac-
counting for contextual articulation of phonemes in establish-
ing mappings (e.g., [17]). Often the main conclusion is that
phonemes, not visemes, should remain the basic unit for visual
speech recognition [16].

In this paper we explore an approach for explaining the vi-
sual advantage in auditory-visual speech perception that follows
on from the masking procedure used by [11]. This work uses
data obtained in a previous study [18] that showed a clear in-
creasing performance with increasing visual area available in
speech perception in noise. Glimpsing of auditory information
[19] was found to be a strong predictor for performance, with
the strongest correlation occurring in the auditory only condi-
tion, suggesting that in the absence of visual information, par-
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ticipants relied more on bottom-up cues. A signal-based evalu-
ation of visual movement was not a strong predictor of perfor-
mance in visual conditions, leaving the visual advantage lack-
ing a clear explanation. We attempt to fill this gap here, by
focussing on top-down cues such as lexical factors, the visibil-
ity of various viseme groupings, and a phonetically motivated
quantification of visual information restricted to the oral region.

The remainder of the paper is divided as follows: in Sec-
tion 2 we present the corpus on which the study builds, as well
as a variety of lexical and visual predictors. Section 3 shows re-
sults of a correlation analysis with sentence intelligibility which
are discussed in Section 4.

2. Methods
2.1. Data

The data analysed here is taken from study reported in [18]. In
that study, participants were presented with audio-visual pro-
ductions of IEEE sentences [20] by a native Australian female
speaker in three auditory-visual conditions, varying in amount
of visual information made available. In all conditions, the audi-
tory channel was mixed with speech-shaped noise whose spec-
trum approximated the long-term averge spectrum of the talker,
at a signal-to-noise ratio of −3 dB. The three visual conditions
were: Auditory only (hereafter, A), where a grayscale static im-
age of the talker face was presented with closed lips. The im-
age was presented in grayscale to make it clear to the partici-
pants that they should not expect any visual information. In the
Auditory-Visual masked condition (AVm), the video recording
of the talker was played synchronously with the auditory chan-
nel. The region of the video was limited to the lower part of the
face and a circular patch with a fixed radius determined to mask
the lip area was superimposed on the video. The color of the
patch was gray with a saturation value that matches the average
value of the masking region across the corpus. The Auditory-
Visual condition (AV) was identical to the AVm condition with
the exception of the superimposition of the circular patch. Fig-
ure 1 summarizes the conditions.

The participants’ task was to type the words that they heard
and their response was scored automatically by counting the
number of correct keywords recognised, accounting for homo-
phones and common spelling mistakes.In the following, we take
the dependent variable as the proportion of keywords correctly
recognised.

A AVm AV

Figure 1: The three auditory-visual conditions used in [18].
Color indicate animated video.

2.2. Lexical and visual information

Following the analyses of [18], we set out to explain the visual
over visual masked advantage with a range of lexical predic-
tors, with the idea that lexical knowledge could be recruited
differently for the visual modality. Lexical predictors were
obtained for each word of the sentences by querying the En-

Table 1: Grouping of phonemes into visemes and their associ-
ated visibility ranking, when available. The rightmost column
shows the coding of exclusively orally salient feature (XOS),
with grayed rows for phonemes falling in that category.

Phon. IPA Group (visib.) Group Visib. XOS
Jeffers Hazen Ramage
[21] [22] [16]

Stop
p p C (3) LB 7 no
b b C (3) LB 5 no
t t J (10) SB 4 no
d d J (10) SB 4 no
k k K (11) SB 2 no
g g K (11) SB 8 no
Affricate
ch Ù F (6) Pal 12 yes
jh Ã F (6) Pal 9 yes
Fricative
f f A (1) LFr 7 yes
v v A (1) LFr 6 yes
th T E (5) SB 13 yes
dh D E (5) SB 1 yes
s s H (8) AlCl 1 no
z z H (8) AlCl 1 no
sh S F (6) Pal 9 yes
zh Z F (6) Pal 8 yes
hh h K (11) FV 1 no
Nasal
m m C (3) LCl 4 no
n n J (10) AlCl 3 no
ng N K (11) VlCl 14 no
Lateral/Glide
w w B (2) RV 1 no
r ô B (2) R 2 no
l l J (10) L 2 yes
y j I (9) Y 5 yes
Diphthong
ey eI I (9) FV 5 no
oy OI G (7) RV 10 no
aw aU D (4) RV 6 no
ay aI I (9) FV 2 no
Vowel
iy i: I (9) OV 3 no
uw u: B (2) RV 10 no
ih I I (9) OV 2 no
uh Ç B (2) RV 11 no
ow oU B (2) RV 1 no
ax @ I (9) OV 1 no
ah 2 I (9) BV 3 no
eh E I (9) FV 1 no
er 3 B (2) R 3 no
ae æ I (9) FV 2 no
aa A I (9) BV 3 no
ao O: I (9) RV 4 no
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glish Lexicon Project database1 [23]. This consisted of obtain-
ing the length of the word in phonemes (NPhon) and syllables
(NSyll), the log frequency in a corpus of written American En-
glish (Log Freq HAL) and the phonological neighborhood size
(Phono N H). Lexical predictors were computed for each sen-
tence as the mean value of the predictor of the keywords of that
sentence, i.e., the function keywords were not scored.

Next, we explored different groupings of phonemes accord-
ing to their visual saliency, or visibility. We used two com-
monly used phoneme-to-viseme maps, the linguistically moti-
vated map of Jeffers & Barley [21] (hereafter, Jeffers) where
phonemes are grouped into the same viseme class when their
articulation should make them appear similar (for example, /p/
and /b/ are grouped together as they both involve a lip pro-
trusion gesture). This mapping contains 11 categories (plus a
silence category not used here), each assorted with a visibil-
ity rank. This coding, as well as other following codings, are
reported in Table 1. Another widely used mapping is that pro-
posed by Hazen et al. [22], established in a data-driven approach
by clustering phonetically-annotated visual frames. The confu-
sion intra- and inter-category was evaluated by Ramage [16, Ta-
ble 6.4]. Based on this work, Ramage also proposed a visibility
ranking of phonemes. Finally, in order to test the visual over
the masked-visual advantage, we also made a simple grouping
into one of two categories, according to whether the phoneme’s
articulation would provide visual information mainly in the oral
region. We excluded from this category two different sound
types. The first constists of speech sounds thought to have low
visibility such as the lax vowel /I/, which are unlikely to consti-
tute a target for articulators but rather their visual appearance is
expected to be influenced by neighboring more salient (and/or
accented) phonemes. Second, we also excluded from this cat-
egory those phonemes whose articulation is marked enough so
that their visible manifestation affects a broader region than just
the lip area, and may be predictable from movement of peri-oral
articulation, such as the jaw motion in the case of articulation
of the stressed /A/ or the marked lip protrusion in the articula-
tion of /w/. We call this indicator the exclusively orally salient
feature (XOS).

For continous predictors, we computed a value per sen-
tence as the mean score of the parameter across keywords of
that sentence. For XOS, the value is taken as the proportion of
phonemes of that class across all phonemes of keywords of the
sentence.

3. Results
Table 2 shows the correlation coefficients for each predictor
with mean sentence score across subjects in each modality con-
dition.

3.1. Lexical predictors

Starting with lexical predictors, one can observe that the length
of keywords has no effect on sentence intelligibility when mea-
sured in number of phonemes [all p > .1]. The number of
syllables of keywords was however found to be associated with
sentence intelligibility for the AV condition only [p = .02],
with longer words being better recognised than shorter words.
It should be noted however that on this sentence material with
a constrained structure, the mean number of syllable can take
only one of three values as a result of the total number of sylla-
bles across all sentences being either 5, 6 or 7, with 167 out of

1http://elexicon.wustl.edu. Last checked 1st May 2015

Table 2: Correlation coefficient of lexical and visual predic-
tors with mean sentence score for each visual modality condi-
tion. p-values given by Pearson’s product-moment correlation
test are indicated according to classical coding of significativity
levels.

Predictor A AVm AV
Lexical
NPhon −0.062 −0.019 −0.066
NSyll 0.111 0.130 . 0.173 *
Log Freq HAL 0.285 *** 0.293 *** 0.310 ***
Phono N H −0.038 −0.060 −0.065
Visual
Jeffers vis. −0.045 −0.036 −0.052
Hazen NInter −0.098 −0.190 * −0.121
Hazen NIntra 0.050 −0.039 −0.057
Ramage vis. 0.165 * 0.163 * 0.110
XOS prop. −0.143 . −0.226 ** −0.073

180 sentences (92.8%) having exactly 6 syllables. Therefore,
a correlation analysis is likely to be influenced by the score of
the remaining small number of sentences falling outside of this
group.

The keywords’ log frequency was found to be robustly cor-
related with sentence intelligibility [all p < .001], however
there was no difference across modality conditions. Phonolog-
ical neighborhood did not yield any significant correlation with
performance [all p > .1] across the three conditions. Taken to-
gether, lexical factors seem to play little or no role in explaining
the visual advantage in perceiving speech in noise.

3.2. Visual predictors

Average keyword visibility as measured by Jeffers phoneme-
to-viseme mapping and its associated visibility rank did not
correlate with sentence intelligibility [all p > .1]. While
intra-viseme confusion with the Hazen mapping did not have
explanatory power either, inter-viseme confusion was nega-
tively correlated with performance for the AVm condition only
[p = .01], indicating that sentences with a higher proportion of
phonemes easily confused with another’s viseme group seem to
carry relevant information related to orally masked speech.

Another notable result concerned the Ramage visibility
ranking, for which sentences containing a higher proportion
of visually ’clean’ phonemes received higher scores for the
A [p = .027] and AVm [p = .029] conditions. The propor-
tion of such phonemes do not seem to provide an extra benefit
when the full lower face was visible.

The strongest predictor of masked visual performance is ob-
tained by the XOS proportion, and is also represented in Fig-
ure 2. Sentences with a high proportion of phonemes which
present information mainly in the oral region were the main pre-
dictor of masked visual intelligibility [AVm: p = 0.003].

4. Discussion
We have shown that while lexical factors appear to play little
role in explaining the visual advantage in perceiving sentences
in noise, a simple characterization of visual phonetic informa-
tion is able to predict the amount of information listeners attend
to in retreiving speech information from orofacial movements.

The fact that high frequency words are more easily recog-
nised in noise is long established [24]. As was also found by
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Figure 2: Mean sentence performance as a function of XOS
phoneme proportion for the three modality conditions, with re-
gression line overlaid. Mean performance across conditions
found in the [18] study are reported on the left of the Figure,
with error bars showing 95% confidence intervals (N = 27).

[17], the current study shows that this effect is not modulated by
the availability of visual information. Although it is difficult to
speculate further given the distributional constraints of the sen-
tence material employed here, the result that additional context,
as measured by number of syllables, has a greater role in the
full- face condition is an interesting one, pointing to a nonlinear
combination of auditory and visual cues in speech intelligibil-
ity. Systematic variation of number of syllables in auditory only
condition shows an effect on intelligilibity, e.g., [25], therefore
it is expected that the observed effect would be even higher in
an audiovisual condition (see also [26]).

Visemic grouping of phonemes and their associated visibil-
ity scores did not make a clear contribution in explaining per-
formance difference between orally masked and full-face visual
speech. When there was an effect, such as the positive correla-
tion for the Ramage visibility predictor, reasons may be found
in the phonetic characteristics of the sounds: visually ’clear’
phonemes (such as /N/) may also lead to similar ’clear’ phonetic
realisation. Similarly, increasing inter-category confusability
using the Hazen grouping may be associated with phonetic con-
fusability.

Following that observation, it is interesting to note that 8
out of 10 of the phonemes selected as orally salient are frica-
tives or affricates, for which the spectral and amplitude enve-
lope characteristics are, relatove to other phonemes, likely to be
masked by the type of noise employed here. This may in turn
explain the hint of negative correlation with intelligibility in the
auditory only modality.

In all, the results reported here point to visual cues that are
easily described in articulatory terms. This description can ac-
count for the visual advantage difference between full-face and
masked face perception of audiovisual speech.
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