This article was downloaded by: [Archives & Bibliothéques de
I'ULB]

On: 08 July 2015, At: 03:22

Publisher: Routledge

Informa Ltd Registered in England and Wales Registered Number:
1072954 Registered office: 5 Howick Place, London, SW1P 1WG

European Journal of
Cognitive Psychology

Publication details, including
instructions for authors and subscription
information:
http://www.tandfonline.com/loi/pecp20

The Role of Lip-reading
and Cued Speech

in the Processing

of Phonological
Information in French-
educated Deaf Children

Jesus Alegria , Brigitte L. Charlier &
Sven Mattys
Published online: 21 Sep 2010.

To cite this article: Jesus Alegria , Brigitte L. Charlier & Sven Mattys
(1999) The Role of Lip-reading and Cued Speech in the Processing

of Phonological Information in French-educated Deaf Children,
European Journal of Cognitive Psychology, 11:4, 451-472, DOI:
10.1080/095414499382255

To link to this article: http://dx.doi.org/10.1080/095414499382255

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of
all the information (the “Content”) contained in the publications



http://www.tandfonline.com/loi/pecp20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/095414499382255
http://dx.doi.org/10.1080/095414499382255

Downloaded by [Archives & Bibliothégues de I'ULB] at 03:22 08 July 2015

on our platform. However, Taylor & Francis, our agents, and our
licensors make no representations or warranties whatsoever as
to the accuracy, completeness, or suitability for any purpose of
the Content. Any opinions and views expressed in this publication
are the opinions and views of the authors, and are not the views
of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified
with primary sources of information. Taylor and Francis shall not
be liable for any losses, actions, claims, proceedings, demands,
costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with,
in relation to or arising out of the use of the Content.

This article may be used for research, teaching, and private
study purposes. Any substantial or systematic reproduction,
redistribution, reselling, loan, sub-licensing, systematic supply,
or distribution in any form to anyone is expressly forbidden.
Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Archives & Bibliothégues de I'ULB] at 03:22 08 July 2015

EUROPEAN JOURNAL OF COGNITIVE PSYCHOLOGY, 1999, 11 (4), 451-472

The Role of Lip-reading and Cued Speech in the
Processing of Phonological Information in
French-educated Deaf Children

Jesus Alegria

Laboratoire de Psychologie Expéerimentale, Université Libre de Bruxelles,
Belgium

Brigitte L. Charlier

Centre Comprendre et Parler, Brussels, Belgium

Sven Mattys

Departments of Psychology and Cognitive Science, Johns Hopkins
University, Baltimore, USA

Deaf children exposed to Cued Speech (CS: system designed to reduce lip-
reading ambiguity) either before age 2 (“early’) or later at school (“late”)
were presented with words and pseudowords with or without CS. The first
goal was to examine the effects of adding CS to lip-reading on phonological
perception. Results showed that CS substantially improved performance
suggesting that CS corrects for lip-reading ambiguities. CS effects were
significantly larger in the ‘“‘early” than the “late” group, particularly with
pseudowords. The second goal was to establish the way in which lip-reading
and CS combine to produce unitary percepts. To address this issue, two
types of phonological misperception resulting from CS’s structural charac-
teristics were analysed; substitutions based on the similarity between CS
units, and intrusions of a third syllable for bisyllabic pseudowords requiring
three CS units. The results showed that the frequency of such mispercep-
tions increased with CS. The integration of CS and lip-read information is
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discussed as a function of CS’s structural characteristics and the amount of
exposure to CS.

Phonological codes support numerous fundamental cognitive activities
in normal-hearing people. These activities include speech perception and
production, as well as reading and writing. Research with deaf people has
been concerned with the development of such phonological codes in the
absence of auditory information. Several experimental paradigms have
demonstrated that a significant proportion of deaf youngsters possess
phonological codes and use them in a manner similar to their unimpaired
counterparts (Alegria, Leybaert, Charlier, & Hage, 1992; Campbell &
Wright, 1988; Conrad, 1979; Dodd & Hermelin, 1977; Leybaert &
Alegria, 1993; Leybaert, Alegria, Hage, & Charlier, 1998; Oller & Eilers,
1988). Similarly, experiments focusing on the mechanisms of reading and
spelling in the deaf have shown that these activities involve the use of
phonological representations (Alegria & Leybaert, 1991; Hanson, Shank-
weiler, & Fischer, 1983; Leybaert, 1993; Leybaert & Alegria, 1995).
Although these studies suggest that phonological representations can
develop in the absence of auditory information, the origin of those repre-
sentations remains to be established. Lip-reading is obviously an impor-
tant determinant to consider.

LIP-READING

Lip-reading undoubtedly contributes to the development of phonological
representations in people who are deaf. In fact, a vast literature shows
that lip-reading improves speech recognition in both deaf and normal-
hearing people. Until the mid-1970s, the function of lip-reading was
believed to be limited almost exclusively to assisting speech perception in
poor auditory conditions (Binnie, Montgomery, & Jackson, 1974; Erber,
1969, 1974; Sumby & Pollack, 1954). However, data collected during the
past 20 years with normal-hearing populations have indicated that, when
a speaker’s face is seen, the visual information accompanying speech
becomes part of an audio-visual compound that enhances encoding of the
speech signal. McGurk and MacDonald (1976) showed that seeing a face
pronouncing the syllable /ga/ while simultaneously listening to an
auditory /ba/ produced a perceptually clear /da/. These results have since
then been confirmed and expanded in several studies (e.g. Campbell,
Dodd, & Burnham, 1998; Massaro, 1987, 1989). The McGurk effect
radically modifies the old view that, in the hearing, speech processing is a
purely auditory phenomenon.

One obvious reason why the speech processing apparatus incorporates
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lip-reading information is that human beings experience, from their
earliest infancy, a highly correlated audio-visual speech signal. Results
obtained with the paradigm of visual preference have shown that infants
prefer to look at a face executing articulatory gestures that match simul-
tancous auditory information over articulatory gestures that do not
match the auditory signal. This linkage indicates that the visual (lip-
reading) information is processed in a linguistically relevant manner as
early as five months after birth (Burnham, 1998; Kuhl & Meltzoff, 1982;
MacKain, Studdert-Kennedy, Spicker, & Stern, 1983).

Thus, because lip-reading seems to be integrated into the speech percep-
tion process from the earliest days of life, some abstract representations
common to both auditory and visual speech information may exist
(Green, 1998; Liberman & Mattingly, 1985; Summerfield, 1987, 1991). In
turn, phonological codes are likely to have a visual (lip-reading) dimen-
sion, at least in individuals hearing normally. This visual dimension of
speech is important because it makes the phonological representations of
the deaf appear comparable to those of the hearing. However, because
lip-reading alone is an insufficient support for deaf people, methods for
reducing lip-reading ambiguities have received considerable attention.

MANUAL AIDS TO LIPREADING: CUED SPE=CH (CS)

Research has shown that the phonological representations in children
with profound hearing loss are at least initially based on lip-reading
(Dodd, 1976, 1987; Dodd & Hermelin, 1977; Leybaert & Alegria, 1995).
However, for the vast majority of deaf children, lip-reading alone cannot
adequately trigger language acquisition because the visual information
available in speech is far more ambiguous than the auditory information
(e.g. the voiced/voiceless distinction is not visible). Moreover, successful
lexical development requires a rather systematic association between refer-
ents and their corresponding phonological strings. Lip-reading alone does
not provide this association as reliably as the auditory signal does. Due
to this shortage, speech-language pathologists and teachers for the deaf
have attempted to reduce ambiguities in lip-reading with supplementary
auditory, visual, and tactile information.

In this context, Cued Speech (CS), a system of hand gestures, was
developed in an attempt to help deaf children decode speech by elimi-
nating lip-reading ambiguities (Cornett, 1967; see Périer, 1987, for a
comparison between CS and other similar systems). When using CS, the
speaker forms various hand shapes at positions near and around the
mouth so that the listener can see the speech information conveyed simul-
taneously by the lips and the hand. In the French version of CS, the
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hand can adopt eight hand shapes and be placed at five hand positions
around the mouth. Hand shapes are intended to clarify consonants
whereas hand positions disambiguate vowels.

As shown in Fig. 1, consonants and vowels are grouped into sets of two
or three, with each set having a specific hand shape or hand position. Sets
of consonants and vowels are represented by one hand shape or one hand
position, respectively. Within a set, phonemes are easily discriminable
through lip-reading. Conversely, items that are difficult to discriminate
through lip-reading belong to different sets. For example, a particular
hand shape is shared by the phonemes /p, d, 3/, which are easily distin-
guished on the basis of lip-read cues. In contrast, bilabials (e.g. /b, m, p/),
which are difficult to discriminate from each other through lip-reading, are
represented by different hand shapes (Fig. 1). The same principle holds
with vowels: A particular hand position is shared by vowels with high
visual discriminability (e.g. /i, 5, a/ and /a, o, o/), whereas vowels that
share similar lip shapes (e.g. the rounded French vowels /y, u, o, ¢/) are
coded by different hand positions. It is worth mentioning that, compared
to English, French has a small number of diphthongs. This aspect makes
French CS relatively simpler than English CS given that coding
diphthongs in CS requires several (and rapid) hand position changes.

As a result of this organisation, the simultancous lip-read and CS
information produced for, say, a CV syllable (i.e. one hand shape in one
particular hand position) provides unambiguous information about the
identity of this particular syllable. We will refer to the CV syllable struc-
ture as the “canonical” structure for the CS system because one such
syllabic unit corresponds to one CS unit. For the other syllabic struc-
tures, CS has additional features. For example, a vocalic syllable (V) is
represented by the hand position corresponding to the vowel combined
with the “neutral” hand shape (the one found with consonants /f, t, m/,
see Fig. 1). Likewise, syllables bearing several consonants, such as CCV
and CVC, are coded using the “neutral” hand position (the one found
with vowels /a, o, of). Figure 2, which displays the different syllabic
structures used in the present experiment, illustrates various CS units.
For instance, the vocalic syllable /o/ is coded at the /o/ hand position
using the “neutral” hand shape. The syllable /bli/ is coded with two CS
units: The first one is the /b/ hand shape in the neutral hand position
while the second one is the canonical CV unit for the /li/ part of the
syllable.

Critically, these structural characteristics of CS could potentially create
phonological percepts not present in the input because the number of CS
units does not always coincide with the number of spoken syllables. This
inequity could produce perception of extra syllables. Further, CS could
also cause confusions among consonants sharing the same hand shape
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FIG 1. French version of Cued Speech: (a) “neutral” hand shape used to code isolated
vowels and (b) neutral hand position used to code consonants other than onsets of CV

syllables.
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FIG 2. Examples of the phonological structures used in the experiment and their corre-
sponding Cues.

(e.g. confusing /d/ with /3/ or /p/) or among vowels sharing the same
hand position (e.g. confusing /o/ with /o/ or /a/). We will refer to these
two types of errors as “CS errors”.

Errors due to the specific characteristics of CS might depend, in large
part, on the way CS information is processed relative to lip-read informa-
tion. For example, the only way to discriminate /da/ from /3a/, which
share the same hand shape, is to decode the labial difference in their
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initial consonant. Similarly, the distinction between the syllables /lo/ and
/1a/, which share the same hand position, depends on the lip-read infor-
mation about the vowel. Therefore, the occurrence of CS-related errors
would suggest that the CS information was decoded without the integra-
tion of lip-reading information. One of the goals of the present experi-
ment is to explore this possibility. This analysis represents an important
step towards understanding how CS and lip-reading information combine
to produce a unique phonological compound.

THE ROLE OF CUED SPEECH IN SPEECH
PROCESSING

Nicholls and Ling (1982) examined the role of CS in speech recognition.
In their research, a group of deaf youngsters who had been exposed to
CS in school for at leats four years were presented with lip-read sentences
with and without CS. The results showed that the addition of CS
produced a substantial improvement in comprehension. Similarly, a group
of deaf children was examined in a sentence understanding task (Charlier,
Hage, Alegria, & Périer, 1990; see Périer, Charlier, Hage, & Alegria, 1987
for an earlier report). In this study, some children had been exposed to
CS since infancy (the “early’” group). The other children of the sample
had used CS exclusively in school from age 5 or 6 onwards (the “late”
group). The two groups were presented with lip-read sentences with and
without CS. For each sentence, the children were asked to choose, out of
a set of four drawings, the one that best corresponded to the content of
the sentence. The authors found that the presence of CS generated a
significant improvement in both groups, but the improvement was greater
in the “early” than in the “late” group. When “early’’ and “late” groups
of children were paired off for the duration of CS exposure, the advan-
tage for the “early” group was still present, despite the fact that the
children in the “early’” group were younger than those in the “late”
group.

The present experiment has two goals. The first one is to further
document the notion that CS improves lip-reading. To this end, words
and pseudowords, presented with and without CS, were presented to
children of different ages and with different durations of exposure to CS.
The accuracy of their transcription was analysed for all conditions. The
second goal is to explore the way in which CS and lip-reading informa-
tion combine. To do so, we analyse the patterns of CS errors in canonical
and non-canonical structures.
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METHOD

Participants

The participants were 31 prelingually deaf French-communicating
children and adolescents. All participants showed normal intelligence
levels (IQ was routinely evaluated in school with non-verbal tests). They
attended classes corresponding to their age. None exhibited learning or
language disabilities. Their teachers were asked to provide an evaluation
(on a six-point scale from 0, very poor, to 6, very good) of the children’s
reading and spelling abilities relative to normal expectations for deaf
children attending specialised schools. The evaluations revealed that the
children’s spelling abilities were sufficient for the elementary phoneme-to-
grapheme transcription task required in the present experiment. Partici-
pants were split into two groups as a function of the age at which they
had been exposed to CS: “early” and “late’.

The seven participants (six male and one female) belonging to the
“early” group had been exposed to CS at home before age 2 and, since
then, had used CS systematically to communicate with their parents. The
average age in the “early” group was 10;9 (years; months), ranging from
8;6 to 12;0. Duration of CS exposure was 9;5 (years; months), ranging
from 6;11 to 11;1. The average hearing level (calculated on 500, 1000,
and 2000 Hz pure tones) was 102.9 dB HL, ranging from 100 to 115 dB
HL. All children in this group wore two hearing aids. One of the partici-
pants had corrected vision.

The “late’ group consisted of 24 participants (15 male and 9 female).
The mean age in the “late” group was 15,9 (years; months), ranging
from 11;8 to 19;10. All participants started using CS between age 5 and
age 9 (i.e. at the end of pre-school or at the beginning of primary
school). Except for two children who occasionally used CS to communi-
cate with their parents, all participants in the “late” group used CS
exclusively at school to communicate in the classroom. The average
duration of CS exposure in this group was 6;5 (years; months), ranging
from 3;0 to 10;11. The average hearing level as 100 dB HL, varying
from 85 to 120 dB HL. All of the participants in the “late” group used
wore two hearing aids except for one participant who wore a cochlear
implant (implanted four years prior to the present experiment). Seven
participants had corrected vision. The sample characteristics are reported
in Table 1.

Stimuli and Conditions

All stimuli, words, and pseudowords, were four-phoneme-long bisyllables.
Four different structures were examined: CV-CV, VC-CV, V-CVC, and
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TABLE 1
Sample Characteristics
Early Late

n 7 24
Age

mean 10;9 15,9

range (8;6-12;0) 11;8-19;10)
Exposure Duration

mean 9;5 6;5

range (6;11-11;1) (3;,0-10;11)
Hearing Loss

mean 102.9 100.0

range (100-115) (85-120)
Reading-Spelling

mean 4.6 3.7

range (3-6) (2-6)

Number of participants (1), mean age (years; months) and range, Duration of Exposure to
CS, Hearing Loss (dB HL), and Reading-Spelling marks (evaluated by the teachers in a
scale from zero: very poor, to six: very good), per group.

V-CCV, with eight words and eight pseudowords per structure (the entire
list can be seen in the Appendix). Pseudowords were generated by
combining syllables of structurally similar words. For example, in condi-
tion CV-CV, the pseudoword /by-v/ was created by pasting the first
syllable of the word /by-rRo/ (desk) and the second syllable of the word
/Jo-v¢/ (hair). Words and pseudowords were presented in separate blocks
of 64 items each. The two possible orders of presentation were counter-
balanced across participants. Each item appeared twice: once with lip-
reading alone, and once with lip-reading plus CS (the latter condition is
henceforth labelled CS). Half the items appeared first with lip-reading
alone and then with CS. The other half appeared in the opposite order.
The number of items inserted between the two versions of the same
stimulus varied between 29 and 36 (mean = 32). All items were video-
taped by a female pathologist specialising in speech and language, who
was fluent in CS (she had over 10 years of daily CS practice) and familiar
to the children. The same tape was presented to all of the participants.
To signal the onset of an item, the speaker looked down at the floor.
Upon pronunciation, she raised her head in the upright position and
produced the item. Then, her face tilted down again and the tape was
stopped. All items were pronounced at a normal rate (less than one
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second per item). They were exclusively visual (the videotape was played
without sound).

Procedure

The participants were tested either individually or in groups of two or
three in a quiet and dimly light room. They were seated in front of a TV
screen 65 cm in diagonal. The distance between the children and the TV
screen was ~ 120 cm. First, participants were shown a series of practice
items with the same phonological structures as the test items. The training
session ended as soon as the participants showed that they understood the
task. Before each experimental block of trials, they were informed about
the block’s lexical status: words or pseudowords. After each trial, the
participants gave a written transcription of the item, without any time
constraints. The next item was presented as soon as all the children had
written the response and were looking at the screen again. For each item,
the participants were asked to provide a response as complete as possible.
They were encouraged to guess if they were uncertain.

At the beginning of the session, the experimenter told the children that
the standard spelling of the words did not matter. Participants were given
examples showing acceptable spellings of various phonemes, words, and
pseudowords. French spelling, like English spelling, involves numerous
irregularities at the phoneme-to-grapheme transcription level. For
example, the phoneme /o/ is spelled “eau’ in the word “bureau” /by-ro/
(desk) but spellings like “0”, “au”, and “aud”, found in other words, are
also pronounced /o/. In this experiment, all such spellings were considered
correct. Interpreting the target phoneme from deviant spellings, was not
problematic since French, unlike English does not present irregularities at
the grapheme-to-phoneme transcription level. The phonology of any
spelling can be deduced without ambiguity. For example, if a participant
gave the response “buraud” (instead of the standard spelling “bureau’),
she or he could be unambiguously credited with having correctly
perceived the final phoneme /o/. This property allowed for evaluation of
the participant’s written response at a phonological level regardless of the
spelling.

RESULTS

Effects of CS on Phonological Processing

The first goal of the present experiment was to determine the role played
by CS in the processing of words and pseudowords and its relationship to
the age at which children were exposed to CS for the first time as well as
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the amount of CS exposure they had had in their life. In this section, we
present the results in the Lexicality (word vs pseudoword) and Cueing
(lip-reading vs CS) conditions, broken down into the “early’”’ and “late”
groups. The mean percentages of correct responses appear in Fig. 3.

An analysis of variance was performed on the accuracy data, factoring
Group (“early” vs “late”) as a between-subject factor, and Lexicality
(words vs pseudowords), Syllabic Structure (CV-CV, VC-CV, V-CVC,
and V-CCV), and Cueing (lip-reading vs CS) as within-subject factors.
Although the main effect of Group (“early” vs “late”) did not reach
significance, F < 1, CS was found to significantly improve the overall
identification performance, F(1, 29) = 134.38, p < .001. This effect was
greater in the “early’” than in the “late” group, as shown by the interac-
tion between Group and Cueing, F(1, 29) = 6.39, p < .02. None the
less, the improvement in the “late group was still significant, F(1, 21) =
69.43, p < .001.

The results also show that words were identified better than pseudo-
words, F(1, 29) = 203.62, p < .001. A significant interaction between
Lexicality and Group, F(1, 29) = 7.43, p < .05, indicated that pseudo-
words were better identified by the “early” than the ‘“late” participants,
F(1, 29) = 4.12, p = .052. This difference did not appear with words,
F < 1. The lexicality effect applied to both the CS and lip-reading condi-
tions, as shown by the absence of a three-way interaction between
Lexicality, Cueing, and Group, F < 1.

Finally, Syllabic Structure also generated reliable differences, F(3, 87)
= 20.32, p < .001. The only factor that interacted significantly with

80 - EARLY LATE
[}
[22]
c
g 60
w
o
— 40
[&]
o
G
I5) 20
2

o 4

Word Pseudoword Word Pseudoword

[0 Lip-reading alone N Lip-reading and CS

FIG 3. Mean percentage of correct responses for words and pseudowords per condition
(lip-reading alone vs lip-reading plus CS). The figure shows the results obtained in the
“early”’
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Structure was Lexicality, F(3, 87) = 16.81, p < .001. For clarity’s sake,
Structure is not represented in Fig. 3. The percentage of correct responses
varied between 48.8% (V-CVC) and 33.5% (V-CCV). The only theoreti-
cally motivated prediction regarding differences between structures was
the superiority of the canonical condition in the CS condition. However,
this effect did not emerge. Given that the influence of Syllabic Structure is
specifically related to the hypothesis of CS-generated errors, this variable
will be considered in more detail in the next section.

Although the absence of a global significant difference between ‘“‘ecarly”
and “late” groups seems surprising at first, several sample characteristics
may have contributed to this result. For example, the ‘“early” group
involved participants considerably younger than the “late’ group, and all
the “early” participants were in primary school, whereas 18 of the 24
participants in the “late” group had reached the secondary level.
Moreover, the difference between the “early’” and “late” groups was not
exclusively due to the age of first CS exposure. This factor was partly
confounded with the duration of the exposure to CS. Children in the
“early” group had generally been exposed to CS not only at an earlier
age but also during a longer period of time than those in the ‘“late”
group. Finally, hearing losses in the “late” group were both lower and
more variable relative to those of the “early” group. Part of the differ-
ences between groups may arise from the fact that some children in the
“late” group might be better at exploiting their residual hearing resources
and less motivated to use CS.

In order to assess the impact of such differences between the ‘“‘early”
and “late” groups on the results, three factors were introduced into the
previous analyses as covariates: Age, Duration of Exposure to CS, and
Hearing Loss (mean loss for 500, 1000, and 2000 Hz tones in the best
ear). The results showed that only Age emerged as a significant contri-
butor to the performance, F(1, 28) = 9.10, p < .0l; Duration of
Exposure to CS, F(1, 28) = 2.31, p > .10, ns; Hearing Loss, F < 1. An
interesting consequence of introducing Age as a covariate was that
Group, which was not a significant factor in the ANOVA, clearly
emerged, F(1, 28) = 7.46, p < .05, with “early” children performing
better than “late” children. The interaction between Group and Cueing
remained significant, F(1, 27) = 8.03, p < .01.

Furthermore, because Age and Duration of Exposure to CS were
strongly correlated to each other (especially in the “late” group), we ran
another set of control analyses in which these two factors were introduced
as covariates simultaneously. The results of these analyses showed that
Age, but not Duration of Exposure to CS, was significant, F(1, 27) =
11.05, p < .01, and F(1, 27) = 4.08, p = .13, respectively). Finally, it is
worth mentioning that the Group effect and the Group by Cueing inter-
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action remained significant, F(1, 27) = 5.89, p < .01, and F(1, 27) =
6.72, p < .05, respectively.

Cued Speech Processing: Effects of Some Specific CS
Characteristics

To address the second issue of the experiment—the possibility that CS
generates specific errors, we focused on the incorrect responses related to
CS characteristics. The relevant analyses were done exclusively on pseudo-
words so as to factor out possible lexical influences. Two types of
evidence were explored. The first one entailed tracking down the presence
of substitutions of segments induced by CS characteristics (e.g. giving a
/t/ response to an /f/ input because the consonants share the same hand
shape). The second one concerned the influence of the number of CS
units on the number of syllables reported.

Substitution Errors Based on CS Structure. In the following analyses,
substitutions of a segment for one that shares a CS parameter (i.e. hand
shape or hand position) are referred to as CS substitutions. We examined
the frequency of CS substitutions in the CS condition and in the “lip-
reading alone” condition.

We analysed the stimulus-response matrix of the pseudoword data and
determined the frequency of CS substitutions relative to the total number
of errors (i.e. any erroneous phoneme other than those belonging to the
specific CS hand shape/position) for each phoneme. Consonants and
vowels were analysed separately. For higher accuracy in coding the
errors, we considered only the responses with a syllabic structure identical
to that of the stimulus (V for V, VC for VC, etc.). The results are
presented in Fig. 4. An analysis of variance was run with Group (“‘early”
vs “late”) as a between-subject factor, and Cueing (lip-reading vs CS) and
Type of Phoneme (vowels vs consonants) as within-subject factors.

The Cueing factor failed to reach the conventional significance level,
F(1, 29) = 3.22, p = .063. Neither Group nor Type of Phoneme was
significant (Fs < 1). However, there was a tendency for CS substitutions
to appear with consonants, F(1, 29) = 3.56, p = .059, but not with
vowels, F(1,29) = 1.59, p > .10.

The Importance of CS Units in Syllabic Segmentation. 1If the number
of CS units affects the number of perceived syllables, then non-canonical
syllabic structures (VC-CV, V-CVC, and V-CCYV), which have three CS
units, should produce a greater number of three-syllable responses than
the canonical structure (CV-CV), which has only two. Figure 5 shows the
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FIG 4. Mean percentage of CS errors per group and per condition (lip-reading alone vs lip-
reading plus CS). CS errors include confusions between segments that share the same hand
position (vowels) or the same hand shape (consonants).

mean number of three-syllable responses as a function of Cueing in the
canonical and non-canonical conditions, per group of subjects.

An analysis of variance was performed on the number of three-syllable
responses with Group (“‘early” vs “late’’) as a between-subject factor and
Cueing (lip-reading vs CS) and Structure (canonical: CV-CV vs non-
canonical: a pool of the three others) as within-subject factors. The
results suggest that the introduction of CS globally reduces the frequency
of three-syllable responses, as shown by the Cueing effect, F(1, 29) =
19.30, p < .001. Structure was not significant, F(1, 29) = 1.04, ns, but its
interaction with Cueing reached significance, F(1, 29) = 5.66, p < .05.
This interaction indicates that the reduction of three syllable responses
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FIG 5. Mean percentage of three-syllable responses per structure (canonical (CV-CV) vs
non-canonical (VC-CV, V-CVC, and V-CCV)), per condition (lip-reading alone vs lip-reading
plus CS), and per group.
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was greater in the canonical than in the non-canonical condition; Cueing
reduced the tendency to produce three-syllable responses in the canonical
condition but not in the non-canonical condition, F(1, 29) = 19.20, p <
.001 and F(1, 29) = 1.78, ns, respectively. Finally, the Group factor was
non-significant, F(1, 29) < 1, as were its interactions with the other
factors.

DISCUSSION

The motivation of the present experiment was twofold. The first goal was
to examine the effects of adding CS information (Cues) to lip-reading
information in the decoding of words and pseudowords by deaf children
who had different experiences with CS. The second goal was to further
understand how lip-reading and CS combine to produce a unitary
percept. To address this issue, we examined cases in which the CS infor-
mation was apparently not properly combined with the lip-read informa-
tion, resulting in perceptual errors dubbed CS errors. Both the positive
and the negative effects of CS are discussed later.

Lips and Cues Combination

The results obtained demonstrate that the addition of Cues to lip-reading
substantially improves speech processing performances among the deaf
children who use CS. Moreover, the improvement was more pronounced
in children exposed to CS at home from an early age than in children
exposed to CS later in their lives and solely at school. Such a discrepancy
remained unchanged when the duration of exposure to CS was controlled.
Thus, the initial age of exposure to CS turns out to be a critical factor.
This finding strongly concurs with previous results (Charlier et al., 1990;
Nicholls & Ling, 1982).

The present data also support the idea that successful labial/CS integra-
tion depends on two important cognitive capacities. First, deaf people
must possess a mechanism responsible for extracting information from
the lip-reading input and, when present, from CS information. This
mechanism would enable them to elaborate an appropriate phonological
input code. Second, adequate labial/CS processing necessitates a set of
stored lexical entries accessible via the phonological input code so elabo-
rated. The distinction between the extraction mechanism and the lexical
entries is important because some children with hearing loss could possess
lexical entries that are not accessible through the phonological code. Such
a dissociation could happen in children whose lexical entries emerged
through sign language, which typically does not transmit conventional
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phonological information. Based on the lexical effect observed across all
groups, we presume that the participants in our experiment did possess
and use phonologically accessible lexical entries that could be reached
even with partial phonological input information. Access to the lexicon
was obviously impossible in the case of pseudoword identification.

The performance disparities between groups might reflect differences in
the quality of the phonological code attached to the lexical entries
presented, or alternatively, differences in the ability to extract phonolo-
gical input information. For example, deaf children could fail to identify
the word /bu-ro/ (desk) because their lexical entry for this word does not
contain all the necessary phonemic specifications. In contrast, the word
could not be identified because processing of the speech signal has failed,
even though the input word is correctly specified at the lexical level.

The pseudoword task was intended to explore more directly the pure
bottom-up phonological processing mechanisms. The superiority of the
“early” over the ‘“late” group in decoding pseudowords suggests that
children exposed to CS early in their life develop a more efficient
phonetic processor than children learning CS later. Although the effects
of age and/or schooling were substantial in the “late” group’s pseudo-
word processing performance, the gap between ‘early” and “late”
children remained considerable when this variable was partialled out.

When Lips and Cues Fail to Combine

The present research examined the possibility that the structural charac-
teristics of CS may, under some circumstances, create incorrect perception
of the speech input. Our data provided some evidence in support of this
claim, which indicates that CS is sometimes interpreted independently of
lip-reading. Two potential types of CS errors were examined: CS substitu-
tions and errors in the number of perceived syllables.

Cued Speech Substitution Errors. Although statistical analyses between
the number of CS substitutions with and without CS failed to show signifi-
cant differences, the data revealed a tendency to make more CS substitu-
tions when CS information was added to the labial input. This tendency
was particularly marked with consonants and in the “early” group. How-
ever, the numbers of CS substitutions and non-CS substitutions found in
the present sample are too small to draw definitive conclusions.

Despite the limited impact of CS errors on the general improvement
provided by CS, the existence of CS errors is important on theoretical
grounds because such errors could constitute an important source of
information about the way in which CS affects phonological processing
and how CS and lip-reading combine.



Downloaded by [Archives & Bibliothégues de I'ULB] at 03:22 08 July 2015

CUED SPEECH PROCESSING IN THE DEAF 467

Number of Cued Speech Units and Syllable Perception. The second
type of CS-induced errors we examined relates to the lack of a one-to-one
match between the number of actual syllables of the input and the
number of corresponding CS units. Only CV syllables translate into single
CV units. VC, CVC, and CCV syllables are coded using two CS units.
Our experiment sought to discover whether participants would be misled
by this structural discrepancy, and hence, in the case of non-canonical
syllables, perceive more syllables than those really present. Data consis-
tent with this hypothesis would unambiguously indicate that the number
of CS units is (or at least can be) interpreted autonomously from the
labial information. The number of three-syllable responses was examined
in two-syllable items made of canonical versus non-canonical structures.
Contrary to the “negative-CS-effect” hypothesis, our results revealed that
the number of three-syllable responses was smaller in the CS condition
than in the “lip-reading alone” condition. However, this difference was
reliable only in the canonical structure. No significant difference was
found for the non-canonical structures. This finding suggests that CS
helps determine the exact number of syllables in canonical CS structures
whereas, in non-canonical structures, where the number of Cues is greater
than the number of syllables, the role of CS is partly hindered by the ten-
dency to interpret extra Cues as extra syllables.

Perhaps, the perception of extra syllables in non-canonical structures
results from the participants’ tendency to interpret neutral Cues as real
phonemes. For example, in the syllable /ar/ (Fig. 2), the vowel /a/ is
coded with the neutral hand shape (shared with the consonants /m, t, f/)
and the consonant /r/ is coded with the neutral hand position (shared
with the vowels /a, o, of). In consequence, /ar/ could be erroncously
interpreted as /ta-ro/ or /fa-ra/, which both have two syllables. Thus,
neutral Cues that convey no segmental meaning can be correctly inferred
only if they are considered in combination with the lip-reading informa-
tion. In the present experiment, we occasionally observed cases of neutral
Cue intrusion (e.g. perceiving /ba-li/ instead of /bli/). Research has
shown that several segmental contexts can favour the occurrence of
vowel intrusion. For instance, Montgomery, Walden, and Prosek (1987)
showed that highly visible consonants, like bilabials and labio-dentals,
could reduce the intelligibility of lip-read vowels. Similarly, vowels with
highly visible features, such as the French vowel /u/, tend to alter the
perception of consonants (Owens & Blazek, 1985). Along these lines, one
can hypothesise that segment visibility favours the interpretation of
neutral Cues as real phonemes (e.g. a /bo-li/ response to /bli/ would be
more frequent than a /go-li/ response to /gli/). The number of intrusions
observed in our data, however, was insufficient to permit a systematic
analysis.
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Questions for Further Research

The results obtained in the present study are compatible with two
contrasting speech processing models. The truth probably lies somewhere
in between. In the first type of model, both sources of speech informa-
tion, lip-reading and CS, are hierarchically processed, with the former
providing the core phonological information and the latter intervening
optionally, and presumably later, in the decision process. Specifically, CS
would mainly be used to solve the ambiguities remaining after a first pass
based exclusively on lip-reading. Thus, in the first conceptualisation, the
contribution of CS can be seen as rather superficial.

In the second type of model, CS is viewed as one of the several, and
equally weighted, inputs of an automatic speech processing device. This
device would deal with lip-read and CS information in the same way that
vision and hearing are dealt with in normal-hearing people (Massaro,
1987; Summerfield, 1987; Summerfield & McGrath, 1984). The Lip-
reading/Cues compound would produce a unique amodal phonemic
percept conceptually similar to Summerfield’s “common metric’’ which
integrates auditory and lip-reading information to generate a vocal tract
filter function. This class of model implies that the speech processing
system accepts a combination of “exotic” signals (Cues) and natural ones
(lip-reading and residual hearing). Some results by Fowler and Dekle
(1991) suggest that this type of interaction is possible, at least under
certain conditions. They demonstrated that auditory and tactile lip infor-
mation (i.e. information gathered from touching the lips of the speaker
while hearing speech) combines to produce McGurk-like effects.
According to Fowler and Dekle, this combination arises because both
inputs provide information about the movements of the vocal tract. In
contrast, the authors did not find any significant evidence that auditory
and orthographic information combine.

From the theoretical frame provided by Fowler and Dekle, the central
question for CS could become whether CS supplies information about
speech articulation or not. Although answering this question would neces-
sitate further empirical evidence, research suggests that this type of
combination is not exceptional. It has been shown repeatedly that non-
speech auditory signals combine with lip-read information to produce
genuine phonetic percepts (e.g. Breeuwer & Plomp, 1986; Green & Miller,
1985; Rosen, Fourcin, & Moore, 1981).

Finally, data and speculations about the integration of tactile speech
information are also a significant source of inspiration about the
constraints that determine the integration of different sources (see Oerle-
mans & Blamey, 1998, for a recent discussion). Oerlemans and Blamey
invoke a notion similar to the one proposed here in which the integration
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of tactile information might differ between experienced and inexperienced
users. In their account, only the latter would process the tactile input in
combination with the auditory and lip-reading information during the
first steps of speech processing.

In conclusion, we hope that our results will lay the grounds for future
research concerned with the cognitive mechanisms involved in Cued
Speech processing. For example, it is important to define the impact of
CS on the acquisition of phonological representations in the deaf. In
addition, one should find out whether CS is used as an optional or
mandatory process in spoken word recognition. These issues should be
considered in light of our “early” versus ‘“late” results given that the
degree of combination between labial information and Cues might
depend on the age of first exposure to CS.

Manuscript received 7 April 1997
Revised manuscript received 11 September 1998
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APPENDIX

List of ltems
Words Pseudowords
CV-CV
/by-ro/ desk /by-v/
ffo-vep/ hair /fo-ro/
/fi-ni/ finished /fi-te/
/ko-te/ side /ko-ni/
/ku-fe/ lying /ku-te/
/de-by/ starting /de-mé/
/fo-m¥ road [fo-by/
/bo-te/ beauty /bo-el
VC-CV
/ar-3a/ money /ar-sa/

/as-pe/ aspect /as-mi/
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Words Pseudowords
/ab-sa/ absent /ab-3e/
/ab-ty/ obtuse /ob-me/
/ar-me/ army /ar-pe/
/al-ma/ German /al-3a/
/en-mi/ enemy /en-ty/
/ob-3¢/ object /ob-ma/

V-CVC
/o-tor/ author /o-mur/
/a-fer/ business /a-pol/
/e-kol/ school /e-maz/
/e-tyd/ study /e-tor/
/a-mur/ love /a-tyd/
/i-magz/ picture /i-tel/
/e-pol/ shoulder /e-fer/
/o-tel/ hotel /o-kol/

V-CCV
/a-gle/ English /a-bli/
/a-pri/ learn /a-gre/
/e-kru/ nut /e-tre/
/a-tre/ entry /a-pri/
/a-gre/ fertiliser /a-kru/
/u-bli/ forget /u-gre/
/a-klo/ closure /a-bri/
/a-bri/ cover /a-klo/




