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ABSTRACT

 Gagné and Rochette [1] reported that the use of
clear speech improved the overall visual-speech
intelligibility of consonants. The data from that
investigation were re-analyzed to examine the
effects of clear speech on six individual consonants
(/b,v,d,z,Ζ,g/) presented in three different
symmetrical v-C-v contexts (/a,i,y/). The stimuli
were spoken by six female talkers who produced
four iterations of the stimulus set in two different
speaking styles: conversational and clear speech.
The results were based on the responses obtained
from 13 adult subjects. Only the data from the
visual-speech recognition task were considered. The
results showed significant main effects of consonant
and vowel context, as well as a significant
interaction between consonant and vowel context.
Overall, the findings suggest that the visual-speech
intelligibility of consonants is strongly influenced
by the vowel context in which they are spoken. In
general, greater clear speech benefits were observed
for consonants with a place of articulation located at
the back of the oral cavity (i.e., post-alveolars and
velars) than those with a place of articulation that is
more centrally located in the oral cavity (i.e., labio-
dentals and alveolars). The effect of clear speech on
the visual-speech intelligibility of bilabials was
negligible.

1. INTRODUCTION

Several investigators have studied the effects of
clear speech on auditory-speech intelligibility
[2,3,4]. In general, comparisons of speech
intelligibility for conversational-like and clear
speech have resulted in improvements of
approximately 15–20% for utterances of clear
speech relative to conversational-like speech.
Recently, some investigators have been interested in
the effects of clear speech on visual- and
audiovisual-speech intelligibility. Several
investigations have demonstrated that the use of
clear speech also improves speech intelligibility in
these modalities [1,5,6,7].

Gagné and Rochette [1] reported the effects of clear
speech on the overall speech intelligibility of
consonants in three modalities: auditory-alone (A),
visual-alone (V) and audiovisual (AV). In that

investigation, six female speakers produced four
iterations of the stimulus set in two different

speaking styles: conversational and clear speech.
The stimuli consisted of nonsense monosyllables
(/C-v/) and bisyllables (/v-C-v/). Specifically, six
consonants (/b,v,d,z,Ζ,g/) were presented in three
different vowel contexts (/a,i,y/). Randomizations of
the stimulus set were presented to a group of
subjects with normal hearing under three
experimental conditions (V, A, AV). Noise was
mixed with the signal for the latter two conditions.
The results revealed a significant clear speech
benefit in all three perceptual modalities. Moreover,
no significant differences in the magnitude of the
clear speech benefit were observed across the three
perceptual modalities.

In the visual-alone condition, Gagné and Rochette
[1] reported that overall, the use of clear speech
improved speech intelligibility by approximately
10%. However, those results were based on the sum
of all the data collected in the visual-alone modality
(i.e., speech intelligibility scores collapsed across 6
talkers, 6 consonants, 3 vowel contexts, and 2 types
of syllables). The data reported did not make it
possible to establish whether the benefits of clear
speech differed as a function of consonants or vowel
context.

Perceptual investigations indicate that visual-speech
recognition performances for consonants differ as a
function of the individual consonants. Visually,
consonants are identified primarily by their place of
articulation. Perceptual scores are higher for
consonants with an anterior place of articulation
than they are for consonants with a posterior place
of articulation [8]. Moreover, investigators have
shown that visual-consonant recognition scores
differ significantly depending on the vowel context
in which they are presented. For example, using v-
C-v nonsense syllables, Owens and Blazek [9] were
able to identify seven distinctive classes of visual
consonants (visemes) when the stimuli were
presented in an /a-C-a/ context. The same
consonants yielded only two distinctive  visemes
when they were presented in an /u-C-u/ context.

The purpose of the present investigation was to
examine the effects of clear speech on the visual
intelligibility of six different consonants that
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differed in place and manner of articulation. Based
on the speechreading literature it was hypothesized
that the benefits of clear speech would differ as a
function of, 1) the place of articulation of the
consonants and 2) the vowel context in which the
consonants were produced.

2. METHODS

The methods used to obtain the data are described in
more detail elsewhere (see [1]). This section
summarizes the experimental methods that are
directly related to the present investigation.

2.1. Participants

Two groups of individuals took part in the
investigation: talkers and subjects. The talkers were
six Caucasian women. Their primary language of
communication was French. None of the talkers had
atypical speech characteristics or any noticeable
oral-facial abnormalities, as judged by the
experimenters. Twelve adult subjects, primarily
undergraduate university students, completed the
perceptual task. Their primary language of
communication was French. All had normal hearing
and normal (or corrected normal) visual acuity.
None of the subjects had an advanced knowledge of
linguistics and none of them reported any formal
training in speechreading.

2.2. Test Stimuli

 The stimulus set consisted of 18 spoken
monosyllables (/C-v/) and 18 bisyllables (/v-C-v/).
Specifically, six voiced consonants varying in place
and manner of articulation (/b,v,d,z, Ζ,g/) were
embedded in three vowel contexts (/a,i,y/). The test
stimuli were always spoken in the same carrier
phrase ("La syllabe ______ s'il vous plaît"). Only
the data for the bisyllables were considered in the
present analysis.

2.3. Recording and Editing Procedures

The talkers were filmed in a quiet room with a Hi8
mm video camera (Sony CCD-V5000). The video
recordings consisted of a frontal view of the talker
(0° in the vertical and horizontal planes) extending
from the top of her forehead to the upper part of her
shoulders.  Lights were used to reduce the shadows
on the talker's face; however, no special attempts
were made to illuminate the inside of the talker's
mouth. A wireless lapel microphone (Audio-
Technica PRO-88W), clipped to each talker's shirt
at a distance of approximately 15 cm from the
center of her mouth and connected to the video
camera, was used to record the audio signal.

Each talker took part in two recording sessions.
During each session, the talker produced two
iterations of the stimulus set using conversational
speech and two iterations of the stimulus set using
clear speech. The talkers were not given specific
details concerning the nature of the investigation.
They were simply informed that their speech
utterances would be used to investigate differences
in speech intelligibility among individuals. The
instructions used to elicit conversational speech
were to "speak normally as if you were talking to a
familiar person." To elicit productions of clear
speech stimuli, the talkers were instructed to, "speak
clearly as if you were talking to someone who had
difficulty understanding what you were saying."

A Hi8 mm editing unit (Sony EVO-9700) was used
to prepare the test material from the master
recordings. The test tape contained 1728 randomly
ordered test items (36 syllables x 6 talkers x 4
iterations x 2 speaking styles). Each test item
consisted of a 3 s item identification number, the
stimulus sentence, and a 6 s written prompt for the
subjects to provide a response.

2.4. Perceptual Test Procedure

The subjects were tested in small groups of three or
four over a period of several weeks. In general, each
subject completed one test session of approximately
60 minutes per week. The subjects were seated in a
semi-circle, approximately 1.83 m from a 53 cm
television monitor (Sony Trinitron model
KV20510). The center of the television monitor was
1.35 m above the floor.  The seating arrangement
allowed all of the subjects an undistorted view of
the video image (i.e.,  less than 45° from the center
of the screen). A Sony Hi8 mm (EV-S2000)
videotape player with separate audio and video
output was used to present the test items. For the
visual-alone condition the audio output cable of the
videotape player was unplugged.

The perceptual task required closed-set syllable
identification responses. At the start of each test
session the subjects were provided with a list of
possible responses and a prepared response form.
They were instructed to supply an answer for each
test item and to guess if they were not certain of the
correct response. During the initial session they
were given ten practice items (not included in the
test proper) to ensure that they understood the task.
To reduce learning and familiarization effects, the
starting position of the test tape was staggered
across the four groups of subjects, starting at items
1, 347, 693, or 1040.



2.5. Scoring, Design, and Analysis

A correct response was credited if the subject
identified the appropriate consonant for the test
item, at the appropriate place on the response form.
For the purposes of this investigation, only the data
obtained for the bisyllabic stimuli identified in the
visual-alone condition were considered. Also, the
data were collapsed across talkers and iterations.
Speech intelligibility was defined as the mean
percent correct syllable-recognition score obtained
for the group of subjects in a given experimental
condition.
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Figure 1: Mean visual-speech intelligibility scores (with S.E.)
are displayed for utterances of conversational (shaded bars)
and clear speech (solid black bars) as a function of consonant.
The data are presented in a different panel for each vowel
context (/a/, top panel; /i/, middle panel; and /y/, bottom
panel).

Specifically, 36 visual-speech intelligibility scores
were computed: one for each of the possible vowel-
consonant-speaking style combinations (3 vowel
contexts x 6 consonants x 2 speaking styles). Each
speech intelligibility score reported was based on

312 responses (1 syllable x 4 iterations  x 6 talkers x
13 subjects).

The mean visual-speech intelligibility scores
obtained for each experimental condition are shown
in Figure 1. However, for the purpose of the
analysis, difference scores were calculated for each
subject within each experimental condition.
Specifically, for each experimental condition, a
difference score was computed by subtracting a
subject's score (mean % correct) for the
conversational stimuli from his or her score for the
clear speech stimuli. Thus, for each subject, 18
visual-speech intelligibility difference scores were
computed. Initially, a two-way analysis of variance
(ANOVA) with repeated measures was used to
analyze the data: Vowel (3 levels) x Consonant (6
levels). Subsequently, simple effects and
appropriate post hoc analyses were performed to
investigate the nature of the significant interaction.

3. RESULTS

The mean percent difference score calculated for
each consonant, as a function of each vowel context,
appears in Figure 2. A two-way ANOVA with
repeated measures on the dependent variable
difference score revealed significant main effects of
both vowel (F (2,24) =  14.36, p < .0001) and
consonant (F (5,60) = 7.14, p < .0001). In addition,
the analysis also revealed a significant Vowel x
Consonant interaction (F (10,120) = 8.91, p <
.0001). The simple effects analyses revealed a
significant effect of consonant in each vowel
context [ /a/ : F (5,60) = 8.63, p < .0001, /i/ : F
(5,60) = 11.38, p < .0001, /y/: F (5,60) = 6.33, p <
.0001]. Subsequently, post hoc analyses (Newman-
Keuls) were performed for each vowel context. The
results of these analyses are summarized in Table 1.

Post hoc tests revealed that when the consonants
were presented in the /a/ vowel context (top panel of
Figure 2), the mean difference score obtained for the
consonant /z/ (-9.29%) was significantly less than
the mean difference score obtained for each of the
other consonants. In addition, the mean difference
score obtained for the consonant /d/ (14.74%) was
significantly greater than those obtained for all other
consonants. No other significant differences were
found among the mean difference scores obtained
for the consonants /v/ (1.92%), /b/ (2.56%), /g/ (-
1.63%) or /Ζ/ (0%).

When the consonants were presented in the /i/
vowel context (middle panel of Figure 2), post hoc
tests revealed that the mean difference score
obtained for the consonant /g/ (21.15%) was
significantly greater than those obtained for the
other consonants. The mean difference scores
obtained for the consonants /z/ (7.69%), /Ζ/



(6.41%), and /v/ (6.41%), although not different
from each other or /b/ (0.64%), were significantly
greater than the mean difference score obtained for
/d/ (-6.41%). The difference scores obtained for /b/
and /d/ did not differ significantly.

When the consonants were presented in the /y/
vowel context (bottom panel of Figure 2), the mean
difference scores obtained for the consonants /g/
(28.21%) were significantly greater than the mean
difference scores obtained for the consonants  /v/
(11.86%), /Ζ/ (7.69%), /z/ (4.81%), /d/ (3.85%), and
/b/ (2.56%). No significant differences were
observed among the scores obtained for the
consonants /v, Ζ, z, d, and b/.
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Figure 2: Mean clear minus conversational difference score
(with S.E.) as a function of consonant for vowel contexts /a/
(top panel), /i/ (middle panel), and /y/ (bottom panel).

4. DISCUSSION

The hypotheses explored in the present investigation
were confirmed. The results indicated that the
benefits provided by clear speech differed
significantly as a function of consonant place-of-

articulation and the vowel context in which the
consonants were produced. In fact, the analyses
showed a significant interaction between those two
factors.

A priori, it was expected that the beneficial effects
of clear speech would be greatest for the syllables
produced in the /a/ vowel context because the
accrued precision of articulation patterns used
during the production of clear speech would result
in a better visibility of consonant place of
articulation when the syllables were produced in a
lip-neutral vowel context than when they were
produced in a lip-spread (i.e., /i/) or lip-rounded
vowel context (i.e., /y/). However, the results

Context: /a/
/v/ /d/ /z/ /Ζ/ /g/

/b/ 0.64 12.18* 11.85 * 2.56 4.19
/v/ - 12.82* 11.21* 1.92 3.55
/d/ - 24.03* 14.74* 16.37*
/z/ - 9.29* 7.66*
/Z/ - 1.63
/g/ -
Context: /i/

/v/ /d/ /z/ /Ζ/ /g/
/b/ 5.77 7.05 7.05 5.77 20.51*
/v/ - 12.82* 1.28 0.00 14.74*
/d/ - 14.10* 12.82* 27.56*
/z/ - 1.28 13.46*
/Z/ - 14.74*
/g/ -
Context: /y/

/v/ /d/ /z/ /Ζ/ /g/
/b/ 9.30 1.29 2.25 5.13 23.65*
/v/ - 8.01 7.05 4.17 16.35*
/d/ - 0.96 3.84 24.36*
/z/ - 2.88 23.40*
/Z/ - 20.52*
/g/ -

Table 1: Results of post hoc comparisons for the vowel
contexts /a/ (top panel), /i/ (middle panel), and /y/ (bottom
panel). Values represent the difference between the mean
difference scores obtained for the corresponding consonants.
Significant differences are indicated by an asterisk (*).

revealed that the use of clear speech had a greater
positive effect on visual-speech intelligibility when
the syllables were produced in a lip-rounded vowel
context than when produced in a lip-spread or lip-
neutral vowel context. Also, the beneficial effects of
clear speech were greater when the syllables were
produced in the lip-spread vowel context (/i/) than
when they were produced in the lip-neutral vowel
context (/a/). The present results may be attributable



to the differences in visual-speech intelligibility
scores among the three vowel contexts when the
talkers produced the stimuli in a conversational-like
speaking style (see Figure 1). The mean visual-
speech intelligibility score for the iterations of
conversational-like speech (collapsed across talkers
and consonants) in the /a/, /i/ and /y/ vowel contexts
were 84%, 68% and 46%, respectively.  Thus, the
margin of improvement in speech intelligibility
available for the iterations of clear speech varied
considerably as a function of the vowel context in
which the syllables were produced. Specifically, the
opportunity for improvement in speech
intelligibility for the syllables produced in the /y/
vowel context was considerably greater than the
margin of improvement possible when the syllables
were produced in the /a/ context. It is likely that the
speech intelligibility scores for the syllables spoken
in a conversational-like manner had an influence on
the magnitude of clear speech effects displayed in
each of the vowel contexts.

Generally, within each vowel context, greater
positive clear speech effects were observed for
consonants with a place of articulation located at the
back of the oral cavity (i.e., post-alveolars and
velars) than those located more centrally in the oral
cavity (i.e., labio-dentals and alveolars). The use of
clear speech provided little improvement in the
visual-speech intelligibility of the bilabial
consonant. This latter finding is most likely due to a
ceiling effect in visual-speech intelligibility for that
consonant spoken in a conversational-like manner
(see Figure 1). The mean visual-speech
intelligibility for the consonant /b/ spoken
conversationally (collapsed across the three vowel
contexts) was 97%, providing little opportunity for
displaying a significant improvement in
intelligibility score when the stimuli were spoken
using clear speech.

Based on the present analyses it could be argued
that one shortcoming of using difference scores as a
dependent variable is that the results do not take
into account the scores obtained in the baseline
condition (in this case, speech intelligibility for
conversational speech). One type of dependent
variable that does take into account baseline
performance is the percent possible improvement
score [(%Correct Clear - %Correct Conversational /
100 - %Correct Conversational) x  100]. In the
present investigation, quite different results would
have been obtained if this dependent variable had
been used to analyze the data. For example, in the
/a/ vowel context, mean difference scores of  2.6%
and 14.73% were obtained for the consonants /b/
and /d/, respectively. These results suggest a greater
clear speech benefit for the consonant /d/ than /b/.
However, the percent possible improvement scores
for the consonants /b/ and /d/ are 89% and 38%

respectively. Analyzed in this fashion the results
would have led to the conclusion that the clear
speech benefits were greater for consonant /b/ than
the consonant /d/. The selection of the most
appropriate dependent variable to investigate the
effects of clear speech remains unresolved. In the
present investigation, difference scores were chosen
to analyze the data because it was felt that these
scores presented a more accurate account of the
overall perceptual benefits in speech intelligibility
provided by clear speech.

As predicted, the benefits of clear speech on the
visual-speech perception of consonants varied as a
function of the place of articulation of the
consonant. It is noteworthy that the same overall
conclusion would have been reached if percent
possible improvement scores had been used to
analyze the data; however, the magnitude of the
benefits obtained would have been different for
individual consonants presented in a given vowel
context.

The results reported by Gagné and Rochette [1]
indicated significant inter-speaker differences in
speech intelligibility for conversational and clear
speech as well as significant differences in the
magnitude of visual-clear speech effects across
talkers. In the present investigation, the data were
collapsed across talkers. Thus, the statistical
analyses did not make it possible to examine
potential inter-speaker differences in visual-speech
intelligibility for individual consonants within and
across the three vowel contexts. In order to gain
some insights into this issue, the data obtained for
each of the six talkers were compared to the group
results. An examination of the complete database
indicated that the patterns of speech intelligibility
scores displayed by individual talkers were
consistent with the results reported for the group of
talkers. Specifically, the data obtained for individual
talkers revealed: (1) evidence of an interaction
between vowel context and consonant place of
articulation, (2) differences in speech intelligibility
as a function of vowel context, (3) greater clear
speech effects for the syllables produced in the /y/
vowel context than for syllables produced either in
the /a/ or /i/ vowel context, (4) differences in clear
speech effects as a function of consonant place of
articulation, (5) greater clear speech effects for
consonants with a place of articulation located at the
back of the oral cavity (post-alveolars and velars)
than those with a place of articulation located more
centrally in the oral cavity (labio-dentals and
alceolars), and, (6) negligible clear speech effects
for the bilabial consonant.

5. CONCLUSION



The present results suggest that when talkers speak
clearly, they modify their speech patterns in a way
that allows speechreaders to visualize more
accurately the articulatory movements they produce
inside their oral cavity (beyond the lips). However,
the data collected (visual-speech intelligibility
scores based on results obtained from a group of
subjects who completed a visual-speech perception
task) do not make it possible to identify the specific
articulatory strategies used by talkers when they
produce clear speech. In the future, it would be of
interest to complement the results of perceptual
investigations with physical measurements of facial
(especially lip) movements of talkers while they
produce conversational and clear speech. Together,
both types of data would make it possible to
describe in more detail the articulatory strategies
employed by talkers who produce significant visual-
clear speech effects. Also, it might provide insights
into the physical parameters of speech that
speechreaders use to process speech visually.
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