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Abstract

Audiovisual speech perception research has shown an
increasing use of visual information from infancy to young
adulthood. The current study extends these findings by
examining audiovisual speech perception from young
adulthood to mid-adulthood by addressing the extent to which
audio, visual and audiovisual cues are used for place of
articulation identification. Responses were gathered with
young adults (19-30 yrs) and mid-aged adults (49-60 yrs) for
voiceless and voiced audiovisual consonant-vowel syllables
differing in consonant place of articulation. Materials were
presented in quiet and in café noise (SNR=0dB). Results show
that mid-aged adults made greater use of visual information
than young adults in both quiet and noise, suggesting more
than compensation for natural changes in hearing. This was
evident across places of articulation and voicing conditions
where mid-aged adults showed further indications for using
visual cues. Findings indicate that the processing of sensory
information continues to change in the course of adulthood
with the use of visual cues in audiovisual speech perception
increasing with the experience that comes with age.

Index Terms: speech perception, audio, visual, adult
development

1. Introduction

1.2. Background

With development from infancy to old age, progressive
perceptual learning is accompanied by changes in the
peripheral auditory and visual systems, with potential
influences on the use of audio, visual and integrated
audiovisual cues in audiovisual speech perception.

Speech perception research on development from infancy
to young adulthood has shown a general trend of increasing
use of visual information (e.g., [1], [2]) and increasing
audiovisual integration (e.g., [3], [4], [5]). While this may in
part be a result of ongoing peripheral vision development
(e.g., [1]), increasing perceptual learning and the associations
between auditory and visual information that come with
development have also been shown to play a important role
(e.g., [6], [4]).

From young adulthood, the auditory and visual systems
are fully developed, and with increased age undergo sensory
reduction (e.g., [7]). Perceptual learning nevertheless can
continue well into old-age and may lead to more efficient use
of available cues (e.g., [8]). Brain imaging shows that older
adults process information differently than young adults (e.g.,
[9]) and cross-sectional and longitudinal studies of cognitive
aging have shown a change in perceptual and cognitive
processes across the adult life span (e.g., [10],[11],[12]).
These findings raise the question of how audiovisual speech

perception, and in particular, how the use of audio, visual and
integrated audiovisual cues changes during adulthood.

In a study comparing AV-fusion by near-normal hearing
18-35 and 65-74 year-olds, Cienkowski and Carney [13]
found no difference in AV-fusion responses. Although they
did not directly address the extent to which A or V cues may
be differentially used by the two groups, they show a general
tendency for younger adults to use A cues whereas older
adults may tend to make greater use of V cues.

1.3. Current study

The current study extends this research and studies the use of
audio, visual and integrated audiovisual information from
young adulthood into mid-adulthood. In addition, background
noise, consonant voicing and stimulus structure are
considered.

1.3.1. Quiet and café noise

Among young adults, background noise (SNR=0dB) leads to
more audiovisual fusion responses (e.g., [14, [15]). If changes
in peripheral hearing account which for differences in
audiovisual perception between younger and older adults, this
differences should be reduced in noise, but not in quiet. This
is tested in the current study with the use of natural café noise.

1.3.2. Voiceless and voiced consonants.

For young adults, consonant voicing is conveyed efficiently
by auditory cues, whereas place of articulation is conveyed
via visual cues [16]. In particular, with stimuli incongruent for
place of articulation voiced consonants have been widely
observed to lead to more audiovisual fused responses than
voiceless consonants. The susceptibility of voicing cues to
noise interference suggests the potential use for visual cues, in
particular for older adults.

1.3.3. Incongruent stimulus structure.

Previous research has shown that for young adults
incongruent stimuli with a auditory velar component (A,,.)
and a visual labial component (V ;) are more likely to lead
to audiovisual fused responses than A, V.., stimuli (e.g.,
[3]) which, in turn, are more likely to lead to auditory
responses. The current study tests the extent to which this
pattern holds for older adults.

2. Method

Electrophysiological studies have shown that audiovisual
perception is not the same as the combination of single
modality sensory processing, such as hearing or vision. (e.g.,
[17], [18]). In the current study the same incongruent
audiovisual stimuli are the basis for testing the use of audio,
visual and integrated audio-visual cues.



2.2. Participants

Participants were 10 young adults between 19 and 30 years
old (mean=23 yrs) and 10 middle-aged adults between 49 and
60 years old (mean=53 yrs). Each group had a balance
between male and female participants, all of which had
Norwegian as their native language. All participants reported
having normal hearing and normal or corrected-to-normal

2.3. Stimuli

The stimuli were developed from consonant-vowel (CV)
audiovisual syllables (/pi/, /bi/, /ti/, /di/, /ki/, /gi/, /pal, /bal,
/tal, /da/, /ka/, /ga/) recorded from an adult male native
speaker of Norwegian using a Sony mini DV video camera
and an external Rgde NT3 microphone.

Based on these recordings, the incongruent audiovisual
CVs presented in Table 1 were prepared with a labial
consonant in one modality and a velar in other modality. The
consonants were either voiceless (/p/ or /k/) or voiced (/b/ or
/g/), although within any given audiovisual stimulus voicing
of the two modalities was the same (e.g., audio /b/ with visual
/g/). The vowel was either /i/ or /a/ to allow for differing
effects of vowel context (e.g., [19]), but was the same across
modalities for a given stimulus.

Table 1: AV stimuli incongruent for place of articulation

Alabialeelar Avelaerabial

Voiceless pi-ki ki-pi
pa-ka ka-pa

Voiced bi-gi gi-bi
ba-ga ga-ba

Audiovisual syllables were presented in quiet and
unintelligible café noise (0 dB SNR) (e.g., [15]). All CVs
were normalized to 70dB. Stimuli in quiet and in café noise
were blocked and randomized within each block. With 3
repetitions, each participant was presented 48 stimuli (2
stimulus  structures  (Apia Veelars  Avelar Yiabia)» 2 Voicing
conditions (voiceless, voiced), 2 background conditions
(quiet, noise), and 2 vowels (/i/, /a/)).

2.4. Procedure

Participants were tested in the Psychology Department at the
Norwegian University of Science and Technology. AV
stimuli were presented on individual 17” computer monitors
(1440x900 pixels) at a distance of ca. 50cm in front of each
participant and over AKG K271 headphones at ca. 68 dBA.

For each AV syllable a participant’s task was to identify
the syllable and give a respond from among syllables with
initial /p, t, k, b, d/ and /g/.

3. Results and Discussion

Results presented here focus on the initial consonant in the
stimuli. For each stimulus, corresponding responses were
tabulated based on whether the consonant in the response
matched the consonant in the audio component of the
stimulus (A), the video component of the stimulus (V) or was
intermediate to the A and V components (AV-fusion.).

An analysis of variance was carried out with stimulus
structure (A pia Vielars Averar Viabia)s 1DItial consonant voicing
(voiceless, voiced), and stimulus background (quiet, café
noise) as repeated measures, and age (young adults, mid-aged
adults) as a nonrepeated measure.

3.2. Age

The general pattern of A, V and AV-fusion results for age is
presented in Figure 1. Whereas young adults generally use A
cues more than mid-aged adults [F(1,18)=11.25, p=.004],
mid-aged adults use more V cues than young adults
[F(1,18)=7.99, p=.011], with no difference in AV-fusion
responses between the two groups [F(1,18)=1.51, n.s.].
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Figure 1: Percent audio, AV-fusion and video responses by
young adults and mid-age adults.

3.3. Stimuli in quiet and café noise

Results for stimuli in quiet and in café noise are shown in
Figure 2. As expected (e.g., [15], [20]), in café noise A cues
were generally used less [F(1,18)=38.08, p<.001] and visual
cues were used more for both groups of listeners
[F(1,18)=17,67, p<.001], although background had no reliable
effect on fusion responses [F(1,18)=1.10, n.s.].
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Figure 2: Percent audio, AV-fusion and video responses in
quiet and café noise by young adults and mid-age adults.
Background café noise was included to neutralize possible
differences in auditory acuity for the two groups of listeners.
Notably, no interaction was observed between age and
background for A [F(1,18)=0.82, n.s.], or V responses
[F(1,18)=0.32, n.s.]. That is to say, responses by the two age
groups were not differentially affected by the quiet and café
noise backgrounds, suggesting no reliable difference in
peripheral hearing function with noise between the two
groups.

Although not reliable, it should be noted that for fusion
responses, a tendency towards an interaction between
background and age was observed [F(1,18)=3.43, n.s.
(p<.08)], with young adults tending to have fewer fusion
responses in quiet than in noise, and a relatively high
proportion of fusion responses in both quiet and café noise for



mid-aged adults. This pattern may reflect the additional ca 30
years of experience with integrating AV cues that the mid-
aged adults have over the young adults.

3.4. Voiceless and voiced stimuli

Previous research has consistently shown a greater likelihood
for AV-fused responses with voiced than voiceless stimuli
(e.g., [3]). This is also observed in the current study as is
illustrated in Figure 3 [F(1,18)=39.46, p<.001]. In addition,
analyses of A and V responses show greater use of A
[F(1,18)=14,27, p<.001] and V cues [F(1,18)=8.68, p=.009]
for voiceless stimuli than voiced stimuli. That is, although
voiced stimuli lead to a greater proportion of fused responses
than voiceless stimuli, A and V cues are independently used
to identify place of articulation for voiceless stimuli.
Furthermore, V cues are especially used in café noise
(voiceless, mean=32%; voiced mean=18%) compared with in
quiet  (voiceless, mean=19%; voiced mean=14%)
[F(1,18)=6.82, p=.018]. This pattern is consistent for young
and mid-aged adults with no interaction between voice and
age for A [F(1,18)=0.57, n.s.], V [F(1,18)=0.04, n.s.], or AV-
fusion [F(1,18)=0.54, n.s.] responses.
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Figure 3: Percent audio, AV-fusion and video responses for
voiceless and voiced initial consonants by young adults and
mid-age adults.

3.5. Alabialeelar and Avelaerabial stimuli

As is shown in Figure 4, the commonly observed pattern (e.g.,
[3]) in which an A, V... stimuli lead to fewer A responses
[F(1,18)=126.03, p<.001] and more AV-fused responses
[F(1,18)=112.91, p<.001] than A,..Viwa 1S observed for
young and mid-aged adults in the current study. Furthermore,
as is also illustrated in Figure 4, an interaction for age and
stimlus structure for V cues [F(1,18)=5.17, p=.035] shows
that whereas the two age groups had comparable use of V
cues for A Ve, Mid-aged adults also made use of V cues
for A, Vi Stimuli, a pattern not observed for young adults.
As is shown in Figure 5, this pattern occurs in both noise
conditions, although to a slightly greater extent in noise than
in quiet [F(1,18)=5,58, p=.030].

These findings demonstrate mid-aged adults using the
same cues as young adults, but additionally making use of
subtle V cues for place of articulation which were not used by
young adults.

Furthermore, whereas noise generally is believed to
increase the use of visual cues, the results here show that this

is only the case if the cue is already in use. In the case of
young adults who did not use V cues for A,V pia Stimuli,
they continued to use A cues [F(1,18)=13.76, p=.002] and did
not turn to using V cues in noise, whereas mid-aged adults
who did make use of V cues in quiet made use of them to a

greater extent in noise.
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Figure 4: Percent audio, AV-fusion and video responses for
AiatVvelar ANA A, 10V iapid STiMmuli by young adults and mid-age
adults.
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Figure 5: Percent audio, AV-fusion, and visual responses in
quiet and café noise for A,puVveor ANA A, parViapiar Stimuli by
young adults and mid-age adults.

3.6. Voiceless and voiced AjapiaVyelar AN Ayelar Viabial

Further analyses of an interaction between stimulus structure,
voicing and age for V cues [F(1,18)=12.17, p=.003],
illustrated in Figure 6, shows that for A,V .., stimuli, mid-
aged adults made greater use of V cues when the stimuli were
voiceless than when they were voiced. This was in addition to
having A [F(1,18)=1.75, n.s] and AV-fusion [F(1,18)=0.72,
n.s] responses comparable to young adults. That is to say, the
mid-aged adults are again making great use of subtle V cues
than the young adults.
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Figure 6: Percent audio, AV-fusion and video responses in
voiceless and voiced AyVseiwr ANA A, Vi Stimuli by
young adults and mid-age adults.

4. Conclusions

The current study addressed the issue of how progressive
perceptual learning and changes in the peripheral auditory and
visual systems influence the use of audio, visual and
integrated audiovisual cues in audiovisual speech perception.

Results revealed two unexpected findings of interest.
First, whereas noise generally is believed to increase the use
of visual cues, the results here suggest that this is only the
case if the cue is already in use. Young adults who did not use
certain V cues for place of articulation identification, did not
use them in noise, whereas mid-aged adults who did make use
of V cues in quiet made use of them to a greater extent in
noise. Second, findings support previous research showing a
greater likelihood for AV-fused responses with voiced than
voiceless stimuli (e.g., [3]), and further show that A and V
cues are independently used to identify place of articulation
for voiceless stimuli for young and mid-aged adults.

Previous developmental research on infancy to young
adulthood suggests a trend toward increased use of visual
cues (e.g., [1][2]) and audiovisual integration (e.g., [3], [4],
[5]). Background café noise was included to neutralize
possible differences in auditory acuity for the two groups of
listeners. Notably, responses by the two age groups were not
differentially affected by the quiet and café noise
backgrounds, suggesting no reliable difference in peripheral
hearing function with noise between the two groups. In
addition, mid-aged adults used the same cues as young adults
for place of articulation identification, and in addition made
use of subtle visual cues which were not used by young
adults.

Results extend previous research and demonstates a
continuated increase in the use of visual cues beyond young
adulthood into mid-adulthood. Findings indicate that
processing of sensory information continues to change in the
course of adulthood, with the use of visual information in
audiovisual speech perception robustly increasing with the
experience that comes with age.
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