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Abstract 

The current study addresses the changing use of audio and 
visual cues in audio-visual speech perception during 
adulthood by testing young and middle-aged adults using 
stimuli with incongruent audio-visual consonants. Young 
adults gave more audio responses and fewer visual responses 
than middle-aged adults. Results show no age differences in 
auditory or visual sensitivity. The discrepancy in use of 
modalities is therefore concluded to most likely be due to 
middle-aged adults being more flexible perceivers than 
young adults resulting from more audio-visual speech 
experience. 

Index Terms: Speech perception, audio-visual, age-related 
experience 

1. Introduction 

1.1. Background 

Increased age is accompanied by changes in the peripheral 
auditory system [1, 2]. The age-related reduction in auditory 
sensitivity is believed to result in noisy signals being 
conveyed from the peripheral auditory system to the central 
nervous system and hence contributing to difficulties in 
perceiving speech in complex acoustic settings [3, 4]. 
Furthermore, research suggests that an age-related reduction 
in cognitive processing rate or efficiency may contribute to 
these difficulties [5], since speech perception in noisy 
listening conditions implies an increase in working memory 
processing [6]. 

Increasing age is also associated with an increase in 
audio-visual experience, and more audio-visual experience 
seems to give rise to a greater reliance on visual cues in 
audio-visual speech perception [e.g., 7, 8, 9, 10]. Research has 
shown that the visual modality plays an important role in the 
perception of speech [e.g., 11, 12, 13] and that bimodal 
information renders speech perception less vulnerable to 
auditory noise [e.g., 14, 15, 16]. Research comparing children 
and young adults indicates that the ability to extract visual 
cues and integrate auditory and visual cues increases with 
audio-visual experience [e.g., 7, 8]. Hockley and Polka (1994) 
tested 5-, 7-, 9- and 11-year-olds as well as adults. Results 
from their incongruent audio-visual condition revealed that 
auditory responses decreased and visual responses increased 
with age. For example, the 5-year-olds’ responses 
corresponded to the visual component for only 6 % of the 
stimuli, whereas adults gave visual responses for 55 % of the 
stimuli. That audio-visual experience affects audio-visual 
speech perception is also suggested by cross-linguistic 
research [e.g., 9, 10 ]. Sekiyama and Tohkura (1993) studied 
to what degree audio and visual cues are utilized by Japanese 
and American adults in perception of both Japanese and 

English audio-visual syllables. The results showed that 
Japanese adults used visual cues to a lesser extent than 
American adults. They inferred that because Japanese 
consider it impolite to look at a speaker’s face during a 
conversation, they have less experience with extracting visual 
cues and integrating auditory and visual cues than adults from 
Western cultures. Indeed research looking at both 
developmental and cross-linguistic factors indicates that 
audio-visual exposure influences audio-visual speech 
perception from quite early on [17]. Burnham, Sekiyama and 
Erdener (2008) tested English- and Japanese-language 
children (6, 8, 11 years) and adults. They found that audio-
visual speech perception was equivalent for English- and 
Japanese-language 6-year-olds, but at the age of eight 
English-language children used audio-visual cues to a greater 
extent than their Japanese peers, and this pattern continued 
into adulthood. Taken together this research indicates that 
audiovisual experience influences how the modalities are used 
in audio-visual speech perception.  

 
1.2.  Current study 

 
The use of auditory and visual modalities in audio-visual 
speech perception varies during the lifespan, both because of 
changes in peripheral auditory and visual sensitivity [e.g., 3, 
18] and because audio-visual experience alters the way input 
to these modalities is utilized [e.g., 7, 8]. Audio-visual 
research has, however, focused on the extremities of the 
lifespan; that is, development from birth to young adulthood 
(20-30 years) [e.g., 7, 8] and old adulthood (65+ years) [e.g., 
18], giving little attention to the intermediating 30-some years 
[19]. New insight to the physiology-experience “trade off” in 
audio-visual speech perception may be gained by testing 
middle-aged adults who are experienced audio-visual 
perceivers, but have had relatively little sensory decline. 
Middle-aged adults are expected to utilize visual cues to a 
greater extent than young adults chiefly due to more audio-
visual experience, and not so much as a result of reduction in 
sensory sensitivity. Young and middle-aged adults’ audio-
visual perception of target syllables will be assessed in quiet, 
babble and white noise at 0 and -12 dB signal-to-noise ratio 
(SNR), because different noise types and noise levels are 
found to affect the degree to which visual cues are utilized 
[e.g., 20, 21], and may hence dilate any age-related 
discrepancies in audio-visual perception.  
  

2. Method 
2.1.  Participants 
 
Participants were 15 young adults between 20 and 31 years 
old (M=23) and 15 middle-aged adults between 50 and 60 
years old (M=54). Both groups had a balance between male 
and female participants. All participants were Norwegian 
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native speakers and reported normal hearing and normal or 
corrected-to-normal vision.   

 
2.2.  Stimuli 
 
Stimuli incongruent for place of articulation were developed 
from audio-visual recordings of a male speaker with an urban 
Eastern-Norwegian dialect. The stimuli consisted of AbaVga, 
AgaVba, ApaVka or AkaVpa presented in babble or white noise of 
0 or -12 dB SNR, or in quiet.  
 
2.3.  Procedure 
 
Stimuli were presented visually on a 17” monitor (1440x900 
pixels) and sound was conveyed to a set of AKG K271 stereo 
closed dynamic circumaural studio headphones, at a 68 ± 2 
dBA level (corresponding to a frontally incident free-field 
sound of 68 dBA).  

Each stimulus was presented four times, with each 
repetition appearing once in four internally randomized 
blocks. In a forced choice task participants indicated which of 
six alternatives (ba, ga, pa, ka, da, ta) best corresponded to 
what was perceived. The experiment took approximately one 
hour. Halfway through the experiment, participants were 
given a short break. 

 

3. Results 
Participants place of articulation judgments were tabulated 
according to whether the consonant matched the audio 
component (A-match), the visual component (V-match) or 
was intermediate to the audio and visual components (AV-
fusion). 

Data were analyzed with a mixed repeated measures 
analysis of variance, where noise level (0, -12 dB SNR) and 
noise type (quiet, babble, white) were within-subject 
variables, age (young adults, middle-aged adults) was a 
between subjects variable, and A-match, V-match and AV-
fusion were dependent variables. 

 

3.1. Age and noise level 

Results in Figure 1 illustrate main effects and interactions for 
age and noise level.  

Consistent with previous findings an increase in 
noise level from 0 to -12 dB SNR resulted in a significant 
decrease in A-match [F(1,28)=325.97; p<.001] [e.g., 14 , 
15] and AV-fusion responses [F(1,28)=5.19; p<.04] [e.g . , 
22], and a significant increase in V-match responses 
[F(1,28)=332.08; p<.001] [e.g., 14, 15].  

The main effect of age was only significant for A-
match [F(1,28)=6.33; p<.02]. Young adults gave 
significantly more A-match responses (M= 34%) than middle-
aged adults (M= 27%). Correspondingly, the age and noise 
level interaction was significant for A-match [F(1,28)=5.67; 
p<.03]. Surprisingly [e.g., 3, 4], Fisher’s Protected LSD tests 
(p≤.05) revealed that young adults gave significantly more A-
match responses than middle-aged adults in the 0 dB SNR 
(p<.008), but not in the -12 dB SNR. 

 
Figure 1: Percent A-match, V-match and AV-fusion in 0 and -

12 dB SNR for young and middle-aged adults. 
 

3.2. Age and noise type 

Because only 0 dB SNR yielded a significant age effect , 
further analyses focused only on this noise level.  

Figure 2 shows significant interactions of age and 
noise type at 0 dB SNR for A-match [F(2,56)=5.65; 
p<.006] and V-match [F(2,56)=3.26; p<.046]. LSD tests 
(p≤.05) revealed that young adults gave significantly more A-
match responses than middle-aged adults in quiet (p<.001) 
and in babble noise (p<.001), but not in white noise. 
Correspondingly, middle-aged adults gave significantly more 
V-match responses than young adults in quiet (p<.046) and in 
babble noise (p<.022), but not in white noise. Specifically, 
young adults gave nearly 40% more auditory responses in 
quiet and 30% more auditory responses in babble noise 
compared to middle-aged adults, whereas middle aged adults 
gave 20% more visual responses in quiet and 23% more 
visual responses in babble noise than young adults. The 
amount of AV-fusion responses on the other hand was 
comparable between the age groups across noise types. 
 Figure 2 further illustrates that the relative affect of 
white and babble noise differs within the age groups. 
Interestingly, LSD tests (p≤.05) revealed that for young adults 
babble noise resulted in significantly more auditory responses 
(p<.018) and significantly fewer visual responses (p<.001) 
than white noise, whereas no such differences were obtained 
for middle-aged adults indicating more consistent responses 
by middle-aged adults across conditions.   

 

 
Figure 2: Percent A-match, V-match and AV-fusion for 

young and middle-aged adults in quiet, babble noise of 0 dB 
SNR and white noise of 0 dB SNR. 
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4. Discussion 
Previous research has associated age-related differences in 
audio-visual speech perception with age-related differences in 
sensory sensitivity [e.g., 3, 18] and audio-visual speech 
experience [e.g., 7, 8]. Children, young adults and older adults 
are typically included in such studies. Middle-aged adults 
differ from children and young adults in that they have more 
audio-visual experience, and from older adults in that they 
have less reduction in sensory sensitivity. Studying middle-
aged adults may thus be useful for attaining a fuller 
understanding of general patterns of change in audio-visual 
speech perception. 

Research shows that the general noise threshold for 
auditory identification of place of articulation is around -12 
dB SNR [e.g., 21, 23]. Perceivers with reduced sensory 
sensitivity are thus especially vulnerable in such 
circumstances, and age-related differences in perception due 
to age-related decline in sensory sensitivity are expected to be 
most distinct in these conditions. The results of the current 
study indicate that auditory and visual cues are utilized in the 
same way by young and middle-aged adults at -12 dB SNR. 
The great consistency in auditory and visual responses 
between young and middle-aged adult at this noise level 
renders it highly unlikely that the age groups differ 
substantially in auditory or visual sensitivity and the age-
related differences found for babble noise in 0 dB SNR and in 
quiet are thus most likely attributed to other factors.  

Previous research has shown an increase in the use 
of visual cues with audio-visual experience from childhood to 
young adulthood [e.g., 7, 8]. Whether this pattern continues 
into middle adulthood has not been known. The current 
results indicate that given comparable auditory and visual 
sensitivity by young adults and middle-aged adults, the 
differential use of modality in quiet and in babble noise with 0 
dB SNR is likely an experience-related difference in 
weighting the two modalities. Middle- aged adults may not be 
better than young adults at extracting visual cues or 
integrating audio-visual cues per se, but experience with the 
bimodal benefit may have them more prone to seek visual 
cues as a confirmation for accurate speech perception.   

With 0 dB SNR the relative affect of white and 
babble noise on the use of modality differs within the age 
groups. Young adults’ auditory responses are more 
susceptible to white noise than babble noise, whereas middle-
aged adults are affected similarly by white and babble noise.  
Research [e.g., 24, 25] shows that the masking effect of noise 
is partly determined by the frequency overlap between a 
target stimulus and noise and that the size and amount of the 
glimpses of uninterrupted speech influences the intelligibility 
of the target signal in noise (i.e., glimpsing effect). White 
noise allows fewer available acoustical windows than babble 
noise, because the latter is characterized by more fluctuations 
and natural silent pauses than the constant, flat-spectrum 
white noise [e.g., 26, 27]. The findings for young adults that 
white noise has a greater negative effect on auditory 
responses than babble noise are in line with these predictions.  

Why are the same results not obtained for middle-
aged adults? A possible explanation may be that babble noise 
poses a somewhat different challenge than white noise. For 
white noise the auditory challenge may chiefly concern the 
general audibility of the target signal, whereas for babble 
noise the challenge may also encompass source segregation; 
that is, the target and noise signal are both fluctuating signals 
(i.e., speech signals) and of the same noise level, and may 
therefore be inferred to stem from the same source. Thus, 
whereas white noise may result in more of a forced shift in 

perceptual strategy towards the visual modality, because the 
target signal is inaudible, the source segregation difficulties 
associated with babble noise may result in more of a strategy 
of “best fit” between visual and auditory cues (i.e., an audio-
visual strategy). That middle-aged adults are more audio-
visually oriented than young adults may hence explain why 
there is a discrepancy in the relative differences between 
white and babble noise within the age groups, because the 
perceptually flexible middle-aged adults more promptly adjust 
to an audio-visual strategy faced with the babble noise 
challenge.   

Taken together the results of the current study 
indicate that with an increase in audio-visual experience 
middle-aged adults have become more flexible perceivers 
than young adults, and their more comprehensive use of the 
available cross-modal cues, makes them more able to adjust to 
different perceptual conditions. 
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