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Abstract 
This study investigated the effect of visual and auditory 

degradation on the weighting given by listeners to visual cues 
for tokens produced by native and non-native speakers. ‘Ba’, 
‘da’ and ‘ga’ syllables uttered by English and Chinese 
speakers were presented in auditory (A), visual (V) and 
congruent/incongruent audiovisual (AV) conditions to 
English listeners. In some conditions, the visual channel was 
degraded via Gaussian blurring, the auditory channel by pink 
noise, or both channels were degraded. In A or V conditions, 
degradation reduced intelligibility. In AV conditions with one 
degraded channel, the weighting of the other channel 
increased, with little effect of speaker-language. However, in 
clear or combined-degradation conditions, listeners gave 
greater weight to visual cues for non-native speakers.  The 
weighting of auditory and visual cues is therefore highly 
flexible and there is strong support for a ‘foreign-language 
effect’ in visual weighting. 

Index Terms: Audiovisual perception, McGurk effect, L2 
perception 

1. Introduction 
It is well accepted that listeners make use of both auditory 

and visual information in speech perception even when the 
auditory channel is not degraded [1]. The relative weighting 
given to the auditory and visual channels in speech perception 
has often been examined using so-called ‘McGurk stimuli’ in 
which the information provided in the auditory and visual 
channels is conflicting (e.g. a speech signal of ‘BA’ 
synchronized to a video of the speaker saying ‘GA’). 
Audiovisual integration often leads listeners to report the 
syllable DA which is the ‘best fit’ to the conflicting 
information provided in the two channels [2]. The weighting 
that an individual listener gives to visual cues can easily be 
manipulated by presenting the McGurk stimuli in noise. The 
greater the degradation of the auditory signal, the greater the 
degree of influence of the visual channel [e.g., 3].  The effect 
of different types of visual degradation (e.g., spatial 
quantization, Gaussian blurring) on the McGurk effect has 
also been examined [4, 5]. These studies showed that the 
McGurk effect reduced with increasing degradation of the 
visual channel but did not completely disappear, showing that 
even coarse visual images contained information that carried 
some weighting in syllable identification. 

An interesting finding by Sekiyama and her collaborators 
is that listeners from different language backgrounds seem to 
display the McGurk effect to different degrees [6, 7]. For 
example, Japanese and Chinese listeners showed much 
reduced McGurk effects for tokens produced by speakers of 
their native language. It has been suggested that the weighting 
of visual cues in speech perception may depend on a number 

of different language-specific factors, such as the size and 
characteristics of the phoneme inventory, the degree of visual 
salience of the contrasts and even cultural factors such as 
‘face avoidance’ [e.g., 8]. However, other studies have failed 
to report language-specific differences in visual weighting and 
argue for a more universal use of visual cues in speech 
perception [e.g., 9]. These conflicting findings may partly be 
due to differences in the stimuli (e.g., natural vs synthesized 
faces) and methods used which make it difficult to directly 
compare the findings of different studies.  Finally, there is 
increasing evidence that visual weighting may also vary 
according to whether we are listening to speech produced by 
native and non-native speakers. Here, there is greater 
consensus of the existence of a ‘foreign-language effect’, 
which manifests as a greater weight given to visual cues when 
listening to non-native speakers [8, 10].   

The aim of this study was to investigate further the 
relative weighting given to auditory and visual cues when 
either one or both sources of information are degraded, and 
the influence of the ‘foreign-language effect’ on visual 
weighting in these conditions of degradation.  

2. Method 

2.1. Participants 

Twenty native English participants were recruited for this 
study. They were aged between 16-40 years, were university 
students and reported normal or corrected vision and hearing. 
Five out of the 20 participants reported having quite extensive 
exposure to foreign faces speaking a second language in their 
immediate environment even if they did not speak the second 
language fluently. 

2.2. Stimuli 

The core stimuli were identical to those used in Chen and 
Hazan, and their characteristics are summarized here [8]. 
Stimuli consisted of the syllables /ba/, /da/, /ga/ uttered by 
four speakers recorded in London (two Chinese and two 
English, one male and one female in each language). Chinese 
speakers were asked to pronounce the syllables with a falling 
tone (tone 4) in Mandarin-Chinese, as this would be most 
similar to the falling intonation used by English speakers.  
Video recordings were made in a soundproof room, with the 
speaker’s face fully visible, set against a blue background and 
illuminated with key and fill lights. Video recordings were 
made using a Canon XL-1 DV camcorder and the audio was 
recorded from a Bruel and Kjaer type 4165 microphone to 
both the camcorder and to a DAT recorder. The video channel 
was digitally transferred to a PC and time-aligned with the 
DAT audio recording. Video clips were edited so that the start 
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and end frames of each token showed a neutral facial 
expression. Stimuli were down-sampled once the editing had 
been completed  (250*300 pixels, 25 f/s, audio sampling rate 
22.05 kHz) after the intensity of all stimuli had been 
normalized to a fixed level. Three types of stimuli were 
prepared: Visual only (V), auditory only (A) and audiovisual 
(AV) stimuli. The V were created by cutting out the audio 
track; in the A stimuli, the video was replaced by a still face 
of the speaker. Half of the AV stimuli were audiovisually 
congruent, and half were audiovisually incongruent. To 
construct the incongruent stimuli, tokens of /ba/, /da/ and /ga/ 
were selected that were most similar in terms of their 
duration, intonation contours and facial movements. The A 
and V channels were aligned to ensure that there was 
auditory-visual coincidence at consonant release. Three 
incongruent AV stimuli were constructed: (1) auditory-
ba/visual-ga, (2) auditory-da/visual-ba, and (3) auditory-
ga/visual-ba. In order to test the effects of both auditory and 
visual degradation, a number of additional test conditions to 
those used in Chen and Hazan [10] were prepared. To test the 
effect of auditory degradation in both A and AV 
presentations, two levels of pink noise were added to the 
auditory channel at signal to noise ratios (SNR) of –8 dB and 
–12 dB. To test the effects of visual degradation, in both V 
and AV conditions, the visual channel was manipulated using 
Adobe Premiere software to produce two levels of blurring of 
the video image: 30.2 Gaussian blurring and 45.0 Gaussian 
blurring. A number of experimental conditions were prepared 
in which these different levels of auditory and visual 
degradation were presented in isolation or combination. These 
conditions are summarized in Tables 1 and 2. Examples of an 
incongruent [auditory-BA, visual-GA] token produced by the 
male speakers in clear, with noise at –12 dB SNR, and with 
same level of noise with blurring level 1 and blurring level 2 
is given in multimedia files [Chinese] and [English].  

Table 1. Auditory and visual conditions 

 Clear Degradation 

level 1 

Degradation 

level 2 

Auditory  a a_8 a_12 

Visual  v v_b1 v_b2 

Table 2. Audiovisual conditions 

       Visual 

Auditory 

Clear  30.2 Blur (b1) 45.0  (b2) 

Clear av_c av_b1 av_b2 

-8 dB SNR av_8 av_8_b1 av_8_b2 

-12 dB SNR av_12 av_12_b1 av_12_b2 

2.3. Test presentation 

Stimuli were grouped into seven conditions that were 
presented in the following order: AV with degraded audio and 
video (all levels), AV with degraded audio, AV with degraded 
video and clear (presented together), A with degraded audio, 
A clear, V with degraded video, and V clear. Degraded 
stimuli were presented before their ‘clear’ equivalent. In each 
condition, participants heard two repetitions of each stimulus 

per speaker giving a total of 576 stimuli across the whole test. 
Presentation was computer-controlled with the test designed 
using the CSLU toolkit software [11]. Sounds were presented 
at a comfortable listening level via loudspeakers situated on 
either side of the screen. Instructions were given to each 
participant verbally before running the experiment and given 
visually on the screen before each subset. Participants were 
asked to click on the boxes labeled BA, DA, and GA 
underneath the video frame, to indicate which syllable they 
perceived. 

3.  Results 

3.1. A and V conditions 

First, results were analysed for the single-modality test 
conditions. The proportion of correct identification was 
calculated for each participant. In order to look at the effect of 
speaker language, the data was grouped across the two 
speakers of each language for statistical analyses on each test 
condition.    

In the Auditory condition, participants heard the tokens 
presented with different noise levels and saw a still picture of 
the speaker. As expected, the proportion of correct responses 
reduced as the level of auditory degradation increased (see 
Table 3). A repeated-measures ANOVA showed that auditory 
degradation had a significant effect on syllable identification 
[F[2,38]=208.20; p<.001]. The effect of speaker language 
(Chinese or English) barely reached significance 
[F[1,19]=5.16; p<.05].  However, there was a significant 
noise level by speaker language interaction [F[2, 38]=5.21; 
p=.01]. An examination of the data suggests that this was due 
to higher scores obtained when responding to tokens 
produced by Chinese speakers at –8 dB SNR.   

Table 3. Correct identification in  Auditory (A) conditions 

 English speakers Chinese  speakers 

 Mean s.d. Mean s.d. 

Clear 0.99 0.03 0.98 0.05 

- 8dB SNR 0.64 0.12 0.75 0.13 

-12 dB SNR 0.50 0.12 0.55 0.13 

In the Visual condition (see Table 4), participants only 
saw the speakers with no sound. Again, a repeated-measures 
ANOVA was used to look at the effects of visual degradation 
and speaker language. The main effect of visual degradation 
was significant  [F[2,38]=43.75; p<.01] and there was a weak 
effect of speaker language [F[1,19]=6.31; p<.05]. There was a 
significant visual degradation by speaker language interaction 
[F[2, 38]=12.02; p<.001]. An examination of the data 
suggests that consonant identification was higher for the 
English speakers in clear, but was higher for Chinese speakers 
in the visually-degraded conditions. In order to check that the 
pattern of results seen in the clear condition did indeed reflect 
a speaker-language effect rather than individual speaker 
characteristics, we reexamined individual speaker data for the 
same clear V tokens from a previous study [10] in which 
more data was collected per speaker. These confirmed that the 
pattern of higher identification for English speakers in clear 
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was consistent across the two speakers per language as 
proportion correct scores of 0.76 and 0.84 were obtained for 
the female and male English speakers, and scores of 0.63 and 
0.68 for the Chinese female and male speakers.  

Table 4. Correct identification in Visual (V) conditions 

 English speakers Chinese  speakers 

 Mean s.d. Mean s.d. 

Clear 0.82 0.15 0.73 0.14 

Blur level 1 0.58 0.15 0.65 0.13 

Blur level 2 0.45 0.10 0.62 0.16 

3.2. AV conditions  

3.2.1 Visual effect measure 

In order to evaluate the degree of visual weighting in the 
audiovisual condition, the ‘visual effect’ measure proposed in 
[3] was used. First, AV+ (positive measure of visual 
information) is calculated as the difference between the 
proportion of auditory responses for the congruent 
audiovisual stimuli and auditory only (A) stimuli. Then, an 
AV- score, representing the effect of conflicting visual 
information, is calculated as the proportion correct for A 
stimuli minus the correct auditory responses for AV 
incongruent stimuli.  The ‘visual effect’ score, reflecting the 
degree of visual bias, is obtained by combining the AV+ and 
AV- scores, and this measure was used in subsequent 
statistical analyses. As can be seen in Figure 1, in the 
reference condition, in which both auditory and visual sources 
of information were present and intact, the visual effect was 
slight but higher when listening to non-native speakers. This 
replicates previous results obtained with these same stimuli. 
Given that the Hazan and Chen study [10] used headphone 
presentation rather than loudspeakers, this replication of 
results also shows that the auditory mode of presentation has 
little effect on auditory vs visual bias.  

3.2.2. Visual effect in AV conditions with auditory  
degradation 

First, we examined the degree of visual bias in conditions in 
which the visual information was intact but auditory 
information was degraded. When the auditory channel was 
degraded (both at –8 and –12 dB SNR), the visual effect 
increased dramatically for both sets of speakers (see Figure 
1). A repeated-measures ANOVA with noise level and 
speaker group as factors confirmed that the effect of noise 
level [F(2,38)=248.68; p<.001] and speaker language 
[F(1,19)=55.08; p<.001] were significant. Pairwise 
comparisons showed that the noise effect was due to an 
increase in visual effect between the no-noise and noise 
conditions but that there was no increase in visual effect from 
the –8 dB to –12 dB SNR conditions. The noise by speaker 
language effect was also significant [F(2,38)=20.95; p<.001] 
and this seems to be due to the ‘foreign-language’ effect seen 
in clear as described above. This ‘foreign-language’ effect 
seems to be much attenuated in noise. 
 
 
 

 
 

Figure 1: Proportion of visual effect for audiovisual 
conditions with auditory degradation. The ‘clear’ condition is 

included as reference. 

3.2.3. Visual effect in AV conditions with visual  
degradation 

Next, we examined the degree of visual effect in conditions in 
which the auditory channel was intact but visual channel was 
degraded (see Figure 2). As expected, the degree of visual 
effect decreased with increasing visual degradation. A 
repeated-measures ANOVA with level of visual degradation 
and speaker language as factors confirmed that the effect of 
visual degradation [F(2,38)=89.74; p<.001] and speaker 
language [F(1,19)=45.64; p<.001] were significant. The 
visual degradation by speaker language effect was also 
significant [F(2,38)=13.51; p<.001] and this seems to be due 
to a greater visual effect for Chinese speakers in clear and at 
the first level of visual degradation.       

 
Figure 2:Proportion of visual effect in audiovisual conditions 
with visual degradation. The ‘clear’ condition is included as 

reference. 
 

3.2.4. Visual effect in AV conditions with combined 
auditory and visual  degradation 

Finally, we examined visual effects when both the auditory 
and visual channels were degraded (see Figure 3). The first 
four boxes represent stimuli presented with noise at –8 dB 
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SNR with increasing visual degradation, and the final four 
boxes represent the data for stimuli presented at –12 dB SNR, 
with again increasing visual degradation. What is most 
striking about these results is the vastly increased visual effect 
seen at each level of degradation when responding to non-
native (Chinese) speakers. A repeated-measures ANOVA was 
carried out with within-subject factors of auditory degradation 
(clear, -8, -12), visual degradation (clear, b1, b2), and speaker 
language (English, Chinese). All the main effects were 
significant at p<.001. The speaker language by visual 
degradation interaction was significant [F(2,38)=11.18; 
p<.001], and an examination of means suggests that this is 
due to a greater visual effect for Chinese speakers in the b1 
and b2 conditions. The interaction between all three factors of 
speaker language, noise and visual degradation was 
significant [F(4,76)=19.36; p<.001] suggesting quite a 
complex relationship across the three factors.  

 
Figure 3: Proportion of visual effect in audiovisual conditions 

with combined auditory and visual degradation 
 

4. Discussion 
The aim of this study was to investigate how the degree of 
visual bias in speech perception varied when the auditory 
channel, visual channel or both modalities were degraded, and 
when listeners were exposed to productions by non-native 
speakers. Results obtained for the single-modality stimuli 
confirmed expectations. Correct syllable identification 
reduced with either increasing auditory or visual degradation. 
The visual-alone stimuli showed an interesting pattern across 
the two speaker language groups. Even though marginally 
higher scores were obtained for the English speakers in the 
visual condition in clear, English participants seemed better 
able to identify the blurred consonants produced by Chinese 
speakers. Due to the small number of tokens in this condition, 
further data would be needed to confirm that this was indeed a 
‘foreign language’ effect or due to the degree of visual 
salience of individual tokens following these specific 
manipulations. 

Results of the AV conditions showed that there is a great 
deal of flexibility in the weighting of acoustic and visual 
sources of information.  When listening to unaltered tokens, 
greater visual weighting was evident when responding to non-
native speakers, even though native speakers were ‘clearer’ in 
the visual alone condition. When only one source of 
information was degraded, the weighting of the unaltered 

channel increased significantly for both native and non-native 
speakers, with only minor ‘foreign-language’ effects 
remaining. When both channels were degraded, however, the 
perceptual strategy seemed to vary for native and non-native 
speakers: greater weight was given to visual cues when 
listening to non-native speakers and to auditory cues when 
listening to native speakers. It is notable that this occurred 
even though in the degraded auditory condition, non-native 
speakers were marginally more intelligible than the native 
speakers. The increased visual bias for non-native stimuli in 
the ‘combined degraded’ AV condition cannot therefore be 
due to the acoustic information for non-native tokens being 
inherently less informative. Rather, in conditions in which 
neither the auditory or visual information is totally clear, it 
may suggest that listeners have a more general strategy of 
lower reliance on acoustic cues when listening to non-native 
listeners.  
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