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Abstract. We conducted an experiment consisting of five blocks to examine the effect of non-labial
facial information on audiovisual speech perception. 20 Chinese native speakers were asked to
report the syllables they perceived during five condition: audio-only, video-only, video-only
without labial part, audiovisual and audiovisual without labial part. The materials were /pa/, /tsa/,
/ta/, /tʂa/ and /ka/, which were selected according to places of articulation from
front to back. The results showed that even though the non-labial facial information was not
enough to distinguish non-labial consonants, they could have significant effect on auditory speech
perception.
1.

Introduction

Although speech perception in natural condition was a multisensory process, classic models of
speech processing focused predominantly on acoustic input, ignoring the influence of visual
information (Van Wassenhove V, 2013). As a meter of fact, visual input does not only provide
subsidiary information such as identification or emotion, the forms and kinematics of facial
information could also provide abundant details of articulation, which could even affect the speech
processing directly and cause a fused illusion when video and audio input were incongruent
(McGurk H, MacDonald J, 1976).
However, it was unclear how we extract articulation information from visual input and what
parts of visual information work during speech processing. Several studies have indicated that
mouth was not the only resource for perceiving linguistic information (Rosenblum L D, Saldaña H
M, 1996; Paré, et al., 2003). Even if the fixation point was fixed 10 o-20o from talker’s mouth,
McGurk effect persisted. Therefore, the present study was to explore whether and to what extent
non-labial facial information could affect visual and audiovisual speech perception.
2.

Method

2.1 Subjects
20 Mandarin speakers including 8 males and 12 females ranging from 19 to 29 years old (overall
mean age=23.6±2.53 years) attended this research. All of them had normal or corrected-to-normal
vision and no speech or hearing impairment. None of them had received lip reading training. They
had no idea of experiment hypothesis all the way.
2.2 Stimuli
The audiovisual stimuli for the experiment were recorded by a EOS kiss X5 camera and a
professional external microphone in the studio of Linguistic Laboratory of Peking University. The
frame rate of video was 29.97 FPS and the sampling rate of audio was 48kHz.
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The stimuli were made of 2 native speakers of Mandarin, 1 male (m1) and 1 female (f1). Only
the head and shoulder were shot against a dark blue background. The materials were edited with
Adobe Premiere 2018 to ensure that each stimulus was 2-second long and without blinks.
There were 5 Chinese syllables /pa/, /tsa/, /ta/, /tʂa/ and /ka/ which were composed of vowel /a/
and a series of consonants, each represented for a place of articulation from front to back. For
incongruent audiovisual stimuli, /pa/ was dubbed into the videos of the other syllables. Because
according to previous studies, the McGurk effect arose by audio /pa/ tended to be the strongest
among all kinds of incongruent pairs of Chinese syllables (Pan X, 2011). Besides, for the series of
non-labial stimuli, the mouth areas were covered by black oval masks, which were set by the frame
of each stimulus when mouth was open widest. To sum up, there were 66 stimuli for all, including
10 (2*5) stimuli for each of audio-only (OA), video-only (OV), video-only without mouth area
(OV_NoM) condition, and 18 stimuli (10 congruent and 8 incongruent) for each of audiovisual
(AV) and audiovisual without mouth area (AV_NoM) condition. For each block, the stimuli were
presented randomly.
3.

Results

3.1 Audio Only
When there were only audio stimuli available, the recognition rates were as followed:
Table 1 Percentages of Correct Identifications of Audio-Only (OA) Condition
STIMULI
Talk
er
f1
m1

/pa/

/tsa/

/ta/

/tʂa/

/ka/

100.
00
81.8
2

100.
00
100.
00

100.
00
100.
00

95.4
5
95.4
5

81.8
2
86.3
6

Average
95.454
92.726

The average percentage of all audio stimuli was 93.81%±6.69%. According to a two-way
ANOVA, the main effect of talker was not significant [F(1, 20)=1.00, p=0.329)]. The identification
rate of /ka/ was significantly smaller than /tsa/ and /ta/. All audio stimuli could be identified at high
proportion.
3.2 Video Only

Fig. 1 Percentages of Correct Identifications of Video-Only (OV) Condition
Figure 1 shows the rate of correct identifications when only visual stimuli were presented.
Analyzed with a two-way ANOVA, there was a significant interaction effect between talker and
stimulus [F(4,76)=3.673, p<0.01)]. We conduct a paired comparison adjusted by Bonferroni test,
for /ta/ and /ka/, the identification rate of f1 was significantly higher than those of m1. And for each
talker, the accuracy of labial consonant /p/ was much higher than the other non-labial consonants,

while the /t/ sound was the lowest. Overall, the percentages of correct identifications distributed in
U-shape according to places of articulation, which was considerable high for labial consonant, then
decrease sharply to bottom, and rise again at the place of velar.
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3.3 Video Only without Mouth Area

Fig. 2 Percentages of Correct Identifications of Video-Only without mouse area (OV_NoM)
Condition
For the block of visual stimuli without mouth, compared with normal visual condition, the
accuracy of all stimuli decrease to some extent. There was a significant interaction effect between
talker and stimulus [F(4,76)=3.956, p<0.01)]. For /pa/, accuracy of f1 was significantly higher than
m1. There was no significant difference between f1 and m1 on other syllables. What’s more, for
each talker, the percentages of correct identification of these consonants were decline with places of
articulation from front to back. Compared to OV condition, the identification rate of /ka/ was
affected most, then was /tʂa/. The other syllables were slightly or barely influenced.

Fig. 3 Percentages of Correct Identifications of OV(Video-Only) versus OV_NoM (Video-Only
without mouse area) condition
3.4 Audiovisual
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Fig. 4 Accuracy performance in response to the presentation of incongruent audiovisual stimuli
(AV).
The percentages of correct identifications of audiovisual condition were showed in Figure 4. No
interaction effect was significant between talker and visual stimuli[F(3,16)=1.380, p=0.285)]. And
visual stimulus has no main effect on McGurk effect [F(3,16)=3.198, p=0.052)]. However there was
a significant different between two talkers[F(1,18)=6.133, p<0.05)]: the accuracy percentage of f1
(19.7±7.2%) was much higher than m1(2.6%±1.5%), which means the McGurk effect of f1 was
much weaker than m1, though by and large, the McGurk effect of every stimulus was considerably
strong.
3.5 Audiovisual without Mouth Area

Fig. 5 Accuracy performance in response to the presentation of incongruent audiovisual stimuli
without mouth (AV_NoM).
When mouth areas were covered, there was no significant interaction between talker and visual
stimuli[F(3,57)=1.132, p=0.344)], and no significant difference among visual stimuli
[F(3,57)=1.830, p=0.152)]. However the main effect of talker was still significant [F(1,19)=24.057,
p<0.01)]: the accuracy percentage of f1 (66.3±7.4%) was much higher than m1(27.5%±6.9%), that
was to say the McGurk effect of f1 was still weaker than m1.

Compared with AV condition, no other effect or interactions among talker, mouth condition and
visual stimuli were found to be statistically significant, except for the interaction between talker and
mouth condition[F(1,18)=12.906, p<0.01)]. Even though the McGurk effect of all stimuli tend to be
weaker when mouth areas were covered, there is still 1/3 to 1/2 chance that fusion illusions
occurred.
4.

Conclusion

The results showed that McGurk effect never disappeared even when mouth areas were totally
covered, which indicated that even though the non-labial facial information was not enough to
identify non-labial consonants by itself, the visible kinematics of articulatory gestures on the nonlabial facial area could have significant effect on auditory speech perception.
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