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ABSTRACT

This paper describes how people incorporate visua |ip-read
information into speech perception, depending on on€'s native
language/culture and experience of |earning asecond language.
Studies on lipreading show that humans can easily make a
distinction between labial consonants and nonlabia ones.
Then we investigated how peopleintegrate auditory and visual
speech information, by using the“McGurk effect” paradigm in
which labial-nonlabial conflictisintroduced. Cross-language
examinations were done across Japanese, American English,
and Chinese. The Japanese and Chinese subjects were less
susceptible to the McGurk effect than the American subjects,
indicating a cultural/linguistic factor. The results for the
Chinese subjects showed a correl ation between the magnitude
of the McGurk effect and the length of timethey lived in a
foreign country (Japan), suggesting a change due to second
language learning.

1. LIP-READ INFORMATION

1.1. Introduction

In face-to-face communication, speech perception
is a multimodal process. Humans can read lips
more or less well, and this lip-read information
plays a role during speech perception. It is well
known that looking at a speaker's face improves
speech perception when speech is not clear. This
is because face provides uswith speech information.
In this section, we will describe the nature of lip-
read information, showing results of a lipreading

experiment. lip
flat
1.2. Perceptual Features in ,
Lipreading
A . . lip
At the beginning of our series of experiments, we protruded

tested how precisely Japanese ordinary adults can
lipread [8]. We presented video of a face of
speakers speaking Japanese syllables. The video
showed 100 mono-syllables which are al that can
happen in the Japanese language.
Japanesesyllables are CV-syllables in principle,

but some syllables have a semi-vowel /y/ between a consonant
and a vowel. Thus, in the 100 possible mono-syllables, a
consonant or a consonant plus /y/ is followed by one of the
five vowels (/a/, /e/, [il, /U, /ol). The silent movie of the
speakers’ articulation of the 100 syllables was shown to 60
untrained adult subjects and they were asked to lipread each
visua syllable. Thanks to the fact that there are only five
vowels in the Japanese language, the subjects were able to
lipread vowel s accurately about 90% of thetime. However, it
was difficult to lipread consonants correctly (accuracy was
20%).

Figure 1 shows the perceptua space of consonants during
lipreading. This indicates how well people distinguish
various consonants. To get this three-dimensional map, the
subjects’ performances were analyzed by multidimensional
scaling. Inthis figure, distance between any two consonants
represents perceptual dissimilarity between the two. The
results show that the Japanese can categorize the visual
consonants into five or six groups. The most isolated
consonant is /w/, which is the only consonant that has lip
protrusion. The second distinct group includes /p/, /b/, and
/m/, which have bi-labial lip closure. Thethird distinct group,
Ipy/, Iby/, and /my/, consist of combinations of a bilabial
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Figure 1: Perceptual space of Japanese consonantsin lipreading.



consonant and a semi-vowel /y/. The fourth group includes
consonant /h/ and null consonant (in the case of vowel-only
presentation). Finaly, there is a densely distributed area
aongthey-axis. They areconsonants articulated behind the
lips, thus, referred to as nonlabials. This configuration of the
stimuli tells that the subjects extracted information about
labia-nonlabial distinction (x-axis), existence of the
semivowel /y/ (y-axis), and the lip protrusion (z-axis). To
summari ze, the subjects could not lipread perfectly as in spy
movies, but they could easily make a distinction between
labias and nonlabials. If we score the Japanese lipreading
performances in terms of labia-nonlabial discrimination, the
accuracy was 92%.

Similar results were obtainedfor English by Walden and others
[11]. When they tested hearing impared adults before
training, there were about six categories (visemes) of
consonants, and according to my calcuation, their score of
labial-nonlabial discrimination was 88%. Thus, in both
English and Japanese, untrained people can tell labias from
nonlabials most of the timein lipreading.

2. MCGURK EFFECT IN JAPANESE
AND AMERICAN PERCEIVERS

2.1. The McGurk Effect

To demonstrate the role of lip-read information in speech
perception, the McGurk effect paradigm is usefu. The
McGurk effect is a biasing effect of incompatible lip-read cues
in speech perception when auditory andvisual speech conflict
concerning labia-nonlabia distinction. When McGurk and
MacDonald [4] first discovered this phenomenon, they
combined /gal lip movements and /bal sound on a film, and

Japanese sub

their subjects reported hearing /da/ 98% of thetime. This /da/
response is a reasonable solution, because, as we saw in the
lipreading data, visual /gal is similar to visual /da/, and at the
same time, auditory /da/ is similar to auditory /ba/. The
McGurk effect demonstrates that lip-read information is
incorporatedinto speech perception even when lip movements
areincompatible with auditory speech.

2.2. A Weak McGurk Effect in the
Japanese

While the McGurk effect has been shown to be stable under
various conditions in English speaking cultures [1, 2, 5], we
havefound inter-language differences between native speakers
of Japanese and American English. In our first study, native
speakers of Japanese hardy showed the McGurk effect when
listening to very clear Japanese speech [9]. For example, no
/dal responses were observed for auditory /ba/ combined with
visual /gal. However, these Japanese subjects showed a
highly increased McGurk effect when auditory noise was added
to the stimuli. These results indicate that the Japanese
subjects identified the stimuli based on auditory information
unless visual support is necessary dueto the noise.

2.3. Recognition of Incompatibility

We also conducted a cross-language study in which native
speakers of Japanese and American English weretested[10, 6].
To do so, the above Japanese stimuli (pronounced by a
Japanese speaker) and newly created English stimuli
(pronounced by an American speaker) wereused. The auditory
and visual syllables included labia (/bal/, /pa/, /mal) and
nonlabia (/da/, /tal, /nal, /gal, /ka) consonants. The
subjects were asked to report what they heard, as well as to
report  incompatibility
between what they heard

American sub and what they saw.
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Figure 2: The magnitude of the McGurk effect as a function of recognized incompatibility.
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Japanese subj ects, thedatafor the quiet condition arelocatedin
the lower right portion, indicating that the subjects detected
auditory-visual incompatibility most of the time and the
McGurk effect seldom occurred.  When auditory noise was
added, the incompatibility was hard to detect, and a strong
McGurk effect occurred. In the case of the American subjects,
the data for the quiet condition are located in the midde or
upper left portion of the graph. That is, the Americans
detectedincompatibility less frequently, and a strong McGurk
effect was induced. From the high frequency of reported
incompatibility of the Japanese, it is suggestedthat the visual
information is processedto the extent that the auditory-visual
discrepancy is detected most of thetime. It suggeststhat, for
clear speech, the Japanese use atype of processing in which
visual information is not incorporated into perceived speech
even when they extract somelip-readinformation from theface
of the speaker.

The auditory reliance of the Japanese shows that there are
cutural and/or linguistic factors which affect the manner of
auditory-visual integration. As a cultura factor, it is often
saidthat the Japanese tendto avoid looking at the face of the
speaker. Thisoften happens when the speaker is of a higher
status. Thiscutural habit may cause the Japanese to develop
a type of processing which does not incorporate visual
information into perception even when they arelooking at the
speaker’s face.

Other factors such as linguistic characteristics of Japanese may
be responsible for the weak McGurk effect of the Japanese
subjects. However, the fact that native speakers of Spanish
show a strong McGurk effect [3], the linguistic factor is not
plausible, because Spanish and Japanese syllables are
phonetically similar.

3. TESTING CHINESE SUBJECTS
3.1. Also Weak in the Chinese

In an attempt to test the face avoidance hypothesis, Chinese
subjects were tested [7]. The Chinese were believed to be
similar to the Japanese in terms of the face avoidance. Then,
the face avoidance hypothesis predicts that the Chinese will
also show areduced McGurk effect.

The subjects were 14 native speakers of Chinese (age 19-30
years ol d) recruitedfrom the Kanazawa University community.
Most of them were graduate students who arrived in Japan after
finishing collegein China. Thelength of their stay in Japan
was between 4 months and 6 years. Stimuli werethe Japanese
and English stimuli used in the above experiments.

Theresults are shown together with the previous results for the
Japanese and Ameri can subjects (Figure3). Theresults appear
to support theface avoidance hypothesis. Comparedwith the
results for the American subjects, the Chinese subjects showed
a much weaker visual effect, indicating a similarity to the
Japanese subjects. Comparedwith theresults for the Japanese
subjects, the magnitude of the visual effect for the Chinese

subjects was the same (when the stimuli were Japanese), or
smaller (when the stimuli were English). The weaker visual
effect for the Chinesefor the English stimuli suggeststhat the
Chineserely on auditory information even more strongly than
the Japanese.
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Figure 3: The magnitude of the McGurk effect in the three
language groups.

3.2. Effect of Second Language Learning

Because the Chinese subjects had lived in Japan for a certain
period of time, the relationship between the length of their
stay in Japan and the magnitude of the McGurk effect was
examined. Figure 4 shows individua data for the Chinese
subjects (only for auditory labials for which the McGurk effect
ocurred to some extent). There was a positive correlation
(r=.723) between the two indexes: The longer the length of
the subjects stay in Japan is, the stronger the visual effect
becomes. This correlation suggests that the monolingual
Chinese (at the far left of the plot) tend to rely on auditory
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Figure 4: The relationship between the magnitude
of the McGurk effect and the length of the subjects
stay in Japan.

information and the second language learning causes in the
Chinese a shift to a manner of processing where visual
information is incorporated into perceived speech. It is
plausible that people who are seriously learning a second
languagein a situation wherethat languageis natively spoken
aso learn to use any cues including lip-read information to
improve their listening comprehension. Presumably the
longer stay in Japan corresponds to ahigher proficiency of the
Japanese language. These results imply that the proficiency
of a secondlanguage may rely to some extent on the learner’s
skill of lipreading that language.

4. CONCLUSION

In conclusion, there are afew factors which affect the degree of
incorporating visua information into speech perception. A
cultural factor, face avoidance was suggested from the weak
McGurk effect for the monolingual Japanese and Chinese
subjects. Another factor suggested was experience of second
language learning. Because speech perception heavily
depends on one's perceptual structure which is specialized for
on€'s native language, sounds of non-native language have a
certain ambiguity. For this reason, additional visual cues are
considered to be helpful in second languege learning. The
nature of auditory-visual integration shouldbe taken seriously
in the field of foreign language education.
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