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ABSTRACT

A corpus of discrepant AV German and Spanish syllables was
created in order to examine how audio-visual integration
functions in those languages and to investigate possible
interlanguage differences in the magnitude and type of visual
effects. 15 syllables /ba, ma, da, na, ga, Na, la, ra, rra, bra, dra,
gra, bla, dla, gla/ were produced by one German speaker and
one Spanish speaker. Both sets of syllables were audiovisually
recorded and combined with <B>, <D>, and <G> video
sequences resulting in 45 AV-stimuli. German AV-stimuli were
presented to 30 German and 30 Spanish subjects; Spanish AV-
stimuli to 30 German and 30, Spanish subjects. Subjects were
asked to report what they perceived. Results showed perceptual
differences across the 4 conditions. The influence of visual
cues was stronger with the Spanish speaker than with the
German one. Germans showed a higher amount of visual
effects mn the non-native language.

Keywords: Bimodal Speech Perception, Audio-visual
integration, McGurk effect, Interlanguage ditference.

1. INTRODUCTION

1.1. Visual information in the process of speech perception

Visual information in perceptual processes used to be
disregarded in early speech perception theorics. The role of
lipreading was mostly associated with the hearing impaired
([13]). Later experiments demonstrated that vision plays an
important role in speech perception for both impaired and
normal-hearing subjects ([3], [17]). Visual cues are of crucial
importance, especially in noisy conditions, since they improve
speech intelligibility when the acoustic signal is highly
deteriorated ([2]. [4], [5], [11]. [16]. [17]).

Acoustic and visual information seem to partially complement
each other: nasality and voicing are extracted by the auditory
mode , whereas places of articulation are detected by the visual
mode ([2], [11], [19]) . Some phonemes do not differ visually,
but only acoustically, so that they can be classified into visual
classes (or visual phonemes) according to place. Fisher ([7])
introduced the concept of viseme (visual phoneme: minimal
contrastive unit of visual articulation), but other researchers
take visemes to mean visual shapes of lips and jaw ([12]). It
can also be seen as the minimal unit for visual speech
synthesis based on image concatenation ({1]).

1.2. Perceptual illusions in discrepant audiovisual stimuli

McGurk and MacDonald ([10]) were the first investigators to
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report perceptual illusions caused by discreapant AV-stimuli.
Since, various experiments have been carried out in order to
systematize and explain the nature of the so-called McGurk
effect. The vast majority of experiments dealing with
incompatible AV-stimuli was based on English, a few on
French, German and Japanese material ([6], [8], [9], [14], [15],
[18]. {20]). Peninsular Spanish has not been studied yet with
McGurk matenal.

The purpose of the present study is to describe how the
McGurk effect works with Spanish and German stimuli, to
investigate whether Spanish and German subjects react
differently to native and non-native material, and to examine
which constraints are imposed in the perception of illusion
percepts. The use of CCV syllables such as /bra, dra, gra/ and
/bla, *dla. gla/ were not used in previous experiments. For this
goal. experiments were performed under four different
subject/stimulus language conditions, and both CV- and CCV-
syllables were used in the creation of the corpus.

2. METHOD
2.1. Subjects

Subjects were both male and female students, 60 German
(Cologne University) and 60 Spanish native speakers
(Barcclona University), of 20-30 years of age with normal
hearing and normal or corrected-to-normal vision. They were
divided into groups of 30 subjects giving four conditions: DD
(German subjects with German stimuli), ED (Spanish subjects
with German stimuli), DE (German subjects with Spanish
stimuli). and EE (Spanish subjects with Spanish stimuli).

2.2. Stimuli

15 syllables (/ba, ma, da, na, ga, Na, la, ra, rra, bra, dra, gra,
bla. dla, bla/) were pronounced by both a German and a
Spanish female native speaker. In German /d, n/ were produced
as alveolars, /1/ as a velar fricative, and /rr/ was ommitted (/r/
appeared twice). In Spanish /d, n/ were dentals, /r/ was an
alveolar tap, and /ri/ was an alveolar trill. These 15 auditory
syllables were combined with video sequences displaying the
speaker’s face uttering bilabial, alveolar (or dental), and velar
consonants, resulting in 45 AV-stimuli.

2.2.1. Videotaping

The speech movements of these 15 syllables were videotaped
frontally in a quiet room. The speaker was illuminated from
both sides and the camera focussed on her lips (eyes were
hidden using sunglasses). Each speaker was trained to produce
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every stimulus in the following way: before articulating any
syllable she should close her lips, breathe in, pronounce the
syllable and close her lips again. Each syllable was repeated 5
times, so that the best recording could be selected for the test
(duration, loudness...)

2.2.2. Digitizing and editing

Using multimedia hardware and software the video track was
digitized at 25 frames per second in a 24-bit colour MJPEG
compression format. Acoustic information was sampled at 20
kHz with 16 bit. Every syllable was stored in a 6-s file,
containing 150 frames. The consonant-vowel boundary was
localized, and the file was then reduced to 4 s (100 frames). so
that the boundary was placed betweeen frames 44 and 45 for
every syllable.

2.2.3. Dubbing

For CV-syllables ba, da, and ga files were copied 8 times.
Their audio signal was deleted and replaced by the audio signal
of the other CV-syllable files. The same procedure was
followed for CCV-syllables, using separate <bra>.<dra>,<gra>
and <bla>,<dla><gla> visual signals. Thus, a total of 45
audio-visual stimuli was synchronised.

In order to guarantce an optima] test thythm each AV-stimulus
was arranged in a 7-s unit. The first 3 seconds consisted of
black frames in the video signal, and in the audio signal 2
seconds of silence followed by a 1-s waming tone (2000 Hz),
the last 4 seconds consisted of the AV-syllable file (the
stimulus was approximately in the middle). (FIG.X 7-s unit
audio and video signai)

2.2.4. Recording of V-, A-, and AV-stimuli for presentation

First of all, the 15 syllables under study were copied onto a
video tape in a VHS-pal format for video-only presentation, as
well as for audio-only presentation. Then the 45 AV-syllables
were recorded for audiovisual presentation. Stimuli were
ordered randomly and there was a double peep after every fith
stimuli.

2.3. Experimental Design

In order to assess the subjects' lipreading skills, 15 visual-only
syllables were first displayed. Then, 15 audio-only syllables
were presented to evaluate the acoustic quality of the stimuli.
Finally, the 45 audiovisual syllables were presented.

2.4. Procedure

Tests with German subjects were performed at Cologne
University (30 students were tested with the German stimuli,
DD; 30 with the Spanish stimuli, DE), whereas tests with
Spanish subjects were carried out at Barcelona University (30
ED and 30 EE). In order to guarantee every participant similar
acoustic and vision quality, stimuli were presented on a colour
XxX inch monitor to groups of 5 to 10 siudents at a time. The
screen and the loudspeaker were located at a distance of 1,5 to
3 m from the subjects.

Subjects were wamed that they might sporadically perceive
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unusual syllables. They. were instructed to look and / or listen
carefully to each syllable and immediately to write down what
they perceived as an open choice on their response sheets. The
test conductor was present at all test sessions to make sure that
response sheets were filled in correctly calling out the stimulus
number every now and then. There were breaks after the
visual-only and audio-only part. The test session lasted
approximately 15 minutes.

3. RESULTS
3.1. Results from the visual-only test

The purpose of this task was to determine the subjects'
lipreading skills. FIG.X shows the visual intelligibility score of
the visual groups <B> (ba, ma, bra, bla), <D> (da, na, dra,
dla), <G> (ga, Na, gra, gla), <L> (la, ra, rra, Ra), and <D+L>
across the four conditions. Simplifying the issue of lipreading
to CV-stimuli, syllables were correctly identified as: bilabials
100% in DD, 100% in ED, 100% in DE, and 98% in EE;
alv./dentals 58% in DD, 53% in ED, 87% in DE, and 93% in
EE; velars 28% in DD, 38% in ED, 23% in DE, and 28% in
EE. German <dn> were difficult to tell appart from <gN>
(there was visemic ambiguity for alveolars and for velars).
However, it was easier to distinguish between Spanish <d.n>
and <gN>, though velars were often recognized as <dn>
(there was sufficient visemic contrast for dentals, but velars
were visually ambiguous).
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Fig.1 Visual-only test: Visual intelligibility score (%) of visual
groups across DD, ED, DE, EE.

3.2. Results from the audio-only test

The two sets of 15 audio-only syllables were tested to evaluate
their acoustic quality. Most stimuli had a high intelligibility
score, except for Na=23% in the DD condition, Na=3%,
Ra=37%, and bra=47% in the ED condition, Na=60, rra=27%,
bra=27%, dla=37%, and gla=40 in the DE condition, and
Na=13%, ra=43%, dla=17%, and gla=47% in the EE condition.
Excluding the syllables which do not fit either the German or
the Spanish phonetic system (Na, Ra, ra, rra, and dla) from all
conditions, the avarage intelligibility scorc was 98.8% in DD,
and 90.2% in ED, 86.9% in DE, and 88.2% in EE. Correct
identification in the native language was higher than in the
non-native language. Some Spanish syllables were of poorer
quality. Fig.2 shows the auditory intelligibility score of the
auditory groups [B] (ba, ma, bra, bla), [D] (da, na, dra, dla),
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[G] (ga. Na, gra, gla), {Ir] (la, ra, rra, Ra) across the four
conditions. Two sets of results are displayed: using all syllables
for average (left part of the diagramm), excluding Na, dla, Ra,
ra, and rra for average (right part of the diagramm).
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3.3. Results from the audiovisual test

Fig.3 summarizes the type of responses, which are categorized
into Auditory (A), Visual (V), Fusion or Blend (F),
Visual+Auditory (V+A), Auditory+Visual (A+V), C2-only
(C2), and Other (...). Furthermore, the sum of all visually
influenced responses (V, F, V+A, A+V_ C2) s specified in the
last cell (%) as the magnitude of visual influence. On the basis
of the following examples, the type of response will be
clarified: visual <ba> + auditory [da], A=da, V=ba, V+A=bda,
A+V=dba (A+V is extremely unfrcquent), visual <ga> +
auditory [ba], V=ga, F=da; visual <dra> + auditory [bra], C2=
ra (the 1st C in CCV syllables falls oft).

With Spanish <ga>+[ba], Spanish subjects have a higher V-
response, whereas German subjects show a higher F-response.
Spanish subjects seem to integrate dental visual information in
their responses when they actually sce dentality, otherwise they
decide for a velar. Germans, on the contrary, tend to take <ga>
for a da. With the German counterpart AV-syllable. V-, and F-
responses do not differ to that extend.

CCV syllables (bra, dra, gra, and bla, *dla. gla) adress
phonotactic questions (e.g. acoustic [dra] + visual <bra> =
*[*bdra]"). On the one hand, the fused response "[*dla]”
(resulting from [bla]+<gla>) is less frequent than the fused
response "[da]” (from [ba]+<ga>), probably due to phonotactic
constraints. On the other hand the V+A-response "[*bda]”
(from [da]+<ba>) is very frequent, although it also violates
phonotactic rules (it could also depend on the individual
stimuli). V+A-responses form visual <B> + auditory [D] and
visual <B> + auditory [G] break phonotactic rules with scores
ranging from 86,6% to 0% across all conditions. Avaraging all
conditions, scores group are: bda=75%, bdra=39.2%,
bdla=25,8% for the <B>+[D]; bga=53,3%, bgra=5%0. bgla=25%
for the <B>+[G] group. Responses from a CV-svllable show a
higher percentage than responses from CCV-syllables (Note
that the response pattern for CV is CCV, and the reponse
pattern for CCV is CCCV). Besides, responses from <B>+[D]
(46,6%) are higher than from <B>+[G] (27,7%).
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ALL SYLLABLES

<B> [A V F VHAA+V C2 .. | %
DD (B] | 100 0 0 0 0 0 0 0
D] {367 5 0583 0 0 0|633

[G] 1483 267 0233 o0 0 17 50
] 67 0 0933 0 0 0}933
ED [B] |[%,7 0 0 0 0 0 33 0
M) |31 328 024 0 0 17622

[G] 417 45 o0 11,7 o 0 17367
] 10 0o 0 9 0 0o o 9

DE [B] 992 0 0 0 0 0 08 0
M [367 325 0308 0 0 0f633

[G] |475 325 0175 0 0 25 50

ir] | 544 0 0444 0 0 11|44

EE [B] |92 0 0 0 0 0 08 0
D] (467 383 o0 15 0 0 0533

(G] |475 442 0 83 0 0 0]525

Lrj {448 0 0 354 0 0 11| 354
<D> [A V F V+A A+ C2 .. | %
DD (B] | 283 36,7 158 0 0 192 0] 71,7
mlwo o o o o o o o

Gl ] 85142 0 0 o 0 08f142
nrj{989 o 0o o0 0 0 L1} o

ED [B] | 16,7 45 158 0 0 208 1.7|316
m [wo o o o o o o o

Gl | 80167 0o 0 0 17 17184
mrif989 o o 11 0o o ol 1l

DE [B] | 1l.7 8 58 0 08 17 0]s83
] 1933 0o 0 0 0 0 67 0

[G] | 733242 0 08 0 17 0]267
nrjf622 0o 0356 0 0 22|356

EE [B] | 20 675 11,7 0 0 08 0 80
D] |81 0 0 0 0 0 119 0

[G] | 667 292 08 08 08 1.7 0f333

nrj 756 0 0233 0 o0 1.1}233
<G> [A V F V+A A+V C .. | %
DD [B] |275 25 292 0 0 175 08] 717
D] 1992 o o o0 08 o of o8

[G] |87 o0 o0 o 0 0 183 0O
937 o 0o 0o 0 0 621 0
ED [B] | 133 283 25 0 0 317 L7 8
M %42 5 o o o0 08 of 58

Gl 1778 0o o 0 0 0222 0
Lri|87 0 0 67 0 0 67 67

DE [B] | 192 21,7 57,5 0 08 08 0] 8038
D] {758 233 0 0 08 0 . 0f24.1

G} |892 0o o0 0 0 0108 o0
Lrl97 o o0 11 0 o 22

EE [B] | 208 51,7 25 0 0 1.7 08| 784
D | 45 55 0 0 -0 0 0 55

[G] [87 © 0 0 0 0143 0

rj [744 0 0222 o 0 33222

Fig.3 Audiovisual test: Percentage tables, displaying tthe type
of response and total magnitude of visual influence (top: AV-
syllables with visual <B>; middle: AV-syliables with visual
<D>; bottom: AV-syllables with visual <G>)
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4. DISCUSSION

The present study is an adaptation of Sekiyama & Tohkura's
experimental design ([14]) to German an Spanish, including
both CV- and CCV-syllables. Results give evidence that both
German and Spanish subjects do integrate visual information of
incongruent AV-stimuli in bimodal speech perception.

A comparison across the four conditions show, however,
interlanguage differences in performance. The native language
of the speaker, as well as that of the ‘subjects, seem to play a
role in the magnitude of the visual influence on speech
perception. The type of illusions that subjects fall in is also
language specific. The influence of visual cues in the
perceptual process is stronger with the Spanish speaker than
with the German one. Germans show a higher amount of visual
effects in the non-native language (29,9% in German, 35% in
Spanish).

Whereas Sekiyama's results ([15]) for visual <D> and <G>
were presented in one only group (since "response patterns for
the within-group visual tokens were almost identical”), results
in this study keep <D:> and <G> separate, because thy behave
differently specially in the EE-condition. The AV-syllable
<ga>t+[(ba] showed impdrtant differences across the four
conditions (Spanish had a much more frequent ga-response (V)
for the Spanish stimuli, instead of da-response (F). probably
because they did not perceive visual dentality).

CCV syllables were not used in previous experiments. They
introduce new illusions and address phonotactic questions. A
CCV-reponse which break phonotactic rules seems to be more
frequent than a CCCV-response. Stimulus familiarity and
intelligibility, as well as language experience could maybe
account for differences. The speaker's individual articulation is
also a factor that contributes to enhance differences across
conditions. Synthetic incompatible AV-stimuli as the ones used
by Massaro et al ([8]) would avoid this speaker individuallity
influence in the results.

The implications of these findings may lead to a better
understanding of the actual role of vision in bimodal speech
perception processes. Aids for the Handicapped. Foreign
Language Self training devices. and Speech Technology
Systems would profit from the use of visual information.
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