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Abstract 
This paper presents the results of a study investigating 
crossmodal processing of audiovisually synthesised speech 
stimuli. The perception of facial gestures has a great influence 
on the interpretation of a speech signal. Not only 
paralinguistic information of the speakers emotional state or 
motivation can be obtained. Especially if the acoustic signal is 
unclear, e.g. because of background noise or reverberation, 
watching the facial gestures can enhance speech intelligibility. 
On the other hand, visual information that is incongruent to 
auditory information can also reduce the efficiency of acoustic 
speech features, even if the acoustic signal is of good quality. 
The way how two modalities interact with each other 
constitutes an interdisciplinary research area. Bimodal speech 
processing is a remarkable example of how one modality 
(vision) affects the experience of another modality (audition). 
The present study could show that this effect can also be 
achieved by synthetic speech. Not only therefore, computer-
based audiovisual speech synthesisers and speech visualisation 
systems provide an interesting tool for investigating bimodal 
sensory integration. 
 
 

1. Introduction 

Since five decades many investigations have documented that 
visual information enhances intelligibility when added to 
audible speech (e.g. [1], [2]). The so-called McGurk-effect 
[3] – where an audio /ba/ paired with a video /ga/ leads to an 
auditory percept /da/ – had and still has a great influence on 
the research community because it shows an exceeding 
example that visual input effectively changes the recipient’s 
auditory experience. In a number of experiments crossmodal 
integration was investigated using natural speech stimuli, 
including the McGurk-effect (e.g. [4], [5], [6]). The 
advantage of using an audiovisual speech synthesiser as a tool 
for studying crossmodal speech perception lies in the fact that 
each parameter of each source of information can easily be 
manipulated and is therefore experimentally controllable.  
 

In order to produce synthesised test stimuli the Modular 
Audiovisual Speech SYnthesizer MASSY [7] was used. 
MASSY is a web based audiovisual text-to-speech-

synthesiser with a 3-dimensional animated head. The 
embedded modules are a phonetic articulation module, an 
audio synthesis module, a visual articulation module, and a 
face module. The phonetic articulation module creates the 
phonetic information, which consists of an appropriate phone 
chain on the one hand and – as prosodic information – phone 
and pause durations and a fundamental frequency course on 
the other hand. From this data, the audio synthesis module 
generates the audio signal and the visual articulation module 
generates motion information. The audio signal and the 
motion information are merged by the face module to create 
the complete animation. The MBROLA speech synthesiser 
[8] is embedded in the audio synthesis module to generate 
audible speech. The visual articulation module generates a 
series of parameter settings for (virtual) articulators like 
tongue tip, tongue dorsum, lip width, lip height, and lower 
jaw height. For each phone and articulator it provides a co-
articulated target position which is held for a fixed fraction of 
the phone duration. The face module animates the 3-
dimensional head by linearly displacing its vertices. For each 
articulator a set of displacement vectors for the head’s vertices 
is defined. Each vertex displacement is a linear combination 
of the articulators’ displacement vectors. The VRML file 
format (Virtual Reality Modeling Language, [9] is used as 
output. 

 

2. Experimental Setup 

2.1. Items and conditions 
The corpus contained consonants with different places of 
articulation and a voiced/unvoiced contrast. As consonants 
the plosives [b, p, d, t, g, k] were chosen. The vowel [a] was 
used by reason of high magnitude of jaw opening and hence 
well visible articulation movements. Consonants and /a/ were 
combined in a CVCV structure (/baba/,  /papa/, /dada/, /tata/, 
/gaga/, /kaka/). In this way the stimuli were formed like those 
in the original McGurk & MacDonald study [3]. Phone 
durations and fundamental frequency contours were equal for 
each test item. The 6 CVCV structured items were 
synthesised audio (A), visual (V), and audiovisual congruent 
(AV). In order to obtain McGurk stimuli the following 
combinations were formed: 1. audio-/baba/ + video-/gaga/ 2. 
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audio-/gaga/ + video-/baba/ 3. audio-/papa/ + video-/kaka/ 4. 
audio-/kaka/ + video-/papa/.  
 

The German female voice “de7” which provides three 
voice qualities (soft, modal and loud) was selected for 
creating test stimuli. On the one hand the audio signal was 
presented with soft voice quality (henceforth called soft). On 
the other hand it was presented with modal voice quality but 
embedded in white noise with a signal-to-noise-ratio (SNR) 
of +10 dB and +5 dB (the intensity of white noise was 
changed but not the intensity of the speech signal). Thus three 
different types of audio signal manipulations were achieved. 
Additionally, the audio signal of all three types was low pass 
filtered at 1000 Hz with -20 dB/octave. In order to investigate 
crossmodal integration the presentation conditions were: 
unimodal audio, unimodal video, audiovisual congruent and 
audiovisual incongruent (with the three types of audio signal 
manipulation, respectively).  

 

2.2. Method 
22 subjects (11 male and 11 female, from 19 to 49 years old, 
mean: 28 years) with normal hearing and normal or corrected 
to normal vision participated in the experiment voluntarily. 
All the stimuli were presented to the subjects without repeat 
by use of three different quasi-random orders. The test was 
designed as an open choice test, in order not to direct the 
subjects in their perception. The recognition of the initial and 
the medial consonant of the CVCV-stimuli were analysed 
separately. 
 

3. Results 

The analysis revealed neither significant differences in the 
three stimulus orders nor in the recognition scores of the 
initial and the medial consonant. Therefore the three test lists 
were analysed together and below the results for the medial 
consonant are described exemplary for both. 
 

3.1. A, V, and AV congruent stimuli recognition  
Tab. 1 shows recognition scores for the conditions unimodal 
audio (A) and video (V) and congruent audiovisual (AV). The 
overall recognition scores are significantly higher in the AV 
condition compared to A and V, and the A scores are 
significantly higher compared to V. In comparison to the 
study of Grant and Walden [10] who received a recognition 
score of about 80% for /a/-C-/a/ stimuli of natural speech 
embedded in white noise with a signal-to-noise ratio (SNR) of 
-2 dB, in this study the recognition scores for the stimuli 
embedded in noise are much lower. The synthesised and low-
pass filtered signals seem to be vulnerable to disturbance with 
white noise.  
 

Closer analyses of the phoneme confusion matrices 
revealed that the manipulation of the audio signal with white 
noise generally leads to confusions of phones that differ in 
their place of articulation (errors in place of articulation: for 
bilabial consonants 59.6%, for alveolar consonants 53.1%, 
and for velar consonants 6.1%; total 39.6%) and less in the 
voiced/unvoiced contrast (total 1.3%). It is assumed that this 

effect is strengthened by the low pass filtering, which cuts the 
frequencies above 1000 Hz, mainly containing the place of 
articulation information (e.g. [11], [12]). Concerning the 
visual only condition, Tab. 2 shows the recognition scores for 
phoneme categories. The given answers could be classified 
into the following visemes: bilabial (/b/, /p/, /m/), alveolar 
(/d/, /t/, /n/, /l/), velar (/g/, /k/), and others. Although /l/ in the 
analysis of natural speech is often not included in the alveolar 
viseme, it is included here, because MASSY’s visual 
articulation differs only marginally between these phonemes. 
Assuming this grouping the correct viseme recognition is 
68.9%. 
 
 

 condition 
AV Audio Video 

 soft 93.2 81.8  
 +10 dB SNR 75.0 43.9  

 +5 dB SNR    65.2 36.4  

 total 77.8 54.0 27.3 

Table 1: Recognition scores in % for the conditions 
audio (A) and congruent audiovisual (AV) at different 
SNRs and video (V). 

 
Consonants with bilabial (93.2%) or alveolar (81.8%) 

places of articulation are recognised significantly better than 
the velar (31.8%) consonants. These recognition scores reveal 
the amount of information that is available considering the 
different places of articulation: from bilabial which is easy to 
distinguish visually, to velar, which is often confused with 
alveolar consonants (61.4%) but never with bilabial 
consonants.  
 
 

presented phoneme category 

 
bilabial 
/b/, /p/ 

alveolar 
/d/, /t/ 

Velar 
/g/, /k/ 

 bilabial 
 /b/, /p/, /m/ 93.2 2.3  

 alveolar 
 /d/, /t/, /n/, /l/ 4.5 81.8 61.4 

 velar 
 /g/, /k/ 2.3 15.9 31.8 re

co
gn

is
ed

 
ph

on
em

e 
ca

te
go

ry
 

 others   6.8 

Tab. 2: Visual recognition scores in % for visemes. 

 
The confusions in unimodal conditions show the 

complementary nature of bimodal speech perception. Audible 
and visible speech does not only provide two sources of 
information, but one source provides strong information 
where the other is weak and vice versa. On the one hand in 
audio condition there are nearly no errors concerning the 
voicing and the velar consonants were best recognised. On the 
other hand in video condition the bilabial and alveolar places 
of articulation were recognised well, whereas the velar 
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consonants were recognised significantly worse. The test 
results therefore confirm that audio presentation provides 
information on voicing and visual presentation complements 
information on place of articulation (where the place of 
articulation is also partly transmitted through the auditory 
channel). This leads to a significantly higher recognition score 
for AV condition compared to A and V conditions which can 
be seen in Fig. 1. According to this the visibility of the 
Talking Head’s articulation movements enhances the 
intelligibility of synthesised speech stimuli. 
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Fig. 1: Audio and audiovisual recognition scores as a 
function of audio manipulations. 
 
 

3.2. AV incongruent stimuli recognition 
When presenting incongruent audiovisual stimuli one has to 
examine whether the recipients perceive the presented audio 
information, video information, or whether they give a fusion 
response or a combination response. Here a fusion response is 
a perceived /dada/ or /tata/ for voiced and unvoiced McGurk 
stimuli pairs, respectively. A combination response is a 
combination of both presented (visually and auditory) 
consonants like a /pk/. On the contrary to the original 
McGurk & MacDonald study we did not count a response like 
/paka/ as combination response. This might be a reason why 
in this study combination responses only occur sporadic 
throughout all audio conditions. Another reason might be that 
combinations like /abga/ or /akpa/ seemed to be not very 
likely as a response in an open choice test.  Fig. 2 shows the 
types of answers to audiovisual incongruent stimuli for the 
three different audio manipulations. As can be seen the more 
the audio signal is disturbed by white noise, the less the audio 
and the more the video responses were given. With 26%, 
fusion responses are highest in the +10 dB SNR condition. It 
seems that in soft condition the audio signal is quite clear 
(audio response of 71.6%), nevertheless fusion responses 
occur (19.3%). The more the audio signal is disturbed the 
more the visual source of information gains importance.  

 
The results of unimodal audio condition revealed, that the 

synthesised speech stimuli are not always recognised correctly 
and is susceptible to disturbance by white noise. For that 

reason phone confusions in audio only condition should be 
taken into account and fusion responses should not be limited 
to /dada/ and /tata/. Therefore all responses that were formerly 
selected to the category “Others” were allocated to the four 
response categories: Audio, Video, Fusion, and Combination. 
Any combination of two perceived consonants was assigned 
to combination response. The responses that differed in the 
place of articulation were considered as fusion responses. E.g. 
a response /zaza/ on an audio= /baba/-video= /gaga/ stimuli 
was considered as fusion. The results are displayed in Tab. 3. 
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Fig. 2: Types of answers to audiovisual incongruent 
stimuli for the three different audio manipulations. 
 
 
 

presented stimuli 

 
A= /b/
V= /g/ 

A= /g/ 
V= /b/ 

A= /p/ 
V= /k/ 

A= /k/ 
V=/p/ 

 Audio 27.3 80.3 15.2 60.6 
 Video 34.8 4.5 25.8 27.3 
 Fusion 37.9 4.5 57.6 10.6 
 Combination 0.0 10.6 1.5 1.5 

Tab 3: Responses on incongruent stimuli in % 
separated by answer types. 

 
In the unimodal audio condition the velar articulated 

phonemes /g/ (98.5%) and /k/ (89.4%) were recognised quite 
well (compare Tab.4). As can be seen in Tab. 3 in case the 
velar consonants are presented in the audio channel the audio 
response was given significantly more often than the other 
response categories. The question that arises now is whether 
the 57.6% fusion responses at audio-/p/ + video-/k/ result 
from audio confusions or whether it is actually an integration 
process of the two sources of information where two 
phonemes are fused into a third that was not presented. 
Although a definite solution for this problem does not exist, it 
is possible to use the audio confusion matrix to determine the 

SPECOM'2006, St. Petersburg, 25-29 June 2006

491



proportion of AV responses which is due to incorrect audio 
recognition. Analogous to a suggestion of Grant & Seitz [13] 
one can assume that some of the fusion answers arise from 
errors in audition and hence are not induced by crossmodal 
integration. The recognition scores in A condition (see Tab.4) 
are subtracted from these in AV condition. Tab. 5 displays the 
results. The negative values of category “Audio” show that 
the auditorily presented phonemes in presentation of 
discrepant audiovisual stimuli were less often recognised than 
in audio only condition. This difference is allocated on the 
other response categories Video, Fusion, and Combination 
which now contain corrected values that explain how often 
the categories were recognised instead of the presented audio 
signal. Fusion responses do occur: 22.7% for voiced and 
28.8% for voiceless incongruent stimuli in case of a bilabial 
consonant in the audio channel and a velar consonant in the 
video channel. Even combination responses do occur, but 
only in case of the voiced incongruent stimuli audio= /gaga/-
video= /baba/ (10.6%).  

 
 

presented stimuli 
 /b/ /g/ /p/ /k/ 

 Audio 43.9 98.5 45.5 89.4 
 Video 40.9 0.0 22.7 1.5 
 Fusion 15.2 1.5 28.8 9.1 
 Combination 0.0 0.0 3.0 0.0 

Tab. 4: Responses in audio-only condition in % for the 
consonants /b, g, p, k/ separated by answer types that 
occur in AV incongruent condition. Here the response 
category “Audio” contains correct answers, “Video” 
means that consonants were confused in their bilabial 
or velar place of articulation, respectively, the category 
“Fusion” includes all consonants that cannot be 
assigned to the aforementioned categories, and 
“Combination” responses are all answers which 
comprise two consonants.  

 
 

presented stimuli 

 
A= /b/ 
V= /g/ 

A= /g/ 
V= /b/ 

A= /p/ 
V= /k/ 

A= /k/ 
V=/p/ 

 Audio -16.6 -18.2 -30.3 -28.8 
 Video -6.1 4.5 3.1 25.8 
 Fusion 22.7 3.0 28.8 1.5 
 Combination 0.0 10.6 -1.5 1.5 

Tab. 5: Responses to incongruent stimuli in % 
corrected by the answers given to the audio only 
stimuli. Remaining fusion answers cannot be 
explained by recognition errors in the audio condition 

4. Discussion 

The presented study could firstly show the presence of a 
McGurk effect in synthesised speech. Although the 

visualisation is simplified and far from natural (as animated 3-
dimensional avatars still are) the visual information is 
integrated with the auditory information to a new percept. 
This effect depends on the reliability of the channels where in 
case of clear audio information (no noise added) or clear 
video information (bilabial occlusion) the conflicting 
information are integrated to a lower degree. If this kind of 
sensory integration is assumed as a speech specific process, 
naturalness cannot be seen as a crucial property of speech 
perception. 
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