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ABSTRACT 

In this paper, we attempt to adapt an experimental 
procedure inspired by Beardsworth and Buckner 
(1981), in which they studied the ability to recognise 
one’s own versus somebody else’s walking 
movements. They showed that certain subjects were 
better at recognising themselves than at recognising 
their friends, thanks to “some sort of 
kinesthetic-visual cross-modal transfer”. We study 
the lipreading scores of French spoken digits uttered 
by 6 speakers and identified by the same 6 subjects. It 
appears that the performances are the same whether 
or not the subject is also the speaker. Hence we failed 
in our attempt to demonstrate a perceptuo-motor 
transfer in this experiment.  

1. PERCEPTUO-MOTOR LINKS 
INSIDE AND OUTSIDE SPEECH 

1.1. The “speech” debate 

There is a classical debate in the field of speech 
communication about the nature of perceptual 
representations of speech gestures: purely sensory, 
and basically auditory, for tenants of auditory 
theories [1]; or purely motor for tenants of the motor 
theory [2]. Between these views of perception is one 
without action constraints, or perception without 
perceptual representations, as in the direct realist 
theory [3], we defend a view in which perception 
serves not only to understand gestures, but also to 
provide control signals to action: this is the 
Perception-for-Action-Control Theory [4]. This leads 
to an integrated sensori-motor framework in which 
perceptual and motor representations are acquired 
together and in interaction in the course of speech 
development, with a modelling approach based on 
the conceptual tools of  “speech robotics” ([5], [6]). 

1.2. Perceptuo-motor links outside speech 

The nature of the perceptuo-motor links is of course 
also discussed outside the domain of speech 
communication. Since Johansson [7], there have 
been a large number of experimental psychology 
studies on the perception of biological movement, 
which provided the basis for more recent work on 
audiovisual speech perception with the same kinds of 
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this level, according to the authors, that the motor 
theory of speech perception refers. To determine how 
real this fourth level is, one must find convincing 
experimental data, and Viviani and Stucchi suggest 
two directions. Firstly, their own work provides some 
of the most convincing (and quite rare) data on the 
influence of motor procedural knowledge on the 
perception of biological movement, in which they 
show that the “laws of human movement” could bias 
the perception of a given hand-drawn shape. In the 
field of speech perception, the search for 
experimental material able to display the influence of 
action on perception was at the core of the 
experimental research program at Haskins Labs. 
However, there does not seem to exist a clear-cut 
piece of data, though audio-visual speech perception 
data might fit well with this “fourth level” framework 
[21]. Secondly, Viviani and Stucchi mention a very 
interesting experiment. In this experiment, 
Beardsworth and Buckner [22] studied the ability to 
recognise one’s own versus somebody else’s 
movements from a recorded point-light display 
providing a schematic dynamic record of the walking 
movements. Subjects in the experiment were a group 
of college students who knew each other well, and it 
appears that certain subjects were better at 
recognising themselves than at recognising their 
friends. The crucial point in the interpretation is that 
they had never seen themselves walking from an 
external point of view, while they had seen their 
friends walking every day. Therefore, this result is 
interpreted by the authors as suggesting “some sort of 
kinesthetic-visual cross-modal transfer” (p. 19).  

1.4. Proposal of a speech experiment 

Beardworth and Buckner’s experiment is rather 
simple and striking. Indeed, it seems to provide 
strong and direct evidence that action may guide or 
complete perception in some cases. When thinking 
about speech, it could be possible to apply it directly 
to a speaking face recognition study for example, but 
this is a bit marginal in respect to the core of the 
speech debate, centred on the identification of speech 
gestures rather than speakers. Hence we thought that 
it could be interesting to apply the same kind of idea 
to the problem of speech recognition. Of course, 
studying the auditory identification of one’s own vs. 
somebody else’s utterances does not seem very 
appealing, since one hears his/her own voice much 
more than other voices, even if the auditory pathway 
is partly different for one’s own voice and for the 
other voices. But the visual identification should not 
suffer from the same objection: one almost never has 
the occasion to lipread his/her own gestures. 
Therefore we decided to prepare an experiment on 
the lipreading of self vs. other speech gestures, with 
the idea that if a benefit of seeing one’s own gestures 
could be demonstrated, it would provide a strong cue 
in favour of the role of “motor procedural 

knowledge” in t
representation1. 

2

2.1. Stimuli and s

For other purpos
a series of isolate
by 10 speakers
repetitions of ea
base of 3000 sti
speech recogniti
exploit this datab
the classical ICP
head, excellent
allowing automa
The image was c
stimuli provided
is no reason to 
disturbing as it
classical make-
experiments hav
kinds of stimuli
focus on lip mov
Since two of the 
the experiment 
with two female
number of male
experiment invo
none of whom 
theoretical back
systematic perce
all stimuli wi
audio-visual dig
to be able to co
with perceptual d

2.2. Organisation

Since the record
for each speake
series of the 10 d
decided to mi
exploiting the ta
consecutive serie
the experiment i
of 10 digits by 6
stimuli per speak
subjects who w
subject identifie
each speaker, fo
second block for
The stimuli wer
sound, and the 
                             
1 To our knowledge,
lipreading self and o

AVSP 2001 International Conference on Auditory-Visu

19
he elaboration of speech perceptual 

. METHODOLOGY 

ubjects 

es, we had video-recorded in our lab 
d digits from 0 to 9 uttered in French 
 (5 male and 5 female) with 30 
ch stimulus, hence an audio-visual 
muli that was used for audio-visual 
on experiments [23]. We decided to 
ase. Stimuli had been recorded with 
 experimental setup, including fixed 
 light conditions, and blue lips 
tic detection of lip parameters [24]. 
entred on the lips, and these were the 
 for lipreading identification. There 
believe that the blue make-up was 
 does not seem so different from 
up, and a number of perceptual 
e already been performed on such 
. It could only help the subjects to 
ements.  
five male speakers were informed of 
goal, they were discarded together 
 speakers in order to obtain an equal 
 and female speakers. Hence the 

lved 6 speakers, 3 male and 3 female, 
were informed of the experiment’s 
ground. They were only told that 
ption tests were being undertaken on 
th all speakers to validate the 
it database they had recorded earlier, 
mpare automatic recognition scores 
ata. 

 of the experimental task 

ed material consisted of 6 tapes (one 
r), each containing 30 consecutive 
igits recorded in a random order. We 
nimise the preparation time by 
pes directly, using two blocks of 5 
s for each speaker. Hence altogether 
nvolved 600 stimuli: 10 repetitions 
 speakers, grouped in 2 blocks of 50 
er, to be visually identified by the 6 
ere also the 6 speakers. A given 
d a first series of the first block for 
llowed by a second series of the 

 each speaker.  
e presented on a monitor with no 
subjects were instructed to visually 
                              
 the question of possible differences between 
ther gestures has not been studied yet. 

al Speech Processing



identify each digit. Since the time between digits in 
the original tapes was quite small, the subject did not 
have enough time to write his response. Hence he 
was instructed to say the response in a loud voice. 
One of the authors was sat close to each subject and 
wrote the response on a prepared paper. In summary, 
the task consisted in identifying a digit and repeating 
it.   
The next problem was to find a passage order 
correctly randomising the blocks between subjects, in 
order to take into account possible learning effects. 
For this aim, we defined a permutation order such 
that, for the first and second series, each speaker was 
respectively in 1st, 2nd, 3rd, 4th, 5th and 6th position for 
the 6 subjects, and also each case (Subject = Speaker) 
happened once in each position (see Table 1). 
Therefore, learning effects were randomised between 
subjects, between speakers and between self (Subject 
= Speaker) vs. different (Subject ≠ Speaker) 
conditions.  

3. RESULTS 

The results consist in 3600 responses provided by the 
6 subjects to the 600 stimuli, and we grouped them in 
two ways: global confusion matrices between digits 
for all speakers and all subjects (Table 2) and global 
recognition scores for each subject and each speaker 
(Table 3). In this last case, we present separately the 
scores for the first and second block, in order to 
display possible learning effects. Let us analyse these 
results separately. 

3.1. Confusion matrices between digits 

Though this was not our primary focus, it is of 
interest to comment briefly on these confusion 
matrices, which show that there is a major confusion 
group including (1, 4, 5, 6, 7) in which the 
distinctions between (4, 5, 7) are quite difficult, 6 and 
at a lower level 1 being often confounded with these, 
though much better recognised. The mean global 
recognition score restricted to this group reaches only 
57% (varying between 23% for 5 and 77% for 1). A 
second group including (0, 2, 3, 8, 9) contains stimuli 
that are almost always correctly identified by most 
subjects (except subject 3, see Section 3.2), and 
almost never confounded with stimuli in the first 
group. The mean global recognition score restricted 
to this group reaches 93%, and 95.5% for stimuli in 
the second blocks (see discussion of the learning 
effects in next section) and more than 99% for the 
three best subjects 1, 4 and 5 (see next section). 

3.2. Analysis of global recognition scores 

A two-way ANOVA was performed on global 
recognition scores, the two criteria being the 6 
subjects and the 6 speakers (for this analysis we used 
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both as a subject (mean recognition scores for 
subjects 4 and 5 were 79.7 % and 79.3 %, 
respectively) and as a speaker (mean recognition 
scores for speakers 4 and 5 were 78.5% vs. 79.8%, 
see Table 3), except of course for the “self” vs. 
“other” difference, almost null for subject 4 (see 
Table 4). We also decided to concentrate on the 
group of the 5 most difficult digits (1, 4, 5, 6, 7), since 
the 5 others could not produce any difference but 
could blur an effect by saturating the results around 
high values. Previous Chi2 analyses on this restricted 
set showed that if the pattern of “self” vs. “other” 
results for subject 5 was not due to chance, and hence 
was stable for a new experiment, we needed 60 
utterances per digit and per speaker (twice the 
available set, see Section 2.1) to be able to 
demonstrate a significant effect, instead of only 10 in 
the first experiment. We prepared a new tape with the 
extracted stimuli, containing 30 utterances of each of 
the 5 selected digits produced by the 3 selected 
speakers, hence 450 stimuli presented in a random 
order to eliminate the role of learning effects. This 
tape was presented twice to each subject, providing 
altogether 900 stimuli to each subject. Once more, 
the subject had to identify the visual stimuli with no 
sound, and pronounce the identified digit, which was 
written by the experimenter for further analysis. 

4.2. Results 
The results are displayed in Table 5. We did not 
analyse confusion matrices, since the pattern of 
errors should not be very different from the one in 
Exp. 1. Notice that some learning effects appeared in 
Exp. 2, for subject 3 (as in Exp. 1) but also for subject 
4, though there was no learning for this subject in 
Exp. 1. The reason is almost certainly that the set of 
stimuli is more restricted in Exp. 2, with half as many 
speakers (3 instead of 6) and half as many digits (5 
instead of 10), and much more utterances of a given 
digit by a given speaker (60 instead of 10). This is 
confirmed by the global lipreading scores, which 
were better in Exp. 2 than in Exp. 1 for the restricted 
digit set. 
The pattern of results in Table 5 clearly discards our 
assumption presented in Section 3.3: Subject 5 does 
not confirm in Exp. 2 the benefit of “self” vs. “other” 
perception displayed in Exp. 1. Globally, the mean 
“self” recognition score averaged on the three 
subjects is 71.1%, vs. 68.4% for the “other” 
recognition score, and the difference is not 
significant (Chi2(1)=2.09, NS) 2 . Moreover, the 
pattern of between-subject differences is incoherent 
                                                           
2 Even if we summarise the scores of Exp. 1 and 2, the “self” vs. 
“other” difference is still not significant (73.7% vs. 72.3%, 
Chi2(1) = 1.02, NS). But this summation is not acceptable, since 
the ratio of “self” and “other” tests is not the same in Exp. 1 and 
2. 
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(First series)     (Second series) 
Sub 1 1 2 3 4 5 6 3 2 1 5 6 4
Sub 2 3 4 5 6 1 2  1 3 4 2 5 6 
Sub 3 2 3 6 1 4 5  2 4 5 6 3 1 
Sub 4 6 5 4 2 3 1  4 5 6 1 2 3 
Sub 5 4 6 1 5 2 3  6 1 2 3 4 5 
Sub 6 5 1 2 3 6 4  5 6 3 4 1 2 

Table 1 – Speaker permutation for each subject (one line per subject) 
For example, the order for subject 3 in the first series was Spk 2, 3, 6, 1, 4 and 5. “Subject  = Speaker” cases marked in grey 

 
 1 2 3 4 5 6 7 8 9 0   other 

1 278 0 4 31 4 0 2 0 1 0 40 
2 1 310 2 0 0 1 0 10 5 6 25 
3 0 0 336 1 0 0 0 7 0 1 15 
4 1 0 1 193 16 6 137 0 1 0 5 
5 3 1 1 61 81 17 172 1 0 1 22 
6 7 1 0 12 12 266 25 1 0 2 34 
7 1 0 0 61 40 23 214 2 0 0 19 
8 0 0 5 0 0 0 0 351 0 1 3 
9 0 1 0 0 0 0 0 1 344 0 14 
0 0 2 1 0 3 0 1 2 9 333 9 

Table 2 – Global confusion matrices between digits, averaged  on all subjects and speakers 
(uttered digits on lines, 360 answers per digit;; perceived digits on columns; “other” means other or no response) 

 
  Sub 1  Sub 2  Sub 3  Sub 4  Sub 5  Sub 6 % per Spk 

 1 2 Tot. 1 2 Tot. 1 2 Tot. 1 2 Tot. 1 2 Tot. 1 2 Tot.  

Spk 1 86 86 86 78 72 75 38 56 47 86 80 83 80 76 78 74 80 77 74.3 
Spk 2 92 92 92 72 82 77 28 42 35 74 70 72 82 70 76 70 78 74 71.0 
Spk 3 86 88 87 74 80 77 46 66 56 88 80 84 78 74 76 76 72 74 75.7 
Spk 4 90 82 86 76 82 79 66 64 65 82 80 81 78 84 81 84 74 79 78.5 
Spk 5 86 88 87 70 84 77 60 68 64 80 86 83 86 94 90 68 88 78 79.8 
Spk 6 84 80 82 72 70 71 44 60 52 70 80 75 72 78 75 74 76 75 71.7 

% per 
Sub 

87.3 86 86.7 73.7 78.3 76 47 59.3 53.2 80 79.3 79.7 79.3 79.3 79.7 74.3 78 76.2 75.2 

Table 3 – Global recognition scores for each subject, speaker and block (in %) 

 
 Mean score Self reco Other reco 
Sub 1 86.7 % 86 % 86.8 % 
Sub 2 76 % 77 % 75.8 % 
Sub 3 53.3 % 56 % 52.6 % 
Sub 4 79.7 % 81 % 79.4 % 
Sub 5 79.3 % 90 % 77.2 % 
Sub 6 76.2 % 75 % 76.4 % 
Mean 75.2 % 77.5 % 74.7 % 

Table 4 – Mean, “self” and “other” recognition for each subject 

 
Sub 3 Sub 4 Sub 5 % per Spk

Spk 3 49.7 73.7 70.7 64.7
Spk 4 50 84.7 79.3 71.3 
Spk 5 59.3 77.3 79 71.9 
% per Sub 53.0 78.6 76.3 69.3

Table 5 – Global recognition scores for each subject and speaker in Exp. 2 (in %) 
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