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Abstract

Previous studies have shown that visual only pei@eppof
prosodic contrastive focus in French is possiblee @im of
this study was to determine whether the visual itydzould
be combined to the auditory one and lead to a paraé
enhancement of prosodic focus. In order to exanthig
question, we carried out auditory only, audiovisaradi visual
only perception tests. In order to avoid a ceilieffect,
auditory only perception of prosodic focus beingyvkigh,
we used whispered speech for which the acoustisoplio
information is degraded. The productions of twofedént
speakers were used. This test showed that addengisal
modality enhances auditory perception of prosodicu$
when the acoustic prosodic cues are degraded.

Index Terms: audiovisual, prosody, perception, whispered
speech, contrastive focus

1. Introduction

Adding the visual modality to the auditory one emtes
speech perception. Several studies have shown
audiovisual perception is better than auditory alon
perception of speech in noise for example ([1-%n
audiovisual advantage was also observed in silent
environment for the perception of a non-native laagge or of
semantically complex utterances ([10]). These stdiealt
with segmental perception of speech i.e. identffywhat is
being said. It seems reasonable to think that tlsaial/
modality could also be useful for the perceptionpodsody

i.e. for the perception of supra-segmental speeatufes. In
previous studies ([11]), we showed that it is poiesto detect
prosodic contrastive focus in French from the Visnadality
alone. This showed that there are potential visugeds to
prosodic focus perception. It is however unsurethdrethe
audio and visual modalities can interact to enhance
audiovisual perception of prosody.

Swerts & Krahmer examined the possible interactions
between the auditory and visual modalities duridg t
perception of focus in Dutch [12,13]. Both studi¢mwed
that there seemed to be visual information to mtmséocus
for Dutch, just as we observed for French ([11PDeTuthors
observed that the focus perception process appeaesult
from a combination of the information coming froret
auditory and the visual modalities leading to acpptual
decision. When the auditory and visual modalitieg a
conflicting, perception appears to be more difficaind
slower. The authors also found that the upper afigpéarts of
the speakers’ faces seemed to provide more visual
information. We suggest that this may be partly twahe
unnaturalness of the task used for recording thenmhfrom
the speakers (especially the one used to triggarsjowhich
could have resulted in exaggerated facial gesturesnatural

facial motion. These two studies provide very iesting

preliminary information concerning the interactidnstween
the auditory and visual modalities and their remti
importance in perception.

The aim of the present study was to test the biloda
perception of French prosodic contrastive focus tndee
whether the visual modality, added to the auditmrg, could
contribute to enhance perception.

2. Measuring enhancement: the “ceiling
effect” problem

It has already been shown that auditory only peiaepof
prosodic contrastive focus in French reaches regretfect
identification scores (e.g., [14]). Therefore, firebability of
measuring any significant improvement when addihg t
visual modality is very low. The challenge was tfiaisus to
design auditorily degraded prosodic stimuli in orttelower
the auditory only perception scores and make imgmrent
possible. The classical speech perception paradiged to
measure the audiovisual advantage is the speedadipise

that perception paradigm. However, even though addirigento a

signal reduces its lexical intelligibility, it doewt alter the
global fundamental frequency (FO) contour. Actuall2]
showed that voicing was the most robust speeclurieab
noise. This is why we designed a paradigm usingpéred
speech for which there is no FO information atsalce there
is no vocal fold vibration. Moreover, whisperingused when
one wants to be understood by the person he/stgerking
to but not overheard by others. The task giveréospeakers
during the audiovisual recordings described hezeaiftas to
make themselves understood by someone locatedexrtain
distance from them (and not to whisper in someogai3. It
is therefore possible that the speakers might cosgie for
the lack of auditory cues by emphasizing visuakcue

3. Experimental Methods
3.1. Materials

3.1.1. Corpus

The corpus used consisted of four sentences wihlgect-
Verb-Object (SVO) structure and with CV syllablesn A
example of a sentence used is given in (1).
(1) Romain ranima la jolie maman.
‘Romain revived the good-looking mother.’

3.1.2. Audiovisual recording

We recorded two male native speakers (A and B) efi¢hr as
they were whispering the sentences from the cormder
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four focus conditions: neutral, subject focus (SkExb focus
(VF) and object focus (OF). The two speakers wieeesaime
as those recorded for the studies described in A 1dtal of
16 utterances were thus recorded for each spedhes.
recordings were done in a sound attenuated roortheat
Institut de la Communication Parlée (ICP). The speakere
not directly asked to produce focus. A correctiaskt was
used instead in order to trigger focus in the nmagtral way
possible. The speakers listened to a prompt in hwitieo
speakers (S1 and S2) were talking. S1 first pronedna
sentence from the corpus which S2 then repeate@ in
gquestion mode because he was not sure to have stoaler
correctly one of the constituents from the senteg(&eV or
O). The recorded speaker then had to correct S2tlaunsl
produced contrastive focus on the mispronouncedtitaant.
The recording therefore went as follows (capitttels signal
focus):
Audio prompt: S1: Romain ranima la jolie maman.
S2: S1 a dit : Denis ranima lagoli
maman?
‘S1 said: Denis revived the dgdooking
mother?’
Speaker uttered: ROMAIN ranima la jolie maman.

No indication was given to the speakers on how to

produce focus (e.g., which syllable(s) was(were) hie
focused). When S2 had correctly understood (heyoed the
correct sentence in a question mode), the recospedker
was instructed to produce a neutral version (brfioads) of
the sentence i.e. without focusing any particutarstituent.

The speakers movements were monitored with frodt an

profile cameras. An example of the recorded imagegven
in Figure 1. The speakers wore blue markers orlipseand
chin (see Figure 1) in order to make it possibleuse an
automatic lip-tracking device designed at ICP [I&Ektract
articulatory features.

Figure 1: Image from the video signal recorded.

3.1.3. Stimuli manipulation

A preliminary informal auditory only perception tewas
conducted to examine whether the detection of facisg
the whispered audio signals was low enough to Issiply
improved. This test showed that the perceptualopeidnces
were quite high. An acoustic analysis actually sbadwhat the
intensity cues seemed to be boosted in whisperegchpas if
to compensate for the lack of FO cues. We theredemded
to weigh the intensities of all the utterances réed in order
to bring each constituent of the utterance (S, ¥ @j to the
same level as in the neutral version. A second rindd
auditory only perception test showed that perceptoores
were lower using the modified auditory files.

3.2.Experimental paradigm

The tests took place in a quiet room at ICP in which
participants were isolated both from outside n@ied from
the experimenters. The videos were shown on a \ra@utor

placed approximately one meter away from the ppgids.
The speaker’s head on the screen was approximataigize.
The participants were told that they would be faileg part
of a conversation between two people (S1 and SRPw&ild
first utter a SVO sentence. Not having heard timesee very
well, S2 would question S1 by repeating the seme¢he way
he had understood it, in a question mode. S1 wdlodoh
repeat the first sentence he had uttered correctireg
constituent (S, V or O) that S2 had misunderstételwould
therefore insist on this particular constituerg.(focus it).

The participants were told that they would neithear
nor see S1's first utterance as well as S2’s. Wayld either
see only (V), hear only (A) or hear and see (AV)sS1
correction.

Participants were told that, in some cases, noection
would be performed by S1 because S2 would haveaciyr
understood. In that case, they would just heareer &r see
and hear S1 repeating the initial sentence witpeutorming
any correction (i.e. neutral version of the sengég¢nthe task
was for the participants to identify which constiti (S, V, O
or none) had been misunderstood by S2 and thusated by
S1. They were asked to highlight the constituemty thad
identified as being corrected on an answer shest as the
one presented below:

Romain ranimal la jolie maman

If they thought that S1 had performed no correctibey
were asked to highlight the empty column on thbtrig

The participants were thus indirectly asked to fifign
whether a constituent had been focused and whieh Tmey
were never told about “focus” or about the expentiseaim.

Three movie clips were elaborated combining theesd
recorded and the degraded auditory signals (opefalieach
condition: AV, A and V). Each movie consisted ofotw
sequences each corresponding to a random combiraftitbe
32 stimuli. One of the sequences was to be sednthét front
view by the participants and the other with thefipraiew.

Two separate tests (a and b) were designed usingpthe
three movie clips. Each participant went througle of the
two tests. For test a, the presentation modaliigiowas: AV,
A, V and for test b: A, AV, V. The aim being to dyme the
contribution of the visual modality, this paradigaiowed
comparisons between the performances correspontting
audio only and audiovisual conditions. For test fa;
example, there could indeed be a training effectinduthe
audiovisual session which would affect the perforoes
during the audio only session and vice versa. iBhghy two
tests were necessary. The visual only perceptiorditon
represented a control.

A total of 32 stimuli were thus evaluated by théjsats
under three conditions (A, V and AV) and two diéfet views
(front and profile). This represents a total of Eéignuli.

A total of 13 native speakers of French (8 men &nd
women) aged 19 to 57 participated in this experimen

4. Results

4.1.General results

Figure 2 provides the percentages of correct arssfeereach
participant and for each condition (A, V and AVhélmeans
over all the participants for each condition copmsd to the
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thick dark lines. As could have been expected pereeptual
performances are better for the AV condition than the
other conditions. It therefore appears that whenaboustic
prosodic cues are lacking, visual information catphrecover
at least part of the information. For all the cdiudis, the
results are significantly above chance (25%): A¥31.478,
p<0.001; A: t=13.369, p<0.001; V: t=13.374, p<0.00he
fact that audio only performances turned out tdéieer than
chance was predictable since the durational infoomavas
still available for the audio detection. It is algossible that
the intensity cues were not entirely “erased”.
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Figure 2:Percentages of correct answers for each condition

(AV, A and V) and each participant (1 bar = 1 peipant).

The thick dark lines represent the means of theseeptages
over all the participants.

Figure 3.a provides the means of the percentages of
correct answers over all the participants for edobus
condition and for each speaker. It appears that the
performances are better for speaker A which reflattat had
already been observed in previous visual only geice tests
(see [11]). It also appears that the audiovisuabhathge is
smaller for speaker A than for speaker B (+3.9%sfoeaker
A and +14.4% for speaker B). The performances
corresponding to the audio only condition for speak are
very good (80.8% correct answers) and much bettan t
those for speaker B (63.5%). There must therefore drling
effect for speaker A: the performances are too goothe
audio only condition to get improved to a significaxtent.
This is probably due to the fact that speaker A igained
speaker. The acoustic cues he produced were verygsand
we had great difficulties bringing back the intépsio an
average level without distorting the signals. Indi&dn,
hyper-articulation has visual as well as acoustic
consequences: formant patterns are less reducedstance,
which may be an additional acoustic cue (see [D8]tlie
difference in auditory perception between hypo émyger-
articulated /iai/ sequences). This may have skghithsed the
results and probably explains the small visual &mppnt
measured for speaker A. Since speaker B was a spaaker,
it is possible that the results corresponding ® firception
of his productions better reflect what would happenatural
communication.
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Figure 3:Means of the percentages of corrects answers
a.(left) for each speaker depending on the condlit®V, A
and V) and b.(right) for each view point dependimgtioe

condition

Figure 3.b provides the means of the percentages of
correct answers across the participants for eaetv ¥front
and profile) and for each condition (AV, A and W shows
that there are no differences from one view to lagotvhich
confirms what had been observed for previous visurdy
perception tests ([11]).

A four intra-subject factor ANOVA was conducted thie
results. The four factors were: modality (threeelsv AV, A
and V), speaker (two levels: speakers A and B), ypemt
(two levels, front and profile) and focus conditigfour
levels: neutral, SF, VF and OF).

There appears to be a significant modality effect:
F(2,24)=7.232, p=.003. The analysis of the ANOVAtrasts
shows that the AV performances are significantyhler than
those corresponding to the other modalities (p<.00he
results corresponding to the audio and visual ombglalities
are not significantly different (p=.451). The peteal
performances are thus significantly better when hbot
modalities are available.

There is also a significant effect of the speaker:
F(1,12)=121.384, p<.001. As explained before, tbaegal
perceptual results are better for speaker A.

Both the view and focus condition factors do notehav
significant effect on the perceptual performansésw point:
F(1,12)=0.244, p=.63; focus condition: F(1.716,3a):231,
p<.001).

4.2.Further analysis

The mean percentages of correct answers over all th
participants were calculated for each stimulus imche
condition. The stimuli were then classified intored
categories for which explanations were put fornasdo what
improved or degraded perception:

-  "AV2AV" category (AV performances are the best):
The majority of stimuli (46.9%) belong to this ogoey.

In this case, there were not many acoustic cues to
contrastive focus left after degradation except tfor
durational ones. Auditory perception was thus rexyv
good. Some visual cues were present and contritiated
enhancing perception: when both modalities were
combined, perceptual performances got better.

-  “A2AV>V" category (auditory only performances are
the best and AV perception is better than V peroajxt
28.1% of the stimuli belong to this category. Insth
case, it seems quite clear that adding the visodlafity
impaired perception. Two explanations can be put
forward. They correspond to two different casese Th
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first case (A~AV) corresponds to one for which i

and A performances are approximately the saméhis$n t
case, there must only be few visual correlates and
adding the visual modality does not bring anything.
Half of the stimuli from this category correspordthis
case. In the second case, the A performances &gz be
than the AV ones (A>AV). The visual cues must not
only be absent but they seem to mislead percepfioa.
other half of the stimuli from this category copead

to this case.

-  “V>AV,A" category (visual only performances are the
best): 25% of the stimuli belong to this categdmythis
case, the visual cues must be present since visual
perception is good but it seems that, when thetarydi
information is added, performances get lower. é¢f &V
performances are better than the audio only ones
(AV>A), it is possible that the auditory signal was
poorly manipulated and that it tended to confuse
perception and resulted in V>AV. This is the case f
half of the stimuli from this category. If AV=A, ¢h
auditory signal may have been modified too much
resulting for example in an unnatural productiontHis
case, the visual information was not sufficienthiglp
the participants. This is the case for 25% of tiragdi
from this category. Only two stimuli correspond to
cases for which AV<A, they are isolated cases for
which no explanation could be found.

5. Conclusions and Discussion

This audiovisual perception test of prosodic castive focus
in French, conducted with whispered speech fordpeakers,
showed that visual cues can help detect focus wthen
auditory information is deteriorated. Perceptuafgrenances
are enhanced when the visual modality is added.
Performances were better for speaker A than foalspeB
which was predictable from the results of the Vizrdy tests
performed before ([11]). The audiovisual advantaige
however much stronger for speaker B. It is actupdigsible
that speaker A’'s auditory performances reachedliagehat
could not be improved.
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