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reiterant speech on a canonical syllable [ma] for [9] or

ABSTRACT several [ba], [ma], [da] and others for [11].

We present here a perceptual measure experiment of #he we wanted to measure prosody both perceptively and
linguistic segmentation hints carried by prosody. Thecoustically, we used reiterant speech on the canonical [ma]
selected paradigm is a dissociation test between couplessgflable as a good way to preserve prosodic shape. The
stimuli. The sentences are made of several segmentatigfimicry of a perceived sentence by a listener/speaker is a

variations in group and clause levels, and couples are made ; ;

all possible 3omt5)inations of two sehtences onm the cor uc%r?\servatlve way to produce utterances acoustically easy to
P . ; P halyse and carrying pertinent prosodic information for a

20 listeners are able to associate at the same time the similar i . .

area and syntactic level frontiers. They admit a singIBercept'Ve use (;ee the studies Of,[g] and [7] for more deta.||s

syllable translation on the position of the major syntactien the acoustical and perceptive transfer of prosodic

boundary in the reiterated stimuli. They distinguish théformation during the reiteration of sentences).

couples that do not show the same frontiers. The results a

show that listeners are puzzled (random choices) when t e describe hereafter the construction and validation of the

proposed frontiers delimit complex segments. reiterant speech corpus used for a perception experiment
based on an association paradigm, designed to match pure
1. INTRODUCTION prosodic sample to syntactic written and/or spoken

sentences. Then we will see in what way such a method can be
One of the well known linguistic functions of prosody is theexploited to assess the quality of synthetic speech prosody.
facilitation of the utterance segmentation by listeners. We
suggest (following the same idea as [5]) that the linguistic 2. EXPERIMENTS PROTOCOL
functions of prosody can be measured with a grid matching
linguistic functions and the respective importance of prosody . 1. Corpus Constitution & Evaluation
in its realisation. The long-term aim of this work is to
propose a method for bu||d|ng up such a gr|d BUIIdIng up a corpus. We extracted 55 sentences from
the corpus of our synthesis model, with the following
Another derived short-term aim is the validation of &riteria: the lengths of stimuli ranged from 4 to 13 syllables,
cognitive model of prosodic processing represented as a g@ld sentences were selected with respect of minimal pairs
of superposed hierarchical contours, each belonging tosgntactic oppositions. The sentences were constructed on
different level of |ingUiStiC description, and Communicating']ominaL verbal or object groups and several clauses. Two
together onrendezvouspoints [1]. We tried to characterise speakers (a female and a male) recorded these sentences in a
the perceptive nature of sucandezvougpoints. soundproof booth. Each speaker heard the original sentence

The very modest approach we present hereafter is limited %OUd three times and repeated it once matching the original

the study of prosody of read isolated French utteranc rr(]eﬁcordln”g,b?nd once replacing each syllable with a canonical
without any contextual directive to speakers. The sentenc sa] syllable.

are extracted from the corpus used to establish the Frenghlidation protocol. The pairs of original and reiterant
model of prosody at the ICP laboratory [1]. In such &timuli were presented to 10 listeners, with the sentence
constrained task, we may pretend measuring effectifisplayed on a computer screen. Listeners were allowed to
prosodic variations for a segmentation task. We thusear them as many times as needed, to judge of reiterated
associate the quantitative measure of acoustic variations §éntence prosody quality. Judgements were made on a scale of
the results of a perception experiment of segmentation i (reiterant prosody different from the original one) to 5

order to understand which morphologic bonds (that igeiterant prosody perceived as equivalent to the original
prosodic morphology) carry the segmentation cues. one).

The effective measurement of the perceived prosodigesults. The subject answers median for the whole corpus
variations, without any interaction with the other linguistigs 4. Major problems in the reiterant prosody were found for
actors, is at stake. This problem will be addressed in a bawhg sentences with ambiguous sy||ab|e constructions.
way by the suppression of access to lexical information. Thispeakers seem to have problems in reproducing the adequate
delexicalisation can be performed in many ways. For exampiimber of syllables of some specific constructions: for
the degradation of the segmental quality [4], the use @kample, the utterance "avec un balaiitli a sweepéris
glottograms [8], of nonsense speech [13], or the use @fways reiterated with 4 [ma] syllables instead of 5. Despite



such a problem, it is hard work to produce adequate reiterant ) )
speech and a validation of the adequacy of reiterant prosodyoPal results show that the size of the syntactic groups

seems to be of prime importance before using the stimuli f5fems to affect the accuracy of the dissociation by listeners.
other purposes. The longer the group, the more listeners detect boundaries

shift, or inner boundaries. For a group shorter than 4
From the original 55-sentence corpus, we select a 28yllables, inside syntactic boundaries do not seem to have a
sentence one, with 5 to 11 syllable sentences and a reduoeticeable importance, whereas for longer groups, subjects
set of minimal syntactic pairs. All sentences in the finatletect the inside syntactic construction, and are able to
corpus are correctly rated by the subjects (median score ofdissociate differences of construction that do not seem to

and 4 for 2 sentences). have any importance for shorter groups. This importance of
the size of the syntactic groups is coherent with our analysis
2.2. Dissociation Experiment of prosody as a superposition of hierarchical contours.

On the basis of the 22 utterance corpus, a dissociatibmside the corpus, 6 sentences were produced with a silent
experiment is performed. The aim of this experiment is tpause. Each couple of stimuli constructed with those
test the ability of listeners to match or separate a givesentences has very good dissociation or association scores
prosodic phrase with a syntactic construction. We thug3% of dissociation for non co-occurent pauses), as we can
present to the listeners pairs of stimuli constructed from orexpect from the work of [6].

reiterant sentence matching with any original syntacti . .
g y 9 y ¢ e results for the two speakers seem to be equivalent, with a

construction in the corpus, having the same number 0 ) - )
syllables P 9 correlation of 0.89 between association answers. The major

difference between the two experimental conditions is the
These pairs of stimuli are made for the 2 speakers. Twate of answerI"don't know, more frequent for the oral
required experimental conditions are: (i) with only thegeiterant sentence alone (225 vs. 75 answers), but this just
reiterant stimuli presented in an oral way; and (ii) with botislightly modifies the proportions of answers (r=0.69 for the
the reiterant and the original stimuli presented in an oral wayYes$ answer, and 0.64 for théNb" answer). The average rate
For both conditions, the original reference sentence ®f answer I'don't know is below 10%, with a maximum of
displayed on the screen. 11%, when the two other choices are balanced - haphazard

) . choices.
The 20 subjects (10 per condition) are asked to read the

original sentence, to listen to the stimuli, and then to answ¥¥e will detail hereafter the answers of listeners for each kind
the question Does the reiterant sentence you heard match thef heterogeneous stimuli pairs (made of two sentences with
sentence written on the screé&n®ith "Yes" "No" or "l don't different syntactic constructions), based on the major
know'. Listeners can only hear each pair of stimuli once. Theoundary position in each stimulus and on the nature of the
whole corpus is presented twice randomly, both speakel®0 groups separated by the boundary.

alternated.

300

Syllable Duration (ms)

An acoustic analysis of the corpus was carried out in parall
to extract FO and intensity information from the speec .
signal. The results of the perception experiment wel
analysed under the light of this acoustical information.

3. RESULTS, ANALYSIS &
DISCUSSION

3.1. Global Analysis

The results of the dissociation experiment confirm th
evaluation experiment: the association of a reiterant senter
with its original utterance gives high association scores: §

@

0 1 L L L L )

L X ————  Ce beau passant chantait )
average of 92% (by "association", we mean that listene Titts Bt ull passer-by was siiging:
: o Ce passant fou chantait.
answer that the reiterant sentence matches the origin This crazy passer-5y was nging:

sentence, and by "dissociation", the reverse).

) o ) Figure 1: Adjective/Noun inversion in the Nominal Group.
Major prosodic indices for listeners correspond to a set ‘?—fo and duration patterns are similar

syntactic factors: position of the boundary between two
syntactic groups, hierarchical importance of opposed groups
(e.g. Nominal Group (NG) vs. Clauses), or changes @

syntactic nature of compared groups (e.g. N.G. vs. Verb
Group (V.G.)).

.2. Co-occurent Boundaries

These kinds of comparisons are interesting insofar as they
allow tests about the perceptive importance of prosodic



indices such as the nature of the syntactic groups, or their

hierarchical level. Studies thus cannot be easily carried out i'® Problem with such comparisons is the presence of silent
other indices perturb the prosodic continuum. pauses in a few signals, which are perturbing indices for the

study of the accuracy of discrimination. For unperturbed
Syntactic groups of same nature.Such pairs of signals, we can note the following behaviour: a one-syllable
stimuli received the best association scores. From our corpssijft does not give sufficient information for a dissociation
these pairs are only represented by sentences composed pfdgement. We refer to the fuzzy boundary notion introduced
NG/VG structure. 87% of the listeners associate thedwmy [3] to describe such a phenomenon.
sentences. Differences in the constitution of the two major o . . . ) .
syntactic groups do not introduce significant indices foliSSing indices. The pairs of stimuli described in the
listeners, even the inversion of Adjective/Noun. Though, d&éceeding section are all made of somewhat simple
the size of internal syntactic components grows, th%er!tences comparlsons. We mean sen’_[ences composed of 2
dissociation scores increase. We interpret such a behaviour”?t"i‘pr syntactic groups, (_each_ group bel_ng constructed on a
the terms of our prosodic model as a perturbation of t sic structure. For stimuli made with more complex

carrier level interpretation by the information of carried levefYNtactic structures (or stimuli where the compared sentences
(cf. Fig 1) - see [1] for details are more different), a detailed analysis can be simplified if we

consider this presentation as a combination of the simple
Syntactic groups of different nature and same cases listed before. For a simpler explanation of our purpose,
hierarchical level. For such a pair comparison, thewe will shortly describe an example (cf. Fig. 2).
association are, in average, of 51% (and 38% cjﬂn_ _
dissociation). Such results do not show a clear distinction Syllable Duration (0s)
the two prosodic contours. Those different results betwe¢*' |
presentation of stimuli pairs with the same groups, and pai., | =
with different groups show that the prosodic continuun J_
carries information about the nature of the syntactic grou|™ [~

but that it is a somewhat weak cue. w0 | L . . L . )
Syntactic groups of different natures and || Fundasnental Frequercy (z)

different hierarchical levels. Such comparisons are || e N

more perceptually different: 37% association vs. 529u[ _ _ > \\\ - S
dissociation. The addition of dissimilarities betweer“z: T \ NG,
compared segments finally produced a relevant cue || \
dissociate the different contours. n —
Emergence of perceptible sub-groups.Another Cgfsg;%jof;g@m

interesting point that rizes from this kind of stimuli is they 7777 i dnytbeparsior

emergence of a significant influence of inferior syntactic

description levels. From the different stimuli proposed tdrigure 2: pair of stimuli with various indices.

listeners, a set has comparable syntactic structure, but does

not receive comparable discrimination results. An

explanation that can be proposed is the size of the inndere, both sentences are composed of 2 major syntactic
groups that is substantially larger in the better-discriminatedfoups, on a NG/VG structure. The boundaries of these groups
pair of stimuli than in the associated one (4/6 vs. 3/d0 not match. But, for the first matching, the major syntactic

syllables stimuli). boundary of the reiterant sentence (dashed line) is at the same
] location as an internal boundary on the NG of the plain
3.3. Non Co-occurent Boundaries syntactic original sentence proposed (plain line). When

o ) ) perceiving the reiterant stimuli, subjects can detect an
The major information that can be retrle\_/ed from thesgge ctive prosodic mark for the minor syntactic boundary, but
comparisons, concerns (i) the perceptual influence of the, o herceive prosodic indices for the major one. Such a
boundary shift length; (i) the influence of errors on the,mpination of an adequate prosodic hint with a lack of
listener's decisions; i.e. if a prosodic sentence fails to markp?osodic mark results in 40% dissociation and 40%
syn_tact|c index, can SUbJef:ts relnterp_ret ;t in any other W&¥ssociation scores. The reverse presentation, where subjects
to fit the proposed syntactic construction’ heard an adequate key on the major syntactic boundary and an
Perceptual influence of the gap between iNadequate prosodic variation in the middle of the verbal

compared boundaries.We can note that a difference of 9roup is dissociated by 70% of listeners.

syllable is a pertinent point to discriminate stimuli. Thexg e can see from this example, listeners react differently to
number of syllables dllscrlmlnatlng.j the two boundarie§ f;5e index or a missing index. A speaker can tend to speak
increases the dissociation strength: a single syllable Shfgster, or try not to produce a perfectly correct sentence, by

corresponds to 40% of dissociation; a 2 syllable one to GO%rgiving some index, but one can hardly allow someone to
for comparable pairs of stimuli (7 or 8 syllable length, major

groups of same syntactic nature).



add some prosodic variations (except for other Iinguistig
purposes, as for a focalisation). )

3.4 . Other Results
4.

Duration and speech rate measurements were carried out for
the reiterant [ma] syllables. The perceived boundaries match

Campbell, N., "Automatic detection of prosodic
boundaries in speech"Speech Communication,
Vol. 13 p. 343-354, 1993.

Carlson, R., Granstrém, B. & Klatt, D.H., "Some notes
on the perception of temporal patterns in speech”,
Proceedings of the IXth International Conference on

with ascendant speech rate speed. This matching seems much Phonetic SciencesCopenhagen, Denmark, p. 260-267,

more precise if we use the length of the Group Inter P-Centre
(GIPC) (see [2] for detalils). 5.

We used different duration units to analyse the result of the
experiment: syllable, GIPC, and syllabfeee from their
intrinsic and co-intrinsic duration, to obtagure duration for 6.
the original and reiterant syllables (see [1] for a definition).
The method that best fits the result of the perception
experiment is that of the GIPC duration modelling.

4. CONCLUSIONS 7.

This first experiment of perceptive measurement of the nature
and location of prosodic segmentation information, using a
reiteration paradigm, achieves several important aims: (i) &.
demonstrates the feasibility of such a paradigm - what is not a
basic point, because of the metalinguistic task proposed to
listeners; (ii) listeners are able to use the prosodig
information carried by the reiterant speech since we have
good association results of reiterant sentences with their
originals, and discrimination of prosodic phrases that do not
match the syntactic structure proposed. However, the task w
proposed to the listeners is very complex and tests thei
ability to explicitly use their cognitive processing. We
retrieve from such an experiment both cognitive information
and indices about the dissociation clues they use.

We have already carried out some experiments with similar

protocols as the dissociation experiment presented here, fudt.

using synthetic stimuli, reiterant, and original (for details,
see [12]). We aim at studying the feasibility of such a
paradigm to investigate the quality of a synthetic prosody

and to extract a diagnostic analysis of the strengths and thg_

weaknesses of a TTS system. An orthogonal experiment was
also held by Morlec et al. [10], using stimuli with different
prosodic patterns for one syntactic substrate. Listeners must
dissociate the well and badly formed stimuli in a preference
test. Instead of asking listeners to match directly th
linguistics structures, they would separate them. These two
paradigms perform the same objective by different ways,
testing the adequacy of a prosodic continuum to describe a
syntactic structure.
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