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Abstract

This paper presents results from an ongoing relseamcthe
evaluation of the prosody of British English spoksnFrench
learners and native speakers. This pilot study @xesntwo
potential rhythmic  criteria: the analysis of the
anacrusis/narrow rhythm wunit and that of the paiewi
variability index (PVI). The method used is a congpiae
analysis of French and native speakers’ productionsthe
one hand a subjective evaluation of the prosodythaf
speakers including the natives, on the other handbgective
evaluation aiming at correlating acoustic paranseteith the
level of the speakers. This preliminary study shibwe
interesting results: even though the level of digance was
not reached the two rhythmic parameters could Imsidered
as relevant prosodic criteria and are in need athéu
investigation.

1. Introduction

Research on second language acquisition has begelylar
developed in the last decades but the examinafipnosodic
aspects of it is still rather rare. The teachingorfsody had
for a long time been neglected. In the middle &f 80's [1]
the first attempts were made to find a learninghwoetfor
prosody. Even though the results of the experimeessribed
in [2] & [3] were not significant, other studiesctuas those
of [4] and [5] illustrated the efficiency of thesualisation of
intonation patterns. Recent research has led tertwion of
new software providing either a pitch visualiserctsuas
Winpitch LTL [6] or a computer-assisted system for teaching
English prosody such &etterAccentTutor{7] devoted to the
prosody of general american or as Prsodiasystem, [8]
providing exercises on British English intonatiord ahythm
including segmental difficulties.

One thing crucially lacking in all these systemsais
objective evaluation based on concrete linguistformation,
usable and open to all users. The only feedbackdomn
recent studies is a visualisation of intonationvesrand hardly
anything has been done with rhythm.

The aim of this study was to run a pilot study asgble
rhythmic criteria suitable for an objective evaloat of
prosody. Two main rhythmic parameters were selecieée
first criterion was the study of the anacrusis/oarrhythm
unit [9] [10], considered as representative of the rhythmic
structure of the English language with, unlike inerk€h,
considerable reduction of unstressed syllablesseddone of
the most difficult aspects for a French speakeoiproduce
these vowel reductions. The second experiment vhas t
analysis of the PVI (Pairwise Variability Index)0J1 French
being generally classified as a ‘syllable-timedhdaage as
opposed to the English which is described as ‘striesed’. It

was predicted that the PVI of the best speakersidvbe
closer to the PVI rates of the native speakersthat of the
model unlike the PVI of low level speakers.

2. Experiment

2.1. Corpus

The corpus was composed of 1720 sentences recardad
repetitive mode. Forty speakers were asked to tepda
sentences. The instruction given was: ‘repeat #raesices
trying to imitate the way they are produced’. Thergses
were taken from the software ‘Prosodia’ illustrgtivarious
segmental and accentual difficulties and differiendnation
patterns. Among the sentences, three were seldotethe
analysis of the PVI, two of 7 syllables and ond 6fsyllables
chosen as they are composed of an alternation betwe
stressed and unstressed syllables.

2.2. Speakers

In order to obtain a more representative sampldiftérent
levels of English, four groups were formed accaogdio their
academic level: non-specialist speakers in Engfisét-year
university students of English, fourth and fifthayestudents
and native speakers of British English. Each grosp i
composed of 10 adults aged between 20 and 35. Waeyall
volunteers.

2.3. Subjective evaluation

The sentences were evaluated by two French experts
English phonetics and two British English native adqmes.
The subjective evaluation was presented to theuat@is as a
test of perception, comparing the productions viitbse of
the given model. The task was to evaluate the wyuafithe
productions according to two main criteria: (i) ges
production (quality of repetition) that is, at whiavel the
speaker would be classified and (ii) rhythm, inahgdvowel
reduction and the place of the stress. The modslgien as
reference. A scale of 5 was used going from vey i3 to
excellent (5).

The aim was to test for a correlation between the
academic level and the scores obtained for eachpgrid/e
calculated first the mean of the two scores (prtdocand
rhythm) for each speaker and then an overall mearedch
speaker. Finally we obtained the mean for the wigntup.
The results represent a distance between a reter@he
model) and the quality of the production. The emtibn
showed that the main tendency was respected: omltloée
the average obtained for each group correspondeyl Vieell
to their basic level.



Table 1: mean scores for each group

GR 1 GR 2 GR 3 GR 4
General 2 2,5 3,5 4,5
score
Rhythm 2,5 3 4 4,5
score
mean 2,3 2,65 3,775 4,42
score
Average/ 2 2,5 4 4.5
group
LOW MEDIUM GOOD VERY
GOOD

3. Analysis: objective evaluation

3.1. Analysisof theanacrusis

Two sentences were analysed and manually segmaertted
rhythm units (with Praat [11] software) followinge model
of structure proposed K@]that is, into anacrusis (ANA) and
Narrow Rhythm Units (NRU) where an NRU contains one
accented syllable followed by any following unadeeh
syllables until the end of the word. The ANA copesds to
any syllables not included in an NRU.
The following acoustic measurements were made:
« total duration of the sentence
* % of each anacrusis according to the total duratfathe
sentence, noted %ANA
» sum of % of anacrusis according to the total doratf
the sentence.

3.1.1.  Statistical analysis

The measures were intended to test for a correldteween
the average score from the subjective evaluatioth tme
calculated percentage of anacrusis. We expected goares
to be correlated with a low percentage of anacrdeis
successful productions.

3.1.2. Results

The first sentence containing three anacruses (limeg
parts) is presented below transcribed with the SAMP
alphabet:
-it was a ‘heavy ‘lorry with a ‘full ‘load of ‘wood(dive)
[Itw@z@hev!'IQriwiD@'f Ul'l@U d@ v'w Ud]
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Figure 1:Graph of regression of the anacrusis of the first
sentence-a=0,020 ; b = 2,662 —y=0,02x + 2,662

Figure 1 shows that the points are concentrateddsst 28
and 38% and between 3 and 5. The regression limwssthat

the higher the percentage, the better the scoréth e
detailed study of each anacrusis, it was noted that
anacrusis at the beginning of the sentence showsdime
correlation. The two other anacruses within thetesse
follow our expectations, that is, the scores aredgehen the
percentage of anacrusis is low.

The second sentence containing two anacruses
(underlined parts) is presented below transcribeith w
SAMPA:

-There are ‘two ‘very ‘dirty ‘pair of ‘brown ‘leatr ‘shoes-
(glide up)

[De@'tu:'verl'd3:ti'pe@@fbraUn'leD @
'Su: z]
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Figure 2:Graph of regression of the anacrusis of the
second sentence- a=-0,078;b=4,354 =0,078x +
4,354

The slope of the regression line in figure 2 isersed. The
points are concentrated between 11 and 16% foesdmym 1

to 5. Two groups of points can be considered: its¢ group
having scores between 4 and 5 for the lower peagenthat is
between 10 and 12% and the second group havingsscor
between 1 and 3 for a percentage of 12 to 16%. \ti¢h
detailed study of each anacrusis, our expectatizare only
correct for the anacrusis located within the sergsn

3.2. Rhythmic variability-a native/non native comparison:
analysis of the PVI

The speakers’ productions were labelled and manuall
segmented into phonemes with the use of the Podiatase.

A Praat script removed all the boundaries betwego t
adjacent consonants or vowels so that the sentemees
segmented into vocalic and consonantal intervals.

The rhythmic variation of vocalic and consonantal
intervals was calculated by the Pairwise Variapilihdex
(PVI) which distinguishes the degree of variabiliigtween
two successive measures. The PVI was calculated) ube
following equation (example for the vocalic intelvé/’):

n-1Vi-Vi+1 |
100 *Y, (1)

i=1 (Vi+Vi+l)



It was predicted thaffirst the native speakers and the model
should have close PVI rates and secondly that #tebthe
non native speakers’ productions and the closent&nglish
rhythmic structure the rhythm was, the closer te thative
speakers’ and model’ s PVI the rates would be.

3.3. Reaults

The histogram shows that the vocalic PVI is mordevant
than the consonantal one. The vocalic PVI shows a
progressive evolution going from group 1 with 261group

2 and 3 with 30,05 to group 4 (30,9) and to the ehadth
36,4. The rate increases with the level of the grbut the
consonantal PVI did not reach the level of sigaifice.
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Figure 4 PVI rates for each group - sentence 1 (K)

For sentence Zhave you got an empty cupaccording to
the figure the vocalic PVI is higher and more relavfor all
the groups than the consonantal PVI which is mangable
and does not follow the level of the groups. Thealic PVI
increases following three stages: group 1 with &B8ugroup
2, 3, 4 with about 30/31 and the model with 41,BerE is a
difference again between group 1 and the nativakgre and
even more with the model.

Table 4:detailed averages of the PVI for each group

Figure 3:Histogram of the averages of the PVI for each

moyenne PVIV PVI C ECART TYPE
group for the three sentences Gl 23,0085 | 251013 7,139286  9,363950
. G2 30,3941 19,9734| 6,430944 4,3671113
Table 2 detailed averages of the PVI for each group G3 317411 20.6905| 6578820  4.272206
PVIVOC PVICONS G4 30,1319 27,8909 6,50264 7,740311
Gl 26,1811704 29,0543667 MODEL | 41,503 | 22,214 :
G2 30,0598667 27 4753667 Phrase A| nvowels =| ncons = (selon modéle)
G3 30,0920667 27,5382 ’ 8
G4 30,9481667 31,8381333
MODEL 36,4156667 29,6446667 taux des PVI par groupe-phrase A
The detailed results of each sentence show various | _ 50
differences. % 40 ¢ MODELE
For sentence 1Tinker, tailor, soldier, sailor, rich man, 3 3 I sG2 eG3  ,gp
poor man, beggarman, thiefthe consonantal PVI is higher g 20 LA<E: . G2 = G3 = MODELE
than the vocalic PVI for each group. A differennebbth PVI g 1
is to be noted between the rates of group 1 wittP38 z o
(voc.PVI) and 30,7 (cons.PVI) and the native speak@3 = o 1 2 3 “l 5 A
voc.PVI and 33,7 cons.PVI) or the model (35,7). Hadive _
speakers and the model have approximatively the sata of niveaux des groupes
PVI. [« PVIVOCALIQUE = PVI CONSONANTIQUE |

Table 3:detailed results of PVI of each group- sentenck)1 (

moyenne PVIV PVI C ECART TYPE
Gl 18,8851111 30,716] 4,400981 4,03126
G2 22,1393 28,7019 4,500318 | 2,58787
G3 18,9455 30,977 2471736  3,31840
G4 23,6783 33,6764 3,368078  3,40071
MODEL 23,034 35,694
Phrase K nvowels =| ncons = (selon modéle)
16 17

Figure 5PVI rates for each group - sentence 2 (A)

For sentence $e said cheese to the waitethe vocalic
PVI is higher than the consonantal one and onceagare
relevant than the consonantal PVI. A distinct défece is to
be noted with the vocalic PVI between group 1 (Bé&td the
native speakers (39,03) and even more with the mode
(44,71). Within these extremes the graphic shows a
progressive increase of the vocalic PVI which d&dlows the
level of the groups going from a low rate for a I@vel to a



higher rate for the best levels. The consonantal iBWhot
relevant and variable according to the group.

Table 5:detailed results of PVI of each group —
sentence 3 (B)

moyenne PVIV PVI C ECART TYPE

Gl 36,6499 31,2558| 4,576214 3,4750018

G2 37,6462 33,7508| 5,552858 4,545146

G3 39,5896 30,9471 4,927478 5,600784

G4 39,0343 33,9471 3,387276 5,160099
MODEL 44,71 31,026
Phrase B| nvowels = ncons = (selon modéle)

7 7
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Figure 6 PVI rates for each group- sentence 3 (B)

4, Discussion

The study made on the anacrusis showed that thdtges
corresponded to our hypothesis with the anacrugtisted
within sentences but not with the anacrusis locatdhe
beginning of sentences. The lower the rates ofattecrusis,
the better the scores on the subjective evaluatiene. It can
be deduced that the anacruses within the senteares
pronounced quickly enough and on the whole cordotithe
groups which obtained better marks, that is, graiasd 4.
Although this experiment showed preliminary postresults,
it needs to be studied thoroughly with for exampte
analysis of the phoneme durations and formanthézlcthe
quality of the vowels (reduction or not).

Concerning the second study, it was noticeable tthet
vocalic PVI in most cases was more relevant tham th
consonantal PVI. It showed that the hypothesisiptiag that
the better the production (at a rhythmic levelg Higher and
also the closer to the native speakers the PVI dvbel was
verified by the vocalic PVI. With the detailed syudf the
three sentences, two showed significant differervadls the
vocalic PVI and especially between groups 1 antthd rfative
speakers); the third sentence showed this tendestbythe
consonantal PVI. It could be agreed that two exér@moups
were more relevant than the in-between groups. $hidy
which turned out to be an interesting starting poiil be
enlarged to other methods using different parametech as
[12] or [13] and reinforced once again with thelgsia of the
vowel durations and formants to check for vowelebn.

5. Conclusion

This pilot study opens perspectives for a conslidleraumber
of further studies. Indeed, this work needs todieforced by
other parameters: on one hand the project will ln¢hér
developed as it will be extended to intonation andhe other
hand other rhythmic parameters will be investigatedch
more thoroughly and with much larger quantitieslafa. The
search for prosodic criteria in order to developodjective
prosodic evaluation for the students’ productionseds
consequently to be pursued actively, the ultimatal dpeing
to standardize an automatic evaluation softwaresfmeech
prosody.
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