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Abstract

The aim of this research is to examine the rolthefacoustic
correlates of lexical stress in the integration amicentual
information in French speakers.
matching task is used, as it implies not only a-level

acoustic processing, but also a lexical processigsults
show, on the one hand, an influence of the acckpaitern in
the perception of stress; on the other, they sudbasFrench
speakers' accentual representations seem to berigiok¢han
the native Spanish ones.

Index Terms. ‘stress deafness’, lexical stress contrasts,

acoustic correlates, French, Spanish L2.

1. Introduction

French is considered a fixed-stress language, fposipion to
free-stress languages, such as Spanish or En@ishn that
French (primary) stress has a fixed position on final

syllable of the rhythmic group, it can not play istichctive

role at the lexical level, but it rather plays andecative
function at the utterance level. Therefore, as maet by [1],
the notion of rhythmic group makes more sense tten
notion of word stress in French. As for Spanisirea-stress
language, lexical (primary) stress is realizechatword level.
It can appear on one of the last three syllablethefword,
which leads to three possible stress patterns:apoxgtone,
paroxytone and oxytone.
distinctive role [2], as it enables the distinctiohtriplets of

words likenamero(['numero], numbe}, numero([nu'mero], |

numbej and numerd ([nume'ro], he/she numbergd
Regarding the acoustic correlates of stress in Rrearad
Spanish, both languages use duration, fundameetgliéncy
(Fo) and amplitude in the realization of primary sstel is
well known that French stress is mainly signaledr®ans of
duration, and, to a lesser extent, ¥, 4], whereas Spanish
stress seems to be produced by a combination atfidarand
Fo [5].

In view of the accentual differences between Fresmoth
Spanish, an accentual transfer is likely to occhemvFrench
speakers attempt to produce lexical stress in Spariihe
difficulty for French speakers to perceive and e Spanish
stress can be explained by the ‘phonological filbgpothesis
[6]. Along the same lines, the notion of ‘stressifdess’ has
been put forward by Dupoux and his coworkers [79B,
Using different experimental procedures, they foutheht
sensitivity to stress placement depends on theittegroad
required by the task and on the phonetic varigbit the
stimuli. Taken together, these experiments lead the

conclusion that French speakers are unable to encod

contrastive stress in their phonological repregants,
although they might be capable, in certain tasksnake use

A shape/pseudoword

Spanish stress thus plays a

Joaqui m Ll isterri @ab. cat

of the acoustic cues which are present in the $psigmal.
This might explain the results reported by [10] gdid],
showing that French speakers were able to attdatively
high percentages (70% - 83%) of correct identifizaif the
stressed syllable in Spanish words.

As far as the acoustic correlates involved in teeegption
of stress are concerned, the studies presente®]raphd [13]
underline the importance ofyRariations in Spanish stress
identification by French speakers, as it has bdewa by
[14] for French speakers in French L1. In additiag,shown
in [13], the time French speakers need to deteahiSp stress
seems to be related to amplitude (alone or combinitd
duration).

The present research aims at shedding more liglthen
role of the acoustic correlates of lexical streSg (luration
and amplitude) in the integration of the accentofdrmation
in French speakers. A shape/pseudoword matchihgwas
used, as it implies not only a low-level acoustiogessing but
also a lexical processing.

The experiment involved two phases. AfterTeaining
session, in which participants learned tripletpséudowords
with accentual contrasts by associating these pseards to
visual shapes (see [1%pr a similar experimental design),
participants performed, in Bestsession, the same task on the
same pseudowords that they had learned duringraiivng
phase, but with acoustic manipulations @f &uration, and
amplitude.

2. Method

2.1. Participants

Twenty-two native speakers of French (from the Ehepart
of Switzerland), aged between 18 and 26 (mean 4)2@ith
no knowledge or contact with Spanish or ltalianréaéer
‘non-natives’, ‘NNs’), and 22 bilingual Spanish/Cata
speakers aged between 18 and 31 (mean = 20.7),nweith
knowledge or contact with French (hereafter ‘nativéNs’)
participated in the study.

2.2. Materials and acoustic stimuli

Two triplets of trisyllabic Spanish pseudowords evéaken
from the material used in [16]. Each triplet cotesisof a
proparoxytone (PP; e.gliguidg, a paroxytone (P; e.g.
luguido) and an oxytone (O; e.mguidd). Following [15], six
visual shapes were also created and were randoanyipe
associated with the pseudowords (see Figure 1).

The acoustic stimuli were taken from [16]. In tistsidy,
the authors generat&hseandManipulatedstimuli. For this,
they created a corpus of 24 trisyllabic words aseluplowords
(among them, the 6 used in the present experintbat) a
native Spanish speaker read 10 times. For eacheofhree



vowels of each stimulus, the following measuresentaken:
Fo at the beginning, at the centre and at the endhef
segment; amplitude in five equidistant points altimgvowel;
and, finally, vowel durationBase stimuliwere generated in
such a way that the original values of, Rmplitude and
duration were replaced in each vowel of each stisibly the
values averaged over the 10 repetitiodanipulated stimuli
were created in the following way: in proparoxytastanuli,

Fo, amplitude and duration values for each vowel were
replaced by the corresponding, Famplitude and duration
values found in the equivalent paroxytone stimdir(ceafter,
PP>P stimuli); likewise, in paroxytone stimulis, Bmplitude
and duration values for each vowel were replacedthsy
corresponding § amplitude and duration values found in the
equivalent oxytone stimuli (henceafter, P>O stiuh other
words, manipulated stimuli resulted in a shift be tright of
the accentual information. The values of each patanwere
modified not only individually, but also simultanesy,
obtaining seven possible combinations of manipdlate
parameters; this allows the study of the effectseath
acoustic cue both in isolation and in combinatioithvihe
others. All the manipulations were performed byynéisesis,
using the PSOLA algorithm implemented in Praat [17]

higuido msledo

luguide maledo
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Figure 1: Pseudowords and visual shapes used in the
experiment.

In the present experiment, the 6 stimuli used ie th
Training session werBase stimuliwith no stress shift. In the
Testsession however, the 6 stimuli waédanipulated stimuli
i.e. with a stress shift to the right (PP>P and Rtiduli).

2.3. Procedure

Regarding theTraining session (see details in [18]), which
was divided into 5 blocks, four shapes were preskon the
screen and participants heard one of the six pseormdis.
They had to click on the shape that they thoughtesponded
to the pseudoword. In the four first blocks papigits
received feedback: after each response, the thsteaor
shapes disappeared, leaving only the correct sloap¢he
screen and the pseudoword was heard again. lmashélbck,
no feedback was given. Only base stimuli were ugethis
Training session, that s, those with no acoustic
manipulations. Among the four shapes on the screes was
the target one (e.duguido); one was the shape associated
with one of the other two members of the tripletg(e
luguido), and the other two were selected from the three
shapes of the other triplet (ergdedoandmaedo).

In the Test session, we used only manipulated stimuli,
which were presented in one block (84 trials). iPi@@nts

performed the same matching task, but were instdudb
answer as quickly as possible and did not recedeeltfack.
Each manipulated stimulus (e.g. PP>P) was presavitedhe
shape corresponding to the original pseudoword (ui¢h

stress on the original position; e.g. PP) and wulith shape
corresponding to the stress-shifted pseudoword Wiith the
intended shifted stress; e.g. P); the other twqpehavere
selected from the three shapes of the other triplgtméaedo

andmadedo).

Participants were run individually; the stimuli wer
presented online from a laptop using the DMDX safev
[19], which recorded the participants’ responsed #meir
reaction times.

2.4. Dataanalysis

Some participants (6 natives and 8 non-natives) toabtle
excluded because of memorization difficulties andém
important number of missing data caused by verywslo
responses.

On the one hand, analyses were performed on the
correct/incorrect participants' responses.carect response
means that the participant has perceived the stfafts and
thus has clicked on the shape corresponding tanteeded
position of stress (for example, on the shap&gtiido with
PP>P manipulated stimuli), and arcorrect response means
that the participant has not perceived the interptegition of
the stress, and thus has perceived the originaénaeal
pattern. On the other hand, analyses were perforored
reaction times (RTSs) in incorrect responses (n=118aG¢ to
the few correct responses for some manipulations \Rire
measured from the end of the stimuli and RTs infeiao450
ms and superior to 2150 ms were removed (7.53%eptlata
set).

We analyzed the data (correct/incorrect responses a
reaction times) by means of mixed-effects regressimdels
[20], in which participants and pseudowords werterd as
random terms. For clarity's sake, the correct/ireszirresults
and figures are presented in percentages, althoaigh
statistical analyses have been performed on rasv dat

3. Results and discussion

As results of thélraining session are fully described in [18],
they will only be summarized here. The main findiaghat
non-natives are able to learn the correspondentveebe the
pseudowords and the shapes: they perform the ¢aslomably
well (73.94% correct responses at the end of thmityg),
although their performance is not as good as thivena
Spanish one (90.5%) In other words, French spealerable
to learn to perceive lexical stress contrasts adteraining
session.

Once established that non-natives have the capémity
store and retrieve accentual information, we exanhithe role
of the acoustic correlates of stress (duration, &nd
amplitude) in the storage of this accentual infdioma To this
end, we considered, for each of the seven manipokt
whether the responses (correct vs. incorrect) haddaction
times are influenced by group (natives and nornveaji and
pattern (PP>P, P>0), or by an interaction betwesrsd
variables. As said above, we studied the impatii@fcoustic
parameters in the participants' ability to perceilie stress
shift (in correct responses), and the eventual ticost
produced by the acoustic manipulations when ssbgswas
not perceived (in the incorrect responses, i.e. nwhe
participants perceived the original stress pattekgte also



that, even if the results of various manipulatiappear on the
same figure (for space reasons), separate analyees
performed for each manipulation.

As far as the isolated manipulation of amplitudee(s
Figure 2) is concerned, non-natives perceived ttess shift
better than natives, whatever the pattern may be
(NNs = 16.23%, Ns=2.86%; F(1, 328)=11.15, pGl).
The greater sensitivity to amplitude in non-nativesalso
observed in reaction times (see Figure 3): whep peeceive
the original stress pattern, a manipulation of augé entails
slower reaction times in non-natives than in native
(NNs = 1287.33, Ns=1169.11; F(1, 286) = 5.05, .pG5),
especially in P>O stimuli3(= 218.10, t = 3.01, p < .01).
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Figure 2: Percent correct responses as a function of
manipulation (Amplitude, Duration, Duration +
Amplitude), group and pattern.

Regarding the isolated manipulation of duration (see
Figure 2), non-natives also perceived the stre#$ Isktter
than natives, whatever the pattern may be (NNs.5135,
Ns = 16.56%; F(1, 315) =12.78, p <.001). Agaieaation
times reflect the greater sensitivity of non-natitean natives
(see Figure 3): when they do not perceive the sshit, non-
natives are slower than natives, irrespectivelythef pattern
(NNs = 1333.70, Ns = 1176.49; F(1, 229) = 4.32,.p%.

As for the combined manipulation of duration and
amplitude (see Figure 2), non-natives again peeckithe
stress shift better than natives, whatever theepatinay be
(NNs = 46.85%, Ns = 18.54%%; F(1, 296) = 19.64,.p34).
Nevertheless, when they perceive the original stpsttern,
non-natives are not significantly slowed down ineith
responses (see Figure 3; NNs = 1351.61, Ns = 1354,
187) =0.91, n.s.).

Results for the isolated manipulation qf (See Figure 4)
show that non-natives perceived the stress shifelb¢han
natives in P>0O stimuli (NNs =46.85%, Ns=24.79%;
p=-1.17, z=-2.41, p<.05), whereas natives téodbe
better, although not significantly, in perceividgetstress shift
in PP>P stimuli (NNs =30.95%, Ns=45.73%;=0.74,
z =1.60, n.s.). Reaction times show the same ffszalFigure
5): when they perceive the original pattern, notivea are
slower than natives in P>O (NNs =1344.81, Ns =8144;
B=174.24, t=2.12, p <.05), whereas natives sover in
PP>P (NNs =1273.17, Ns=1449.64=190.23, t=2.20,
p <.05).

As for the combined manipulation of Bnd amplitude
(see Figure 4), we observe a marginal effect ofigrim P>0
stimuli: non-natives tend to be more sensitive timatives
(NNs = 49.63.%, Ns =35.219%;,=-0.71, z =-1.86, p = .06).

We note the opposite trend in PP>P stimuli, alttiotige
difference is not significant (NNs =43.21%, Ns&5/%;

B =0.64, z=1.65, n.s.). Reaction times (see Fig)rshow
no significant difference between both groups, whet the
pattern may be (NNs = 1374.91, Ns =1376.14;
F(1,136) = 0.10, n.s.).
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Figure 3: Reaction times (ms) as a function of
manipulation (Amplitude, Duration, Duration + Amipide),
group and pattern.

As far as the combined manipulation of &d duration
(see Figure 4) is concerned, natives perceivedstitess shift
better than non-natives in P>PP stimuli (NNs = 384
Ns = 80.10%;p3 = 1.47, z=2.74, p <.01), while there is no

difference between both groups in P>0 stimuli
(NNs =67.78.%, Ns=61.88%p =-0.03, z=-0.07, n.s).
Moreover, whatever the pattern, may be, non-natives

although not significantly, tend to be faster thaatives in
identifying the original pattern (see Figure 5;
NNs =1219.63.91, Ns = 1400.52; F(1, 80) = 2.85,)n.
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Figure 4: Percent correct responses as a function of
manipulation (f, F, + Duration, Ry + Amplitude,
Fo + Duration + Amplitude), group and pattern.

Finally, when the combined manipulation of the ¢hre
parameters (see Figure 4) was presented, nativesiyed
better than non-natives the stress shift in PP>Rubt
(NNs =60.24%, Ns =89.17%g = 2.04, z=3.76, p <.001),
while there is no difference between both groupsP¥O
stimuli (NNs = 76.85%, Ns=76.67%p =0.49, z=0.96,
n.s.). Although natives are slower than non-nativiése
difference is not significant (see Figure 5; NN$326.63,
Ns = 1454.5; F(1,54) = 0.46, n.s.).
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4. Conclusion

Besides showing that French speakers are abledgrate (at
least, temporarily) and retrieve the accentual rimttion,
results of this research revealed firstly that Ehespeakers do
not perceive the stress shift as Spanish speakemareover,
these perceptual differences are conditioned byatoentual
pattern: while French speakers seem to be moréiserts an
accentual shift to the final syllable, Spanish g&pea perceive
better a stress shift to the penultimate syllal@econdly,
results highlighted that French speakers, in coisparwith
Spanish ones, are more sensitive to manipulatiohs o
amplitude and duration.

The different behavior of French speakers can pbsbie
explained by the accentual properties in Frenchwitich
lexical stress is generally oxytone and mainly izeal by
changes in duration [3, 4]. French speakers miglehthus
transferred this knowledge from French to Spanish.
Nevertheless, French speakers are sensitive toitadwl
although it is not an important parameter in thadization of
stress in French [3, 4]. This might be a cue to fwt that
French speakers are more sensitive than nativetntali that
present little variations compared with the originaes that
they have learned (and stored) during the trairsagsion,
while native Spanish speakers, used to such vam&in their
L1, do not perceive them. It might suggest thatabeentual
representation of the six new Spanish pseudowardsised
and stored in French speakers is more rigid tham th
representation encoded in Spanish speakers.

Although, these results need to be further examimital
stimuli produced by different voices, since phonetriability
in the stimuli has been shown to be important @ gtudy of
stress perception [7, 8], this research not onlgtscaome
doubt on the existence of ‘stress deafness’ in dfraapeakers
(i.e. they are able to learn to perceive lexicedss contrasts),
but also provides promising hints about the integna of
accentual information in the L2 lexicon.
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