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Previous research by Dupoex al. [J. Memory Lang36, 406—421(1997] has shown that French
participants, as opposed to Spanish participants, have difficulties in distinguishing nonwords that
differ only in the location of stress. Contrary to Spanish, French does not have contrastive stress, and
French participants are “deaf” to stress contrasts. The experimental paradigm used by Btipbux
(speeded ABXyielded significant group differences, but did not allow for a sorting of individuals
according to their stress “deafness.” Individual assessment is crucial to study special populations,
such as bilinguals or trained monolinguals. In this paper, a more robust paradigm based on a
short-term memory sequence repetition task is proposed. In five French—Spanish cross-linguistic
experiments, stress “deafness” is shown to crucially depend upon a combination of memory load
and phonetic variability iF0. In experiments 3 and 4, nonoverlapping distribution of individual
results for French and Spanish participants is observed. The paradigm is thus appropriate for
assessing stress deafness in individual participants.20@L Acoustical Society of America.
[DOI: 10.1121/1.1380437

PACS numbers: 43.71.Hw, 43.71.Es, 43.71[KRK]

I. INTRODUCTION assimilated to the same native category will be very difficult
to distinguish(Best, 1994; Flege, 1995; Kuhl, 200GBeveral
The way in which we perceive speech sounds dependssearchers have focused on the age at which this phonologi-
on the properties of our native language. This phenomenogal processing level is fixeWerker and Tees, 1984; Best,
has been noticed by linguistSapir, 1921; Polivanov, 1931  McRoberts, and Sithole, 1988; Kulet al, 1992; Jusczyk
and has been investigated by psycholinguists mostly for segt al,, 1993, the extent of individual variability in late learn-
mental categories. For instance, Japanese participants mggs (Flege, MacKay, and Meador, 199%nd the possible
the English /r/ and /I onto a single//category and have effect of extensive trainingLively, Logan, and Pisoni, 1993;
trouble discriminating between these English segmentgrancis, Baldwin, and Nusbaum, 200®ence, this line of
(Goto, 1971; Miyawakiet al, 1981). The impact of the research relates to theoretical questions regarding brain plas-
mother tongue on the perception of speech segments hasity and the existence of a critical period. Moreover, it has
attracted considerable attention among psycholinguists, angtactical implications concerning the development of train-
several models have been proposed to account for it. SomRg procedures for second language learning.
of these models propose that infants learn to focus their at- | anguages differ not only in their repertoire of pho-
tention onto the acoustic cues that are most relevant for thefiemes, but also in their suprasegmental properties: some use
language(Jusczyk, 1993; Nusbaum and Goodman, 1994 tones(Mandarin, pitch accentJapanese length (Finnish,
Other models postulate the existence of an abstrachr stresqSpanishto make lexical distinctions; others do not
language-specific, phoneme detector that segments the coflse any of these suprasegmental properties to distinguish
tinuously varying acoustic signal into discrete categories|exical items(French. The impact of this type of variation
According to these models, non-native segments that amas been studied less extensively, and its incorporation into
close enough to a segment in the native language are assimodels of speech processing and acquisition is still awaited.
lated to it; consequently, two non-native segments that ar@s to the perception of stress, Dupoekal. (1997 found
that native speakers of French, a language with fixed word-
Aportions of this work were presented in “Perception of stress by Frenchfinal stress, have difficulties with the discrimination of non-
Spanish, and bilingual subjects,” Proceedings of EuroSpeech '99, Budawords that differ only in the position of streés.g.,[vasumd
,pest, September 1999, Vol. 6, pp. 2683-2686. vs [vasuma] vs [vasumad). Spanish listeners, by contrast, do
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not have any difficulties, stress being contrastive in their lan-

9Electronic mail: sharon@Iscp.ehess.fr )
9Electronic mail: nsebastian@psi.ub.es guage. More research has focused on the perception of tone

1606 J. Acoust. Soc. Am. 110 (3), Pt. 1, Sep. 2001 0001-4966/2001/110(3)/1606/13/$18.00 © 2001 Acoustical Society of America



by speakers of nontonal languages. For instance, it has beshort-term memory task and we manipulate both memory
shown that English listeners have difficulties with the per-load and phonetic variability in order to find the most effec-
ception of Mandarin Chinese toné<iriloff, 1969; Bluhme tive combination for a robust stress deafness effect to arise.
and Burr, 1971; Wanget al, 1999. Wang et al. (1999 It should be noted that the ABX task used in Dupoux
showed that American students with one or two semesters iat al. (1997 was probably not optimal. First, the observed
Mandarin correctly identified the four tones in only 69% of deafness was far from being total. For instance, in experi-
the cases. After extensive training, this performance jumpethent 1, French participants made 20% errors in the stress
to 90% correct, but still only one out of the eight participantscontrast, whereas Spanish participants made only 4% errors.
attained native-like performance. Gand@®83 compared This difference was highly significanjp<0.001 both by

the perception of tone by speakers of English and four tongems and participantsbut still, the French participants per-
languages. Compared to the speakers of the latter, the Efermed much better than chan¢80%). This might mean
glish participants paid more attention E® and less to con- either that participants relied on some residual phonological
tour information in order to identify tones. Finally, Lee and representation of stress, or that the ABX paradigm was not
Nusbaum(1993 found that Mandarin but not English listen- demanding enough and allowed for alternative strategies in-
ers are slowed down by an irrelevant change in pitch levevolving an acoustic level of representation. In this paper, we
when they make a segmental classification. In other wordsgvaluate whether French participants perform significantly
native speakers of Mandarin perceive pitch and segmentdletter than chance across the several versions of our new
information in an integral fashion, whereas the two dimen-paradigm.

sions are perceived as orthogonal by native speakers of En- Second, the results showed considerable individual vari-
glish. ability, and an inspection of the distribution of individual

In this paper, we focus on the perception of stress. Unerrors in the stress discrimination task for French and Span-

like some of the tonal and segmental contrasts, stress cofgh participants revealed a substantial overlap in the distribu-
trasts have massive acoustic correlatdsration, FO, and tion of errors across the two populations. That is, some
energy; it is, therefore, surprising that French participantsFrench participants were as good as typical Spanish partici-
have any problem at all with the perception of stress. Indeed?@nts(three French participants made less than 5% ejrors
informal testing suggests that the acoustic correlates of stre¥#hile, conversely, some Spanish participants were as bad as
are salient enough for listeners to have little difficulty in anmany of the French participant®ne Spanish participant
identification paradigm similar to that used in Waagal. —Made 15% errojsThis overlap might be due to the fact that
(1999 for the perception of tones. Dupoet al. (1997 re- ~ SOme French participants succeeded in representing stress
ported that when tested with a standard AX discriminationPhonologically, while some Spanish failed; alternatively, it
task, French participants hau detectable problem with the Might be due to noise in the experimental method. In the
stress contrast. It is only when a more demanding task wak€sent experiments, we compute the overlap in individual
used(such as ABX with talker changpthat French partici- 'esults across populations as well as the reliability of the
pants began to have problems with stress. This suggests n,@gfects, in order to tease apart the variation due to the par-
things. First, unlike what happens with the perception of conficipants from the variation due to the method.

sonants for which within-category discrimination is very dif- 10 SUm up, we propose to study the perception of stress
ficult, French listeners can use the acoustic stress cues fiPntrasts in French and Spanish participants using a short-
order to perform standard discrimination tasks flawlessly!e'm memory task. The same task is used in all experiments.
Second, French listeners are nevertheless “deaf” to stres§ the experiments, we compare the recall performance of a
contrasts at a more abstract processing level, which is re3'€sS contrast with that of a control phonemic contrast,
vealed only with tasks that are more demanding as far a@Cross different levels .of memory load. Expenments d!ffer in
memory and perceptual resources are concerned. Our aim (A€ @mount of phonetic variability that is introduced in the
this paper, then, is to explore more systematically the effecttimuli tokens. In experiment 1, we use different tokens spo-

of these variables in order to build a more robust paradigm t&€" by the same talker for each item. Experiments 2 and 3

study stress “deafness.” Importantly, we require our para-add variability on the mean pitch by using speech resynthe-

digm to give individual results, such that the study of stress'S: EXperiment 4 uses tokens from two talkers, and experi-

perception in special populationgor instance bilinguals, tmhent 5 uses, as ta control, fa single token forl ea}ch |terrr]1_. Ihn al
second language learners, or trained monolinguzsomes €S€ EXperiments, We periorm a group analysis in which we
possible compare performance in the stress contrast to performance in

In the ABX paradigm used in Dupotet al. (1997, par- the control phonemic contrast as well as to chance perfor-

ticipants heard three successive items in three differenmanlce' \éVe also arr:alsze ingividléalsdatg Ey evaI;Jgting ”:f
voices, and had to judge whether the third item was identicapVenap between the rench and opanish popu at|ons.' -
ally, we assess the reliability of the paradigm by computing

to the first or to the second one. This task required a short?@: U .
term working memory buffer because the decision had to h& split-half reliability index for each experiment.

delayed until the final stimulus was heard. Furthermore, th

stimuli A, B, and X were pronounced by three different talk—(:ﬁ' EXPERIMENT 1

ers. This phonetic variability made an acoustically based re- The experiment was divided into two parts. In each part,
sponse strategy more difficult to use than in a standargarticipants were required to learn two CVCV nonwords that
single-token AX paradigm. In the present study, we set up are a minimal pair differing only in one phonological dimen-
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sion, i.e., place of articulation of the second consonant omaking up the second block. For instance, 1211, containing
location of stress. In each part, participants were taught tone transition from 1 to 2 and another one from 2 to 1, has
associate the two nonwords to the k¢{§$ and[2], respec- more variation than 2111, containing only a transition from 2
tively, of a computer keyboard. After some training with anto 1. There are six possible sequences with two transitions,
identification task, participants listened to longer and longerhich were all selected for the second block. Two sequences
random sequences of the two items, which they were rewith one transition were selected to complete this block.
quired to recall and transcribe as sequenceglpfand[2]. Similarly, out of the 64 possible sequences of six repetitions,
The phonemic contrast in the first part was meant to besight were selected for the third block; four of these con-
equally easy for speakers of French or Spanish, and was uségined three transitions and four contained four transitions.
to establish baseline performance. In order to diminish thé The maximum number of transitions, five, gives rise to the
likelihood that participants use recoding strategies, theompletely regular, hence easy, patterns 121212 and
stimuli were short and the tokens in the sequences were sep212121) All selected sequences are listed in the Appendix.
rated from one another by a very short interval. Moreover, inThe overall design was 22X3: languag&contrast
order to prevent participants from using echoic memory, ev-Xsequence length.

ery sequence was followed by the word “OK(Morton,

Crowder, and Prussin, 1971; Morton, Marcus, and Ottleyp. procedure

1981. . . . . Participants were first tested on the minimal pair con-
In this experiment, some phonetic variability was

tin that h d instantiated b ¢ taining the phonemic contrast. Participants were told that
present in that each word was Instantiated by on€ of si hey were going to learn two words in a foreign language.

acou_stlcally d'ﬁerem tokens. Moreover, memory load W""S’They could listen to the various tokens of these two words by
manipulated by an increase of the sequence length from tWBressing the number key&] and[2] as many times as they
to four and eventually six. We predicted that French partici

. "~ "wanted. The nonworftiku] was associated to kgg], while
pants should make many more errors in the stress than in tqg& counterparftipu] was associated to kef2]. Pressing
a

phonemg c_:ondmon, wheregs Spanish .p.artlmpants shoul ch one of these keys resulted in the playing of one token of
have a similar performance in both conditions. the corresponding word. Subsequently, it was verified that
A. Method participants had learned the distinction between the two
words as well as the correct association between the words
and the number keys. That is, they heard a token of one of
Two minimal pairs were constructed, one involving athe items and had to press the associated [Kdyor [2]. A

segmental contrast, i.gtuku, tupu], and the other one in- message on the screen informed participants whether their
volving a stress contrast, i.¢piki, piki]. All items are non- responses were correct. The message was “OK!” or “ER-
words in both French and Spanish. They were recorded teROR!,” and was displayed for 800 ms. We defined a success
times each by a female trained phonetician who is a nativeriterion of five correct responses in a row. After having
speaker of Dutch. Six recordings of each word were selectedeached this criterion, participants turned to the main experi-
Their mean duration was 491 ms. In addition, the wordment.

1. Materials

“OK” was recorded once by a male talker. All recorded During the test, participants listened to 24 sequences
items were digitized at 16 kHz at 16 bits, digitally edited, constituted by repetitions of the two words, divided into
and stored on a computer disk. three blocks as described above. Their task was to reproduce

The mean durations of the tokens with the phonemic an@ach sequence by typing the associated keys in the correct
the stress contrast were 345 and 351 ms, respectively. As torder. For each participant, the order of the eight sequences
the tokens with the stress contrast, stressed vowels were @m each block was randomized, and each item was instanti-
average 20 ms longer than unstressed vowels, a significaated randomly by one of the six recorded tokens. In order to
difference[F(1,10)=14.5, p<<0.003. Stressed vowels also diminish the likelihood that participants mentally translate
had a higher pitch than unstressed vowels; in particular, ththe words into the associated numbers while listening to the
maximumFO value of the stressed vowels was on averageequence, the silent period between the items in a sequence
45.3 Hz higher than that of the unstressed vowels, correwas kept very short, i.e., 80 ms. Each trial consisted of a
sponding to a significant difference of 3.9 semitonessequence followed by the word OK, and participants could
[F(1,10)=441,p<0.001]. Finally, stressed vowels were on not begin typing their response until they had heard this
average 1.6 dB louder than unstressed vowels, again a sigrord. Participants did not receive feedback as to whether
nificant differencg F(1,10)=20.6, p<0.001]. their responses were right or wrong. A 1500-ms pause sepa-

For each minimal pair three experimental blocks wererated each response from the next trial.
constructed, each containing eight sequences of the two non- The whole procedure was repeated with the minimal
words. The first block contained two-word sequences, th@air containing a stress contrast. The nonword with stress on
second block contained four-word sequences, and the thirthe first syllable[piki], was associated to keyt], while its
block contained six-word sequences. There are four logicallgounterpart with stress on the second syllabeki], was
possible two-word sequences, which each appeared twice mssociated to kef2].
the first block. In the other two blocks, the eight sequences On average, the entire experiment lasted about 15 min.
were all different. Out of the 16 possible sequences of fouResponses were recorded on a computer disk and classified
repetitions, eight among the most varied ones were selecteds follows. Responses that were a 100%-correct transcription
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TABLE I. Percent error with phoneme and stress contrast as a function of For the French participants, we compared the percentage
sequence length for 12 French and 12 Spanish participants in experiment 6f correct responses with the stress contrast to chance per-
formance at each sequence length. The chance level is de-

Sequence length 2 4 6 Mean ) = -
- fined as the probability of making @orrectresponse by re-
Frenc . . . . .
Phoneme 6.3% 11.3% 43.8% 20.5% sponding randomly. According to the binomial law, it is

4320, €qual to 1/2 with n being the sequence length. The chance

. level is thus 1/425% at length 2, 1/166% at length 4,

Phoneme 8.3;’%”'5“14.6% 61.5% 28.1% and 1/64=2% at length 6. For the compari§on§, we ran one-

Stress 1.0% 16.7% 58.3% 25 3% tailed t-tests. Th_e comparisons were significant at each
length (Bonferroni-correcte¢p<<0.00). The overall perfor-

mance across lengths was significantly better than chance

of the input sequence were coded as correct; all other re,[—F(l’ll): 62.30,p_<_0.000]]. . . .
sponses were coded as incorrect. Among the incorrect re- For each participant, th_e difference score is def_lned as
sponses, those that were a 100%-incorrect transcriptionihe pet[centa?e of errq:ﬁ tvfx}nth Lhe stress cctjntr??%rg:nus the
i.e., with each token of the sequence labeled incorrectly—percen age of errors with the phoneme contrast. ap
between populations is defined as the percentage of partici-

were coded ageversals Participants with more reversals ts wh giff lie in th that i
than correct responses in either the phoneme or the streBgN!S WNOSE dITIerence scores lie in the area that 1s common

condition were rejected, the high percentage of reversals su 03(;’(“::' dItS'[I’IbutIOI’lS. Itn tt?wls te_zxpelzrlrpent%_ thte_ overlap was
gesting that they might have confused the number key ass@=>7°: 'N€Xt, We compute eptimal classihication scoras
ciated with the first item with the one associated with the ollows. First, we establish an arbitrary separation criterion
second item in the range of the observed difference scores. Second, we

classify the individual participants based on their difference

scores: all participants with a difference score higher than the
3. Participants separation criterion are classified as French, whereas all par-
ggipants below the criterion are classified as Spanish. Third,

Twelve native French speakers, aged between 20 and 3 e
and 12 native Spanish speakers, aged between 18 and Jye compute the percentage of participants that are correctly

were tested individually. None of the participants had acléssified according to such a criterion. Fourth, the optimal
known hearing deficit. Two additional French participantsdassmcation score is now defined as the separation criterion
and one additional Spanish participant were tested and efhat yields the best classification score. In this experiment,
cluded from the results on the basis of the rejection cntenorjfh,e optimal classification score was 792& That 'S.’.'f we
defined above. For both French participants, the reversal ied to guess the mot_her tongue_of individual participants
outnumbered the correct responses in the case of the str @Se?' on their results in th? experlment, we would correctly
contrast, while the Spanish participant had too many rever_glass'fy 79.2% of the participants as either French or Span-
is

sals with the phoneme contrast.

Stress 18.8% 38.6% 72.3%

Finally, to run a reliability test, we split the data of each
participant in two halves in the following way: for each con-
B. Results trast and each sequence length, the first four responses of the

Error rates for French and Spanish participants for thé)articipant were put in bin 1 and the final four responses

phonemic and the stress contrast as a function of sequenéé\éere qu in_bin 2. We derived a difference — score
length are shown in Table 1. stress minus phoneme) for these two bins, and ran a corre-

These data were subjected to an analysis of varianclélt'on analysis across participants. The correlation coefficient

(ANOVA) with the between-participant factor Ianguager between the two halves was 0.696<{(0.001).
(French vs Spanighand within-participant factors contrast
(phoneme vs stregand sequence lengit2 vs 4 vs 6. As
predicted on the basis of the results in Dupai»al. (1997),
there was a significant interaction between language and As predicted, French participants had significant diffi-
contras{F(1,22)=11.3,p<0.003. This interaction was due culties with the stress contrast compared to the phoneme
to the fact that there was an effect of contrast for Frencltontrast, whereas Spanish participants had equal perfor-
participants, with stress yielding more errors than phonemenance with the two contrasts. The difficulty with stress in
[F(1,11)=13.7,p<0.003, but not for Spanish participants the French was significant only with length 4 and 6, although
[F(1,11)<1, p>0.1]. Post hoccomparisons indicated a sig- there was a numerical trend in the same direction at length 2.
nificant effect of contrast in French participants for sequencélote also that the interaction between sequence length and
lengths 4 and 6(Bonferroni-correctedp=0.024 andp contrast was not significant, which suggests that the three
=0.03, respectively but not for sequence length 2 sequence lengths are not qualitatively different. We also
(Bonferroni-correctegp=0.27). However, there was no sig- found, as in Dupouxt al. (1997, that the mean performance
nificant interaction between length and contrfB{2,22)  with the stress contrast was significantly better than chance;
=1, p>0.1]. The Spanish participants showed no significantthis was true at all sequence lengths.

difference between phoneme and stress at any length ( In order to compare the robustness of the present para-
>0.1). digm with the ones used previously, we reanalyzed experi-

C. Discussion

J. Acoust. Soc. Am., Vol. 110, No. 3, Pt. 1, Sep. 2001 Dupoux et al.: A robust method to study stress “deafness” 1609



TABLE Il. Separation of responses to stress discrimination in French versus Spanish participants in experiment
1 and 3 in Dupowset al. (1997 and in experiment 1 of the present series.

Stress errors Stress-phoneme score
Dupouxet al. (1997 Dupouxet al. (1997  Stress-phoneme score

Experiment 1 Experiment 3 Experiment 1
Number of trials 96 96 24
Number of participants 15 20 24
ANOVA F(1,30)=17.1 F(1,38)=5.7 F(1,22)=11.3
Overlap of the distributions 46.8% 77.5% 83%
Optimal classification score 81.3% 65% 79.2
Split-half correlation coefficient  r=0.895 r=0.435 r=0.696

ments 1 and 3 of Dupougrt al. (1997 that used the ABX plus or minus 5% of the original pitch. We expected that this
discrimination paradignisee Table I\. modification would make it difficult for the French partici-

As seen in Table I, the robustness of the results in thgants to rely on an acoustic representation. By contrast, pitch
present experiment was actually weaker than that obtained wariations alone should not affect the Spanish participants
experiment 1 in Dupougt al. (1997. Indeed, the overlap of too much, since Spanish speakers represent stress abstractly
the two distributions of scores for the Spanish vs the Frencln the phonological representation. We thus predicted a larger
participants was larger in the present experiment than in exdifference between the two populations than in experiment 1.
periment 1 of Dupouset al. Moreover, the reliability of the
present experiment was also smaller. Nevertheless, the ré. Method
sults of the present experiment were encouraging for the fol-

> 1. Materials
lowing reasons: . .
First, our experiment used only one talker with limited ~ Th€ Ssame nonwords as those in experiment 1 were used.

phonetic variability; this may have allowed the French par_However, pitch variation was obt.aineq in the various tokgns
ticipants to rely on acoustic information to discriminate andPy means of a resynthesis algorithm in the waveform editor
classify the two stress patterns. In contrast, experiment 1 arfg®OL96~ with the percentages 105, 103, 101, 99, 97, and 95,
3 in Dupouxet al.used three talkers. In our next experiment, "eSPectively.

we introduce more phonetic variability by way of pitch ma-

nipulation. Second, the present experiment has only 40 dat& Procedure

points per participant, whereas experiments 1 and 3 of Dup- The procedure was the same as in experiment 1, with
oux et al. (1997 used 96 data points. This might explain the one modification: within each sequence, a single token could
weaker reliability of our experiment. In experiments 3 and 4not appear more than once.

of the present series, we increase the number of sequences in

order to have a more comparable data set. Finally, the scor® participants

that we derived in our experiment is relative to a baseline.

By contrast, in expeniment 1 in Dupouwat al, the scores and 12 native Spanish speakers, aged between 18 and 21,

were agsolutfetgrrqr :latels for a stresfs contrast. Abtsgiu%ere tested individually. None of the participants had par-
scores have intrinsically lower errors of measurement tha cipated in experiment 1, and none had a known hearing

difference SCOres, since In the latter the error of njeasuremeateﬁcit_ Three additional French speakers were tested and ex-
appears twice. However, the absence of a baseline induces

. . . . . cflided from the results, due to too many reversals among

potentlal conf.ound with population sampling bIaneS. Indeedtheir responses with the stress contrast.
irrelevant variables such as age, 1Q, or motivation can ob-
scure or erroneously increase differences in the mean perfor-
mance in a task across two populations of participantsB Results
Therefore, a within-participant design with a control baseline™
is preferable. In fact, a comparison between experiment 3 of  Error rates for French and Spanish participants for the
Dupouxet al. (1997, which also uses a baseline condition, phonemic and the stress contrast as a function of sequence
and the present experiment reveals much more similar rdength are shown in Table Il1.
bustness and reliability of the two paradigms. Therefore, we  These data were subjected to an ANOVA with the
had good reasons to hope that the present paradigm could between-participant factor langua@@ench vs Spanighand
modified such as to become more robust and reliable than theithin-participant factors contragphoneme vs stressand
ABX discrimination task. sequence lengtt2 vs 4 vs 6. As in the previous experiment,
there was a significant interaction between language and
contrasfF(1,22)=17.3,p<0.001]. The interaction was due
to the fact that there was an effect of contrast for the French

This experiment was a replication of experiment 1 with participantdF(1,11)=77.8,p<0.001], but not for the Span-
only one change: we introduced a variation in the pitch of thash participant§F(1,11)<1, p>0.1]. Post hoccomparisons
tokens through speech resynthesis. These changes were omglicated a significant effect of contrast in the French partici-

Twelve native French speakers, aged between 20 and 40,

IIl. EXPERIMENT 2

1610 J. Acoust. Soc. Am., Vol. 110, No. 3, Pt. 1, Sep. 2001 Dupoux et al.: A robust method to study stress “deafness”



TABLE lIl. Percent error with phoneme and stress contrast as a function oiment, we also added more sequences, in order to get more
sequence length for 12 French and 12 Spanish participants in experiment %table individual data

Sequence length 2 4 6 Mean
French IV. EXPERIMENT 3
Phoneme 11.3%  32.5%  71.3%  38.4% In this experiment, we introduced a novel set of stimuli
Stress 58.8% 73.8% 97.5% 76.7% .
that was better controlled for stress. In experiment 2, the
Spanish minimal pairs consisted of nonwords having identical vowels
Phoneme 8.7% 25.0% 63.5% 32.4%  in the two syllables[tuku, tupu] and[piki, piki]). This might
Stress 13.5% 26.9% 74.0% 38.1%

have made the stimuli confusable in short-term memory. In

order to test whether the obtained effects generalize to a

situation with a different vowel in the two syllables, we con-

pant at all sequence lengttBonferroni-correcteg values:  structed two new minimal pairs, consisting of nonwords hav-

0.009, 0.001, and 0.009 for sequence lengths 2, 4, and g different vowels in the two syllables. We also increased

respectively. There was no significant interaction betweenthe power of this experiment by adding sequences of length

sequence length and contrast for the French participant$ and 5. As in experiment 2, we introduced-&%% change

[F(2,22)<1, p>0.1]. The Spanish participants showed no in pitch in the different tokens.

significant difference at any lengtip$0.1). For the French

participants, we ran a t-test at each sequence length to corA- Method

pare the performance in the stress condition to chance per- Materi

. S . Materials

formance. The comparison was significant for lengths 2 an o . ) ]

4, but not for length 6(Bonferroni-corrected one-tailep Two minimal pairs were constructed, one involving a

<0.016,p<0.0015, andp>0.2, respectively The overall segmental contrast, i.g{kupi, k,uti], the other one involving

performance across lengths was significantly better tha@ Stress contrast, i.¢mipa, mipd. All items are nonwords in

chance[F(1,11)=16.51,p<0.002. both French and Spanish. They were recorded about ten
The overlap between the two populations was 62%, Witﬁimes by a .female j[alker, the same one \_/vho. record_ed the

an optimal classification score of 71.7%. As for the reliability tems used in experiments 1 and 2. The stimuli were judged

test, the correlation coefficiemt between the two halves of DY @ Spanish phonetician and only tokens with unambiguous
the experiment was 0.566 0.004). stress patterns were used. Six recordings of each item were

selected. All recorded items were digitized at 16 kHz at 16
bits, digitally edited, and stored on a computer disk.

The mean durations of the tokens with the phonemic and
the stress contrast were 439 and 513 ms, respectively. As in

In this experiment, we introduced a change in the pitchexperiment 2, more variation was obtained in the six tokens
of the experimental tokens varying between5% and of the four items, in that they had their pitch changed by
+5%. The group results are very similar to those in experi-means of thecooLgs waveform editor, with the percentages
ment 1, except that the stress deafness effect for the Frendi®5, 103, 101, 99, 97, and 95, respectively. As to the tokens
participants, i.e., the difference in performance between thwith the stress contrast, stressed vowels were on average 21
stress and the phoneme condition, is numerically larger anchs longer than unstressed vowels, a significant difference
now significant even at sequence length 2. Yet, French paf+(1,5)=43.20, p<0.001. Stressed vowels also had a
ticipants are still better than chance with the stress contrast &igher pitch than unstressed vowels; in particular, the maxi-
sequence lengths 2 and 4. Finally, compared to experiment inum FO value of the stressed vowels was on average 52.6
the distribution of scores between the French and the Spanidfiz higher than that of the unstressed vowels, corresponding
participants is more separated. This is shown by the fact thdab a significant difference of 4.9 semitongs(1,10)=521,
the classification error is divided by 2 and the overlap be{<0.001. Finally, stressed vowels were on average 3.7 dB
tween the two distributions is reduced. Hence, the introductouder than unstressed vowels, again a significant difference
tion of a pitch change was successful in making more diffi{F(1,5)=78.20,p<0.001].
cult an acoustically based strategy for the French  Two blocks, containing eight three-word sequences and
participants, thus increasing the size of the language-specifigight five-word sequences, respectively, were added. Thus,
effect. there were five test blocks for each contrast, containing se-

Note, however, that there was one Spanish participanjuences of length 2, 3, 4, 5, and 6. There are exactly eight
who made a great number of errors in the stress contradpgically possible three-word sequences, all of which ap-
This outlier was responsible for the high degree of overlap irpeared once in the second block. Out of the 32 possible
the two distributions of scores that remains in this experi-sequences of five repetitions, eight among the most varied
ment. After an interview with this participant, it turned out ones were selected for the fourth block; half of them con-
that one of thgpiki] tokens was perceived as a little ambigu- tained two transitions; the other half contained three transi-
ous in terms of stress. Therefore, we decided to run a replitions (see the Appendix As to the remaining blocks with
cation of this experiment using a novel set of stimuli. An-sequences of length 2, 4, and 6, the same sequences as in
other point worth noting is that the reliability of this experiments 1 and 2 were selected. The overall design was
experiment was not goodr £€0.566). In the next experi- 2X2X5:languag contrask sequence length.

C. Discussion
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2. Procedure TABLE IV. Percent error with phoneme and stress contrast as a function of

. . . sequence length for 12 French and 12 Spanish participants in experiment 3.
The procedure was as in experiment 2, with the follow-

ing modifications. First, the stimuli were presented in a dif- Sequence length 2 3 4 5 6 Mean
ferent manner. That is, participants were first asked to press French

the number key1], upon which they heard all tokens of the  phoneme 28% 7.3% 15.6% 18.7% 33.3% 15.4%
first item. They were then asked to press the numbef Rgy Stress 29.2% 28.1% 59.4% 64.6% 86.5% 53.5%
upon which they heard all tokens of the second item. Subse- Spanish

quently, participants could continue listening to the various pngoneme 73% 52% 12.5% 35.4% 61.5% 24.4%
tokens of the two items by pressing the associated keys; as in Stress 0.0% 4.2% 10.4% 32.3% 53.1% 20.0%

the previous experiments, pressing each one of these keys
resulted in the playing of one token of the corresponding o
item. They could thus hear as many tokens of the two items ~ FOr French participants, we ran a t-test at each sequence
as they desired. Second, in the training phase, we increasé@'gth to compare the performance with the stress contrast to
the number of correct responses in the success criterion froffance performance. This comparison was significant at each
five to seven. Third, in order to diminish the amount of noisel€ngth (Bonferroni-corrected one-tailepi<0.001, except at
in the results, participants were warned whenever they erl€ndth 6 where the comparison was only marginally signifi-
tered a sequence with a length that did not correspond to tHeant (P=0.066). The overall performance across lengths
length of the input string and asked to enter their reply againWas_significantly better than chandé&(1,11)=37.04, p

For the phoneme contradikipi] was associated with <0.001.

key [1] and[kdti] with key[2]. For the stress contra$tipal The overlap between the two populations was 0%, with

was associated with keL] and[mipa] with key [2]. an optimal classification score of 100%. The two distribu-
On average, the experiment lasted between 15 and J¢pns of points are actually separated by a gap whose size is

min. Responses were recorded on a computer disk. 9.4% of the total range. As for the reliability test, the corre-

lation coefficient between the two halves of the experiment
was 0.882 p<0.001).
3. Participants In this experiment, the number of training trials was

Twelve native French speakers, aged between 20 and 452ved. Note that due to a programming error, the training
and 12 native Spanish speakers, aged between 23 and J3/terion was seven correct answers in a row for the French
were tested individually. None of the participants had partici-Put only six for the Spanish participants. For the French par-
pated in experiments 1 or 2, and none had a known hearinfciPants, the number of training trials was 7.3 for the stress
deficit. Two additional Spanish speakers were tested and end 7.1 for the phoneme condition, a nonsignificant differ-
cluded from the results, due to too many reversals amon§nCcelF(1,11)<1, p>0.1]. For the Spanish participants, the
their responses. For one of these participants this was tHaumber of training trials was 6.1 for the stress and 6.7 for the

case in the phoneme condition, and for the other one it waBhoneme condition, again, a nonsignificant difference
in the stress condition. [F(1,11)=1.31, p>0.1]. In other words, most French and

Spanish participants passed the training without any error. In
a global ANOVA, there was no significant interaction be-
B. Results tween contrast and languaffe(1,22)=2.02,p>0.1].

Error rates for French and Spanish participants for the
phonemic and the stress contrast as a function of sequenge
length are shown in Table IV. This experiment replicated experiment 2 using novel and

These data were subjected to an ANOVA with themore controlled stimuli, as well as more sequence lengths.
between-participant factor langua@&ench vs Spanishand  The group analysis was very similar to the one in experiment
within-participant factors contragphoneme vs stregsand  2: we found a stress deafness effect in the French participants
sequence lengtt? vs 3 vs 4 vs 5 vs 6 As in experiments 1 and not in the Spanish participants, and the effect was sig-
and 2, there was a significant interaction between languageificant at all sequence lengths, while performance for the
and contrasfF(1,22)=70.3, p<0.0001. This interaction stress contrast was better than chance at all sequence lengths
was due to the fact that stress yielded significantly mordexcept at length 6, where it was only marginah the indi-
errors than phoneme for French participan®s(1,11) vidual analyses, however, the results were stronger than in
=71.0,p<0.0001, whereas there was a nonsignificant trendexperiment 2: there was no overlap in the distributions of the
in the other direction for Spanish participani§(1,11) French and Spanish populations and the split-half reliability
=3.7, 0.I> p>0.05]. Post hoccomparisons indicated a sig- of the test was quite good.
nificant effect of contrast in French participants for all se- The fact that the French participants were still able to
guence lengthéBonferroni-correctegh values: 0.035, 0.015, perform the memory task with the stress contrast better than
0.001, 0.001, and 0.001 for sequence lengths 2, 3, 4, 5, archance can be interpreted in two ways: either they managed
6, respectively The interaction between sequence lengthto apply an acoustic strategy with the stress contrast, or they
and contrast was significant for French participantshave a residual phonological representation of stress, which
[F(4,44)=7.09; p<0.001]. Spanish participants showed no would mean that the deafness is not total. In order to distin-
significant difference at any lengtip$0.1). guish between these two hypotheses, we introduced more

Discussion
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phonetic variability by using two talkers in our next experi- 2. Procedure

ment. If the residual capacity to distinguish stress is based on  The same procedure as in experiment 3 was used.
an acoustic strategy, it should be harder to apply such a strat-

egy on tokens with increased phonetic variability, and henc

. . %’ Participants
the size of the deafness effect should increase as well. P

Twelve native French speakers, aged between 18 and 29,

V. EXPERIMENT 4 and 12 native Spanish speakers, aged between 23 and 28,
) _ . ) . were tested individually. None of the participants had partici-

This experiment was a replication of experiment 3 with ,5104 in the previous experiments, and none had a known
even more phonetic variability, in that we introduced a Sechearing deficit. One Spanish participant had to be replaced

ond, male, talker. The big difference O is predicted 10 4,6 t5 to0 many complete reversals among his responses in
make it more difficult for the participants to use acousticy, phoneme condition.

information. For the Spanish participants, this should not be
a problem in either the phoneme or the stress condition, sinc
they can use their phonological representations of the target
items to perform the task. The same holds for the French  Error rates for French and Spanish participants for the
participants in the phoneme condition. By contrast, thephonemic and the stress contrast as a function of sequence
French participants should have increased problems in thiength are shown in Table V.
stress condition if the residual performance that we observed These data were subjected to an ANOVA with the
in the previous experiments were due at least in part tdetween-participant factor langua@&ench vs Spanishand
acoustic strategies. In brief, we predict that if stress discrimiwithin-participant factors contragphoneme vs stressand
nation in the French participants is acoustically based, theequence lengtli2 vs 3 vs 4 vs 5 vs )6 The interaction
introduction of a new talker should increase the size of thébetween language and contrast was highly significant
language-specific effect measured previously, and the diffei-F(1,22)=61.6, p<<0.0001. The interaction was due to the
ence scores of the two populations should be even furthelct that stress yielded significantly more errors than pho-
apart than in experiment 3. neme with the French participants~(1,11)=81.1, p
<0.0001, whereas there was a nonsignificant trend in the
i other direction with the Spanish participafts(1,11)= 3.5,
1. Materials 0.1>p>0.05]. Post hoccomparisons indicate a significant

The same minimal pairs as in experiment 3 were usedeffect of contrast with the French participants for all se-
but a new recording with a male voice was made. This secguence lengthé8onferroni-correctegh values: 0.025, 0.001,
ond talker was a native speaker of French, who imitated th€.001, 0.001, and 0.01 for sequence length 2, 3, 4, 5, and 6,
tokens produced by the female talker. A trained phoneticiamespectively. The sequence length by contrast interaction for
corrected his productions till they were deemed satisfactorjthe French participants was not significdRt(4,44)=2.28,
For each of the four test itemkupi], [kati], [mipal, and  p=0.075. The Spanish participants showed no significant
[mipa)), three tokens from the male talker were selecteddifference at any lengthpt>0.1). For the French partici-
These tokens replaced three of the six tokens per item of thegants, we ran a t-test at each sequence length to compare the
female talker used in experiment 3. A total of six tokens pemperformance in the stress condition to chance performance.
item was thus obtained: three produced by the female talkeFhe comparison was significant at lengths 2, 3, and 4
and three produced by the male talker. Given that the tokend@onferroni-corrected one-tailep<<0.003, p<0.003, p
produced by the male talker were shorter than those pro<0.01, respectivelybut not at lengths 5 and @onferroni-
duced by the female talker, they were stretched such thatorrected one-tailegp=0.2 andp>0.2, respectively The
they matched exactly the length of the tokens from the fe-overall performance across lengths with the stress contrast
male talker they replaced. was significantly better than chandé&(1,11)=22.94, p

As to the items for the stress contrast, stressed vowels:0.001].
had a higher pitch than unstressed vowels; in particular, the The overlap between the two populations was 0%, with
maximumFO0 value of the stressed vowels was on averagean optimal classification score of 100%. The distributions
48.4 Hz higher than that of the unstressed vowels, correwere actually separated by a gap whose size was 2.7% of the
sponding to a significant difference of 5.2 semitonestotal range. As to the reliability test, the correlation coeffi-
[F(1,10)=304, p<0.001. Moreover, stressed vowels were cientr between the two halves of the experiment was 0.82
on average 6.0 dB louder than unstressed vowels, again (<0.001).
significant differencé¢F(1,10)=45.7,p<0.001. In this experiment, the number of training trials before

The mearF0 of the tokens of the female talker was 181 criterion was saved. For the French participants, the number
Hz, and the mea®0 of the tokens of the male talker was of training trials was 23.6 for the stress condition and 11.2
144 Hz; hence, there was &0 variation between the two for the phoneme condition, a nonsignificant difference
talkers of 20%. As in experiment 2 and 835% variation in  [F(1,11)=3.10,p>0.1]. The bulk of the difference was due
pitch was obtained, in that the three tokens of both sets hatb two participants who had more than 50 trials in the stress
their pitch changed by means of the PSOLA algorithm, withcondition. For the Spanish participants, the number of train-
the percentages 105, 101, and 95, respectively. The designg trials was 9.6 for the stress condition and 8.8 for the
was the same as in experiment 3. phoneme condition, again, a nonsignificant difference

Results

A. Method
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TABLE V. Percent error with phoneme and stress contrast as a function of\, Method

sequence length for 12 French and 12 Spanish participants in experiment 4. .
1. Materials

Sequence length 2 3 4 5 6 Mean The same minimal pairs as in experiment 4 were used,
French but only a single token from the female voice for each item
Phoneme 7.3%  52% 21.9% 50.0% 63.5% 29.5% was used. The design was the same as in experiment 4.
Stress 34.4% 48.9% 75.0% 88.5% 94.8% 68.3%
Spanish 2. Procedure
Phoneme 6.2% 9.4% 31.2% 56.2% 71.9% 35.0% . .
Stress 6.5% 135% 108% 385% 57.8% 27.5% The same procedure as in experiment 4 was used.

3. Participants

Twelve native French speakers, aged between 17 and 50,
and 12 native Spanish speakers, aged between 23 and 29,
were tested individually. None of the participants had partici-
pated in one of the previous experiments, and none had a
known hearing deficit.

[F(1,11)<1, p>0.1]. In a global ANOVA, the interaction
between contrast and language was only mardiRél,22)
=3.4, 0.>p>0.05].

C. Discussion B. Results

This experiment was identical to experiment 3 except  Error rates for French and Spanish participants for the
that two talkers were used instead of only one. This introfhonemic and the stress contrast as a function of sequence
duced a threefold increase O variability across tokens, as length are shown in Table VI.
well as other differences due to timbre, and fine phonetic  These data were subjected to an ANOVA with the
variations of the segments and of suprasegmental informasetween-participant factor langua@&ench vs Spanighand
tion. Yet, this experiment replicated almost exactly experi-within-participant factors contragphoneme vs stressand
ment 3. In particular, the stress “deafness” effect was notsequence lengtli2 vs 3 vs 4 vs 5 vs )6 The interaction
stronger with two talkers than with one talker. The overallbetween language and contrast was not signifiaqt,22)
interaction between language and contrast, the overlap be<1, p>0.1]. A separate analysis for the French and the
tween the French and Spanish participants, as well as th®panish participants revealed only an effect of sequence
reliability score, were all very similar in the two experi- length for both groups[F(4,44)=30.3, p<0.001, and
ments. The only difference was that the overall error rate wak (4,44)=36.0, p<<0.001, respectively There was no sig-
slightly higher in this experiment than in experimen4®%  nificant effect of contrast either globalljF(1,22)<1, p
instead of 289% this difference was probably due to the fact >0.1] or for individual sequence lengtfip>0.1].
that the change in talker made the memory task more diffi-  For the French participants, we ran a t-test at each se-
cult (see Nygaard, Sommers and Pisoni, 1996onse- quence length to compare the performance in the stress con-
quently, the most difficult conditions, i.e., sequence lengths lition to chance performance. The comparison was signifi-
and 6 with the stress contrast for the French participantszant at each length(Bonferroni-corrected one-taileg
were at chance level. <0.001 at every lengih The overall performance across

In the last experiment, we tested whether memory loadengths was significantly better than chan¢E(1,11)
alone, without any phonetic variability, is sufficient to induce = 131.89,p<0.0001.

a stress deafness effect. The overlap between the two populations was 95.8%.
The optimal classification score was 54.2%. As to the reli-
ability test, the correlation coefficient between the two
halves of the experiment was 0.56<0.007).

VI. EXPERIMENT 5 In this experiment, the number of training trials before

In this experiment, we tested whether French partici-criteri.on was saved. For the French participants, the number

' of training trials was 10.1 for the stress and 9.7 for the pho-

pants still display a stress deafness when there is no phonetic I I ) _
variability at all. That is, we used only a single token for Heme condition, a nonsignificant differenté(1,11)<1, p

each of the test items. With a single token, it is in principle 0.1). For the Spanish participants, the number of training

: T . trials was 8.9 for the stress and 8.3 for the phoneme condi-
possible to encode a sequence of stimuli in terms of “same

. ., . ) . tion, again, a nonsignificant differenfieé(1,11)<1, p>0.1].
a}nd dn‘ferent,' these two cgtggones being definable acousy, o global ANOVA, there was no significant interaction be-
tically. Assuming that participants have access to sam

. . . > >0.1}.
different judgments at the acoustic level, and that they canWeen contrast and languaffe(1,22)>1, p>0.1]

encode this information in short-term memory in keeping
with the presentation rate, we expected that they should b
able to perform the task even with contrasts that are non- This experiment demonstrates that with no phonetic
native. Hence, we predicted that French and Spanish particiaariability, no stress “deafness” emerges in the French par-
pants would have equal performance on the task with botlicipants even when the memory load is high. Note that al-
the phonemic and the stress contrast. though the performance in this experiment was overall better

. Discussion
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TABLE VI. Percent error with phoneme and stress contrast as a function of Difference score (stress minus phoneme)

sequence length for 12 French and 12 Spanish participants in experiment 300
80 1
Sequence length 2 3 4 5 6 Mean 60 1
French 40 T
Phoneme 73% 6.2% 125% 39.6% 51.0% 233% 20 |
Stress 83% 125% 16.7% 385% 57.3% 26.7% 0 -
Spanish 20 1
Phoneme 3.1% 1.0% 73% 27.1% 47.9% 17.3% -40 T
Stress 1.0% 42% 125% 31.2% 47.9% 19.4% -60 |
-80
2 3 4 5 6
Sequence Lengths

than in the experiments with greater variability, we cannot
eXpla'n the lack of a C!’OSS-lIHQUIStIC difference by a C_e'l'r?g.FIG. 2. Distribution of difference scorédphoneme minus stresi experi-
effect. Indeed, even with sequence lengths matched in diffiments 3 and 4 as a function of sequence length. The Spanish difference

culty with those of the previous experimer{fsr instance, scores are in gray, and the French in white. The minimum and maximum
. - es are indicated by the bottom and top of the vertical lines, respectively,
sequences 410 6 in the present experiment versus Sequen?hégmedian scores by the thick horizontal lines, and the boxes contain scores

3 to 5 in experiment ¥ no difficulty with stress emerged in  hat fall within the 25%—75% percentile.
French participants. This replicates and extends the findings
in Dupouxet al. (1997, where it was reported that the prob-
lem of the French participants to discriminate stress disap; : _—
pears in an AX paradigm with no phonetic variability. What A. Memory load and phonetic variability
the current experiment shows is that the lack of phonetic  Our findings can be summarized in three points. First,
variability is sufficient to make the stress deafness effect disthe size of the “deafness” effect increases with the amount
appear; in particular, the presence of a high memory loa@f phonetic variability. The effect of phonetic variability,
alone does not induce the stress deafness effect. however, seems to reach a platdaee Fig. 1 Specifically,
we found that adding: 5% pitch variations on stimuli pro-
duced by a single talkefexperiments 2 and)3yielded a
VIl. GENERAL DISCUSSION similar effect as adding this variation on stimuli produced by

In a series of five experiments, we demonstrated that thiVo talkers, one male and one femaéxperiment 4.

stress deafness effect in French listeners can be replicated Second, aIthough memory load had a strqng effect on
with a new paradigm. Moreover, we have substantially im-mean performance in that shorter sequences yielded less er-

proved the methodology, in that the results can be interpreter rs than Ionger_ ones, the stress-pho_neme difference score in
on an individual basis. In the following discussion we ad-ne French participants across experiments 1 to 4 was found

dress three issues. First of all, we discuss the effect OP have roughly the same size at sequence length 2 and at

memory load and phonetic variability on the group results S€quence length gmeans of 28.3% and 34.8%, respec-

We then discuss the residual capacity of French participanfvely)' Itn fact, if ar;yth|tnr?,mthe ef:ce:tl zﬁe?ﬁ.d ngmhetrg:ally
to perceive the stress contrast. Finally, we consider th arger at sequence length(smean of 41.3% This might be

broader implications of our findings regarding the effects ofdue to the fact that error scores were squeezed _by a floor
the native language on speech perception. effect at length 2 and a ceiling effect at lengtlisee Fig. 2

Note, however, that with sequences of size 1, as used in the
training session, there was no longer a significant difference

TP oo . S between stress and phonemes in French participants. In other
words, it is the presence of memory load that matters, not the

60+ amount of it.

40 1 Third, phonetic variability and memory load displayed

an interaction. On the one hand, in experiment 5 with zero
phonetic variability, no deficit with the stress contrast was
0 - found in the French participants, not even with sequences of
size 6. On the other hand, in the training sessi@asjuence

length 1, we found no measurable problem to master the

20 +

20 |

-40 L - - - - stress contrast, not even if there was a high phonetic vari-
single token  multiple tokens multiple tokens multiple tokens multiple tokens bilit . . Ik itch ..
(Exp. 5) (Exp.1) +-5%pitch  +-5%pitch  two talkers ability as in experiment 4two talkers, extra pitch variation
(Exp. 2) (Exp. 3) +/£%3;wh Hence, it is only in the presence of both factors that the
> “deafness” effect emerges.
FIG. 1. Distribution of difference scoréphoneme minus stresas a func- These findings can be interpreted as follows. The se-

tion of phonetic variability in five experiments. The Spanish difference quence repetition task requires participants to encode the in-

scores are in gray, and the French in white. The minimum and maximun?formation in their short-term memory buffer in order to re-
scores are indicated by the bottom and top of the vertical lines, respectively.

the median scores by the thick horizontal lines, and the boxes contain scor&! th? sequence. Several coding St!’ategies are aVailable
that fall within the 25%—75% percentile. according to the task demands and stimulus characteristics.
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TABLE VII. Coding strategies available to Spanish and French participants as a function of memory load and
phonetic variability.

Spanish participants French participants
Sequence 1, no variabilitftraining of Expt. 5 Explicit categorization Explicit categorization
Acoustic mismatch Acoustic mismatch

Phonological coding
Sequence 1, pitch variabilitftraining of Expt. 2—4 Explicit categorization Explicit categorization
Phonological coding

Sequence 2-6, no variabilitfExpt. 5 Acoustic mismatch Acoustic mismatch
Phonological coding
Sequence 2-6, pitch variabilitfExpt. 2—9 Phonological coding No strategy available

We distinguish two acoustic and one phonological strategyerent from chance in experiments 2, 3, and 4. Note, how-
(see Table VI). A first coding strategy is based on the fact ever, that it is a matter of experimental power; that is, when
that stress has massive acoustic correlates. Given enoutfiese three experiments are pooled together, the performance
time, participants can use these cues to explicitly categorizat sequence length 6 is still better than chafté35)

the stimuli, for instance, by comparing them to stored exem=2.90,p<<0.00§].

plars, by focusing on the melody, or by repeating the token  We would like to discuss three possible interpretations
and monitoring for one’s own pitch. This strategy is not au-of this residual effect. First, an acoustic strategy might sur-
tomated and, therefore, cannot be used in case of long andve both long sequence lengths and phonetic variability.
rapid sequences of stimuli. A second coding strategy is basethis is somewhat unlikely, since, for instance, sequences of
on the acoustic mismatch signal. This signal has been showength 6 last for about 4 s, which is longer than the span for
to be automatically generated in the auditory cortex whenthe echoic stordGuttman and Julesz, 1963; Crowder and
ever an acoustic signal differs from its predecesaNaa Morton, 1969. Second, there might be a residual encoding
tanenet al, 1997. This acoustic mismatch might be used to of stress within the phonological representation itself. This
recode sequences of stimuli in terms of same/different. Thencoding should be much weaker or less accessible in French
last token can then be explicitly categorized in order to rethan in Spanish participants. One possible reason why
construct the underlying sequence. Of course, such a strategyench participants would not entirely ignore stress is that
only works in the absence of phonetic variability. When thethey use stress in word segmentation. In French, stress falls
tokens are phonetically varied, even sequences of “samedn the word’s final nonschwa syllable. Items with word-
tokens give rise to a mismatch signal. A final coding strategynitial stress like[piki] might therefore be perceived as con-
uses the automatic encoding which is provided by thdaining a word boundary after the first syllable. Conse-
language-specific phonological representation. In the case ofuently, [piki] and [piki], although identical in their
stress, such phonological encoding is of course available teegmental contents, would differ in their perceived segmen-
the Spanish but not to the French participants participantdation patterrt. Third, there might be another type of repre-
since stress is not encoded phonologically in the latter lansentation, i.e., a phonetic representation, which can be used
guage. to encode the stimuli in a language-universal fashion, but yet

Our analysis of the available strategies has a practicah a more abstract format than the acoustic representation.
impact regarding how to construct a paradigm that will showGoldinger(1998 has shown, for instance, that in an imme-
maximal cross-linguistic sensitivity. In order to eliminate diate repetition task, participants can imitate certain phonetic
nonphonological compensatory strategies it is essential tdetails of stimuli that are not used phonologically in their
limit the amount of time that subjects have available. In allnative language. More research is needed to tease apart these
of our experiments, the duration of the tokens was rathevarious interpretations.
short, and the interstimulus interval, ISI, between them was
only 80 ms. Although we have not explicitly varied this vari- —

. : - 2 . C. Implications for future research
able, informal testing reveals that if participants were given
more time—>by having either longer items or a longer I1SI— Our results raise a number of issues regarding the influ-
they would be able to explicitly recode the tokeénas they do ence of the maternal language on speech perception. We
in the training phase, where they have all the time necessaifpund that French speakers have difficulties with distinguish-
to produce a responseThis, then, would have the effect of ing a stress contrast, but only with phonetically variable
reducing the size of the cross-linguistic difference. stimuli, high memory load, and limited time.

This suggests that, first, the extent of influences of the
maternal language might be underestimated when using stan-
dard discrimination procedures for which participants have

In all our experiments, we found that French partici- much time to perform the task, and which usually do not
pants, although they made massively more errors with théentroduce phonetic variability. It is, therefore, important to
stress than with the phoneme contrast, were still significantlgtudy speech processing under constrained resources, in or-
better than chance. This was true even for all the individuater to limit the possibility for participants to use nonlinguis-
sequence lengths except 6, which was not significantly diftic response strategies.

B. Residual capacity to discriminate stress
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