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Abstract

Previous research by Dupoux et al. [Dupoux, E., Pallier, C., Sebastian, N., & Mehler, J.
(1997). A destressing “deafness” in French? Journal of Memory Language 36, 406-421; Dup-
oux, E., Peperkamp, S., & Sebastian-Gallés (2001). A robust method to study stress’ deafness.
Journal of the Acoustical Society of America 110, 1608-1618.] found that French speakers, as
opposed to Spanish ones, are impaired in discrimination tasks with stimuli that vary only in
the position of stress. However, what was called stress ‘deafness’ was only found in tasks that
used high phonetic variability and memory load, not in cognitively less demanding tasks such
as single token AX discrimination. This raised the possibility that instead of a perceptual
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problem, monolingual French speakers might simply lack a metalinguistic representation of
contrastive stress, which would impair them in memory tasks. We examined a sample of 39
native speakers of French who underwent formal teaching of Spanish after age 10, and varied
in degree of practice in this language. Using a sequence recall task, we observed in all our
groups of late learners of Spanish the same impairment in short-term memory encoding of
stress contrasts that was previously found in French monolinguals. Furthermore, using a
speeded lexical decision task with word—nonword minimal pairs that differ only in the position
of stress, we found that all late learners had much difficulty in the use of stress to access the
lexicon. Our results show that stress ‘deafness’ is better interpreted as a lasting processing
problem resulting from the impossibility for French speakers to encode contrastive stress in
their phonological representations. This affects their memory encoding as well as their lexical
access in on-line tasks. The generality of such a persistent suprasegmental ‘deafness’ is dis-
cussed in relation to current findings and models on the perception of non-native phonological
contrasts.

© 2007 Elsevier B.V. All rights reserved.

Keywords: Stress ‘deafness’; Second language acquisition; Plasticity

1. Introduction

After spending years in a foreign country, adults continue to experience important
difficulties in dealing with several aspects of the foreign language. These difficulties
are especially salient in the area of phonology, both in production (Flege, Frieda,
& Nozawa, 1997; Piske, Flege, MacKay, & Meador, 2002) and in perception (Mac-
Kay, Meador, & Flege, 2001). Concerning difficulties in perception, they have been
linked to the interference from the native-language phonology. Early work by Poli-
vanov (1931) and Trubetzkoy (1939/1969) led to the conclusion that learners of a
second language incorrectly apply their native set of phonological contrasts to parse
those of the second language. More recently, a number of such interference effects
have been documented in the psycholinguistic literature. Perhaps most well-known
is the difficulty that native Japanese listeners, who use only a single liquid phoneme,
experience in perceiving the English /r-1/ contrast (Goto, 1971; Miyawaki et al.,
1981). These difficulties are persistent, as they are found in listeners with several
years of exposure to English (Takagi & Mann, 1995). Moreover, Japanese monoling-
uals can improve their performance on /r-1/ discrimination over several weeks of
intensive computerized training, but their performance remains significantly below
that of English monolinguals (Lively, Logan, & Pisoni, 1993), and they continue
to use different acoustic cues than native listeners (Takagi, 2002). Similar problems
have been reported for the perception of vocalic contrasts, like the Catalan /e-¢/ con-
trast, which is difficult for native speakers of Spanish, (Pallier, Bosch, & Sebastian-
Gallés, 1997; Sebastian-Gallés & Soto-Faraco, 1999; Sebastian-Gallés, Echeverfla, &
Bosch, 2005), or the English /a-a/ and /a-&/ contrasts, which are difficult for native
speakers of Italian (Flege & Mackay, 2004; Flege, MacKay, & Meador, 1999). It is
noteworthy, however, that not all non-native contrasts are equally difficult. Best,
McRoberts, and Sithole (1988) documented that an acoustically minimal contrast
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in Zulu clicks can be discriminated very well by English listeners despite the fact that
English uses no such contrasts. For Japanese listeners, /b/ vs. /v/ is initially as diffi-
cult as /r/ vs. /1/; however, practice yields a large increase in performance in the for-
mer, not the latter (Guion, Flege, Akahane-Yamada, & Pruitt, 2000).

Several theoretical approaches have been proposed to account for these patterns
of data. In some models, the acoustic perceptual space is ‘warped’ according to expe-
rience. This means that the weighting of certain acoustic dimensions or cues (the
slope of certain formants, fine-grained timing properties, etc) is enhanced or reduced,
depending on their functional values in the language (Francis & Nusbaum, 2002;
Iverson et al., 2003; Jusczyk, 1997; Nosofsky, 1986). In these models, non-functional
perceptual dimensions will yield poor perceptual discrimination. Other models are
based on similar proposals, but rely on abstract phonetic (Flege, 1995) or even
phonological features (Lado, 1957; Brown, 1998, 2000). In such models, when a
non-native contrast cannot be parsed in terms of a contrastive feature of the native
language, perceptual problems arise. Finally, a third class of models proposes that
perceptual difficulties are due to the interference from native phoneme categories
or prototypes. Phoneme categories reduce the multidimensional and detailed
representations of a stimulus to a discrete linguistic label, plus a goodness rating
indicating how far the stimulus is from the center of the category (Grieser & Kuhl,
1989; Best, 1994). Best (1994) proposes that upon exposure to a speech sound, the
perceptual system automatically assimilates it to the closest category. If two sounds
are assimilated to the same category, they will be very difficult to discriminate, unless
they differ greatly in category goodness. Stimuli that are too distinct from any
existing category will not be assimilated, and hence, their acoustic details remain
available, yielding good discrimination (Flege, 1995).

Considerable effort has been devoted to explicitly distinguishing these models in
the realm of vowel and consonant perception, generally supporting models based
on perceptual warping and prototype formation (Guion et al., 2000; Kuhl, 2000;
Best, McRoberts, & Goodell, 2001; Kingston, 2003). Less research has been directed
towards the perception of suprasegmentals. Suprasegmentals are interesting, because
they involve different types of acoustic cues. Indeed, whereas segments involve fast
and fine-grained spectral changes, suprasegmentals involve slower and more global
acoustic cues like FO, energy and duration (Lehiste, 1970). These cues are, moreover,
also used to carry information regarding prosodic constituent structure, pragmatic
content, emotional state, etc., adding to the variability in their distributions. The
description in terms of discrete categories with a prototype structure may therefore
be less pertinent for suprasegmentals than for segments. Hence, it is not clear that the
above perceptual effects for segmental contrasts would also apply to suprasegmental
contrasts.

Yet, recent research has pointed to interesting parallels between the perception of
segmental and suprasegmental contrasts, in particular ones concerning tones. First,
it has been found that native speakers of tone languages perceive their native tonal
contrasts in a more categorical fashion than non-native speakers (Hall¢, Chang, &
Best, 2004; Xu, Gandour, & Francis, 2006). In addition, they process these contrasts
in the left hemisphere, whereas speakers of non-tone languages process them either
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in the right hemisphere or bilaterally (Gandour, Wong, & Hutchins, 1998; Gandour
et al., 2000; Klein, Zatorre, Milner, & Zhao, 2001). Furthermore, native speakers of
English who learn Mandarin have much difficulty in learning the tones of this lan-
guage, and rely on slightly different acoustic cues than native speakers (Stagray &
Downs, 1993). As in the case of segments, not all tonal contrasts are equally difficult.
This finding has been linked to the interference from existing suprasegmental con-
trasts in the native language, like stress for English learners of Mandarin (Kiriloff,
1969; White, 1981; Shen, 1989; Chen, 1997). Finally, as in the case of /r/ and /1/,
English adults can be trained to increase their performance on tone perception, with
performance reaching a suboptimal plateau (from 66% correct pre-training to 87%
post-training, Wang, Spence, Jongman, & Sereno, 1999).

In this paper, we examine the perception of a stress contrast by French listeners.
Stress is instantiated by three acoustic cues: F0, duration and energy, none of which
is used in French to signal a phonological contrast. Indeed, French has no contras-
tive tone, pitch accent or stress, and duration is used contrastively in neither vowels
nor consonants. Duration is only used allophonically, with vowels being lengthened
before certain consonants (Casagrande, 1984). French is described as having a phra-
sal ‘accent’, which is realized as final syllable lengthening in prosodic groups with no
increase in FO or intensity (Rossi, 1980; Vaissiere, 1991); this phrasal accent thus has
a demarcative, not a contrastive function. Hence, a contrast between, for instance,
Spanish /bébe/ ‘(s/he) drinks’ and /bebé/ ‘baby’ cannot be represented by an existing
contrastive phonological or phonetic feature in French.

Depending on the theoretical model, the lack of contrastive use of suprasegmen-
tals in French yields two divergent predictions. According to a model where the
existing inventory of linguistic features is determinant, French participants should
have much difficulty in representing and acquiring contrastive stress. This would par-
allel the finding that native speakers of Spanish have more difficulties than native
speakers of English to learn Swedish vowel duration contrasts (McAllister, Flege,
& Piske, 2002); indeed, in Spanish, vowel duration is not used at all, whereas in Eng-
lish, it is a secondary cue to the contrast between tense and lax vowels. In contrast,
according to a model where the limiting factor is the similarity to an existing proto-
type, French listeners should find it very easy to acquire contrastive stress. This
would parallel findings that American listeners can distinguish Zulu clicks quite eas-
ily (Best et al., 1988), and that French listeners have some strong abilities to distin-
guish Mandarin tones, even though they behave in a less categorical fashion (Hallé
et al., 2004).

So far, the data accumulated on the processing of contrastive stress by French lis-
teners supports both types of models (Dupoux, Pallier, Sebastian, & Mehler, 1997,
Dupoux, Peperkamp, & Sebastian-Gallés, 2001). Indeed, when French participants
are tested with a standard AX discrimination task on a stress contrast, they do
not differ from Spanish monolinguals. Yet, if memory load and/or talker variability
is introduced, French participants display a very strong impairment to perceive stress
contrasts (see Table 1).

Prima facie, this pattern of data can be interpreted as showing that French listen-
ers have a true impairment concerning the processing of contrastive stress. Accord-
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Table 1
Summary of error rates in discrimination or sequence recall tasks on minimal pairs that differ either in
stress position or in a single phoneme, in French and Spanish participants

French participants Spanish participants
Stress Phoneme Stress Phoneme
AX, low phonetic variability® 3.8% 4.0% — —
ABX, high phonetic variability® 19% 5.8% 4.0% 8.8%
Sequence recall, low phonetic variability® 27% 23% 19% 17%
Sequence recall, high phonetic variability® 53% 15% 20% 24%

Notes:

# Percent error in a same-different AX task with minimal pairs differing in stress position or in one
phoneme. The stimuli were recorded by a single talker, and the “Same” tokens were physically identical
(Dupoux et al., 1997; Experiment 4).

® Percent error in an ABX discrimination task with the same contrasts and stimuli. The A,B, and X
stimuli were recorded by different talkers (Dupoux et al., 1997; Experiments 1 and 2).

¢ Percent error in a sequence recall task using binary sequences of minimal pairs that differ in stress
position or in one phoneme. Only one physical token per member of each minimal pair was used (Dupoux
et al., 2001; Experiment 5).

9 Percent error in a sequence recall task using binary sequences of minimal pairs that differ in stress
position or in one phoneme. Six tokens per member of each minimal pair were used (Dupoux et al., 2001;
Experiment 3).

ing to this interpretation, their poor performance in the high variability experiments
shows that they lack a proper phonological representation of stress that they could
use to encode stress contrasts in an on-line fashion. It is only in the low variability
tasks that they have enough time and resources to discriminate the stress contrast,
using an ad hoc acoustic strategy. However, there is an alternative explanation which
needs to be addressed. Perhaps French listeners are not impaired in their phonolog-
ical representation of contrastive stress, but rather have difficulty with the metalin-
guistic access to this contrast. Note that the short-term memory task requires
participants to explicitly associate two stimulus classes to two response keys. In
order for this association to be learned efficiently, metalinguistic access to these
two classes is required. Yet, monolingual French listeners are likely not to have a
metalinguistic representation of Spanish stress, contrary to Spanish, contrastive
stress does not exist in French, stress is not marked in the orthography, and it is
not taught in school. Would late learners, who surely have metalinguistic knowledge
of Spanish stress, show the same limitation as French monolinguals in their process-
ing of contrastive stress?

The aim of this paper is thus to examine whether the performance pattern of
French listeners is due to a true processing deficit or to metalinguistic limitations.
We test French learners of Spanish, who have learned about contrastive stress as
part of their explicit L2 training. If the problem is a true processing limitation, begin-
ning learners of Spanish should not differ from monolinguals, and only more
advanced learners should start to show an enhancement in performance. If, in con-
trast, the problem is metalinguistic, even a limited exposure to Spanish should enable
the French participants to use the stress labels and hence enhance their performance
Furthermore, in order to evaluate whether stress ‘deafness’ is limited to tasks requir-
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ing metalinguistic access to stress categories, we contrast two tasks: the first one is
the sequence recall task with high phonetic variability of Dupoux et al. (2001), the
second one is a lexical decision task using word-nonword minimal pairs that vary
only in stress position. Again, if French listeners have a real processing deficit as
far as stress is concerned, then French learners of Spanish should have difficulty
rejecting nonwords that differ from a real word with respect to the position of stress
only. By contrast, if our previous findings with French monolinguals are due to
metalinguistic limitations, then French learners of Spanish should have no difficulty
in encoding stress in lexical items, and hence correctly reject such nonwords.

2. Sample

Thirty-nine native speakers of French who were late learners of Spanish partici-
pated in this study. There were 11 men and 28 women, aged between 20 and 57
(mean = 28). Six late learners lived and were tested in Paris; they had been recruited
from among university students in a Spanish language department. The remaining 33
had lived in Barcelona for at least 6 months and were tested there; they had been
recruited from among undergraduate students who spent a year on an exchange pro-
gram. Only four of them had some knowledge of Catalan, the other official language
spoken in Barcelona.! None of the participants had started to learn Spanish before
age 11 or any other foreign language before age 10.

The control samples consisted of 20 native speakers of French, who were tested in
Paris, and 20 native speakers of Spanish, who were tested in Barcelona. The native
French participants, 7 men and 13 women, were aged between 18 and 28
(mean = 24); none of them had learned Spanish and none of them had started to
learn a foreign language before age ten. The majority of them had some basic knowl-
edge of English and German, learned in school. The native Spanish participants, 3
men and 17 women, were aged between 18 and 25 (mean = 21). All had been born
in monolingual Spanish families in Barcelona but were fluent in Catalan as well.

The 39 late learners filled out a questionnaire concerning their Spanish language
background (age/place/manner of acquisition, length of residence in a Spanish-speak-
ing country) and their current usage of Spanish (visits to Spanish-speaking countries,
private and professional usage of Spanish). On the basis of these questionnaires (and
without knowing the participants’ scores on the various stress perception tasks or their
performance on the production task to be discussed below), three of the authors (ED,
NS, and SP) independently classified each participant as being a beginner, intermedi-
ate, or advanced learner. They then compared their classifications and discussed cases
of disagreement. If the disagreement persisted, the final classification was the one that
had been proposed by two out of three authors (there were no cases in which each
author had proposed a different classification). According to this final classification,
14 late learners were beginners, 14 were intermediate and 11 were advanced learners.

! The stress systems of Spanish and Catalan are very similar: stress falls on one of the last three syllables
in the word, with penultimate stress being the default.
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Table 2
Biographic data and language background of three groups of French late learners of Spanish (Beginner,
Intermediate, and Advanced)

Degree of practice with Spanish Mean
Beginner Intermediate ~ Advanced
(N=14) (N=14) (N=11)
Biographic data
Mean age 27 26 30 28
Country of testing
France N=2(14%) N=2(14%) N=2(18%) N=6 (15%)
Spain N=12(86%) N=12(86%) N=9(82%) N =33(85%)
Language background
Mean age of first instruction 17.5 years 17.8 years 15.1 years 16.9
Mean length of residence in a 0.7 years 2 years 4.3 years 22
Spanish-speaking country
Learned Spanish in school 71% 64% 82% 72%
Learned Spanish at university 71% 57% 82% 69%
Regularly visits Spanish-speaking 4% 43% 100% 45%
countries
Regularly speaks Spanish in private life 7% 61% 68% 44%%
Regularly speaks Spanish in 32% 50% 64% 47%

professional/student life

Table 2 summarizes the biographic data and Spanish language background of the
three groups of late learners.

As can be seen, majorities in all three groups learned Spanish in school and at the
university. The three groups vary with respect to the remaining variables as follows.
Advanced learners started to learn Spanish at a younger age than beginners (at 15.1
vs. 17.5 years), and likewise they spent more time living in a Spanish-speaking coun-
try (4.3 vs. 0.7 years). Higher percentages of advanced learners than of beginners
often visit Spanish-speaking countries (100% vs. 4%) and regularly speak Spanish
in their private lives (68% vs. 7%) as well as during professional and/or student activ-
ities (64% vs. 32%). As to the intermediate learners, they are practically identical to
the beginners with respect to the age of first instruction, whereas they are more sim-
ilar to the advanced learners with respect to the percentage of individuals who reg-
ularly visit Spanish-speaking countries; with respect to the remaining three variables
they are truly intermediate between the beginners and the advanced learners.

3. Language assessment
3.1. Self-evaluation
All late learners rated their Spanish competence in several domains, i.e. pronun-

ciation, grammar, and vocabulary, on a scale from one to ten, as well as the impor-
tance of Spanish in their own lives (Table 3).
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Table 3
Self-evaluation of Spanish competence and importance of Spanish for three groups of French late learners
of Spanish (Beginner, Intermediate, and Advanced)

Degree of practice with Spanish Mean
Beginner (N = 14) Intermediate (N = 14) Advanced (N =11)
Pronunciation (1: Extremely poor —10: Perfect)
Mean 6.00 6.07 7.55 6.46
SE 0.53 0.43 0.25 0.27
Grammar (1: Extremely poor — 10: Perfect)
Mean 6.71 6.93 7.73 7.08
SE 0.49 0.34 0.33 0.24
Vocabulary (1: Extremely poor — 10: Perfect)
Mean 6.79 6.93 7.82 7.13
SE 0.33 0.43 0.23 0.21
Importance of Spanish (1: No importance — 10: Extremely important)
Mean 8.86 9.14 9.36 9.10
SE 0.31 0.29 0.15 0.16

These data were subjected to a series of analyses of variance (ANOVA) with the
between-participant factor Practice (Beginner vs. Intermediate vs. Advanced) and
the dependent variables Pronunciation, Grammar, Vocabulary, and Importance,
respectively. For Pronunciation there was a significant effect of Practice
(F(2,36) = 3.5, p <.04). The beginners gave significantly lower estimates of their pro-
nunciation than the advanced learners (F(1,23) = 5.8, p <.03), with the intermediate
learners falling in-between. For Grammar, the effect of Practice was not significant
(F(2,36) = 1.6, p > .1). For Vocabulary, it was not significant either (F(2,36) = 2.3,
p > .1), although the beginners gave significantly lower estimates of their vocabulary
than the advanced learners (F(1,23) =5.8, p <.03). Finally, for Importance, the
effect of Practice again did not reach significance (F' < 1).

3.2. Native-like accent

In order to evaluate the productive competence of the late learners in Spanish, we
examined their native-like accent in a reading task. In this test, participants had to
read aloud a short text (a story for children) that, when read by a native Spanish
speaker, lasts about 30 s. They were instructed to first read the text silently to get
acquainted with it and then to read it aloud as quickly as possible. All late learners
as well as 18 Spanish controls participated in this test. The recordings were digitized
at 16 kHz at 16 bits and stored on a computer disk. Due to a technical problem, the
data of three late learners were lost. The individual sound files were then presented to
five native speakers of Spanish in Barcelona who were neither phoneticians nor
French language specialists. These naive judges rated the native-like Spanish accent
of the speakers on a scale from 1 (extremely poor) to 6 (perfect) (Table 4).

The ratings for all participants were subjected to an analysis of variance
(ANOVA) with the between-participant factor Native Language (French vs. Span-
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Table 4
Native-like accent of three groups of French late learners of Spanish (Beginner, Intermediate, and
Advanced) and Spanish controls on a scale from 1 (extremely poor) to 6 (perfect)

Mean SE
Late learners (N = 36)
Beginner (N = 12) 1.95 0.26
Intermediate (N = 14) 2.77 0.27
Advanced (N = 10) 3.42 0.35
Mean 2.68 0.19
Spanish (N = 18) 5.67 0.09

ish). The late learners had a significantly poorer accent than the Spanish controls
(F(1,52) =117.1, p <.0001). An analysis of the late learners alone revealed a signif-
icant effect of Practice on accent (F(2,33) = 6.0, p <.007). The beginners had a sig-
nificantly poorer accent than the advanced learners (£(1,20) =11.9, p <.004), and
the intermediate learners fell in between. None of the late learners approached the
distribution of the Spanish control sample by less than two standard deviations.’

3.3. Summary

We selected a group of late learners of Spanish who varied in their degree of prac-
tice with this language. Practice was found to significantly affect the participants’
self-evaluation of pronunciation, and the judge-evaluation of their degree of
native-like accent.

4. Experiment 1: Stress encoding in short-term memory

In this experiment, we use a modified version of the high phonetic variability
sequence recall task of Dupoux et al. (2001). This task is meant to make the acoustic
level of representation not accessible and hence to highlight the phonological level.
The present version of the task differs from the one used by Dupoux et al. (2001)
in three respects. First, it uses sequences of length four only, thus avoiding both floor
and ceiling effects. Second, the stimuli are produced by several talkers. Although
Dupoux et al. (2001) observed no difference between using one male and one female
talker and using a single female talker with variable base FO, we reasoned that the
presence of multiple talkers (3 men, 3 women) would prevent the possibility of using
acoustic cues. Third, the speed of presentation is increased in that the stimuli are
slightly compressed and the ISI is reduced. The reasoning is that at fast presentation
rate, only automatic phonological encoding is expected to be operative.

2 We also counted the number of stress errors that the participants made in the 64 polysyllabic words
contained in the passage. Beginners, intermediate learners, and advanced learners made on average 7.2%,
7.3%, and 7.8% errors, respectively. None of the differences between these groups was significant.
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4.1. Method

4.1.1. Materials and design

Two minimal pairs were constructed, one involving a consonantal contrast, i.e.
/fiku—fitu/, the other one involving a stress contrast, i.e. /nimi-numi/. All items
are nonwords in both French and Spanish. They were recorded several times by
six native speakers of French, 3 men and 3 women, who were trained to produce
Spanish stress patterns. In Spanish, the main stress cues are FO and duration
(Ortega-Llebaria, 2006); all stimuli were judged by a Spanish phonetician and only
tokens with unambiguous stress patterns were used. For each talker, one recording
of each item was selected. All recorded items were digitized at 16 kHz at 16 bits, dig-
itally edited, and stored on a computer disk. They were then time compressed to 84%
of their original duration, yielding a mean duration of 345 and 338 ms, for the
phoneme and the stress contrasts, respectively.

As to the tokens with the stress contrast, stressed vowels were on average 35 ms
longer than unstressed vowels, a significant difference (F(1,5)=10.9, p <.03).
Stressed vowels also had a higher FO than unstressed vowels: the maximum F0 value
of the stressed vowels was on average 96 Hz higher than that of the unstressed
vowels, corresponding to a significant difference of 8.5 semitones (F(1,5) = 141.0,
p <.0001). Finally, stressed vowels were on average 6.1 dB louder than unstressed
vowels, again a significant difference (F(1,5) = 143.1, p <.0001).

For each minimal pair, one warm-up block and one experimental block were
constructed, consisting of sequences of the two nonwords. The warm-up block
contained four two-item sequences; the experimental block contained 28 four-item
sequences (see Appendix A).

4.1.2. Procedure

Participants were tested individually in sound-attenuated booths. They were first
tested on the minimal pair containing the segmental contrast. They were told that
they were going to learn two words in a foreign language, and were first asked to
press the number key [1], upon which they heard all tokens of the first item, /fiku/.
They were then asked to press the number key [2], upon which they heard all tokens
of the second item, /fitu/. Subsequently, they could continue listening to the various
tokens of the two items by pressing the associated keys; pressing each one of these
keys resulted in the playing of one token of the corresponding item. Participants
could thus hear as many tokens of the two items as they wished. When they indicated
they were ready to move on, they were trained on the distinction between the two
items as well as the correct association between the items and the number keys. They
heard a token of one of the items and had to press the associated key, [1] or [2]. A
message on the screen informed participants whether their responses were correct.
We defined a success criterion of seven correct responses in a row. After having
reached this criterion, participants turned to the main experiment, consisting of four
warm-up trials and 28 test trials.

Warm-up and test trials consisted in the oral presentation of a sequence consti-
tuted by two or four repetitions, respectively, of the two items. The task was to
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reproduce each sequence by typing the associated keys in the correct order. For
each participant, the order of sequences was randomized, and each item was instan-
tiated randomly by one of the six recorded tokens with the proviso that a single
token could not appear more than once in a sequence. In order to diminish the like-
lihood that participants mentally translate the words into the associated numbers
while listening to the sequence, the silent period between the items in a sequence
was kept very short, i.e. 50 ms. Each trial consisted of a sequence followed by
the word ‘OK’, which was used to prevent participants from using echoic memory
(Morton, Crowder, & Prussin, 1971; Morton, Marcus, & Ottley, 1981), and partic-
ipants could not begin typing their response until they had heard this word. Partic-
ipants were warned whenever they entered a sequence with a length that did not
correspond to the length of the input string and asked to enter their reply again.
During the warm-up phase, incorrect responses gave rise to an error message that
was displayed for 800 ms, after which the same sequence was repeated until the cor-
rect response was given. During the test phase, no feedback was provided and no
sequences were repeated. A 1500 ms pause separated each response from the next
trial.

The whole procedure was repeated with the minimal pair containing a stress con-
trast. The nonword with stress on the first syllable, /nimi/, was associated with key
[1], while its counterpart with stress on the second syllable, /numi/, was associated
with key [2].

On average, the experiment lasted around 15 min. Responses were recorded
on a computer disk and classified as follows. Responses that were a 100% cor-
rect transcription of the input sequence were coded as correct; all other
responses were coded as incorrect. Among the incorrect responses, those that
were a 100% incorrect transcription — i.e. with each token of the sequence
labeled incorrectly — were coded as reversals. Participants with more reversals
than correct responses in either the phoneme or the stress condition were
rejected, the high percentage of reversals suggesting that they might have con-
fused the number key associated to the first item with the one associated to the
second item.

4.1.3. Participants

Twenty French controls, 20 Spanish controls, and the 39 late learners par-
ticipated. Three late learners were rejected due to too many complete reversals
in the stress condition. Four French controls were rejected and replaced, due
to too many complete reversals in either the phoneme condition (one partici-
pant) or the stress condition (three participants). Finally, one Spanish partici-
pant was rejected and replaced, due to too many errors in the phoneme
condition.

4.2. Results

The mean lengths of the training phase and the mean error rates in the test phase
for each group and contrast are presented in Table 5.
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Table 5

Mean length of training phase and mean error rates with standard errors in the test phase for French
controls, three groups of French late learners of Spanish (Beginner, Intermediate, and Advanced), and
Spanish controls on the phoneme and the stress contrast in Experiment 1

Training length Test % errors (SE)
French (N = 20) Stress 29.5 78.7 (3.0)
Phoneme 7.6 27.0 (3.6)
Difference® 21.9° 5177
Late learners (N = 36)
Beginner (N = 14) Stress 19.5 66.1 (6.0)
Phoneme 7.1 224 (5.6)
Difference 12.4 ~ 4377
Intermediate (N = 13) Stress 9.4 78.8 (4.4)
Phoneme 8.3 20.6 (4.0)
Difference 1.1ns 58.2""
Advanced (N =9) Stress 8.5 74.2 (2.6)
Phoneme 7.4 254 (7.9)
Difference 1.1ns 48.8™"
Mean Stress 13.1 72.7 (3.0)
Phoneme 7.6 22.5(3.2)
Difference 5.5" 50.27"
Spanish (N = 20) Stress 7.2 19.6 (2.2)
Phoneme 7.8 25.0 (4.6)
Difference —0.6 ns -5.4

Note. ns: p>.1; ~: .05<p<.l.

# The analyses were done on the log transform of the training length.
* p<.05.

- p <.001.

*

4.2.1. Training phase

We analyzed the number of trials required to reach criterion in the training phase.
Inspection of individual responses revealed a lot of variability in training lengths,
with some very long ones (over 50 trials). Such a distribution is to be expected given
the nature of the criterion: if the error rate is above 1/7, the training phase can last
for a very long time. To analyze such a time series which is analogous to a Poisson
process, we took the log of the training length for each participant and condition and
then ran separate ANOVAs for each group. In the French group, there was an effect
of contrast, due to a higher error rate in the stress than in the phoneme condition
(F(1,19) =5.2, p <.04). The late learners showed a smaller but significant effect
(F(1,35)=4.8, p<.05), and the Spanish group showed no effect (F<1). Within
the late learners, the difference between stress and phoneme diminishes with practice,
and only the beginners had a marginal difference between the two conditions
(F(1,13) =3.4, p =.087).

4.2.2. Test phase, error rates
The mean error rates were analyzed with ANOVAs in each group separately and
then with a combined ANOVA. Both French monolinguals and late learners showed
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significantly more errors in the stress than in the phoneme conditions
(F(1,19) =122.5, p <.001; F(1,35)=174.5, p <.001, respectively). The two groups
did not differ, as shown by the absence of an effect of Group (F(1,54)=1.9,
p > .1), and of an interaction between Group and Contrast (¥ < 1). In Spanish mon-
olinguals, there was no significant effect of Contrast (F(1,19) = 2.1, p > .1) and there
was an interaction between Contrast and Group when compared to the French mon-
olinguals (F(1,38) =91.2, p <.001) and the late learners (F(1,54) =91.3, p <.001),
respectively. Within the late learners, we found no effect of Practice (F<1) and
no interaction between Practice and Contrast (F(2,33) = 1.4, p > .1). All subgroups
of late learners showed a significant difference between stress and phoneme (begin-
ners: F(1,13) =45.5, p <.001; intermediate: F(1,12) =116.9, p <.001; advanced:
F(1,8) =374, p<.001).

4.2.3. Test phase, mutual information

The analysis in terms of error rates may not be very sensitive, because a single mis-
take counts as much as a series of mistakes in a sequence. Possibly, global error rates
may be hiding a slight improvement in the encoding of stress between French mon-
olinguals and French learners of Spanish. In order to test this, we computed the
mutual information between the individual binary targets (e.g., /nimi/ vs. /numi/)
and the individual binary responses ([1] vs. [2]) over the entire test trials, for each
participant and condition. Mutual information can be interpreted as the amount
of information (in bits) about the response that can be gained by observing the target
stimulus (or vice versa). Alternatively, if one views a participant as a noisy channel, it
is a measure of the capacity of that channel to transmit information. In the formula
below, the stimulus is denoted by the binary random variable S and the response by
the binary random variable R. The probabilities associated to these variables are esti-
mated over the entire sequences of responses made by a given participant for a given
condition.

505 5 22

The average mutual information across conditions and groups is shown in
Fig. 1.

ANOVAs revealed that both French monolinguals and late learners had a lower
mutual information in the stress compared to the phoneme condition
(F(1,19) = 38.9, p <.001 and F(1,35) = 84.3, p <.001, respectively); the two groups
did not differ, as shown by the absence of both an effect of Group and an interac-
tion between Group and Contrast (both F < 1). In Spanish monolinguals there was
a tendency for an effect in the other direction, i.e. higher mutual information for
stress than for phoneme (F(1,19)=4.7, p <.05), but there was an interaction
between Group and Contrast when compared to French monolinguals
(F(1,38) =34.4, p <.001) and late learners (F(1,54) = 59.5, p <.001), respectively.
Within the late learners, there was no significant effect of Practice and no interac-
tion between Practice and Contrast (both F<1).
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Fig. 1. Mutual information scores for the three groups of French late learners of Spanish as well as
Spanish and French controls, in the stress versus phoneme condition in Experiment 1. Error bars indicate
one standard error around the mean.

4.3. Discussion

Asin Dupoux et al. (2001), the sequence recall test showed a robust stress ‘deafness’
effect in the French controls as well as in the late learners. They made 2.9 and 3.2 times
more errors in the stress condition, respectively, than the Spanish controls, and there
was no difference between the two groups. The bit-wise information-theoretic analysis
of the response sequences confirmed this result. Importantly, there was no significant
improvement between the subgroups of late learners with different degrees of practice
with Spanish. That is, even the advanced learners did not perform better than the
French controls who had no practice with Spanish at all. This result enables us to dis-
card the hypothesis that the stress ‘deafness’ found previously was an artifact due to the
fact that French monolinguals had no familiarity with languages with contrastive
stress. Stress ‘deafness’ emerges here as a robust processing limitation, which cannot
be eliminated with a significant exposure to a language with contrastive stress.

5. Experiment 2: Stress encoding in the lexicon

In order to explore whether the difficulty with the perception of stress is not lim-
ited to short-term memory tasks, but extends to the use of stress for on-line lexical
access, we examined the use of stress in lexical representations by means of a lexical
decision task. In this experiment, we presented real Spanish words, as well as non-
words obtained from these words by changing the location of stress. For instance,
gorro 1s a word (‘hat’), but gorrd is not. Participants had to make a speeded lexical
decision; both reaction times and error rates were measured. As a control condition,
we used word-nonword minimal pairs differing by a single phoneme.
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5.1. Method

5.1.1. Materials and design

One hundred and twelve word—nonword pairs that differed only in the position of
stress were selected as test items (see Appendix B). Ninety-six of them were disyl-
labic, half of the real words having initial stress and the other half final stress.
The remaining 16 items were trisyllabic (2 words with initial stress, 6 with medial
stress and 8 with final stress). An additional 40 word—nonword pairs that differed
only in one phoneme were selected as control items. Five items were monosyllabic,
22 were bisyllabic, 10 were trisyllabic, and 3 were quadrisyllabic. All the stimuli were
recorded by a female Spanish native speaker. All recorded items were digitized at
16 kHz, digitally edited, and stored on a computer disk.

Two stimuli lists (A and B) composed of 56 test words, 56 test nonwords, 20 control
words and 20 control nonwords were created. These lists were compiled such that if a
real word was included in one list, the corresponding nonword was included in the
other list.

5.1.2. Procedure

Participants were tested individually in sound-attenuated booths. They were
instructed to decide as quickly and accurately as possible if the stimuli presented were
words or not by pressing one of two labeled buttons with their dominant hand. The late
learners were informed that some nonwords had the very same sounds of an existing
word but with a change in the position of stress. Each participant was tested with just
one list. The order of presentation of the stimuli was randomized for each participant.
Preceding the test phase, 30 warm-up trials were presented. None of the warm-up items
was included in either experimental list, and none of them was a nonword differing
from a real word in the position of stress only. During the warm-up phase, feedback
was given after each response with the words ‘correct’ and ‘incorrect’. During the test
phase, no feedback was given. A trial started with the presentation of a fixation point,
an asterisk in the centre of the screen, during 500 ms. The auditory stimulus was pre-
sented 500 ms after the disappearance of the fixation point. The next trial began
3500 ms after the end of the auditory stimulus. Instructions were given in Spanish.

The test lasted for approximately 20 min.

5.1.3. Participants

Twenty Spanish controls and the 39 late learners participated. All of them had
also participated in the sequence recall test. Three of the late learners, however,
had been rejected in this test.

5.2. Results

Mean reaction times for correct responses and error rates for the three groups of
French late learners of Spanish and the Spanish controls on words and nonwords in
the test and the control conditions are shown in Table 6.

The test condition and the control condition were analyzed separately.

Please cite this article in press as: Dupoux, E. et al., Persistent stress ‘deafness’: The case of
French ..., Cognition (2007), doi:10.1016/j.cognition.2007.04.001




16 E. Dupoux et al. | Cognition xxx (2007) xxx—xxx

Table 6

Mean reaction times for correct responses and error rates for three groups of French late learners of
Spanish (Beginner, Intermediate, and Advanced) and for Spanish controls on words and nonwords in the
test and control conditions of Experiment 2

RT (ms) SE Error (%) SE

Late learners (N = 39)

Beginner (N = 14) Test Word 1365 66 31.7 2.0
Nonword 1644 89 55.9 4.1

Control Word 1235 67 11.1 1.7

Nonword 1497 75 18.2 4.9

Intermediate (N = 14) Test Word 1341 62 23.1 24
Nonword 1635 83 61.6 3.4

Control Word 1163 54 5.0 1.5

Nonword 1479 64 16.1 3.1

Advanced (N =11) Test Word 1104 53 16.4 3.1
Nonword 1460 67 56.1 5.7

Control Word 1055 40 0.9 0.6

Nonword 1452 72 10.9 2.2

Mean Test Word 1283 39 24.3 1.7
Nonword 1589 48 58.0 2.5

Control Word 1158 34 6.0 1.0

Nonword 1478 40 154 2.2

Spanish (N = 20) Test Word 917 17 3.9 0.9
Nonword 1085 23 4.5 1.0

Control Word 876 17 1.0 0.6

Nonword 1123 31 2.5 0.9

5.2.1. Test condition

Two ANOVAs were run on the error rates in the test condition, one by partici-
pants (F1) and one by items (F2), with between-participants factor Group (Spanish
vs. late learners) and within-participant factor Lexical Status (word vs. nonword).
These ANOVAs revealed main effects of Lexical Status (F1(1,57)=110.8,
p<.001; F2(1,103) =76.3, p<.001) and Group (FI(1,57)=293.6, p<.001;
F2(1,103) =1175.4, p <.001), as well as an interaction between these two factors
(FI(1,57) = 62.8, p <.001; F2(1,103) = 102.3, p <.001). Restricted analyses revealed
that the interaction was due to the fact that there was no effect of Lexical Status in
the Spanish group (F1(1,18) =2.0, p>.1; F2<1, p>.1), but a very large effect of
Lexical Status in the late learners, who made almost twice as many errors with the
nonwords than with the words (58.0% vs. 24.3%; FI1(1,37)=104.7, p <.001;
F2(1,103) = 608.3; p <.001). That is, the late learners tended to misidentify the non-
words as words much more often than that they rejected real words. The analysis of
the reaction times was not performed because of the very high error rates of the late
learners. However, the numerical pattern was very similar, with the late learners hav-
ing longer reaction times than the Spanish controls.

5.2.2. Control condition
The same ANOVAs were run on both the error rates and the reaction times in the
control condition. As for the error rates, there were significant effects of Group
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(F1(1,57) =212, p<.001; F2(1,78)=449, p<.001) and Lexical Status
(F1(1,57) =22.6, p<.001; F2(1,78)=11.2, p<.001), as well as an interaction
between these two factors (FI1(1,57)=7.0, p<.02; F2(1,78) =9.1, p <.003). An
analysis restricted to the late learners revealed a significant effect of Practice
(F1(2,36) = 3.7, p <.04; F2(2,156) = 8.3, p <.001), with the beginners making more
errors than the advanced learners (14.7 vs. 5.9, p <.02), the intermediate learners
falling in-between. ANOVAs on the reaction times likewise revealed significant
effects of Group (FI1(1,57) =39.8, p <.001; F2(1,78) =454.7, p <.001) and Lexical
Status (F1(1,57) =206.4, p <.001; F2(1,78) =101.8, p <.001), but no interaction
between the two (F < 1). The effect of Practice on reaction time did not reach signif-
icance (p > .1), though. Thirty-six percent of the late learners fell within two standard
deviations of the control Spanish sample on the error rate, and 20% (all advanced
learners) fell within two standard deviations regarding both the error rate and the
reaction times.

5.2.3. Analysis

The late learners made more errors on the words in the test condition, where non-
words differed from real words in the position of stress, than in the control condition,
where nonwords differed from real words in a phoneme (24% vs. 6%). This difference
might be due to the fact that the words in the test condition were less frequent than
those in the control condition. Participants simply might not have known certain
low-frequency items and therefore shown increasing error rates for both words
and nonwords. We hence need to establish that the effects we observed in the test
condition were due to the difficulty in processing stress rather than to limited lexical
knowledge. In order to do this, we conducted a reanalysis separating the test items
into four frequency bands containing 28 items each: High, Medhigh, Medlow, and
Low, with mean log frequencies of 2.5, 1.7, 1.2, and 0.5, respectively. (The mean
log frequency of the control items was 3.1.) In particular, we classified each response
as either a hit (real word, response ‘yes’), a false alarm (nonword, response ‘yes’), a
miss (real word, response ‘no’), or a correct rejection (nonword, response ‘no’), and
calculated A’ scores for each participant across the test items in each frequency band,
as well as across the control items. The average A’ scores in the three groups of late
learners and the control groups are shown in Fig. 2.

An ANOVA restricted to the late learners on the test items with the between-par-
ticipant factor Practice (Beginner vs. Intermediate vs. Advanced) and the within-par-
ticipant factor Frequency (High vs. Medium High vs. Medium Low vs. Low) showed
a marginal effect of Practice (F(2,36) = 3.0, p <.07), a significant effect of Frequency
(F(3,108) =3.6, p<.02), and no Iinteraction between these two factors
(F(6,108) = 1.6, p>.1). An ANOVA restricted to the Spanish controls showed a sig-
nificant effect of Frequency only (F(3,57) = 7.6, p <.0001).

5.3. Discussion

In this experiment, late learners and Spanish controls performed a lexical decision
task on word—-nonword minimal pairs that differ either in the position of stress (test
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Fig. 2. Mean A’ scores for three groups of French late learners of Spanish as well as Spanish controls in
the test and control conditions as a function of log;o Frequency in Experiment 2. Frequency is calculated
as number of occurrences per 1.25 million (Sebastian-Gallés et al., 2000). Horizontal error bars represent
the standard deviation of the frequencies in the group of words; vertical error bars indicate one standard
error of the A’ score around the mean.

condition) or in a single phoneme (control condition). In the test condition, the late
learners’ error patterns for words and nonwords were very different. For words, the
error rate was moderate (24%), and it diminished with degree of practice with Span-
ish, as well as with word frequency (with additive effects of these two variables). For
nonwords, the error rate was very high (58%), meaning that participants predomi-
nantly classified the nonwords as words. This error rate was not influenced by degree
of practice with Spanish, and increased with word frequency. Contrary to the late
learners, the Spanish control participants made very few errors overall.

The late learners’ pattern of results obtained in the control condition is very dif-
ferent from that in the test condition. In the control condition, which contained high-
frequency items only (mean log frequency: 3.1), the error rate for the words was
indeed similar to that for the high-frequency words in the test condition (6% vs.
12%, respectively), but the error rate for the nonwords was much lower than that
for the high-frequency nonwords in the test condition (15% vs. 67%, respectively).
Both the error rates for the words and the nonwords decreased as a function of sub-
jects’ level of practice.

These results demonstrate that the stress ‘deafness’ effect observed with the
sequence recall task is not limited to the encoding of stress in short-term memory
but extends to lexical access. In other words, the suprasegmental distinction that
is pertinent to the encoding of words in Spanish barely seems to be available to
French learners of Spanish, even to those who have quite a good mastery of the
Spanish lexicon. This is consistent with the hypothesis that the encoding of stress
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remains by and large unavailable to French learners of Spanish, at least as far as
usage in on-line tasks is concerned.

6. General discussion

The main finding of this study is that French late learners of Spanish have much
difficulty in the perception of stress, as assessed in a sequence recall task and a lexical
decision task. In the sequence recall experiment, the late learners were undistinguish-
able from the French monolingual controls and they did not show an effect of prac-
tice: those learners who on average had spent three years in a Spanish-speaking
country performed as badly as beginners with only a few months of practice with
Spanish. Likewise, in the on-line lexical decision experiment, the late learners’ error
rates on word-nonword minimal pairs that differ on stress were very high, irrespec-
tive of practice with Spanish; in contrast, on control word—-nonword minimal pairs
involving a phonemic distinction, advanced learners made less errors than beginners,
showing their improvement in the construction of a Spanish lexicon.

The present results allow us to rule out the possibility that the stress ‘deafness’ dis-
played by native speakers of French is due to the absence of a metalinguistic repre-
sentation of stress. Indeed, the late learners in the present study did have
metalinguistic awareness of stress, since they had been taught explicitly about con-
trastive stress as part of their Spanish language training, but they did not perform
differently from the control French monolinguals. Hence, the deficit in the percep-
tion of stress found in French listeners is a bona fide and persistent perceptual/pro-
cessing limitation. Consequently, we conclude that the good performance of French
listeners in some of the experiments in Dupoux et al. (1997, 2001) is due to the fact
that in these experiments, subjects could use an acoustic representation rather than
an abstract phonological one.

Our results are important for both methodological and theoretical reasons. On
the methodological side, the case of French stress ‘deafness’ shows that standard
discrimination tasks can underestimate processing difficulties in a foreign language.
Stress has such large acoustic correlates that French participants can resort to
acoustic strategies in certain tasks. However, this intact psychoacoustic ability® does
not translate into good performances in other, more demanding, tasks. This result,
then, highlights the importance of testing participants with a range of tasks, going
from discrimination tasks to tasks that measure lexical activation (see also
Sebastian-Gallés & Soto-Faraco, 1999; Sebastian-Gallés & Baus, 2005).

On the theoretical side, our results allow us to draw some conclusions regarding
the appropriateness of the different types of speech perception models for the case of
suprasegmentals. First, models that are cast in terms of the ‘warping’ of acoustic
space (Francis & Nusbaum, 2002; Iverson et al., 2003) do not necessarily predict per-

3 A study using near-threshold stimuli might actually show that French speakers have a subtle
psychoacoustic deficit to differences in FO, duration, and/or energy (see, for instance, Hallé et al., 2004).
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ceptual problems with suprasegmentals in French. Indeed, although French has no
contrastive stress, it makes use of prosodic features at several processing levels, for
instance to mark prosodic boundaries, grammatical focus, and allophonic variation.
Regarding the first issue, Christophe, Peperkamp, Pallier, Block, and Mehler (2004)
found that in French, phonological phrase boundaries are marked by small differ-
ences in FO, duration, and energy of the segments surrounding the boundary. Fur-
thermore, French listeners are able to exploit these cues on-line for the purposes
of word segmentation. Interestingly, the differences in the acoustic parameters in
Christophe et al. (2004) are of the same order of magnitude as or even smaller than
the ones introduced in our Experiment 1 (vowel duration difference: 30-40%; FO dif-
ference: 1.8-2.8 semitones; energy difference: 1.3 dB) (see also Millotte, Wales, &
Christophe, in press). This suggests that French participants have a rather good sen-
sitivity to the suprasegmental correlates of stress, and hence their processing difficul-
ties with stress are unexpected under this account.

Second, models that appeal to the existence of native categories or prototypes pre-
dict no particular problems with contrastive stress. Indeed, the prosodic characteris-
tics of stress minimal pairs cannot be mapped to any existing prosodic prototype in
French. As a consequence, according to models such as the ones proposed by Best
(1994) and Flege (1995), it should be relatively easy to add prototypes for contrastive
stress contours. However, this does not seem to be the case for late learners, at least
not for those with the amount of exposure to Spanish that we tested.

Third, models that are formulated in terms of the influence of native phonological
features (Lado, 1957; Brown, 2000) correctly predict an impairment in stress process-
ing in French. Indeed, French has no contrastive suprasegmental feature at all:
French has no contrastive stress, no pitch accent, no lexical tones, and no long vow-
els. As a result, the minimal pairs that we used in our two experiments cannot be dif-
ferentiated linguistically with the use of an existing L1 feature. Interestingly, the
impairment that results appears to be located at a rather abstract phonological level,
instead of at the psychoacoustic level, and is only revealed with tasks that make a
direct use of a phonological representation. This meshes well with findings concern-
ing other suprasegmentals ‘deafnesses’, such as the vowel length ‘deafness’ that has
been documented in both monolingual French listeners (Dupoux, Kakehi, Hirose,
Pallier, & Mehler, 1999) and bilingual Spanish listeners (McAllister et al., 2002).*

In sum, among the three types of speech perception models, the ones that are cast
in terms of perceptual warping and prototype formation clearly fail to account for
the present results, whereas the ones that highlight the influence of the native pho-
nological features fare much better. This is somewhat surprising, since in the realm
of segmental ‘deafnesses’, it is the former types of models that have received a large

4 Note that although the absence of contrastive phonological features may be sufficient to yield a
phonological ‘deafness’, their presence does not imply that a non-native contrast can be learned easily. For
instance, in the domain of segmental contrasts, Flege and Port (1981) found that although Arabic speakers
make contrastive use of both voicing and labiality, they fail to adequately produce the English contrast
/p-b/ contrast. Similarly, Peperkamp and Dupoux (2002) reported stress ‘deafness’ in native speakers of
Finnish and Hungarian, two languages with fixed stress in which vowel length is contrastive.
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amount of empirical support (Flege, 1995; Guion et al., 2000; Kuhl, 2000; Best et al.,
2001; Kingston, 2003). One may speculate that this is not due to a linguistic differ-
ence between segments and suprasegmentals, but rather to the way in which supra-
segmentals are processed in the brain. Suprasegmentals have slow and large-scale
acoustic correlates, which makes them likely candidates for right hemisphere pro-
cessing. Indeed, contrary to non-native segments, non-native suprasegmentals tend
to activate regions in the right hemisphere that are homologous to language areas
(Gandour et al., 1998; Klein et al., 2001). It could be that during early language
acquisition, only those suprasegmentals that are contrastive in the native language
are captured by the left hemisphere. In adulthood, non-native suprasegmentals are
processed in the right hemisphere, and are hence not available for phonological rep-
resentations. More research using both brain imagery and early bilinguals is needed
to test this hypothesis.

Appendix A. Sequences used in the sequence recall task (Experiment 1)

two-item sequences: 11, 12, 21, 22

four-item sequences:
used twice: 1211, 1121, 2122, 2212, 2111, 1112, 2221, 1222, 1212, 2121, 1122, 2211
used once: 1221, 2112, 1221, 2112

Appendix B. Items used in the lexical decision task (Experiment 2)

Bisyllabic test items (only the words are indicated, the nonwords being derived from
them by changing the position of stress, indicated here by an acute accent)

agil datil laser perdén sofa
alud débil licor pintér tabu
atin debu lider pdlen tapiz
balcén dedal limén postal tétem
bidé docil l6ro poster tunel
borrén ddélmen mantél pote tupé
buzén facil marmol pulmén tutér
café fémur marron punal util
caliz fértil melén puré vado
calor fosil menu rimel vejéz
cancer fusil metal rincén verbal
canon gaban mitin répa viga
carcel gorro movil rub1 virgen
carril gurd mudéz salad volcan
cénit habil nacar sartén vudu
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Appendix B (continued)

césped jamoén
choéfer jarro
chuirro joven
cdmic laca
cortex lapiz

néctar
ninéz
paréd
paté
pedal

séso zulo
séto

sifon

sillin

simil

Trisyllabic test items (word—nonword minimal pairs; stress is indicated by an acute

accent)

caddver—"cadavér
canibal-"canibal
comeddr—"comédor
corazén—"cordzon
déficit—"deficit
dificil-—*dificil

humeddd—"humédad
nadadér—"nadddor
recital-"recital
régimen—"regimén
resimen—"resumén
soledad—"solédad

tened6r—"tenédor
vegetdl-"vegétal
volatil-*volatil
volimen—"volumén

Control items (word—nonword minimal pairs)

aire—"airo
ano—"ani
ayer—"ayem
blanco—"blanto
cabeza—"tabeza
cara—"cora
cielo—"cieto
clase—"blase
contra—"cuntra
cuatro—"muatro
dificil-*daficil
dinero—"dijero
edad—"emad
epoca—"étoca

experiencia—"exporiéncia
familia—"femilia
fuerte—"fuerbe
futuro—"feturo
grupo—"brupo
hora—"hore
importante—"impertante
interior—"inderior
lado—"ladi

luz—"suz
mafana—"manano
mar—"mur

miedo—"tiedo
momento—"momenco

noche—"soche
nunca—"nenca
palabra—"pelabra
paz—"maz
presidente—"presodente
razén—"ralon
seflor—"vefior
social—"sicial
tiempo—"tiempe
tres—"trel
vida—"vidi
voz—"vuz
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