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Perceptual adaptation to time-compressed speech was analyzed in two experiments. Previous re
search has suggested that this adaptation phenomenon is language specific and takes place at the
phonological level. Moreover, it has been proposed that adaptation should only be observed for lan
guages that are rhythmically similar. This assumption was explored by studying adaptation to differ
ent time-compressed languages in Spanish speakers. In Experiment 1, the performances of Spanish
speaking subjects who adapted to Spanish, Italian, French, English, and Japanese were compared. In
Experiment 2,subjects from the same population were tested with Greek sentences compressed to two
different rates. The results showed adaptation for Spanish, Italian, and Greek and no adaptation for En
glish and Japanese, with French being an intermediate case. Toaccount for the data, we propose that
variables other than just the rhythmic properties of the languages, such as the vowel system and/or the
lexical stress pattern, must be considered. The Greek data also support the view that phonological,
rather than lexical, information is a determining factor in adaptation to compressed speech.

The acoustic/phonetic characteristics ofspeech vary as
a function ofspeaker, rate ofspeech, prosody, and so forth.
Yet, when we process our native language, we are hardly
ever aware of such variability; indeed, these variations
are apparently dealt with automatically and effortlessly
by the perceptual system. However, when processing ar
tificially degraded speech or when listening to speakers
with foreign accents, it is more difficult to make suitable
adjustments. Schwab, Nusbaum, and Pisoni (1985) suggest
that several sentences are required to adjust to syntheti
cally generated speech. Anecdotally, listening to speech
spoken with a foreign accent can also take some time be
fore it becomes fully intelligible. What are the mech
anisms responsible for such slow adjustments? Why are
some adjustments easier than others? For instance, for a

This research was supported by grants from the Human Frontier Sci
ence Program and the Spanish Ministerio de Educacion y Ciencia (Con
tract PB97-0997) and the Catalan Government (Grup de Recerca Con
solidat 5120-UB-05). We thank T. Otake (Dokkyo University), K. Forster,
and M. Garrett (both at the University of Arizona) for their help in
preparing and recording the Japanese and English materials. A.C. is cur
rently at the Psychology Department, Harvard University. Correspon
dence concerning this article should be addressed to N. Sebastian-Galles,
Universitat de Barcelona, P. de la Vall d'Hebron 171,08035 Barcelona,
Spain (e-mail: sebastia@psico.psi.ub.es).

native speaker of English, English spoken with a Dutch
accent seems far easier to understand than English spo
ken with a Japanese accent. Why?

Several studies have shown that language representa
tions in adults are, to some extent, language specific. Lis
teners behave as if they process speech sounds through
the filter of phonemic categories of their maternal lan
guage and have difficulty processing nonnative contrasts
(Best, McRoberts, & Sithole, 1988; Goto, 1971; Mann,
1986; Miyawaki et al., 1975; Pallier, Bosch, & Sebastian,
1997; Sebastian-Galles & Soto-Faraco, 1999; Werker &
Tees, 1984). Similar filters operate at the syllabic and
suprasegmental levels of representation (Cutler, Mehler,
Norris, & Segui, 1983, 1989; Dupoux, Christophe, Sebas
tian, & Mehler, 1997; Otake, Hatano, Cutler, & Mehler,
1993; Pallier, Sebastian, Felguera, Christophe, & Mehler,
1993). Moreover, lexical access strategies are also lan
guage dependent. That is, listeners exploit language
specific cues to find word boundaries in the continuous
signal (Cutler & Norris, 1988; McQueen, Norris, & Cut
ler, 1994; Norris, McQueen, & Cutler, 1995).

Cutler & Mehler (1993), following the proposals of
Abercrombie (1967) and Pike (1946), have assumed that
all ofthe above differences between languages can be ac
counted for by positing the existence of a small number
ofbroad classes of languages, defined rhythmically. Spe-
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cifically, three classes oflanguages have been proposed,
each of which triggers the use of dedicated processing
mechanisms. Languages such as French, Spanish, Cata
lan, Italian, and Portuguese would fall into the syllable
timed class; languages such as English and Dutch would
fall into the stress-timed class; and languages such as
Japanese would fall into the mora-timed class. If such a
claim is correct, one expects to find that processing a lan
guage that belongs to the same class as the maternal
language should be easier than processing more distant
languages. If so, one could use the perception ofdegraded
signals across languages to explore in more detail the lan
guage class hypothesis and, more generally, the influ
ence of rhythm/phonology on processing.

Adaptation to time-compressed speech is a useful
method by which to address these issues. In these exper
iments, participants listen to compressed sentences and
try to understand what is being said. A previous study
(Mehler et aI., 1993) showed that, in the context of high
presentation rates, Spanish, Catalan, French, and English
subjects adapt their perceptual system and increase their
recall performance after listening to a few sentences. In
this study, French and English monolingual subjects were
presented with sentences compressed at different rates
(uncompressed, 50%, and 40% of their original length)
and then were tested on sentences compressed to 40%.
Savings were observed for the groups with 50% and 40%
compressed sentences, but not for the group with the un
compressed ones, as compared with the performance of
a group ofsubjects who had not been previously exposed
to any kind of adaptation materials. Analogous results
were obtained for Spanish-Catalan bilinguals. Interest
ingly, these subjects also benefited from being exposed to
compressed materials in their second language (mono
lingual Spanish subjects also benefited from being ex
posed to compressed Catalan, a language that they did not
understand). These results were in contrast to the lack of
transfer observed with both monolingual and bilingual
French and English subjects, when they were exposed to
compressed English or compressed French, before being
tested in their maternal languages. Although there were
some problems with this study (the experimental proce
dures used were not the same in all of the different ex
perimental conditions, thus making it difficult to com
pare the performance of the different groups of subjects
being tested), the original results have been confirmed in
other studies.

Dupoux and Green (1997) expanded the above obser
vation and found that as few as 5-10 sentences are suf
ficient for adaptation to take place. Moreover, they no
ticed that neither a change of speaker nor a change in the
compression rate significantly affects adaptation. Du
poux and Green argued that these effects show that adap
tation takes place at a relatively abstract level. In a study
by Altmann and Young (1993), English speakers tested
with compressed materials made from nonsense words
showed savings from exposure to these compressed ma
terials; therefore, it seems that lexical access and/or com-

prehension does not seem necessary for adaptation to
occur. Pallier, Sebastian-Galles, Dupoux, Christophe,
and Mehler (1998) also replicated and extended some of
the previous findings of Mehler et al. (1993). Interest
ingly, they observed benefits when monolingual British
subjects were exposed to highly compressed Dutch be
fore being tested with English sentences.

So far, all of these experiments have shown that sub
jects can adapt to fast speech even with signals that do
not belong to their mother tongue. Could it be that adap
tation to compressed speech is a general phenomenon that
applies for all speeded signals, irrespective of rhythm/
phonology?

Two studies suggest that this is not the case. Aside
from the original study of Mehler et al. (1993), Pallier
et al. (1998) also found a case in which compressed speech
in one language failed to trigger adaptation in another lan
guage-namely, French and English showed no cross
adaptation. These results suggest that, first, adaptation
to speeded signals is not a general phenomenon but, rather,
depends on the linguistic properties of the adapting signal
and second, that the relevant properties are rhythmical!
phonological: English and Dutch are in the same rhyth
mic class, as are Catalan and Spanish, and both show
adaptation. English and French are not in the same rhyth
mic class and show no adaptation. However, alternative
accounts are conceivable, and the English-French study
has several limitations.

First, even though comparable compression rates were
used for English and French in the Pallier et al. (1998)
study, English globally yielded very poor performance,
as compared with French. This effect could have resulted
from the fact that English is intrinsically less compressible
than French or, more plausibly, from some initial differ
ences in the uncompressed French and English materials.
In any event, this difference in base performance raises
the possibility that the compressed English materials
may have been too degraded to function as adaptation ma
terial. It is, then, important to replicate this finding with
adaptation materials that are still perceptible.

Second, the absence ofEnglish-French cross-adaptation
could be related to the fact that, in this particular exper
iment, the subjects were bilinguals. Bilinguals may use
one processing strategy for one language and apply it
inadequately-to the other. This would yield a cost that
could potentially cancel out any purely phonological
benefit from the adapting sentences. Such a processing
cost would not arise in monolinguals, who would not even
attempt to process the foreign language beyond the phono
logical level. True enough, Pallier et al. (1998) tested
Catalan-Spanish bilinguals and found, in this population,
cross-adaptation between Catalan and Spanish stimuli.
But French and English have less overlap in morphology
and lexical roots than do Catalan and Spanish, and this
difference might playa role in bilingual processing (more
on this problem below). Moreover, all of the published
monolingual studies have found an adaptation effect across
languages. Thus, it is important to replicate differences
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in adaptability across languages that the subjects do not
understand.

Finally, even if the problems raised above are properly
addressed, it still is the case that some factors other than
phonology could be responsible for the observed pattern
ofresults. Indeed, it turns out that, in all the cases in which
cross-adaptation was observed (Catalan-Spanish and
English-Dutch), the two languages not only had similar
phonologies and rhythm, but also were closely related his
torically. As a consequence, they had very similar lexi
cons, morphological systems, and syntax. In contrast, the
case in which, putatively, no cross-adaptation obtained
(i.e., French-English) involved two languages that not
only had different phonologies, but also were historically
more distant. In other words, phonological and lexical
distances were confounded. French, Spanish, and Catalan
are Romance languages; most of their lexical roots derive
from Latin. English, in contrast, is a Germanic language.
It is true that English incorporates many words with a
Latin origin, but they are less frequently used than their
Germanic counterparts (Finegan, 1987). Could it be that
adaptation to compressed speech is linked to these lexi
cal factors, rather than to phonological/rhythmical ones?
The present study addresses this question.

The research reported here extends the results of the
experiments of Pallier et al. (1998) and helps us to rule
out some conceivable explanations for the results ob
served. In the present research, understanding of com
pressed Spanish under different pretest conditions was
compared. In each condition, subjects were exposed to
different time-compressed languages. Each of these lan
guages differs from Spanish in a systematic fashion. In
the first experiment, the languages to which the subjects
were exposed were Spanish, Italian, French, English, and
Japanese. None ofthe last four languages was spoken by
the subjects. Italian and French are phonologically (and
lexically) close to Spanish, whereas Japanese and English
are more distant. In order to avoid degrading the stimuli
too much with very high compression rates, we adjusted
the compression rates for each language, so that subjects
were still able to perceive the individual segments. In Ex
periment 2, we used a language that shares rhythmic and
phonological properties with Spanish but overlaps min
imally in terms of lexical roots-namely, Greek. This

helped us to tease apart the lexical from the phonologi
cal factors in adaptation to time-compressed speech.

EXPERIMENT 1

Method
Subjects. One hundred twenty native Spanish subjects partici

pated in this experiment. They were all undergraduate psychology
students at the University of Barcelona, and they received extra
course credit for their participation. The subjects were randomly as
signed to one ofsix experimental groups. Five groups received one
ofthe five different adaptation languages (Spanish, Italian, French,
English, and Japanese groups), whereas the sixth group did not re
ceive any adaptation sentence (control group). There were 20 sub
jects in each group. None ofthe subjects had any hearing loss. They
filled out a questionnaire on their knowledge of foreign languages.
Most of them had studied English as their main foreign language at
school (from the age of 12 until they went to the university, at ap
proximately 18 years of age; in the Spanish schooling system, two
foreign languages are taught, the second foreign language being
taught only for 3 years before going to the university). The subjects
tested in the adaptation to compressed English were among the vol
unteers who had declared that they had studied French as their main
foreign language at school. They rated themselves as having a very
low level of comprehension of spoken English (0 or I on as-point
scale). Also, most of the subjects had studied French as a second
foreign language at school. The subjects in the French group were
selected from the volunteers who had not studied French as their
main foreign language and who reported having difficulty under
standing spoken French (they rated themselves as having a very low
level ofunderstanding for spoken French, 0 or I on a 5-point scale).
Around half ofthe subjects reported having had occasional contact
with Italian (e.g., having spent a vacation in Italy with their school),
but none of them reported having studied or having had an exten
sive exposure to Italian. The subjects claimed to have had no pre
vious exposure to Japanese (except for the occasional sentences
heard in movies or on television).

Materials. Ten sentences in each language (Spanish, Italian,
French, English, and Japanese) were selected as the adaptation ut
terances. According to the data of Dupoux and Green (1997), this
is the number ofadaptation sentences that is likely to guarantee that
benefits will have reached asymptote. All the sentences were l2~31
syllables long and were recorded by a female native speaker ofeach
one ofthe languages (English was recorded by an American speaker).
The sentences were all in a declarative mode, with a wide variety of
syntactic structures, and the speakers received instructions to pro
nounce them in a normal, clear way. Table I shows the number of
syllables, duration values, and articulation rates for the 10 sentences
used in each adaptation phase. These sentences were digitized at
16 kHz and compressed by using the PSOLA algorithm (Charpen-

Table 1
Average and Standard Deviations ofthe Number of Syllables,

Duration Values, and Articulation Rates for the 10 Induction Sentences
for Each Language and the 5 Experimental Test Sentences

Language

Spanish
Italian
French
English
Japanese
Greek
Spanish, test

Number of Syllables

Average SD

15.9 4.7
16.7 2.0
15.5 2.7
14.8 0.8
27.7 2.0
15.2 3.3
16 4.3

Duration (in Seconds)

Average SD

2.84 0.71
2.81 0.22
2.58 0.27
2.42 0.15
4.43 0.40
2.35 0.64
2.80 0.84

Articulation Rate
(Syllables/Seconds)

Average SD

5.59 0.68
5.94 0.22
6.01 0.72
6.12 0.34
6.24 0.53
6.47 0.73
5.76 0.49
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tier & Stella, 1986). This algorithm is fully automatic and general
and can be applied to any sounds, speech or nonspeech. Briefly, the
algorithm automatically segments the signal into successive over
lapping chunks that are synchronized to pitch periods when the sig
nal is periodic and are distributed regularly when it is not. Then,
neighboring chunks are superimposed and averaged to create a sin
gle chunk. The number of chunks that get averaged into one de
pends on the compression rate. For instance, for a compression rate
of 50%, every other chunk is superimposed and averaged with the
following one. This compression algorithm is fairly commonly used
in many commercial and freeware sound editor packages.

The compression rates for each adaptation language were the fol
lowing: Spanish, 38%; Italian, 30%; French, 37%; English, 50%; and
Japanese, 50%. Percentages refer to the length of compressed sen
tences relative to the uncompressed ones. Thus, for instance, com
pressed French sentences lasted 37% of the original duration. For
the nonnative languages, these percentages were established after a
pilot study in which the maximal speech rate at which subjects were
still able to pick up some syllables was determined. In this pilot
study, another group of native Spanish subjects was presented with
the same compressed sentences as those that were to be used in the
main study. They were asked to write down as much as they could
from what they heard (the same instructions and experimental pro
cedure used later; see below). The criterion by which to fix the com
pression rate was that, in the last five adaptation sentences, the sub
jects were able to correctly identify between 15% and 25% of the
original syllables. Between 6 and 16 subjects were tested in this
pilot study for each language (6 subjects with the Italian sentences,
9 subjects with the French sentences, 9 with the Japanese ones, and
16 with the English sentences). Between one and three different
compression rates were tested for each language (one for Italian,
two for French and Japanese, and three for English). For the Spanish
sentences, the compression rate of 38% was identical to that used
in the Pallier et al. (1998) study.

Five new Spanish sentences were selected for the experimental
phase (see the Appendix). These sentences were compressed to
38% oftheir original length. Their length varied between 15 and 21
syllables. All the subjects received the same five experimental sen
tences in all the conditions. A different female speaker recorded the
Spanish experimental and the Spanish adaptation sentences. Thus,
all the groups, including the Spanish one, had a change of speaker
between the adaptation and the experimental phases.

Procedure. The subjects were individually tested in a sound
attenuated booth. They wore headphones (Sennheiser HMD-224)
and were instructed to write down as much as they could ofeach sen
tence they heard, even when the sentences were in a language that
they could not understand. They had to write down the sentences on
a sheet of paper with lines numbered from I to 15, and a thick line
was drawn between numbers 10 and II. The subjects were specifi
cally instructed that the sentences would be presented at a very high
speech rate and that, after Sentence 10, the language ofthe sentences
would switch to Spanish. The Spanish adaptation group was told to
expect a change of speaker between Sentences 10 and II. The con
trol group heard only the five experimental sentences; accordingly,
their answer sheets only had numbers I to 5.

The subjects were given as much time as they needed to write
down their answers; the experimenter refrained from administering
the next sentence until the subjects indicated that they were ready
by raising their hands. The whole experimental session did not last
more than 15 min.

Results
The subjects' responses were scored according to the

percentage of correct syllables reported on the five ex
perimental sentences (the same for all the subjects). This
measure is the same as the one employed in the Pallier

et al. (1998) study. There are two main reasons why it was
preferable to score in terms of the percentage of correct
syllables rather than the percentage of correct words.
First, it provided a more fine-grained analysis ofsubjects'
responses, since partially correct responses could be
scored differentially from total failures. For instance, in
the first test sentence, the word "julio" was often reported
as "junio": scoring in terms ofcorrect whole word would
have implied that answers like "junio" were incorrect
(exactly as if subjects had written nothing), whereas
scoring it in terms of number of syllables allowed us to
score it with one syllable-the first one-being correct.
This is especially important in a language such as Span
ish, where most of the words are two and three syllables
long (and the number of monosyllabic content words is
relatively small; for instance, in the LEXESP database
[Sebastian-Galles, Marti, Cuetos, & Carreiras, 1996],
out ofthe 14,876 listed nouns, only 144 are monosyllabic).
Second, Spanish is a language with a rich inflectional
morphology. It was relatively common that the subjects
made errors in the precise inflected form being heard (for
instance, in the first experimental sentence, many sub
jects reported "dijo" ["said," third person singular past]
instead of "dije" ["said," first person singular past]).
Again, scoring in terms of syllables allowed a finer grained
analysis of subjects' responses and made it unnecessary
to formulate additional decisions, such as having to con
sider all inflected forms of a word as correct answers or
otherwise.

The mean percentages for each group of subjects are
shown in Figure 1.A global analysis ofvariance (ANOVA),
with experimental condition (adaptation language) as a
between-subjects variable, was performed on the average
of correct syllables reported by each subject for the five
experimental sentences. The analysis showed a significant
effect [F(5,1 14) = 13.3,p < .0001].

A Tukey multiple comparison of means showed that
the groups of subjects being adapted to Spanish and Ital
ian differed from the control, French, English, and Jap
anese groups (both atp < .0001). No other comparison
ofmeans reached significance. To assess whether the re
ported results arose from differences in the ability ofsub
jects to partially understand the compressed sentences (it
should be remembered that most of the subjects had re
ceived some training in one of the languages during their
secondary schooling), the mean number of correctly re
ported content words in the adaptation sentences was cal
culated for the Italian, French, English, and Spanish
groups. This measure, which was intended to assess pos
sible differences in the degree of understanding of the
adaptation sentences, was not estimated for the Japanese
group, since these subjects had no previous knowledge
of this language and, thus, were unable to understand any
word. Homophones or rough phonetic transcriptions of
the original words were accepted as correct words. The
mean percentages ofcontent words correctly reported in
the adaptation sentences were 85.2% (SD = 3.7) for the
Spanish ones, 11.0% (SD = 7.7) for the Italian ones,
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Figure 1. Mean percentages and standard deviations of correct syllables for the experimental sen

tences in Experiment 1.

14.2% (SD = 18.6) for the French ones, and 8.2% (SD =
7.1) for the English ones.' A Tukey multiple comparison
of means showed no differences between the Italian,
French, and English groups, and they all differed from
the Spanish group (p < .0001).

Discussion
The results of this experiment basically replicate the

findings reported in Pallier et al. (1998). They show that
when listening to foreign languages, our speech percep
tion system adjusts to the properties of that language.
When the foreign language shares many properties with
the speakers' native one, subjects benefit from previous
exposure to compressed speech,just as ifthey had heard
their own language. In other words, adaptation to com
pressed Italian sentences produced a benefit equivalent
to adaptation to Spanish, for native Spanish speakers. In
contrast, adaptation to languages that are more distant
from Spanish, such as English and Japanese, produces
no benefit for the perception of compressed Spanish;
Japanese produces qualitatively the poorest adaptation,
although the difference with the control group was not
significant. However, contrary to our expectations, we
have not been able to observe any significant transfer from
French to Spanish, although both languages have phono
logical properties that are similar and share many lexical
roots. We will come back to this issue in the General Dis
cussion section. Finally, our results suggest that adapta
tion does not depend on comprehension of the adapting
sentences. Indeed, the subjects could comprehend much
more of the compressed Spanish than ofthe compressed
Italian adaptation sentences (85% vs. 11%); nevertheless,
both sets of sentences yielded the same amount ofadap
tation. Conversely, Italian sentences yielded much more
adaptation than French sentences, yet the subjects could
comprehend the adaptation sentences to a similar degree
(indeed, French was even slightly better: 11% vs. 14%).

Before drawing any strong conclusions, however, we
have to consider a possible alternative explanation for
the reported results. As was pointed out before, the adap
tation languages were compressed to different rates,

which were determined in a pilot study. We chose rates
that would ensure that, across languages, although sub
jects would be unable to understand the languages, they
would still be able to pick up a similar number of sylla
bles. To achieve this, different languages required dif
ferent compression rates. However, English and Japa
nese were less compressed than Italian, French, and
Spanish, and it turned out that English and Japanese
yielded the poorest adaptation. This might simply be ac
counted for by the fact that adaptation is worst when the
adapting sentences are less compressed than the test sen
tences. To test this hypothesis, we carried out another ex
periment, using two different compression rates within a
single language (Greek): One compression rate was sim
ilar to the Spanish-Italian group (30%), and the other
was similar to the English-Japanese group (50%). If the
pattern ofresults in Experiment 1 is due to differences in
the compression rates of the adaptation and the test sen
tences, significant differences between the two adapta
tion rates ought to be observed in Experiment 2. The in
terest in using Greek as an adaptation language was based
on the following. Although we ruled out comprehension
of the adaptation sentences as a factor accounting for the
adaptation effect, it is still possible that lexical/morpho
logical overlap between languages plays a role. Hence,
even if, as we have shown, the subjects could not com
prehend much of the compressed Italian sentences, it
still is possible that their mental lexicons were activated
by the lexical roots of Italian, which are much closer to
the roots of Spanish than they are to those of English or
Japanese. So, this second experiment had two goals: first,
to study to what extent the different compression rates of
the adapting sentences can affect the performance in the
experimental sentences and second, to verify whether the
results are due to any kind oflexical overlap between Span
ish and the adapting languages.

EXPERIMENT 2

Greek is a language that has the same rhythmic char
acteristicsofSpanish, but it is not a Romance language and
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has a relatively limited lexical overlap with Spanish (see
Table 2). Greek is syllable timed (Dauer, 1983), with a
syllabic structure and an accent pattern that are similar
to Spanish. If the differences observed in Experiment I
are due to the rhythmic similarity ofthe adapting and test
sentences, the subjects should behave alike, regardless
ofwhether they were adapted to compressed Greek, com
pressed Spanish, or compressed Italian. Alternatively, if
the results are due to lexical similarities between the Ro
mance languages (in terms of both content words and
functional words), compressed Greek should not help
the subjects as much as Italian and French, languages
that have many lexical roots and functional words that
are similar in Spanish. Indeed, its results should be sim
ilar to those for Japanese or English. As was mentioned
above, two different compression rates were used to test
whether the results of Experiment I were due to differ
ences in compression rates. One ofthe groups listened to
Greek sentences compressed to 30% of their original
length, whereas the other group listened to Greek sen
tences compressed to 50% of their initial duration.

Method
Forty new subjects from the same population as that in Experi

ment 1 were tested in this experiment. As in the previous experi
ment, the subjects' knowledge of foreign languages was assessed.
Specifically, they declared having no previous knowledge ofGreek
(just occasional contact from television or movies).

Ten adaptation sentences in Greek were selected. The sentences
were compressed, using the same algorithm as that described in Ex
periment 1. Twenty subjects listened to Greek sentences compressed
to 30% oftheir initial duration, and 20 subjects listened to Greek sen
tences compressed to 50% oftheir initial duration. These two groups
are henceforth referred to as Greek30 and Greek50. The experi
mental procedure was the same as the one used in Experiment I.

Results and Discussion
Mean percentages for each group of subjects in the

two new experimental conditions (against the control

and Spanish groups) are shown in Figure 2. A pooled
ANOVAof the data ofthe Greek30 and Greek50 groups
was performed, pooled together with those of Experi
ment I for the control and Spanish groups. In this analy
sis, the experimental condition (adaptation language)
had four values. The analysis was performed on the av
erage number of correct syllables reported by each sub
ject. The analysis showed a significant effect [F(3,76) =

16.4,p < .0001].
A Tukey multiple comparison of means between the

two Greek groups and the Spanish and control groups
showed that the Greek30 and Greek50 did not differ
from each other, or from the Spanish group, whereas both
of them differed from the control group (p < .000 I).

The lexical overlap of the Greek adaptation sentences
with the Spanish lexicon was very small. Indeed, we cal
culated the number of words that had a similar pronun
ciation in both languages (we considered there to be an
overlap if at least the first two phonemes were shared in
both languages). There were only five words that met this
condition: Gr: treno, Sp: tren (Engl: train); Gr: Europis,
Sp: Europa (Engl: Europe); Gr: turkika, Sp: turco (Engl:
Turkish); Gr: taverna, Sp: taberna (Engl: tavern); and Gr:
dio, Sp: dos (Engl: two). Incidentally, "taverna" was the
last word ofone ofthe sentences, but regardless, no sub
ject reported it. In fact, using the scoring procedure de
scribed in Experiment I, we found that the subjects were
totally unable to report any word in the Greek sentences
(score, 0%).

The results of Experiment 2 show that adaptation to
time-compressed Greek has the same effect as adapta
tion to time-compressed Spanish: both of the groups of
subjects adapted to time-compressed Greek (Greek30
and Greek50), like the group adapted to time-compressed
Spanish, performed significantly better than the control
group. The main goal of this experiment was to test the
hypothesis that the pattern of results observed in the pre
vious experiment was due to differences in the time-

90
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I 60
o 50
~- 40

Control Spanish Greek-50 Greek-30
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Figure 2. Mean percentages and standard deviations of correct syllables for the experimental sen
tences in Experiment 2.
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compression rates or to similarities at the lexical level be
tween the adaptation and the test languages. The results
of Experiment 2 rule out such explanations.

GENERAL DISCUSSION

In the two experiments reported above, we have as
sessed the costs/benefits for Spanish subjects process
ing compressed Spanish sentences from being exposed
to time-compressed sentences from different languages.
The observed pattern of results corroborates and ex
pands the results of Pallier et al. (1998). That is, adapta
tion to compressed speech depends on the linguistic
properties of the adapting signal. Some languages func
tion as adapting stimuli, whereas others do not. Moreover,
we found that these results depend neither on the sub
jects' understanding of the adapting signals nor on the
exact compression rate used in the adaptation stimulus
(at least in the 30%-50% range).

The combined cross-linguistic results ofMehler et al.
(1993) and Pallier et al. (1998) already suggest that adap
tation does not depend on understanding the adapting
speech. Adaptation also occurs with nonwords (Altmann
& Young, 1993) and does not depend on guessing strate
gies or other task-specific strategies (Dupoux & Green,
1997). Moreover, in our two experiments, we found no
correlation between understanding of the context sen
tences and adaptation. It seems, then, safe to conclude
that adaptation occurs as a relatively low-level process,
probably operating sublexically. Yet,Dupoux and Green
showed that the effect cannot be a low-level adjustment
to very specific kinds ofacoustic signals, since adaptation
was found to transfer across voices (male vs. female).
Similarly, we found that adaptation transfers across dif
ferent compression rates. All ofthis is consistent with the
view that adaptation operates at a level more abstract than
the acoustic/phonetic-presumably, the interface be
tween the phonetic and the phonological representations.
There are, then, two questions that need to be addressed.
The first one refers to the nature of the mechanism re
sponsible for adaptation, and the second one refers to the

nature of the sublexical (phonological) properties of the
languages responsible for adaptation (or nonadaptation).

Concerning the nature ofthe mechanisms, Dupoux and
Green (1997) discuss two possibilities: One relates to
speaking-rate normalization processes, the other to a
longer term perceptual-learning process. Given that the
adaptation effects were found to resist a change in speak
ers and to persist over a set of five uncompressed sen
tences, Dupoux and Green argued that they were unlikely
to be due entirely to speaking-rate normalization pro
cesses, which are rather local and speaker specific. The
observed effects seem more likely to be due to a rela
tively long-term adjustment in the sublexical mapping of
speech onto phonological representations. One can spec
ulate that such adjustments are comparable with those
that occur when one learns to deal with a foreign or a re
gional accent that systematically alters some aspects of
the phonetic-to-phonological mapping. Consistent with
this view is our finding that the adaptation is not uniform
across languages. Certain languages are more likely than
others to yield adaptation, and those are precisely the
languages that have phonological overlap with the target
language. Indeed, our results allow us to discard lexical
overlap as the critical factor promoting adaptation. As
Table2 shows, Romance languages have very similar lex
ical entries. Similarly, Germanic languages also have anal
ogous word forms. Thus, the previous adaptation results
of Pallier et al. (1998) could have come from lexical ac
tivation during the presentation ofadapting stimuli, rather
than from phonology per se. This option now seems un
likely, given the results with Greek and French. Indeed,
we found that Greek, a non-Romance language, was as
effective as Italian as an adapting language (in fact, both
were as effective as Spanish itself). Notice, however, that
the underlying lexical roots in Greek and Spanish do not
coincide, and hence, it is unlikely that the lexicon plays
a role in the adaptation to compressed speech. What pa
rameter, then, can be responsible for the adaptation to
compressed speech?

Leaving aside, for the moment, the case ofFrench, our
data are congruent with the hypothesis proposed by Cut-

Table 2
Summary Characteristics ofthe Languages Tested With Speech Compression

Characteristic Dutch English Japanese French Spanish Italian Catalan Greek

Language family Germanic Germanic Japanese Romance Romance Romance Romance Hellenic
Examples of

content words hand hand te main mano mano rna chjeri
tong tongue gengo langue lengua lingua Ilengua glossa
huis house ie maison casa casa casa spiti
man man ningen homme hombre uomo home andhras
vliegen fly tobu voler volar volare volar petao

Rhythmic group stress stress mora syllable syllable syllable syllable syllable
Number of vowels 16 15 5 14 5 7 8 5
Stress variable variable variable fixed stress, variable variable variable variable

stress stress stress word final stress stress stress stress
Adaptation results

(Spanish subjects) no no no yes yes yes yes
Adaptation results

(English subjects) yes yes no
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ler and Mehler (1993), who suggested that there are three
basic language classes: syllable timed, stress timed, and
mora timed. Dutch and English are both stress timed,
and they show cross-adaptation; Spanish, Italian, and
Greek, three syllable-timed languages, also show cross
adaptation. In contrast, in none of the between-classes
tests was there any indication of adaptation. Nevertheless,
one data point-namely, the fact that French, a syllable
timed language, does not facilitate the perception of com
pressed Spanish-poses a problem for a purely rhythmic
account. Indeed, the present pattern ofresults points in the
direction that other phonological (sublexical) properties
may be playing a relevant role as well.

Although French belongs to the same rhythmic group
as Spanish, Italian, and Greek, as can be seen from Table2,
it differs from them in many other dimensions. First,
French has fixed final syllable stress-all its content words
are stressed on the last syllable-and it has a relatively
large number of vowels (14). In contrast, Spanish, Italian,
and Greek are languages with variable stress-promi
nence can be given one of the last three syllables ofcon
tent words-and they have a relatively small number of
vowels (between 5 and 7). These two dimensions have
proven to have important perceptual consequences. For
instance, Dupoux et al. (1997) have shown that, contrary
to Spanish listeners, French subjects have a lot of diffi
culties in making judgments on the basis of stress loca
tion. Also, Cutler and Norris (1988) have argued that the
prototypical stress pattern in a language is used to seg
ment the continuous speech into words. It is, then, pos
sible that adjustments in lexical access routines that
occur during the adaptation to compressed speech trans
fer better to languages that have similar suprasegmental
properties. However, the results of both English and
Japanese, two languages with variable stress/pitch ac
cent, suggest that sharing this feature alone cannot ac
count for the data. A second difference-namely, the vowel
system-could also have an impact on the compression
results. It is likely that speech compression at high rates
distorts the phonetic realization of segments. It is, then,
possible that adjustments at that phonetic level might
transfer better to languages that share similar phoneme
inventories. Although they used a different technique,
Costa, Cutler, and Sebastian-Galles (1998) reported
speech-processing differences between Spanish and Dutch
speakers, attributed to differences in the vowel/consonant
ratio inventories in the two languages. However, this di
mension would predict adaptation from Japanese to Span
ish, two languages with five vowels.

More research is needed to tease apart these possibil
ities and to determine their specific weight in the adap
tation mechanism. But our results already allow us to re
ject a simple explanation of all adaptation phenomena in
terms of the simple three-class rhythmic hypothesis, and
they suggest the relevance ofphonological features, such
as variable versus fixed stress and vowel repertoire. In
order to account for the results, it seems necessary to con
sider a combination ofmore than one factor, among which
language rhythm has to playa role.

Before closing, let us mention an unexpected finding
that we discovered upon inspecting the detailed responses
ofthe subjects. It was found that many subjects exposed
to compressed Japanese and, to a lesser extent, to com
pressed English reported nonsense words in the very
first experimental sentence (in Spanish). For example,
the subjects in the Japanese adaptation group transcribed
the test sentence "Le dije que volviera antes del mes de
julio" ("1told him to come back before the month ofJuly")
with a series ofnonsense words ("Legareis tot sugurus te
tot"). Similarly, the subjects in the English induction
group transcribed the same test sentences with strings of
nonwords like "Leri a ye jurio." This type of answer was
rare in the control and French groups and nonexistent in
the Italian, Greek, and Spanish groups. To get a quanti
tative measure of this phenomenon, each first experi
mental sentence was classified according to whether it
contained only nonsense syllables (the nonword cate
gory), contained some real Spanish words (the word cat
egory), or was impossible to classify (no response at all
or only one function word, the other category).

As is shown in Table 3, the lexical/nonlexical nature of
the responses to thefirst sentence after the language switch
correlates well with adaptation. We performed a test of
comparison of proportions (z scores) on the proportions
of word responses and observed that (1) Spanish, Italian,
Greek 50, and Greek30 did not differ from each other (all
z scores below 1.96, p < .05 or less); (2) Japanese was
different from all the other adapting languages, except
for English (p > .10 or more), and (3) English and French
did not differ from each other (z = 1.26, n.s.). Adapting
languages (Italian and Greek), even if they are not un
derstood by the subjects, induce them to report actual
Spanish words in the compressed sentences. However,
nonadapting languages (Japanese, English, and French)
induce subjects to perceive their own language as for
eign-that is, they do not report hearing words (Japanese
inducing subjects to report fewer word category responses
than does French). Remarkably, this pattern of results is
not correlated with the lexical proximity of languages.
Greek, a language lexically distant from Spanish, induces
a lexical mode more than does, say, French, which is a
lexically closer language. This corroborates our hypoth
esis that it is phonological information, not lexical infor
mation, that promotes adaptation to compressed speech.
Phonologically close languages put the subjects into a
maternal language processing mode, whereas phonolog-

Table 3
Percentage of Each Type of Responses

in the First Two Experimental Sentences

Group Word Nonword Other

Control 65 20 15
Spanish 90 0 10
Italian 100 0 0
French 60 10 30
English 40 35 25
Japanese 25 55 20
Greek50 100 0 0
Greek30 85 5 15
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ically more distant languages locally inhibit processing
of the maternal language.

In conclusion, whatever the answer to these questions
may turn out to be, we want to underline the usefulness of
adaptation techniques for uncovering similarities and dif
ferences in the speech-processing systems. Discovering
the exact nature of these adjustments may help uncover
some ofthe essential aspects oflanguage processing (see,
e.g., Houde & Jordan, I998). These techniques have been
able to show the contrasting processing of speakers of
different languages by teasing apart lexical from phono
logical factors. Moreover, such a discovery may also
help us find out why subjects have trouble with the per
ception of known foreign languages and with the per
ception of their native language when it is spoken with a
foreign accent.
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NOTE

1. It has to be noted that the percentage of correct syllables for the
Spanish induction group in the induction sentences is higher than the
ones reported by Dupoux and Green (1997) for English. However, this
percentage does not differ from some obtained by Mehler et al. (1993)
and Pallier et al. (1998) for Spanish, Catalan, and French and from some
reported by Altmann and Young (1993) for English. Therefore, al
though, in the present study, there are big differences in the under
standing ofthe induction sentences across languages (mostly if we com
pare the understanding of compressed Spanish with the rest of the
induction languages), it does not correlate with subjects' performance
in the experimental sentences.

APPENDIX
Test Sentences

-Le dije que volviera antes del mes de julio
(1 told her to come back before July)

-Cerro la puerta poco a poco, para no despertar a su hija
(She closed the door slowly so that she would not wake up her
daughter)

-Esta silla es mucho mas comoda que la otra
(This chair is much more comfortable than the other one)

-Estas atletas han sido las ganadoras de la ultima carrera
(These athletes were the winners ofthe last race)

-Empezo a pintar hace tres meses
(She started to paint three months ago)
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