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The role of syllabic structure and stress assignment in the perceptual segmentation of
Catalan and Spanish words is studied. Previous research suggested that the syllable is the
segmentation unit for languages with clear syllabic structure. In Experiment 1, we found that
syllabification effects are found in Catalan but only in unstressed first syllable word-targets.
No syllabification is obtained when the first syllable is stressed. In Experiment 2, we failed
to find any sylabification effect in Spanish, regardless of stress in word-targets. Nonethe-
less, Experiment 3 shows that syllabification effects emerge in Spanish when subjects are
made to respond to 250 ms slower than in Experiment 2. On the basis of these results, a
modified version of the original syllabic hypothesis is proposed. We propose that both task
demands and language specific parameters play a role in the presence or absence of syllab-

ification effects in segment detection.

An important step in understanding
speech perception is to discover how words
are recognized. Many models of speech
perception postulate that the acoustic sig-
nal maps directly onto word representa-
tions (Klatt, 1989). Other models however,
posit that there is a prelexical code or in-
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termediary level between the lexicon and
the signal (Liberman, 1970; Elman & Mc-
Clelland, 1986). Mehler (1981) and Mehler
et al. (1990) have argued that the latter
kinds of models are biologically more real-
istic.

Psycholinguists have focused much of
their attention on two sublexical units: the
phoneme and the syllable. Mehler, Dom-
mergues, Frauenfelder, and Segui (1981)
found that French subjects respond faster
in a syllable monitoring task when the tar-
get corresponds to the first syllable of the
stimulus word than when it corresponds to
a longer or shorter segment than the first
syllable. That is, subjects respond faster
when monitoring for BA in BALANCE
than for BA in BALCON, and for BAL in
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BALCON than in BALANCE. In other
words, they found an interaction between
word type and target type. From these
studies, Mehler et al. (1981) concluded that
the speech signal is segmented into sylla-
bles prior to lexical access. Cutler, Mehler,
Norris, and Segui (1983, 1986) tried to ex-
tend the generality of the original French
experiments to English, but failed to repli-
cate the main interaction of word by target
type. Cutler et al. (1983, 1986) found an
overall reaction time advantage for CV
words over CVC words in their experi-
ments with English.!

In order to explain the different response
patterns in French and English, Cutler et al.
(1986) proposed that for languages with
clear syllabic boundaries, such as French,
listeners spontaneously use a syllabic rep-
resentation to segment speech prior to lex-
ical access; while for languages with wide-
spread ambisyllabicity, as in English, such
a representation is not used. According to
the authors, in these cases, subjects use a
nonsyllabic unit whose detailed nature has
yet to be uncovered. If these authors are
right, the sublexical units used to process
and recognize speech are not universal, but
vary according to the phonological proper-
ties of the language.

In the Cutler et al. (1983, 1986) study, the
aim was to contrast two types of languages,
one with clear syllabic boundaries, and the
other presenting ambisyllabicity.? Unfortu-
nately, the characteristics of English and
French make it difficult to select items
where only the ambiguity of syllable bound-
aries is manipulated while all other proper-
ties are kept constant. In English, syllabic

! However, the C in all the CV words had an ambi-
syllabic C, so the CV words should be labelled CV[C]
rather than plain CV.

2 Stress languages, such as English, tend to have
unclear syllable boundaries. In some cases, e.g., in
English, intervocalic consonants that precede an un-
stressed vowel belong to two syllables at once (Ander-
son & Jones, 1974; Kahn, 1976). For example, in the
English word palace, the /I/ may be part of the first and
second syllables. Accordingly the syllabic structure of
this word is [pa[tJace].

boundaries are primarily unclear in words
that carry stress in the first syllable; while
in French, a fixed stress language, stress is
always carried by the last syllable in a
word. As a result, in the Cutler et al. (1983,
1986) experiments, while French subjects
monitored segments in unstressed sylla-
bles, English subjects found their targets in
stressed syllables. This discrepancy makes
the interpretation of the above cited exper-
iments more difficult, since the French and
English materials differ in more than just
the cues to syllabic boundary. In fact,
stressed and unstressed syllables differ
widely in their acoustic characteristics. It
could be argued that when the first syllable
is unstressed, the segments are more coar-
ticulated, forcing subjects to rely on a syl-
labic representation, even when they have
to identify subparts of a syllable. In con-
trast, when the first syllable is stressed, the
segments are more transparently realised
and can be identified on the basis of a more
peripheric phonetic code. By acoustic—~
phonetic transparency we refer to the ease
with which a segment can be identified as
distinct from another competing candidate
in a language. Could it be that the contrast-
ing behaviors of the French and English
subjects observed by Cutler et al. arise
from the nature of the stimuli used and not
from the nature of the languages?

In fact, the disparity in the distribution of
stress in the two sets of materials may not
entirely explain the observed pattern of re-
sults. The authors found that the presence
or absence of an interaction between tar-
gets and words types was not a function of
the experimental list but rather a function
of the subject’s native language. Indeed,
French subjects showed a strong syllabic
effect, even when they were tested with the
English materials. Similarly, English sub-
jects did not display syllabic effects even
when they were tested with the French ma-
terial. The authors claim, therefore, that
the results cannot be an artifact of the ex-
perimental material but are instead derived
from perceptual strategies that subjects de-
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velop to process their native language.
Such strategies are then used even when
listening to a foreign language. Still, the ex-
act role of stress in segment monitoring re-
mains to be explored in greater detail. To
assess the role of stress in speech segmen-
tation experiments one must study lan-
guages that allow first syllables to be either
stressed or unstressed. This is why we
chose Catalan and Spanish, a pair of lan-
guages that allow stress to appear in differ-
ent parts of words.

In addition there are other reasons to try
to replicate the Mehler et al. (1990) and Cut-
fer et al. (1983, 1986) studies in other lan-
guages. If speech segmentation procedures
vary from one language to another, it is im-
portant to establish how the language spe-
cific parameters constrain the segmentation
procedures. Cutler et al. propose that the
use of a syllabic representation is deter-
mined by the nature of syllable boundaries
in the language. Languages with clear syl-
lable boundaries always use syllables for
segmentation, but languages with wide-
spread ambisyllabicity do not. We might
question such a strong claim, given that
French and English differ in many aspects
that are not directly related to differences in
syllabic boundaries. For instance, in En-
glish, stress can have contrastive value
(contract and contract are two different lex-
ical items) whereas stress is fixed in
French. The presence of contrastive stress
in a language may turn out to be quite im-
portant for speech segmentation: for exam-
ple, one might argue that in such languages
lexical access cannot occur unless the
stress pattern of the word being processed
is available. The processing system might
then need to include several syllables in its
window to compute the relative value of
stress prior to lexical access. In French,
since stress is entirely predictable, the pro-
cessing system might rely on single sylla-
bles as access units without paying atten-
tion to stress. Another dimension where
English and French differ relates to the
amount of vowel reduction. In English,

vowel reduction® is widespread, whereas in
French it is uncommon and limited to the
vowel /e/. Again, the abundant presence of
reduced vowels in a language may diminish
the information content of single syllables.
Thus larger units (such as feet) might be
needed for reliable lexical access.

All these considerations make it neces-
sary to further investigate the claim made
by Cutler et al. True enough, English and
French differ in the presence or absence of
clear syllabic boundaries; but they also dif-
fer in the distributional properties of the
main stress, the contrastive value of stress,
and the amount of vowel reduction. Since
all these factors could potentially account
for the French-English results, studies us-
ing a different set of languages are clearly
needed. In this paper, we explore the issue
of speech segmentation with better con-
trolled material using two relatively unex-
plored languages: Catalan and Spanish.

Catalan and Spanish have phonological
systems that are somewhat intermediate
between those of French and English (see
Table 1) (Academia Espaiola, 1973; Mas-
caré, 1978). Both languages, like French,
have clear syllabic boundaries. Following
Cutler et al.’s (1983, 1986) hypothesis, one
would predict that Catalan and Spanish
show a strong syllabic effect in segment de-
tection. However, in other respects, Span-
ish and Catalan differ from French and are
more like English. For instance, both have
variable stress. This property will allow us
to present words starting with stressed and
unstressed syllables, and hence to study the
role of stress value within a single language.
We will also see if having variable stress
affects the use of syllables in speech seg-
mentation. Furthermore, Spanish has con-
trastive stress and no vocalic reduction
whereas the reverse is true for Catalan.
This contrast will allow us to sort out the

3 Languages bearing vowel reduction do not have
the same vowels in stressed and unstressed positions.
In unstressed syllables, full vowels are replaced by
reduced vowels (in English, [;] and schwa.)
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TABLE 1
COMPARISON OF SOME FRENCH, ENGLISH, SPANISH, AND CATALAN PHONOLOGICAL PARAMETERS
French English Spanish Catalan
Variable stress — + + +
Stress localization Always final Mostly initial Mostly initial Indifferent
Contrastive stress — + + —7
Ambisyllabicity — + — —
Vowel reduction — + — +
Number of vowels 16 14 S
relevant language dependent parameters Material

that may modulate the use of syllabic rep-
resentation in speech processing.

EXPERIMENT 1

Catalan has clear syllabic boundaries like
French. Following Cutler et al.’s claim
(1983, 1986), one might predict a syllabic
effect (i.e., an interaction between word
type and target type) in this language re-
gardless of any other parameter. However,
like English, Catalan has variable stress
and widespread vowel reduction. If these
parameters are the critical ones, then no
syllabic effect should be obtained in Cata-
lan. Of course, it might also turn out that
syllabic effects depend on the position of
stress in the experimental word. As men-
tioned above, syllabic effects might be
more robust when the experimental word
starts with an unstressed syllable rather
than a stressed one. To test for this possi-
bility, half of the experimental words were
stressed on the first syllable and the other
half on the second syllable.

Method
Subjects

Forty-four subjects whose first language
was Catalan were used in this experiment;
they were all undergraduate Psychology
students at the University of Barcelona.
Most of them, although dominant Catalan
speakers? also spoke Spanish fluently.

4 Catalan was their maternal language and they only
learned Spanish when they were at school.

Five quadruplets of bisyllabic words
were selected. Each quadruplet was com-
posed of words sharing the same initial
CVC phonemes. The first syllable of two
words in each quadruplet was stressed,
while in the other two words the second
syllable was stressed. The initial syllable of
two words in each quadruplet had CV
structure while the other two had CVC
structure. In this way, each word in each
quadruplet was a combination of * stress
and CV/CVC first syllable. We used the
vowels /i/ and /u/, as they are the only ones
which do not reduce when they appear in
unstressed syllables. All words in the Cat-
alan quadruplets started with one of the fol-
lowing CVC combinations: PUR, CUR,
TIM, TIN, and VIS. Experimental words
are shown in Table 2.

Two blocks, A and B, of 30 lists each
were built. Lists ranged from one to six
words in length. The targets always ap-
peared in the last position of each list, ex-
cept in the case of six word lists, where the
target did not appear at all. Experimental
words always appeared in three and four
words long lists (eight and 12 lists, respec-
tively, in each block). All members of each
quadruplet always appeared in the same se-
quence position. In the remaining 10 lists of
each block, lengths were distributed in the
following way: two lists of one word, three
lists of two words, three lists of five words,
and two lists of six words. The same exper-
imental words were used in the two blocks,
but the target was changed from one block
to the other. That is, if subjects had to mon-
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TABLE 2
QUADRUPLETS USED IN EACH LANGUAGE
Spanish Catalan
cv CVvC Ccv CcvC

Stressed Unstr. Str. Unstr. Str. Unstr. Str. Unstr.

Cala Calor Calma Calcar Cura Curat Cursi Cursar

Cana Canal Canto Candor Pura Puré Purga Purgant

Bala Balén Balsa Balcén Tina Tinent Tinta Tinter

Paro Pared Pardo Partir Timid Timoé Timbre Timbal

Paso Pasién Pasta Pastel Viso Visé Vista Viscés

itor PU in PURA in block A, they had to
monitor PUR in PURA in block B. Thus, as
in the Mehler et al. (1981) and Cutler et al.
(1983, 1986) experiments, each stimulus
word occurred twice (although preceded by
different filler words) in the experiment.
The two appearances of any experimental
word shared the same position in each of
the two blocks.

Fillers and nonexperimental targets were
also bisyllabic words, half of them bearing
stress on the first syllable and half of them
on the second. Most of them were nouns,
while the rest were verbs. None of the fill-
ers started with the same consonant as the
experimental item. A set of 10 training lists
was constructed conforming to the experi-
mental specifications.

Procedure

Lists were recorded by a female Span-
ish-Catalan bilingual speaker at a rate of
one word every 2.0 s. The speaker read the
items from a word-by-word computer
screen presentation for a list of elements
presented at 2-s intervals. The speaker did
not know either what target corresponded
to any list, or how many words each list
contained. This was done in order to pre-
vent the speaker from producing a fall in
intonation in last position items. The exper-
iment was run on each subject individually
in a soundproof room. The experimental
tape was binaurally presented via head-
phones. Targets were visually specified on
small 8 X 5 cm cards. Before hearing each

list, subjects heard two beeps and had 5 s to
read the next card. Subjects were in-
structed to monitor for sound associated
with the visually presented targets in the
spoken word. They were told that in some
sequences there would be no word carrying
the specified target. Subjects were told to
respond only if the specified target was de-
tected in the auditory materials. At the on-
set of the experimental word an inaudible
signal started a clock on an IBM PS-50 mi-
crocomputer. Subjects responded by press-
ing a response button which stopped the
clock.

The experiment lasted about 20 min. Half
of the subjects heard block A first and then
block B, while the other half first heard
block B, followed by block A.

Results

Mean reaction times for each subject and
experimental condition were computed.
Cutoff points were established at 100 ms
and 1000 ms. Each subject’s mean and stan-
dard deviation were computed. Reaction
times above and below two standard devi-
ations for each subject were excluded from
the analyses. These procedures excluded
less than 2.5% of the total responses. The
mean response times for each condition are
shown in Fig. 1. Overall analyses of vari-
ance were performed on means for subjects
and items. These analyses showed that
none of the main factors (stress, target
type, and word type) introduced any signif-
icant effect. The interaction between target
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Fi1G. 1. Mean reaction times as a function of target
size and word type in Catalan: (a) stressed segments;
(b) unstressed segments. (In parenthesis, the percent-
age of missing rates of each condition.)

type and word type was only marginal in
the subjects analysis (F;(1,43) = 3.63,p <
0.06). No other interaction was significant.
To explore in more detail the interaction
between target and word type, we con-
ducted planned comparisons for words
whose first syllable was stressed with
words whose first syllable was unstressed.
For words with an initial unstressed sylla-
ble we found the interaction between word
and target type was significant, both in the
subject and item analysis (F(1,43) = 4.95,
p < 0.03; F,(1,8) = 5.57, p < .04). This
interaction was due to the fact that for CV
words, CV targets were detected faster
than CVC targets (15 ms; #(43) = 2.04,p <
.04), whereas a trend in the opposite direc-
tion was found for CVC words (11 ms; #(43)
= 1.41, p > .10). Additionally, the word
type factor introduced a significant effect in

the subject analysis, F,(1,43) = 4.5, p < .03
(F, < 1), CVC words were responded to
faster than CV words.

In contrast, for words with an initial
stressed syllable no significant interaction
between word and target type was ob-
served (all F's < 1). However, the two main
factors had a significant effect in the subject
analysis: CV words were responded to
faster than CVC words (F(1,43) = 12.69, p
< .0009 but F,(1,8) = 1.6, p > .10); CV
targets were responded to faster than CVC
targets (F,(1,43) = 4.84, p < .03, but
F,(1,8) = 2.37, p > .10).

Discussion

The results of this experiment suggest
that the position of stress in experimental
words determines the subjects’ response
patterns. When the first syllable of the ex-
perimental word is unstressed, results are
similar to those obtained for French; that
is, a word by target interaction is obtained.
In contrast, when the first syllable of the
experimental word is stressed (something
that cannot be studied in French) no such
effect is observed.

The fact that a word by target interaction
can be observed in the case of unstressed
syllables shows that Catalan subjects are
able to represent speech sounds in terms of
syllables and use this representation to per-
form the segment detection task. This im-
plies that the use of syllables can be dem-
onstrated even in a language that has vari-
able stress assignment and widespread
vowel reduction. In this sense, the results
are compatible with the hypothesis of Cut-
ler et al. (1983, 1986) that the important pa-
rameter is the amount of ambisyllabicity in
the language. Catalan has no ambisyllabic-
ity and therefore syllables are used in
speech segmentation.

However, the effect of syllables on seg-
ment detection times does not generalize to
the whole language. No interaction has
been found when words start with stressed
syllables. This result does not fit at all with
Cutler et al’s claim. Indeed their claim pre-
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supposes that the units that get used are the
same across all the items in the language.
Furthermore, there is no reason to suspect
that stressed syllables would be more am-
bisyllabic than unstressed ones. Could it be
thought that syllables are used when their
vowel is unstressed, but not when it is
stressed? Although this is certainly a logical
possibility, it seems rather unlikely. From a
processing point of view it seems strange to
use one type of unit sometimes and an en-
tirely different one at others. An alternative
possibility is that a syllabic representation
is always extracted from the signal regard-
less of stress, but subjects do not necessar-
ily use it to perform the task.

This proposal is indeed quite compatible
with other observations which show that in
segment detection tasks fast subjects can
bypass the syllabic representation, that is,
to initiate their response before the under-
lying syllable has been fully processed
(Miller & Dexter, 1988; Dupoux, 1989). In
fact, subjects may have access to a stage in
prelexical processing where information
concerning the first part of the syllable is
available. However, this subsyllabic pro-
cessing stage is quite unstable, and when
the response is not made fast enough, sub-
jects can only have access to the full syl-
labic representation. It could then be that in
the case of stressed syllables, the speech
signal is quite strong and clear, and subjects
can indeed bypass the syllabic representa-
tion. In the case of an unstressed syllable,
however, the speech signal is much shorter
and lower in intensity, making it difficult to
access this subsyllabic representation.

In short, this interpretation posits that in
Catalan, the speech stream is segmented
into syllable-sized units, like in French.
However, such a syllabic organization does
not always gives rise to an interaction be-
tween word and target type. When the seg-
ments are more transparently realized in
the signal, as in stressed syllables, subjects
can bypass the syllabic organization and re-
spond on the basis of a more peripheral rep-
resentation. When they are realized in an

unstressed environment, however, subjects
use the full syllabic representation.

Given the data reported for Catalan, the
study of Spanish is informative. Indeed,
like Catalan and French, Spanish has clear
syllabic boundaries. However, like En-
glish, Spanish has contrastive stress. Thus
Spanish will allow us to determine whether
the use of syllables is determined by the
nature of the syllabic boundaries or by the
presence of lexical items in the language
that are identical in their phonemic content,
except for the stress value.

EXPERIMENT 2

Spanish is a language that is ideally
suited to discover whether the use of sylla-
bles arises in languages that separate one
syllable from another by unambiguous
boundaries or in languages that use lexical
stress. Spanish is also interesting because,
compared to the other languages that have
been studied, it uses a smaller number of
vowels. Indeed, Spanish has only five dis-
tinctive vowels. Moreover, in Spanish
there is hardly any vowel reduction. These
properties make Spanish words more pho-
netically transparent than either French,
Catalan or English words. If the hypothesis
formulated above to explain the absence of
syllabification for Catalan words stressed in
the first syllable is correct, one might pre-
dict the absence of a syllabic effect for all
Spanish words. Indeed, given the limited
number of vowels in the language and the
fact that these vowels are never reduced,
Spanish segments may be so distinctive
that subjects might be able to bypass the
syllabic representation in all cases.

However, previous experiments con-
ducted in Spanish by Sanchez-Casas (1988)
uncovered a strong tendency to syllabify in
Spanish speakers. This result suggests that
the above prediction is unwarranted. Still,
in the Sdnchez-Casas study only unstressed
first syllable words were used. In view of
the Catalan results, it was therefore impor-
tant to carry out a new Spanish study con-
trolling the position of stress. We still
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would expect that the syllabic effect would
disappear, or be greatly attenuated, for
Spanish words with stress on the first syl-
lable.

Method
Subjects

Thirty-six undergraduate psychology stu-
dents at the University of Barcelona served
as subjects; their first language was Span-
ish. Most of the subjects understood spo-
ken Catalan.

Material and Procedure

The same specifications concerning
stress and syllabic structure were used as in
Experiment 1. However, in the Spanish
quadruplets it was possible to use the same
vowel, /a/ (as in the Mehler et al. (1981) and
Cutler et al. (1983, 1986) experiments). All
words in the Spanish quadruplets started
with one of the following CVC combina-
tions: CAL, CAN, BAL, PAR, or PAS. Ex-
perimental words are shown in Table 2.

Results

Mean reaction times for each subject and
experimental conditions were computed.
Cutoff points were established at 100 ms
and 1000 ms. Each subject’s mean and stan-
dard deviations were computed. Reaction
times above and below two standard devi-
ations for each subject were excluded from
the analyses. These criteria resulted in the
exclusion of less than 2.5% of the re-
sponses. The mean response times for each
condition are shown in Fig. 2. Overall anal-
yses of variance were performed on sub-
jects’ and items’ means. These analyses
showed that both the main effects of stress
and word type were statistically significant
in the subjects’ analysis, although they
failed to reach significance in the items’
analysis (F(1,35) = 7.25, p < .01, F,(1,16)
= 1.39, p > .10 for the stress factor, and
Fi(1,35) = 7.67, p < .01 and F,(1,16) =
1.25, p > .10 for the word type factor).
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F1G. 2. Mean reaction times as a function of target
size and word type in Spanish: (a) stressed segments;
(b) unstressed segments. (In parenthesis, the percent-
age of missing rates of each condition.)

Stressed segments were responded to faster
than unstressed ones (369 vs 383 ms) and
CV words were responded to faster than
CVC words (369 vs 382 ms). The target
type introduced a marginal effect in the
subjects analysis (F;(1,35) = 3.4, p < .07),
although it was significant in the item anal-
ysis F»(1,16) = 5.31, p < .03, with CV tar-
gets being responded to faster than CVC
targets (371 vs 381 ms). No interaction
reached significance levels in any analysis.
Planned comparisons were conducted for
words with initial stressed and unstressed
syllables. In both sets of analyses, the only
marginally significant factor was the type of
word, and only in the subjects analysis
(F,(1,35) = 3.91, p < .055 for stressed seg-
ments, and F,(1,35) = 3.53, p < .06 for
unstressed segments).
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Discussion

In this second experiment, words with
stress on their first syllable ellicited faster
responses than words whose first syllable
was unstressed. In addition, responses to
CV words were faster than to CVC words,
and CV targets were detected faster than
CVC targets. But, in contrast with previous
reports by Sanchez-Casas, no interaction
between word type and target type was
found for either kind of stress position.

The global effect of stress in Spanish is
interesting given that no such effect was
found in Catalan. It might be possible to
attribute this effect to low level factors.
Stressed syllables convey more energy and
have larger formant excursion, yielding
more information than unstressed syllables.
An alternative explanation, might be de-
rived from the fact that in Spanish, most
bisyllabic words start with stressed sylla-
bles. Thus conceivably Spanish listeners
might give priority to stressed versus un-
stressed syllables (see Cutler & Norris,
1988, for a similar proposal in English).’

The main result of this experiment is the
complete lack of interaction between word
and target type. This result is at variance
with the Cutler et al. (1983, 1986) claim that
a syllabic effect should be found in a lan-
guage with clear syllabic boundaries. This
result is also at variance with the hypothe-
sis we formulated in Experiment 2, namely,
that a larger syllabic effect should be found
in unstressed syllables because they are
less transparent. In fact, no trace of any
syllabic effect was found, irrespective of
the stress pattern. Finally, and more prob-
lematic, these results are at variance with
the results of Sdnchez-Casas’s (1988) who
did find a significant syllabic effect in Span-
ish.

How is it that different results are ob-

3 Notice that, in Catalan, there is an equal distribu-
tion of stressed and unstressed first syllables in bisyl-
labic words. In fact, no main effect of stress was sig-
nificant in this language.

tained within the same language? It must be
remembered that in Experiment 1 we stated
that the absence of syllabic effects does not
imply that a syllabic representation is not
extracted from the signal. It just means that
subjects did not use this representation to
perform the task. There are a number of
factors that may induce subjects not to use
a full syllabic representation in a speeded
task, even though the processing system
extracts it. One of these factors is speed. In
a variety of experimental situations, it has
been reported that the processing levels
that a segment detection or classification
task can tap are radically different for fast
and slow responses (see, for instance, Fox,
1984; Miller & Dexter, 1988; Dupoux,
1989). In particular, Dupoux (in prepara-
tion) argues that in segment detection
tasks, subjects are more likely to respond
before the syllable has been wholly identi-
fied when their latencies are short. In con-
trast, when the latencies are long, re-
sponses are much more likely to reflect in-
fluences from a syilabic level of processing.
As a matter of fact, the average speed of
response between the two Spanish experi-
ments is very different. In our Experiment
2 the mean reaction time was 376 ms, while
in the Sdnchez-Casas’ experiment it was
636 ms. Such a difference is large enough
that it ought to be taken into consideration.
One possible account for the large differ-
ences in reaction times between the two ex-
periments could be due to the fact that in
Sanchez-Casas’ experiments there were
catch trials, while we did not use such se-
quences. That is, in Sdnchez-Casas’ mate-
rial, there were sequences from which the
specified target had either the first conso-
nant of the list-final non-experimental word
{e.g. cufcolina), or its first vowel (tar/
madera); “‘with the same purpose some
filler words in the experimental lists shared
either a vowel or a consonant with the tar-
get.”” Under these conditions, Sdnchez-
Casas’ subjects could have delayed their re-
sponses until a higher-level unit (such as
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the syllable) became available. In contrast,
our subjects were never presented with
catch trials, and thus, they might have
based their responses on subsyllabic units.®

In brief, the discrepancy between the re-
sults obtained by Sanchez-Casas and our
Experiment 2 could very well be due to task
demands caused by differences in the ma-
terial. In Sanchez-Casas’s experiment, re-
action times were quite long, and subjects
had the possibility of using a full syllabic
representation to perform the task. In con-
trast, in our experiment, reaction times
were much faster and subjects might have
responded on the basis of an incomplete
syllabic representation, thus yielding no
target by word type interaction. In other
words, the two results are not incompati-
ble, but may result from tapping two sepa-
rate stages in a single processing system.
Thus, before going into any further inter-
pretation of the Spanish results, another ex-
periment is necessary, using the same pro-
cedure as in Experiment 2, but trying to
slow down subjects’ responses.

EXPERIMENT 3

Experiment 3 was designed to test the
hypothesis that the average speed of re-
sponse influences the pattern of data in syl-
lable monitoring. Specifically, the predic-
tion is that if subjects are made to respond
with relatively long latencies, a syllabic ef-
fect should reemerge in Spanish.

In order to get slower reaction times,
subjects’ instructions were modified in the
present experiment. Following Dupoux
(1989), subjects were told to pay attention
to the semantic relations that could arise
between words in the same list. Of course,
our lists had been designed not to allow ev-
ident semantic relations between words.

¢ The longer reaction times in the CVC target con-
dition compared with the CV target one found in our
experiment prevents us from concluding that subjects
did not follow the instructions and that, since there
were no catch trials, they only monitored for the first
C or CV phonemes of each target.

Still, subjects were told that at the end of
the experiment they would be given a rec-
ognition test of some of the words pre-
sented in the experiment. This manipula-
tion turns out to be quite effective in slow-
ing down reaction times. Dupoux (1989)
noted up to 200-ms increase in reaction
time using otherwise identical experimental
materials and procedure.

Method
Subjects

Thirty-six undergraduate psychology stu-
dents at the University of Barcelona served
as subjects. They conformed to exactly the
same characteristics of subjects in the pre-
vious experiment. None of them were sub-
jects in the previous experiments.

Materials and Procedure

The materials and general procedure em-
ployed were exactly the same as in the pre-
vious experiment. Subjects’ instructions
were modified in order to get slower reac-
tion times. Subjects were told to pay atten-
tion to the words in the lists, since they
were going to be asked to perform a recog-
nition test on them at the end of the exper-
iment. They were also told that in order to
make the recognition test easier, sometimes
words within a list could be semantically
related.

Results

Mean reaction times for each subject and
experimental conditions were computed.
Cutoff points were established at 300 ms
and 1300 ms. Each subject’s mean and stan-
dard deviation were computed. Reaction
times above and below two standard devi-
ations were excluded from the analyses.
These criteria resulted in the exclusion of
less than 5% of the responses. The mean
response times for each condition are
shown in Fig. 3. Overall analyses of vari-
ance were performed on subjects’ and
items’ means. These analyses showed that
the interaction between target type and
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word type reached significance levels both
in the subjects’ and items’ analyses
(F,(1,35) = 12.51, p < 0.001 and F(1,16) =
6.80, p < 0.02.) The type of word factor
also reached significance levels both in the
subjects’ and items’ analyses (F,(1,35) =
27.62, p < 0.0001 and F,(1,16) = 5.82,p <
0.03.) No other main factor, or interaction
reached significance levels either in the
subjects’ or items’ analysis.

As in the previous experiments, separate
analyses of variance were performed for
both initial stressed and unstressed seg-
ments. For words with initial unstressed
syllable we found that the interaction be-
tween type of word and target type was sig-
nificant both in the items’ and subjects’
analyses (F,(1,35) = 10.08, p < 0.003 and
Fx(1,8) = 5.78, p < 0.04.) The type of word

factor was significant in the subjects’ anal-
ysis, although it did not reach significance
levels in the items’ analysis (F,(1,35) =
14.83, p < 0.0005 and F,(1,8) = 2.26, p >
0.10). For words with initial stressed sylla-
bles, we found that the interaction between
type of word and target type was only sig-
nificant in the subjects’ analysis (F,(1,35)
= 6.39, p < 0.01 and Fy(1,8) = 2.32,p >
0.16). The type of word factor was signifi-
cant in the subjects’ analysis, but only mar-
ginally significant in the items’ analysis
(Fi(1,35) = 17.46, p < 0.0002 and F,(1,8) =
4.36, p < 0.07).

Discussion

In this experiment, reaction times were
about 250 ms longer than in Experiment 2.
As in Sanchez-Casas’ (1988) experiment a
strong interaction between word type and
target type was uncovered. Moreover, the
pattern of the interaction did not differ sig-
nificantly between stressed and unstressed
segments.

The upshot of this experiment is that
changing the characteristics of the task can
have a drastic impact on the pattern of re-
sult obtained in segment detection tasks.
The experimental materials were identical
to the ones used in Experiment 2; the only
difference was the introduction of a second-
ary task. This secondary task could be seen
as relatively innocuous and nondemanding,
since subjects were only asked to recognize
a few words at the very end of the session.
Yet this modification introduced a powerful
effect on average reaction time and a qual-
itative change in the pattern of results.

To assess that the task change introduced
a qualitative change and that the results are
not just due to random subject fluctuation
between Experiments 2 and 3, we ran a
conjoint analysis of variance by declaring
task as a between subject factor. There was
a three way interaction between word type,
target type, and task (F(1,70) = 5.56, p <
.02; Fy(1,16) = 4.26, p < 0.05). This inter-
action showed that the task of Experiment
3 significantly induced subjects to behave
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more syllabically than the task of Experi-
ment 2. The task factor also showed a reli-
able interaction with the stress factor in the
subject analysis (F,(1,70) = 6.70, p < .01;
but F5(1,16) = 2.90 p > .1). This interaction
was due to the fact that stressed first words
were responded to faster than unstressed
first words in Experiment 2, but no such
effect was found in Experiment 3.

As previously mentioned, the present
results replicate previous findings of
Sdnchez-Casas et al. (1988) and they also
support the explanation previously given of
the apparent discrepancies between data
from our Experiment 2 and Sianchez-Casas’
in terms of tasks differences, tapping differ-
ent stages of the processing system. Of
course, this explanation suggests that the
results of syllable detection experiments
should be interpreted with great caution
when it comes to inferring the properties of
the processing system across languages. In
fact, different results across various lan-
guages could be due to task differences
rather than bona fide processing differ-
ences. Could such effects explain the dif-
ference observed between Catalan and
Spanish (Experiments 1 and 2)? The re-
sponse is no. In our Catalan and Spanish
experiments we used identical methods and
procedures in both languages, and obtained
very similar latencies. Nonetheless, Span-
ish responses (Experiment 2) showed no
trace of syllabification while the Catalan re-
sponses did (Experiment 1). In fact, Cata-
lan responses were even slightly faster than
Spanish responses; thus, if anything, we
would expect less syllabification in Catalan
than in Spanish. Accordingly, the results
obtained in our first two studies cannot be
accounted for in terms of differences in re-
sponse times or method. They have to be
accounted for in terms of language-specific
processing characteristics.

GENERAL DiscussioN

In Experiment 1, we found a syllabic ef-
fect similar to that reported for French
(Mehler et al., 1981), when we used Catalan

words with unstressed first syllables. In
contrast, no syllabic effect was observed
for words whose initial syllable was
stressed. This led us to speculate that the
acoustic phonetic transparency of the tar-
get may enable subjects to respond without
showing a syllabic effect, i.e., a response
can be triggered before having been influ-
enced by full syllabic analysis. These re-
sults induced us to study a language that
has clear syllabic structure, but consider-
able acoustic phonetic transparency. Thus,
in Experiment 2 we tested Spanish subjects
with Spanish words. In that experiment we
failed to find a syllabic effect regardless of
whether the first syllable in word targets
was stressed or unstressed. These results
contrasted with previous ones in which syl-
labic effects have been obtained in Spanish.
However, there was a large difference in
reaction times between our results and the
previous ones. In Experiment 3 subjects’
instructions were modified in order to slow
down subjects’ responses. The results ob-
tained showed an overall syllabic effect.

The fact that syllabic effects can be ob-
served in Catalan and Spanish show that
syllables play a role in speech processing in
these languages. It can be argued that, as in
French or Portuguese, speakers spontane-
ously tend to represent and segment speech
signals in terms of syllables. By and large,
the original hypothesis by Cutler et al.
(1983, 1986) has been sustained.

However, the present study shows that
the picture is clearly more complex than
previous investigators have proposed. Al-
though syllabic effects can be obtained,
subjects can also respond without taking
into account the full syllabic structure of
the utterance. The ease with which subjects
have access to this *‘subsyllabic” stage de-
pends on many parameters, the most obvi-
ous one being task characteristics. As we
have shown in Experiments 2 and 3, syl-
labic effects are very likely to disappear if
subjects are made to respond extremely
fast. In fact, subjects behave as if there
were a stage in processing, where informa-
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tion concerning parts of the syllable is ac-
cessible to trigger a response. This subsyl-
labic stage, however, is transient in nature,
so that only extremely fast responses can
pick it up. Slow subjects do not have access
to this early stage and respond on the basis
of the full syllabic representation (Dupoux,
1989).

This shows that extreme caution is to be
taken when segment detection tasks are
used to investigate speech processing. Task
demand, however, is not the only factor
playing a role. More importantly, there also
seem to be factors that depend on language
characteristics. The case of Catalan illus-
trates that subsyllabic responses are more
likely to be obtained when the target occurs
in a stressed syllable. In unstressed sylla-
bles, however, a significant impact of a syl-
labic representation was uncovered. Stress
remains a very important parameter to be
kept in mind when studying speech pro-
cessing. However, this cannot explain the
full picture. For instance, in Experiment 2
in Spanish no syllabic effect was found in
unstressed syllables. In fact, the stress
value of syllables seems to play a minor role
in Spanish, at least, with respect to syllab-
ification effects. We argued that Spanish’s
results were due to the fact that this lan-
guage only uses a restricted set of highly
distinctive vowels. As a result, even un-
stressed segments are quite transparently
realized and can promptly be categorized
without the need to analyze a larger repre-
sentation.

In brief, Spanish and Catalan use sylla-
bles for speech segmentation, but subjects’
responses can be unaffected by this process
by either of two conditions: when the syl-
lable is stressed, or when the language uses
a very limited number of highly distinctive
vowels. We can try to somewhat simplify
this statement by replacing the disjunctive
condition by a single notion that we alluded
to in the introduction: ‘‘acoustic transpar-
ency.”’ This notion refers to the ease with
which a system might quickly come to a
decision concerning the various segments

present in the signal. Research in vowel
perception has shown that subjects use
both coarticulation information at the onset
and at the coda of CVC items to determine
the nature of the vowel (see Strange,
1989a,1989b; Strange et al., 1983). Thus, it
might be that in languages with very few
vowel types, coarticulation at the onset of
the syllable is sufficient to allow for the un-
ambiguous determination of the nature of
the vowel. In contrast, in languages where
the vocalic space is filled with fine-grained
distinctions, the perceptual system may
have to integrate information across the
whole syllable to determine the identity of
the vowel. Accordingly, in languages with a
large number of vowels, subjects may rely
on a syllabic representation, especially if
the target occurs in an unstressed syllable.

We should highlight the fact that acous-
tic—phonetic information is more redundant
in stressed than unstressed syllables. Pre-
sumably, stressed syllables carry more en-
ergy and transmit a very clear stimulus to
the perceptual system compared to their
unstressed counterparts. Thus stressed syl-
lables tend to be more transparent than un-
stressed ones. To add some twist to this
argument, languages with a large number of
vowels usually allow for reduced vowels in
unstressed position. Such reduced seg-
ments, and specifically the schwa, are char-
acterized by a high degree of ambiguity
with respect to their acoustic—phonetic
identity. Languages allowing reduced vow-
els are thus acoustically less transparent
and native speakers of such languages
probably develop specific strategies to cope
with this. Spanish has only five vowels and
does not allow for vowel reduction. Of the
above mentioned languages, Spanish is
acoustically the most transparent of all. In a
segment monitoring task, subjects may
then be able to bypass the syllabic repre-
sentation, knowing that no ambiguity will
arise, even in unstressed syllabic contexts.
Catalan, in contrast, has eight vowels and
vowel reduction is widespread. In French,
although vowel reduction is exceptional,
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the number of different vowels is rather
large (14). Thus, both languages can be said
to be less transparent than Spanish, and the
subjects are reluctant to abandon a syllabic
level of processing to perform a segment
detection task. Unsurprisingly, in un-
stressed syllables a syllabic effect is ob-
tained in both languages.

This interpretation accounts nicely for
languages with clear syllabic structure as
French, Spanish, and Catalan. It falls short,
however, to account for the English case.
English has 14 different vowels and wide-
spread vowel reduction. According to our
standards, English is then the least “‘trans-
parent’’ language that has been tested so
far. One should then expect a strong syl-
labic effect in this language. So far no such
effects have been reported, although only
stressed syllables have been tested. It
might turn out that when unstressed sylla-
bles are used, a syllabic effect emerges. It
might also turn out that no syllabic effect is
ever found in English because, as has been
proposed by Cutler et al. (1983, 1986), this
language uses a different type of unit. At
any rate, subsequent studies ought to take
into account the two powerful variables
that we have uncovered in Experiments 1,
2, and 3: stress value and average speed of
response. Unless these factors are carefully
controlled, cross linguistic comparisons of
speech segmentation strategies are going to
be impossible.

In this paper, we primarily discussed the
presence or absence of an interaction be-
tween target type and word type in different
languages. However, segment detection
tasks can potentially provide far richer data
that ought to be taken into consideration in
future studies. For instance, we have noted
that in Experiment 2, Spanish stressed syl-
lables yield faster reaction time than un-
stressed syllables. Such an effect, however,
was not found either in Catalan, nor in Ex-
periment 3, where Spanish subjects were
slowed down. So effects of stress seem to
go in complementary distribution with syl-
labic effects. Further experiments are
clearly needed to sort out this phenomenon

and to understand in more detail the role of
stress in speech segmentation. Another
puzzling result relates to the data obtained
for CV targets: we have found throughout
the experiments that CV words yield faster
detection times than CVC words. This ef-
fect is similar to the syllabic complexity ef-
fect obtained in phoneme monitoring: the
more complex the syllable, the longer it
takes to respond to an initial phoneme (see
Segui et al., 1990). This effect, however,
seems to be obtained, even in the case
where no syllabic effect is found. The fact
that the syllabic structure of the utterance
can influence the detection time of CV se-
quences is interesting in itself. If true, this
would mean that coarticulatory/allophonic
information relevant to the structure of the
syllable is available to the early processing
system even though subjects may not use a
full syllabic representation to initiate their
responses.

Finally, more research is needed to ex-
amine whether the notion of ‘‘acoustic
transparency’’ is a property of the signal or
stems from the listener’s perceptual sys-
tem. For instance, it would be important to
know whether monolingual Catalan or
Spanish subjects syllabify a nonnative lan-
guage. It would also be interesting to use
this technique to study tone languages like
Mandarin Chinese, which has very few
vowels, but whose tonal characteristics
force the perceptual system to make a great
many fine-grained distinctions. At any rate,
our results emphasize the fact that future
research into speech processing should ex-
plore different language types to determine
the effect of syllabic structure, stress distri-
bution, and other phonological properties
on lexical access. Such models will also
clarify what the child must extract from his/
her linguistic environment in order to con-
struct relevant speech processing routines.
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