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Previous research has found that phoneme detection latencies depend on the complexity of the
syllablethat bearsthe target phoneme. CV syllablesgiveriseto faster latenciesthan CVC, that
are faster than CCV (Treiman et al., 1982, Cutler et al., 1987). In Experiment 1, we replicate
this result and extend it to afourth structure: CCVC. In Experiment 2, we report a similar ef-
fectinfirst syllables of disyllabic items, showing that complexity effects cannot be reduced to
stimulus duration effects. We argue that the complexity effect isinconsistent with the view that
phonemes are the only unitsinvolved in speech perception, but supports model swhich stipulate
larger sized units like syllables (Mehler, 1981; Segui, Dupoux & Mehler, 1990). In a series of
post-hoc analyses, however, we show that the complexity effect is not uniform across subjects.
Although both the complexity of onsets and codas of syllables influence phoneme detection
latencies for slow subjects, fast subjects are only influenced by the nature of the onset. The
interaction of speed of response with complexity effectsis confirmed in Experiment 3, whereit
isfound that when subjects are urged to respond asfast as possible, CV C items no longer show
acomplexity effect nor alexical superiority effect. Implications for the existence of asyllabic
bottleneck and the time course of prelexical processing are discussed.

The quest for the basic unit involved in speech processing
is not a new one. Proposals ranging from distinctive units
(Eimas & Corbit, 1973) to syllables (e.g. Savin & Bever,
1970), to entire words (Klatt, 1980) have been put forward.
Nowadays, thereisfairly general agreement that thebasiclin-
guistic unit involved in processing isthe phoneme (Marsen-
Wilson, 1984; McClelland & Elman, 1986; Pisoni & Luce,
1987). Congruent with this, is the assumption that speech
perception must proceed in a smooth and continuous fash-
ion. Hence the unitsinvolved should be as small as possible
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to alow for lexical access to occur as fast as possible (War-
ren & Marden-Wilson, 1987; 1988). For a number of re-
searchers, however, such arequirement of optimal efficiency
does not hold. Instead, they think that the processing sys-
tem is better off if it comprises discrete stages, whereby at
each stage, information is accumulated until a stable repre-
sentation is achieved,before being passed on to the next stage
(e.g. Sternberg, 1969). In particular, it has been proposed
that speech processing relies on the accumul ation of informa-
tion in windows about the size of a syllable (Savin & Bever,
1970; Mehler, 1981; Mehler, Dupoux & Segui, 1990; Segui,
Dupoux, & Mehler, 1990). In this view, phonemes are ex-
tracted only after syllable-like representations have been sta-
bilized.

There are two sides to this issue: one is related to the
size and format of the processing units (e.g. syllables versus
phonemes). The other side concerns the question of whether
processing is continuous, or whether there exists discrete
stagesat which processing stops until enoughinformation has
accumulated. These two issues are related since proponents
of larger-sized units have tended to view processing in adis-
continous way, whereas believersin smaller sized units have
favoured continuous processing. However, to a certain ex-
tent, the two problems can be dissociated: one could have
syllables as basic units, but let partia activation of multiple
syllable units ‘ cascade’ through the system. Conversely, one
could imagine a system based on phonemes, but incorporat-
ing a discrete stage whereby three or four phonemes would
be accumulated before triggering, say, lexical access. In this
paper, wewill addressthese two issues (type of unit and con-
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tinuity of information flow) by exploring how the detection
of individual phonemes is affected by the syllabic structure
in which they appear.

The claim that syllable-sized units are involved some-
where in the processing system has been supported by an
extensive body of data, at least for romance languages like
French and Spanish (Mehler et al., 1981; Dupoux & Mehler,
1990; Sebastian et al., 1993; Pallier et al., 1993). For these
languages, aview by which only phonemesare usedin speech
processing cannot account for the data. What is still contro-
versia iswhether syllabic unitsarethe’first’ ones or whether
they are derived from infra-syllabic units. A moresimpleba-
sic question which has not be addressed yet, iswhether these
syllabic units, wherever they arelocated in the system, act as
information bottlenecks, that is, whether they only let infor-
mation percolate through once the whole syllable has been
processed.

But what evidence do we have that there are any bottle-
necks at al? First, experiments cited in support of the con-
tinuous and incremental view of speech processing arein fact
equivocal. Thiscan beillustrated with gating studies relying
on fragments cut out from the signal (see Warren & Marslen-
Wilson, 1987; 1988). These studies show that the process-
ing system makes use of all acoustic information available
in a given signal fragment whatever its size. However, this
does not disprove the existence of bottlenecks since the end
of the fragment might itself be interpreted as the end of the
processing unit, and trigger the release of the information ac-
cumulated so far. Second, many experiments report that pho-
netic information relevant to a given segment is integrated
over acomparatively large processing window. For instance,
the acoustic cuesto the identity of a given consonant inaCV
syllable depend, among other things, on the quality of the
following vowel (e.g. Bailey & Summerfield, 1980; Repp,
Liberman, Eccardt & Pesetsky, 1978) and also on its physi-
cal duration (Miller & Liberman, 1979; Miller, 1981). Such
supra-phonemic effects are also evident in speeded phoneme
detection tasks. Reaction times (RTs) to the first phoneme of
a CV sequence are correlated with the vowels' typical phys-
ical duration (Foss & Gernshacher, 1983; Diehl, Kluender,
Foss, Parker & Gernsbacher, 1987). This means that in or-
der to determine what the first consonant is, the system does
takeinto account certain characteristics of adjacent segments
(seealso Fowler, 1984). Onereasonfor thismight liein coar-
ticulation, that is the fact that acoustic information concern-
ing consonantsand vowelsdo overlap. Alternatively, it might
be that even when acoustic information does not overlap, the
processing system still takesinto consideration morethan one
segment at atime and perceivesthem, so to speak, in aninte-
gral fashion.

One example of this latter case is when the duration of
the vowel in synthetic CV syllables affects the categoriza-
tion of theinitial consonant. Eventhoughtheinitial transition
(which should be sufficient to identify the first consonant) re-
mains constant, the perceptual system takes into account the
whole CV stimulus (Miller & Liberman, 1979). Also, when
subjects haveto classify thefirst segment of CV stimuli, they
are slowed down when thefollowing vowel variesin identity

(e.g. Wood & Day, 1975; Tomiak et al.1987). Importantly,
suchintegral perception effects arise even in case of synthetic
stimuli in which coarticulation is absent, and where the iden-
tification of C could have been made independantly of the V
(Tomiak et al. (1987).

Finally, there is a more theoretical reason for seriously
considering processing bottlenecks in speech recognition.
Because of coarticulation, a system updating its representa-
tion every millisecond would yield many local and incorrect
guesses about the current phonemic composition of the sig-
nal. Theseincorrect guesses might then cascade and activate
spurious lexical candidates that would compete with the real
candidate, only to be discarded by later occurring informa-
tion. In other words, continuous uptake of information does
not yield obvious processing advantages, but also potentially
increases the amount of noise in the system, making speech
perception more difficult. In contrast, a system whereby in-
formation about a larger chunk of speech input is accumu-
lated and stabilized before being passed on to further stages
makes good processing sense, only at therelatively small ex-
pense of a delay in information transmission (see Mehler et
al.1990 for asimilar argument).

In brief, the idea that the information processing grain is
larger than the phoneme has both empirical support and the-
oretical appeal. The issue we want to address in this paper
is whether the syllabic unit whose relevance for processing
has been demonstrated in various studies, is a bottleneck in
processing or not. Mehler et al.have proposed a model ac-
cording to which the answer to this question would be yes.
They posited asystem of syllabic detectors (syllabogens) that
would only fire onceasyllable has been recognized. Alterna-
tively, one might incorporate syllabic units in a model such
as TRACE (McClédlland & Elman, 1986) as an intermediate
level between phonemes and words. In this case, syllables
would not function as a bottleneck asinformation would con-
tinuously flow through thislevel.

In order to address these issues, we wanted to examinein
more detail some findings suggesting that the detection of a
phoneme in a stimulus depends on durational or structural
properties of the entire syllable in which it appears. Segui,
Frauenfelder & Mehler (1981) reported that phoneme detec-
tion times correlate with syllable detection times. If true,
such correlation, together with the claim that syllablesare de-
tected faster than phoneme (Savin & Bever, 1970), might in-
dicate that identifying phonemes depends on the prior iden-
tification of the syllable. However, the comparison phoneme
versus syllable detection timeis not astraigtforward one (see
Dupoux, 1993 for a discussion). Moreover, in the Segui et
al.(1981) study, it is not clear whether the observed corre-
lation is due to the acoustic properties of the first segment
only or whether there is also an effect of properties of the
entire syllable. Other studies, however, found that the la-
tency to detect a phoneme seems to be related to the com-
plexity of the syllable in which it appeared. Treiman, Sala-
s00, Slowiaczek & Pisoni (1982) reported that the first con-
sonantinaCV syllablewas detected faster than that inaCCV
syllable. They also found that CV syllables gave marginally
faster responses than CVCs (see also Cutler, Mehler, Norris
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& Segui, 1987). Thisresult seemsto imply that the detection
of agiven phonemeisin some way or another dependent on
the prior processing of the entire syllable, that is, a syllabic
bottleneck affects the identification of phonemes.

Yet the effect of syllabic complexity have not received
adequate empirical attention. The first paper that reported
them remains unpublished (Treiman et al., 1982), and some
of the other observations were made with materialsthat were
not specifically designed to address this issue (Cutler et al.,
1987). Given the potential importance of the effect of syl-
labic complexity for the issue of processing bottlenecks, we
decided to first replicate this observation in better controlled
experiments. Experiment 1 tests the existence of complex-
ity effects in monosyllabic items, and Experiment 2 extends
ittodisyllabicitems. Theremainder of the paper examinesin
more detail the possibility of asyllabic processing bottleneck.

Experiment 1The Complexity
Effect

In the following experiment, we studied initial phoneme
detection timesin monosyllabic items of four different struc-
tures: CV, CVC, CCV and CCVC. One can view the choice
of these four types of syllables as the result of the crossing
of two structural variables: @) simple versus complex onset
and b) presence or absence of coda. Extrapolating from the
experiments reported above, one would expect the following
ranking in reaction times: CV<CCV and CVC<CCVC be-
cause syllables with simple onsets should be detected faster
than syllables with complex onsets, and CV<CVC plus
CCV <CCVC because syllables with no coda should yield
faster RTsthan syllableswithacoda. Furthermore, the effects
of onset and coda should be additive. In this experiment, we
made sure that subjects were not biased, that is, expect one
structure rather than the other. Thus, each target phoneme
was presented with a set of four examples, onefor each struc-
ture, and each of the four structures occured equally often.

Method

Materials.

Eight quadruplets of CV, CVC, CCV and CCVC mono-
syllabic items were selected. All monosyllablesin a given
quadruplet shared the vocalic nucleus and the initial conso-
nant (e.g.: /pa/,/pad/,/pra/,plad/) and were legal French syl-
lables. Theinitial consonants were either voiced (/b/, /d/) or
unvoiced, (/p/, t/). A giveninitial consonant was used with
one of two vowels (e.g. /a/ or /of). Thisresulted in 32 mono-
syllabicitems (see Appendix) which weremostly non-words.
An additional set of 32 fillerswas added; these had the same
distribution of syllabic structure as the experimental targets.
All targets starting with the same consonant were pooled to-
gether inasingle uninterrupted|list, to which an equal number
of fillersadded. Thisresulted in 4 different lists, where half
of the items were experimental and half were distractors.

The lists were recorded by a native speaker of French at a
rate of one word every two seconds. The materialswere dig-
itized, and by means of a waveform editor inaudible marks
were placed at the onset of the burst of the first consonant

in each experimental item. These marks served to trigger a
clock and record subjects’ reaction times.

Procedure. Before each experimental list, subjects were
presented with the target phoneme which was specified au-
ditorily with four non- experimental items of the form CV,
CVC, CCV and CCVC (e.g., for the phonemetarget /p/: “the
target is /p/ as in PLI, PE, PRU, PRED"”; the order of the
syllabic structuers was randomly varied from one trial to the
next). Before starting the experiment proper, subjects were
given awarm-up list constructed along the same lines as the
experimental lists but with the target phoneme/g/.

Subjects. Two groups of 20 subjects (students at the Uni-
versity of Paris V) received course credit for participating in
theexperiment. Thefirst group received thetwo listswiththe
voiced phoneme targets/b/ or /d/, the second group heard the
non-voiced phoneme targets /p/ or /t/.

Results

After running the experiment, it turned out that oneitemin
the/p/-/t/ series, " pro”, had not been marked and henceno re-
action time had been collected. We discarded thisitem from
the analysis, as well as the three other matched items " po”,
”pob”, and " prot”?

Themean RTs(ms) of thisexperiment aredisplayedin Ta-
ble 1. Two ANOVASs were run, one with subjects, and an-
other with items as random variables. The ANOVAS con-
tained two within-subjects factors, Onset Complexity and
Coda Complexity, and one between subjects factor, Voicing.
Both complexity factors yielded a significant effect. Sylla-
bles with simple onsets were responded to faster than sylla-
bles starting with aconsonant cluster (Fy(1, 38) = 31.03, p<
.001; F»(1,6) = 20.4,p < .004;min F (1,15) = 12.3, p <
.003), and open syllablesyiel ded faster responsesthan closed
syllables (F,(1,38) = 8.08,p < .008; F,(1,6) = 9.88,p <
.02;minF (1,24) = 4.44, p < .05). The two factors did not
interact with one another (F < 1) nor did they interact with
the voicing of the target phoneme (F < 1).

Post-hoc contrasts showed that targets in CV syllables
yielded faster reaction times than targets in any of the other
structures (p < .03 at least). CCVC syllables yielded the
dowest reaction times; all comparisonsweresignificant (p <
.003), except for the onebetween CCV C and CCV, whichwas
only marginally significant (.1 > p> .05). CVCdid not differ
significantly from CCV (p > .1).

Discussion

The results obtained in this experiment clearly indicate a
close relationship between initial phoneme detection times
and the complexity of the target-bearing syllable. Both the
presence of an initial consonant cluster and the presence of a
final consonant significantly slow down RTsto initial conso-
nants. Thus, we have replicated and extended the previously

! Removing or not removing these items did not change the re-
sults of the analysis of variance.
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Table 1
Mean RTs (msec) to phoneme detection as a function of item target structure in Experiment 1.
Onset Structure Onset Complexity Effect
Coda structure — cluster + cluster
— coda CV 443 (98) ccv 492 (136) 49*
+ coda cvC 472 (105) CcvC 519 (104) 47%
Coda Effect 29* 27
Note.
Besween parentheses are standard deviations.
(*)p<.05
) .05<p<.2

obtained observations by Treiman et al.(1982) and by Cutler
et al.(1987).

Prima facie, these results suggest that in order to recover
the identity of the initial phoneme of a stimulus, the percep-
tual system integrates the acoustic information that spansthe
entire syllable. If only the first CV (or CCV) portion of the
syllable were needed, it is hard to understand why CVC syl-
lablesyield slower reaction timesthan CV syllables. Thefact
that both onset structure and coda structure affect reaction
times suggests that the whole syllable is taken into account.
In other words, one could propose a bottleneck whereby in-
formation regarding the entire syllable is accumulated until
further processing is performed. Only then, as a second step,
would phonemes be recovered (Mehler et al., 1990; Segui et
al., 1990).

However, thisis not the only way to look at the data. The
results may have little to do with bottlenecks, but rather re-
flect task-specific responsestrategies. For instance, instead of
reflecting syllable complexity, reaction times may simply be
sensitive to stimulus duration. It could be, for instance, that
the end of the stimulus acts as a warning signal for subjects,
urging them to respond. In short items (such as CVs) this
warning signal would occur comparatively early, whereasin
longer syllables (such as CCVC) it would occur late. Thus,
the obtai ned effect could bealength effect that correl ateswith
complexity, but not a complexity effect per se. To test this,
one has to use polysyllabic items and manipulate the com-
plexity of the first syllable. In polysyllabic items, since re-
sponse times usually occur before the end of the stimulus, it
seems very unlikely that a stimulus length effect could ac-
count for the pattern of results. Experiment 2 was designed
in part to address thisissue.

Another possible artifact relatesto the“ model” effect dis-
cussed by Cuitler, Butterfield & Williams (1987). The claim
isthat in many phoneme monitoring experiments, the target
phonemeis specified with amodel, usually aCV syllable: /b/
asin“boo”. Thiswould induce subjectsto match not only the
target phoneme but also the target model with the incoming
signal. The more complex the syllable, the greater the mis-
match with the memorized model, and hence the longer the
reaction time. In other words, the syllabic complexity effect
would not reflect processing bottlenecks at all, but rather the
use of syllabic modelsin decision making. Thisview predicts

that if onewereto changethe way in which subjects represent
the target phoneme, the complexity effect would disappear
hold. For instance, if one could force subjectsto represent the
target with a CVC mode!, then closed syllables should now
yield faster RTs than open syllables. Similarly, if one could
force subjectsto represent the target with aCCV model, then
syllables with a complex onset should now yield faster RTs
than syllables with simple onsets.

Cutler, Butterfield and Williams (1987) made precisely
thisclaim. They found that when theinstructionsareto detect
‘/b/ asin BLUE’, RTs are shorter for the stimulus“BLEND”
than for the stimulus “BESK”2 The conclusion they drew is
that themodel given to subjectsto specify the phoneme deter-
mines the mental representation and hence influences which
stimulus will be responded to faster.

Couldthistype of explanation apply to Experiment 1? The
short answer is no. In our experiment, we gave 4 examples
for each target (/p/ asin PE, PRO, PID and PLUK), and the
order of the examples was random from tria to trial. So it
cannot be the case that the model we gave to the subjectswas
responsible for the obtained complexity effect: all four syl-
lable types were presented. One could still argue that when
subjects are provided with too many models, they only keep
thesimplest onein memory (CV). In thisview, syllabic com-
plexity would have an effect in memory, but not necessarily in
processing. That is, subjects would prefer to memorize sim-
ple structures rather than complex ones, and complexity ef-
fects could be accounted for, in terms of a match-mismatch
between the stimulus and the way in which subjects memo-
rize the target phoneme.

In the following experiment, we address the issue of stim-
ulus duration by testing the influence of syllabic complexity
in the first syllable of disyllabic items. We aso address the
potential role of the model by using a design similar to that
used by Cutler, Butterfield and Williams (1987) with disyl-
labic wordswhere type of model and initial syllablewerema-
nipulated independently with three syllabic structures: CV,
CVCand CCV.

2They aso found that ‘/b/ as in BLUE' yielded faster RTs to
BLEND thanto BREAK, which meansthat the information regard-
ing the second consonant of the cluster was kept in the subjects's
mental representation of the target phoneme.
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Table 2

Mean RTs (msec) to phoneme detection as a function of item target structure and model structure in Experiment 2.

Target structure Model structure
cv CcvC CCcv Mean RT
cV 341 112) 378 (104) 389 (115) 369
cvC 373 (122) 390 (126) 397 (108) 393
ccv 420 (103) 414 (103) 409 (97) 414
Mean RT 378 394 398
Experiment 2 other blocks such that, globally, there was an equal number

Theaim of thisexperiment isto investigate a) whether syl-
labic complexity effects can also be observed in polysyllabic
words, and b) whether complexity effects can be reduced to
model effects. In this experiment, subjects had to detect ini-
tial phonemes in short lists of disyllabic words. The initial
syllable of the target bearing item was either aCV,aCVC or
aCCV. Asin Cutler, Butterfield and Williams (1987), the tar-
get phoneme was specified with amonosyllabic example (the
model), which was either a CV, aCVC or aCCV word. The
structure of the model and the structure of the target bearing
item were fully counterbalanced in the experimental lists.

The prediction of the model hypothesisis that RTs solely
depend on the degree of match between the target and the
model, so irrespective of the complexity of the target. For
instance, with CCV models, one should find CCV <CV, and
CCV<CVC. In case of a perfect match between target and
model, there should not be any difference in reaction times
between CV, CVC and CCV stimuli. In contrast, the pre-
diction of the syllable hypothesis is that a complexity effect
should obtain over and above a potentia effect of match be-
tween target and model. For instance, even when target and
model are perfectly matched, one should still find CV<CVC
and CV < CCV.

Method

Materials.

Experimental stimuli consisted of six triplets of French di-
syllabic words. Each triplet was composed of three words
sharing the same initial phoneme, but differing in syllabic
structure: CV, CVC or CCV (e.g.: palace, palmier, plateau,
seethe Appendix for alisting). The experimental items were
placed in final position of a short sequence (from 1 to 6 items
long). There were three experimental blocks, each contain-
ing the 18 experimental sequences plus 12 filler sequences.
In each block, a particular experimental item was associ-
ated with a specific model. The model was a monosyllabic
word corresponding to the initial syllable of a member of a
triplet. For example, the experimental sequence bearing the
item PALMIER was preceded in one block by: “/p/ asin the
word /pa/”, in another block, by “/p/ asin the word /pa/”,
and in the third block, by the instruction “/p/ asin the word
/plal”. So inthis example, there was an exact match between
the model and the initial syllable of the experimental itemin
thefirst block, but not in the second or third blocks. For other
experimental items, the matches or mismatches occured in

of matches and mismatches across the three blocks.

The three blocks were read by a native speaker of French.
The pauses between the words in a sequence were 1500 ms
long with and 10 seconds of silence between the sequences.
Response timing and storage was similar to the previous ex-
periment.

Procedure.

Each subject heard the three experimental blocks. Pre-
sentation order was counterbal anced across subjects. Hence,
each subject heard, for example, the word “palace” three
times, each time with a different model.

Subjects.
Thirty subjects, Psychology students at the University of
ParisV, were tested.

Results

Table 2 shows the mean phoneme detection times (ms) as
function of target and model structure. An analysis of vari-
ancetaking subjectsasarandom factor revealed ahighly sig-
nificant effect of target structure (F (2, 58) = 16.5, p< .0005),
whereas an effect of type of model failed to reach signifi-
cance(F(2,58) = 3.05, p> .10). Theinteraction betweenthe
two factors was not significant (F(4,116) = 2.24, p > .10).
Post-hoc contrasts showed that CCV targets yielded slower
responses than both CV and CVC (p<.002), and that CVC
targets yield slower responsesthan CV (p<.03).

To study the role of the syllabic structure of the target
bearing item when the effect of the model is neutralized, we
compared the mean values corresponding to the three cases
in which there was a strict match between the model and
the item structure, i.e.: the three diagona cells in Table 2.
The observed difference was highly significant (F(2,58) =
11.3, p < .0005). The ranking of RTs as a function of item
structure was the same as in Experiment 1, namely, CV <
CVC < CCV. Post-hoc contrasts showed that CV targets
yielded faster response times than CVC and CCV (p<.003),
but that CV C was not significantly faster than CCV.

Finally, we compared the matching and non-matching
responses in order to assess the role of model-structure
correspondence. The overall difference between match-
ing and non-matching responses was significant (F(1,29) =
4.19,p < .05). This agrees with the model hypothesis pre-
sented in Cutler, Butterfield and Williams (1987). How-
ever the match-mismatch effect interacted with item structure
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Table 3
Mean RTs (msec) to phoneme detection for matching and
nonmatching target-model structure in Experiment 2.

Target Structure
CcVv CcvC ccv
Matching 341 390 409
Nonmatching 384 385 417
Effect of match 43* -5 8

(F(2,58) = 4.52, p< .02) suchthat thiseffect mainly applies
to CV items (p<.001) but much less so to the other two types
of syllabic structure (see Table 3).

Discussion

The results observed in this experiment confirm the in-
fluence of syllable structure on phoneme monitoring times.
Even in disyllabicitems, an effect of syllabic complexity has
been uncovered. Given that subjects responded before the
end of the stimuli, this means that we can discard duration as
the sole factor explaining syllabic complexity effects. Some
other factor relating to the structure of the stimulus has to be
considered.

Second, this structural effect is found overall when the
number of matches and mismatches with the mode! is held
constant across the target structures, and also when there is
atotal correspondence between the model and theinitial syl-
lable of the target bearing item. Contrary to the suggestion
offered by Cutler Butterfield & Williams (1987), this result
shows that the difference in RT introduced by the syllabic
structure of the target bearing item cannot be attributed ex-
clusively to the degree of correspondence between the model
andthetarget item. Of course, we do not claimthat modelsdo
not play arole. Infact, wefound asmall but significant effect
of correspondence between the model and the target bearing
item, although it is mostly present in itemswith a CV initial
syllable.

Our results, then, areonly in partial agreement with Cutler,
Butterfield & Williams(1987). Likethem, we found an effect
of mode!, but unlike them, wefound that it cannot account for
the entire pattern of data. How could we account for the dis-
crepant results between our experiment and that of Cutler et
al.? One difference may be that in their study, the target was
embedded in sentences, whereas we used lists of words. The
different task demands and memory load of these two situa-
tions may be responsible for the greater impact of the model
inthe case of Cutler, Butterfield & Williams. Another reason
may be the difference between English and French. Cutler et
al.(1983, 1986, 1989) have suggested that the units used to
perceive and process speech might vary from one language
to another. In particular, they suggested that French subjects
use a processing strategy based on syllableswhereas English
subjectsdo not. In this view, the impact of syllable structure
in our first two experiments would be specific to French lis-
teners.

In brief, the results obtained in the two preceding exper-
iments indicate that, at least for French, the effect of syl-
labic complexity on phoneme monitoring time is robust and
well- established. This effect cannot be reduced to the degree
of correspondence between the model given to the subject
and the structural organization of the stimulusitem. Could it
be, though, that the obtained complexity effectsare represen-
tational in nature rather than due to processing? One thing
to note is that in Experiment 2 there are a great many mis-
matches between the structure of the target and the model.
That is, in only one case out of three, does the model match
the actual syllabic structure of the target bearing item. If sub-
jects come to notice this fact, they might choose to aban-
don the model they are given and revert to a default CV
model, which is simpler, and which will not increase the av-
erage number of mismatches.  Notice that the proportion
of matches vs mismatches between model and target was the
same in our study as it wasin Cutler et al.’s study. So one
cannot appeal to proportion of mismatches alone to account
for the weak effect of model in French.

But there is one other reason to doubt that a mode! story,
in and of itself, can account for the complexity effects. Even
if complexity effects were due to a mismatch between a de-
fault CV representation and the stimulus, one would still be
left with the following puzzle: detecting phonemesin disyl-
labic words starting with CV takes less time than in words
starting with CVC (Experiment 2). This effect could easily
be explained for monosyllables, where the end of the syllable
is clearly marked by silence. But thisis not so in disyllabic
items, and both items (pal ace and pal mier) start with the same
sequence of three phonemes. For a mode! explanation to fly,
one has to presuppose that the boundary of the first syllable
isrecovered from the signal prior to the matching procedure.
Otherwise, both words would match a CV (or a CVC) men-
tal model equally well. Inthat case, both words should yield
the same reaction times. The fact then that the open/closed
distinction has an impact on phoneme detection time even in
disyllabic items means that the processing system provides
aparsing into syllablesto the post-perceptual mechanism re-
sponsiblefor the decision. But a syllabic parsing mechanism
was precisely what the model-type explanation was trying to
dispense with.

The upshot of thisisthat a model story cannot, on itsown,
account for the present set of data. One has to supplement
the processing system with at |east some notions about where
syllable boundaries are likely to occur. However, the model
hypothesis was just one of the two possible explanations for
the existence of complexity effects. If we revert to a syllabic
bottleneck hypothesis, everything works fine. This hypothe-
Sis states that, in order to detect an initial segment, the per-
ceptual system first accumulates information that spans an
entire syllable. One way to implement this hypothesis in a
more concrete way would be to posit that the processing sys-
tem categorizes speech inputs directly in terms of syllables,
for instance by means of syllabic detectors. These detectors
would gather information from the continuous acoustic input
and generate a discrete code by selecting the best matching
syllablewith amechanism that could be similar to that of lex-
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Table 4

Duration (in ms) of theitemsused in Experiment 1 asa func-
tion of syllable structure. The obtained initial phoneme de-
tection times are listed for comparison.

Duration of items Reaction times
cVv 276 443
ccv 358 492
CcvC 448 472
CccvcC 540 519

ical access. Since phonemes are recovered after the syllable
has been identified one can imagine many waysin which the
properties of the syllable as a whole (such as syllable com-
plexity, or syllable duration) can influence the detection time
of its congtitutent segments.

The strongest possible version of this model would state
that no information can be recovered and used by higher lev-
els until a unique syllable has been identified. However, a
simpleinspection of the reaction times obtained in this study
suggeststhat this cannot be so: For instance, in Experiment 1,
RTs are around 500 ms, yet the duration of monosyllablesin
isolation varies between 300 ms and 500 ms (see Table 4).
Given a conservative estimate of 100 ms for motor response
time, this means that on some occasions, subjects make their
decision BEFORE the end of the syllable. Moreimportantly,
it is possible that they could have made their decision before
they had enough information regarding the nature of the fi-
nal consonant (Warren & Marslen-Wilson, 1987; 1988). This
factinitself seemsto contradict the strong claim made above.
It also raises a paradox: if subjects are responding before the
last consonant, why do we find an effect of the presence or
absence of that consonant?

This paradox can be resolved in a simple way. Recall
that in standard analyses of RTs, we just use averages; so it
could very well bethat only the low RTs are sensitive to the
open/closed rime whereas the fast RTs are not. To test this
hypothesis, we performed a number of reanalyses of the pre-
ceding two experiments, by splitting subjects into different
groups according to their average speed of response.

The Role of Response Speed
A Reanalysis of Experiment 1

M ean reaction timeswere computed for each subject. Sub-
jects were then distributed over four groups of ten according
totheir speed. The mean reaction time of thefour groupswas,
respectively, 346 ms, 433 ms, 546 ms, and 639 ms. An analy-
sisof variance was run, and in addition to the within-subjects
factors of Onset Complexity and Coda, we introduced a new
between- subjectsfactor: Speed (with four levels).

In this analysis, all three main factors were significant
(Onset Complexity : F(1,36) = 38.53,p < .001;Coda :
F(1,36) = 14.38p < .001; Speed : F(3,36) = 121.30p <
.001). There wasa significant interaction between Speed and
Coda (F(3,36) = 4.42, p < .01). No other interaction was
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Figurel. Reaction time to open and closed syllables with a sim-
ple or complex onset as afunction of response speed (reanaysis of
Experiment 1)

significant. To better understand the nature of the Speed and
Codainteraction, we evaluated the effect of the type of rime
across each of the four groups. Going from fastest to slowest
subjects, the advantage of open versus closed syllableswas -
7ms(F < 1), 11 ms(F <1),61ms(F(1,9)=9.54,p< .02
and 73 ms (F(1,9) = 13.83, p< .005) respectively. Thus, it
isonly significant for the 20 slowest subjects® Figure 1 shows
the pattern of complexity effects in the 20 fastest versus the
20 slowest subjects.

It could be argued that the disappearance of a Coda effect
for fast subjects is only due to the fact that there is a gen-
eral shrinking of thelatencieswhen fast subjects approach the
physiological limit (floor effect). However, this hypothesis
can be rejected given thefact that (i) Onset Complexity does
not interact with speed, and (i), this effect was significant for
all groups of subjects. Going from faster to slowest subjects,
the Onset Complexity effect was 33 ms (F(1,9) = 8.31, p<
.02), 50 ms (F(1,9) = 8.71,p < .02), 44 ms (F(1,9) =
6.91, p< .03) and 89 ms (F(1,9) = 15.46, p< .004) respec-
tively. There was an increase in the magnitude of the On-
set Complexity effect, but the effect is significant in the four
groups of subjects.

% This phenomenon obtains for the structureswith or without ini-
tial cluster: for the syllables with initia cluster (CCV and CCVC),
the Coda effect is 7 ms (F 1) for the 20 fastest and 60 ms
(F119 781p 02) for the 20 dow subjects. For the sylla-
bles with cluster (CV and CVC), one goes from a Coda effect of -
2ms(F 1) for thefast subjectsto an effect of 74 ms (F 1 19
1320p 002) for the slow subjects. The interaction between the
Speed factor (here with two levels) and Coda is significant in the
caseof syllableswithout initial cluster (F 1 38 1019 p  003)
and only marginal intheothercase(F 138 365 05 p 1).
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Discussion

The reanalysis reveal s that the presence of an initial clus-
ter does affect the performance of both fast and slow subjects.
In contrast, the presence of afinal consonant has a significant
effect only for the slow subjects. Thisindicates that the two
structural factors presented in Experiment 1 do not have the
same status and do not contribute in the same fashion to syl-
labic complexity. Although the onset seems to be processed
in a mandatory fashion, the coda in the rime is optionally
taken into account. For fast subjects, it looks asif they were
responding onthe basis of * truncated’ syllables, that is, only
the onset plus nucleus part of the stimuli. Given their mean
reaction times, this makes perfect sense. The 20 fastest sub-
jects were responding with a mean latency of 390 ms, which
corresponds to the duration of the longest open syllables but
is 100 msearlier than the end of the closed syllables. In other
words, at the point when fast subjects made their decision to
respond, the portion of signal distinguishing open and closed
syllables might not yet even have been presented. It is not
very surprising then that no effect of open versus closed was
found for these subjects.

This result may sound relatively trivial, but it fliesin the
face of amodel inwhich syllablesfunction asadiscrete stage
(or bottleneck). In such a model, it should not be possible
at al for subjects to respond before the end of a syllable.
By definition, no information regarding the syllable’s inter-
nal structure should be accessible until a unique syllable has
been identified. Of course, one should realise that the stimuli
were monosyllables spokenin isolation, and hencethey had a
much longer duration than they would have had inamore nat-
ural context. So it remains possible that fast subjects engage
in an ad-hoc strategy for these unusually long stimuli, astrat-
egy that would not be available if the syllables were shorter.
Thisiswhy, before going into a discussion of theimplication
of this ‘truncation’ phenomenon, we would like to know if
it also obtains for the disyllabic items used in Experiment 2.
Given that the first syllables of such items are much shorter
than when they are produced as monosyllables (about twice
as short), one should expect much less impact of speed dif-
ferencesin these cases. Thefollowing isareanaysis of Ex-
periment 2.

A Reanalysis of Experiment 2

As will be recalled, Experiment 2 was designed in part
to investigate the effect of the model given to subjects on
phoneme detectiontimein threesyllabic structures, CV, CVC
and CCV. In the following, we will ignore the model aspect
of this experiment by pooling together all the reaction times,
irrespective of the nature of the model.

Subjects were again divided into groups of 10 according
to their mean reaction times. Thisyielded three groups with
mean reaction times of, respectively 277 ms, 405 ms and
488 msrespectively. Ananalysisof variance with abetween-
subject speed factor plus a within- subject Complexity fac-
tor was conducted. The two main factors were significant
(ComplexityF(2,54) = 17.10,p < .001, SpeedF(2,27) =
65.29, p < .001). The interaction between the two factors

was not significant (F(4,54) = 2.01, p=.1); however, if one
restricts the analysis to the two extreme groups, the inter-
action between Complexity and Speed becomes significant
(F(2,36) =4.59, p< .02).

We computed a series of contrasts in the three
groups. The contrast between CV and CCV was sig-
nificant in the three groups (starting with the fastest:
61 ms F(1,9) = 25.69, p< .001; 36 ms,F(1,9) = 5.35, p<
.05;37 msF(1,9) = 6.35,p < .04). However, the con-
trast between CV and CVC was not significant in the
fastest subjects (6 ms,F < 1), nor in the medium subjects
(13 ms, F < 1), but it was significant for the lowest subjects
(32ms,F(1,9) =5.86, p< .04).

Discussion

Initial phoneme detection in disyllabic words is sensitive
to the presence of aninitial cluster. This effect is robust and
isfound consistently irrespective of the speed of response. In
contrast, the presence or absence of a coda consonant only
yields strong effects in the slowest subjects. Such a result
obtains even with initial syllables of disyllabic items which
are much shorter than monosyllabic items (around 200 ms).
It isprobable, then, that even the fastest subjects can prepare
their responsewhilethe entiresyllableisavailable. However,
these subjects do not seem to use thisinformation but persist
intaking into account only about the first half of the syllable?

However, proponents of a bottleneck account could still
point out two shortcomingsin the previous reanalyses.

First, our conclusions (about the absence of a syllabic bot-
tleneck) were only reached in a post-hoc fashion. There was
no experimental manipulation of subjects’ speed, but just a
post-hoc selection of some subjects. Hence we do not know
whether response speed wasthe critical parameter, or whether
the selected subjects would simply never show coda effects,
even if their responses were dow. Thisiswhy we wanted to
replicate the above findings by experimentally speeding up
subjects selected at random.

A second point relates to the reasoning we used to assess
that responses were triggered before a whole syllable had
been processed. It was based on two arguments. Thefirst ar-
gument relieson the comparison of mean responsetimeswith
the physical duration of the stimuli (asin Table 4). When re-
sponsetimes were shorter than the duration of the syllable, it
was argued that subjects responded before having identified
thesyllable, hence disproving the syllabic bottleneck hypoth-
esis. Although such considerations might have some heuris-
tic value, aknock down argument is difficult to make. Infact,
it might be that the identification point of some syllables oc-
curs before stimulus offset, making it possible that syllables
were identified before phoneme response were made. An ar-
gument solely based on stimulus durationsisdifficult to make
in the absence of an independant way of measuring informa:
tion flow at the various levels at hand. The second argument
was based on the presence or absence of a coda effect on

* It remains interesting to know precisely how much istaken into
account: it is the first two segments, everything up to the nucleus?
More research is needed to draw more precise conclusions.
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Figure2. Reactiontimeto disyllabic items starting with CV, CVC, or CCV as afunction of response speed (reanalysis of Experiment 2)

phoneme detection times. When a coda effect was observed,
the inference was that the whole syllable had been taken into
account. Conversely, when no coda effect emerged, we con-
cluded that only the initial part of the syllable had been pro-
cessed. However, this latter inference might not hold. It
might be that fast reponses are typical of a response strategy
whereby no codaeffect obtainsat all, eventhough thereponse
might be based onthe entire syllable (e.g. fast responderscan
better focus their attention at the onset of syllabic structures
and ignore the structure of the rime). To address these po-
tential shortcomings, we need to use another way to assess
how much of the stimulus has been processed by the time a
responseis given.

This is why we ran an additionnal experiment where we
asked subjects to detect phonemes as fast as they could.
In order to test whether or not the entire syllable has been
processed when the response is being made, we measured
whether the lexical status of the syllable would matter.

Experiment 3

The aim of this experiment isto investigate the reliability
of the interaction between speed of response and complexity
effects, namely, the fact that the processing system can ex-
tract individual phonemes before an entire syllable has been
analysed. In the following, we exploit the fact that in mono-
syllabicitems, phoneme detection timestend to be influenced
by lexical variables. For instance, frequent items show faster
RTs than infrequent ones (Dupoux & Mehler, 1990; Eimas,
Marcovitz Hornstein & Payton, 1990). Monosyllabic words
yield faster RTs than otherwise similar non-words (Rubin,

Turvey, & Van Gelder, 1976; Cutler et al., 1987; Eimas et
al., 1990). Thepredictionis, therefore, quite straightforward.
If in the case of fast responses, CVC syllables go through a
stage where only the CV portion is available, then this CV
portion should not be sufficient to complete lexical access
(provided that the identification point comes after the vowel).
Hence, when subjects are asked to respond very fast, no lex-
ical effects should be found with CVC items, whereas those
effects should still be found with open syllables. Thiswould
be similar to the disappearance of lexical effects on phoneme
identification with fast reponses (Fox, 1984; Miller & Dexter
1988).

To test this, we took the materials used in Experiment 1
of Cutler et al.(1987). In this experiment, three structures
were tested and crossed with the lexical status of the item:
CV, CVC and CCV. In the origina experiment, the authors
found alexicality effect for the three structures. In thisrepli-
cation, instructions to subjects stressed that they should try to
respond asfast asthey could, if possible before the end of the
items. The prediction wasthat, if subjectscanignorethefinal
part of the stimuli provided that the responseis fast enough,
there should be alexical effect for CV and CCV, but not for
CVC. Moreover, there should be an onset complexity effect
but not a coda effect.

Method

Materials and procedure.

The same materialsasin Cutler et al.(1987) Experiment 1
were used. They consisted of 25 pairs of matched words and
non-words. Five pairs had CV structure (mean frequency
27200 per million), 10 pairswere CV C (meanfreg. 1830) and
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10 pairs were CCV (mean freg. 1940). In the CV and CCV
pairs, the non-words had the same segments asthe words, ex-
cept for the first phoneme (e.g: /pil-/ til, I gla/-I klaf). Inthe
CVC pairs, it wasthe final consonant that carried the change
(e.q. / dat/-/ dakl). For the CCV items, the first consonants
used in the words and non-words were globally counterbal-
anced so that a potential lexical effect could not be attributed
to low-level factors (that is, matched to the word-nonword
pair /gla/-/kla/, therewasthe pair /kra/-/gra/). For CV items,
thiscounterbalancing wasonly donein terms of manner of ar-
ticulation of the first consonant. There were 324 additionnal
filler items (60% words, 40% non-words, 75% disyllabic, and
25% monosyllabic).

The 374 itemsweredistributed into 100 sequencesranging
in length from 1 to 6 items. A specific target phoneme was
associated to each of these sequences. Ten sequences, each 6
itemsin length, did not contain an occurrence of the specified
target. Forty sequences had targets occurring in first, second,
or sixth position. The remaining 50 sequences each had one
of the 50 experimental itemsoccurringin third, fourth, or fifth
position. Each word was matched with its paired non-word
on positionin thelist. Each list ended with a short beep. The
lists were put into two separate blocks of 50, that would be
presented either in the AB or in the BA order. To keep the
present experiment as similar as possible to the original Cut-
ler et al.’s experiment, the target phonemes were presented
visualy. Before each list, the target phoneme was presented
on a computer screen with three ‘models’ (town names) of a
different syllabic structure (e.g. “/p/ asin Paris, Prague, Per-
pignan”). The materials were split into two main blocs and
the order in which they were run was counterbalanced across
subjects. Theauditory materialsweredigitized fromtheorig-
inal tapesthat were used in Cutler et al.(1987) Experiment 1.
Each of the short lists was digitally cut into a separate file,
and reassembled in the same order asin the original experi-
ment. The words were presented at the approximate rate of
oneword every 1 second and a half, and a pause of 3 seconds
was inserted at the end of each list.

Subjects. Thirty studentsfrom the Faculty of Psychology,
University of Paris V were tested . They were assigned to
one either the AB or the BA group. The Subjects’ task wasto
press a button as fast asthey could as soon as they heard the
previously specified phoneme at the onset of anitem. Instruc-
tions strongly emphasized the necessity of fast responding.

Results

Reaction times above 1000 ms and under 100 mswerere-
moved. Thiswaslessthan 1% of the data. Globally, theerror
rate was 2.58%. Mean reaction time was 365 ms, which was
about 100 msfaster than RTs obtained by Cutler et al.(1987)
with the same materials. Reaction times for the two groups
of subjects (AB and BA) did not differ significantly and did
not interact with the other factors; hence in the following we
only considered asingle homogeneousgroup of subjects. The
mean reaction timesfor each condition are shown in Table 5.

Two analyses of variance were conducted, one with sub-
jects and another with items as random variables. The

Table5
Phoneme detection times for CV, CVC and CCV words and
non-words (experiment 3).

Syllabic structure  Non-word ~ Word ~ Lexical Effect
cv 370(64) 332(49) 38
CcvC 341(68) 333(65) 8
ccv 387(71) 367 (60) 20

factor of lexical status yielded a significant effect in both
analyses. words gave rise to faster RTs than non-words
(19 ms;F1(1,29) = 14.57p < .001;F5(1,22) = 4.71,p <
.05;min F (1,36) = 3.56, p = .07). The syllable structure
factor only had a significant effect in the subjects analysis
only (F1(2,58) = 18.31, p< .001; F»(2,22) = 3.22, p= .06).
The interaction between these two factors was nearly signifi-
cant in the subject analysis (F1(2,58) = 3.08, p=.053; F, <
1). Such atrend suggests that the lexical status effect has a
differential impact according to the syllabic structure of the
target bearing item.

To test the hypothesis that lexical effects are not homo-
geneous across syllabic structure, we analyzed it separately
for CV, CVC and CCV items. It turned out that the effect
of lexical status was significant in the subject anaysis for
CV items (38 ms; Fy(1,29) = 10.99, p < .0025; F,(1,4) =
1.95ns) and for CCV items (20 ms;F1(1,29) = 4.98,p <
.03;F»(1,9) = 1.98ns). However, no significant effect of
lexical status was found in CVC items (8 ms;F1(1,29) =
1.2,ns;F, < 1). When all the items with an open rime (CV
& CCV) were pooled, the effect of lexical status was signifi-
cant by subjects, and almost reached significancein the anal-
ysis by items (26 ms; F1(1,29) = 15.1, p< .001; F»(1,13) =
4.48 p= .054).

Theabove analysissuggeststhat open and closed itemsbe-
have differently with respect to lexical effects: closed items
do not show a lexical effect whereas open items do. This
ought to generateaninteraction betweenlexical statusand the
Codafactor (i.e. whether the syllablewas open or closed). In-
deed, wefound asignificant interactionin the subject analysis
(F1(1,29) = 6.06, p< .02). However, sincetheitem analysis
did not reach significance, one hasto be cautiousin trying to
generalize the above interactions to other materials.

Finally, we ran individual comparisons of the RTs to the
different structures. CV itemsyielded faster RTsthan CCVs
(26 ms;Fi(1,29) = 13.32,p < .001; F»(1,13) = 1.8,n9),
CVCs yielded faster RTs than CCVs (40 ms;Fy(1,29) =
46.87,p < .001; F»(1,18) = 6.39,p < .05;minF (1,23) =
5.62,p < .03). In contrast, the difference between CV
and CVC items was small and only marginally significant
(—14 ms;F1(1,29) = 4.10,.1 < p < .05;F, < 1,ns). One
should note that the latter trend was that CVC were faster
than CV, a pattern opposite of the classical complexity effect
found by Cutler et al.(1987) using the same materials. Fi-
nally, items with a ssimple onset yielded significantly faster
RTsthan items with acomplex onset (F1(1,29) = 37.63, p<
.001; F»(1,22) = 5.04,p < .04;minF (1,28) = 4.44,p <
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Discussion

In thisexperiment, we observed the following threeresults
(see Figure 3):

First, the RTs we found were 100 ms faster than the RTs
found in the original experiment by Cutler et al.(1987), even
though the stimuli were physicaly identical. The only dif-
ference between our Experiment 3 and their Experiment 1 is
that we put very strong emphasis on response speed® We then
showed that it is possible to obtain very short RTs (as short
as the ones typically obtained in syllable detection experi-
ments), while preserving a significant lexical status effect.

Second, a complexity effect was observed. However, this
wasmainly dueto CCV items producing longer RTsthan CV
or CVC. Such arobust effect of initial cluster is consistent
with our Experiments 1 and 2. The presence or absence of
a coda consonant, however, did not have the effect that was
found in the original study (Cutler et al., 1987). CVC items
thus yield faster reaction times than they should. Again, itis
asif CVC targets were processed like CVs.

Third, the effect of lexical status was only significant for
the open syllablesCV and CCV. CV Citemsdid not show any
trace of alexical effect, which gave rise to a significant in-
teraction between presence/absence of acodaand lexical sta-
tus. Such aresult differsfrom the original Cutler et al. study,
wherealexical status effect wasfound for the three structures
(CV: 29 ms, CVC: 42 ms, CCV: 40 ms).

How can we account for these divergent data patterns?
Here is our hypothesis: in the present experiment, subjects
were told to respond extremely fast. Their average RT be-
ing around 355 ms, they could only base their decision on
roughly the first 255 ms of the signal. This period mostly
comprises the onset and the nucleus of the syllable. In these
truncated syllables, there is still a structural difference be-
tween CV and CCV syllables. Moreover, the information

about the onset and the nucleus is sufficient to initiate lex-
ical access. So CV and CCV words will have a processing
advantage over CV and CCV non-words. In contrast, in the
case of atruncated CVC, the initia part (CV) was identical
for aword and its matched non-word. Inthat case, evenif the
truncated part attempted to trigger lexical access, that attempt
would have yielded the same result for words and non-words.
Hence there was no effect of lexical status for these items.

These results are compatible with our previous reanaly-
ses of Experiments 1 and 2. They give converging evidence
showing that by speeding up responses, one can induce sub-
jectsto respond on the basis of fragmentary acoustic informa:
tion belonging to the initial part of the syllable.

General discussion

Initial phoneme detection time depends on the complex-
ity of the syllablein which it appears. In Experiments 1 and
2, we showed that both the complexity of the onset and the
presence of a coda contribute to syllabic complexity and af-
fect phoneme detection latencies. This was borne out by the
following ranking of reaction times: CV < CVC < CCV <
CCVC. In Experiment 2, we argued that this complexity ef-
fect is also found for the first syllable of polysyllabic items,
which suggests that it cannot solely be due to differencesin
stimulus duration. Also, we found that the complexity effect
cannot be solely explained with reference to the representa
tion used by subjects to hold the phoneme target in memory
(themodel), but that at least part of the complexity effect has
to be due to some early process. The interpretation that was
proposed is that perceptual processes underlying the extrac-
tion of individual segments have to rely on information dis-
tributed over acomparatively large chunk of thesignal, possi-
bly over an entire syllable. Viewed in thisway, the complex-
ity effect would be very similar to other findings suggesting
that the quality and length of theV inaCV stimulusare used
to recover the identity of the C (Diehl et al., 1987; Miller,
1981). What our resultsadd to this pictureisthat the process-
ing system needsto takeinto account information on adjacent
segments which belong to the same syllable. Thisisillus-
trated in Experiment 2, where, for instance both balance and
bal con start with the same three segments/bal/. Yet, the/l/in
bal con belongs to thefirst syllable whereasthe /I/ in balance
belongs to the second syllable. This difference in structure
is reflected in the data by the fact that ba.lance gave rise to
faster RTsthan bal.con. The bottomline isthat to account for
these data, one might have to posit that the syllable structure
isrecovered at a comparatively early stage in perception.

However, subsequent reanalyses of Experiments 1 and 2,
plus the results of Experiment 3, indicate that such an inter-
pretation hasto be further elaborated. Inthe reanalysesof Ex-
periments 1 and 2 we found that whereas the effect of onset
seemsto bevery robust and isfound uniformly acrossall sub-
jects, the effect of codas only showsup in slow subjects. This
latter finding is consistent with studies showing that with the

®Also, due to the computerized presentation of the target
phonemes, the experiment was 20 minutes shorter than the original
one.
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fragment detection technique (Mehler et al., 1981), syllabic
effects disappear when subjects’ responses are very fast (Se-
bastian et al., 1992). This suggeststhat syllables are not pro-
cessing bottlenecksand that subjects can respond before hav-
ing identified the full syllable.

In further support of this, we can quote a study by Miller
& Dexter (1988) who found that response times interacted
with the effect of vowel duration on initia consonant pho-
netic boundaries. When subjects make non-speeded classifi-
cation responses, vowel duration reliably shifts the phonetic
boundary in CV stimuli as in the origina study of Miller
& Liberman (1979). However, when subjects respond in a
speeded fashion, the vowel duration effect disappears; more-
over, the phonetic boundary seems to correspond to that of
the shorter vowel duration, as if the perceptual system were
delivering a percept based on thevowel duration known at the
time the subject decides to respond. A similar phenomenon
might be present in the study of Gordon et al.(1993) who
found that the cuesthat influenced the classification of acon-
sonant continuum changed when a secondary distractor task
was added. Although the authors accounted for their data
in terms of attentional influence on phonetic perception, it
is very likely that the secondary task had a major effect on
response time (since a lot of emphasis was put on accuracy
as opposed to speed). Interestingly, it is with such slowed
down responsesthat subjects showed the greater influence of
later occurring cues (such as formant transitions for conso-
nantsand vowel durationfor vowels) as opposed to earlier oc-
curring cues (burst and formant composition, respectively).
It remains to be seen whether such effects are really due to
speed differences rather than, as the authors claim, to atten-
tional differences. In brief, our results are compatible with a
growing body of evidence suggesting that even though pho-
netic cues are integrated over a large chunk of signal, there
is no processing bottleneck. The current evaluation of a seg-
ment’s identity is available and usable at any given point. In
other words, theworld really could bewhat it looks like from
theviewpoint of the gating paradigm. Yet thisintepretationis
not as straightfordward as it may seem. In the following, we
discussthree possibleinterpretations of these resultsin terms
of theinformation flow over large-sized units.

Thefirstinterpretation would question the generality of the
response speed effects. It could be that such an effect is an
artifact of the very slow rate of presentation of the isolated
stimuli used in psycholinguistic experiments. Suppose that
one artificially expands astimulusin order to makeit, say, 10
seconds long. No one would expect subjects to wait for the
end of such a stimulus before responding. So it could be that
infact there are processing bottlenecksin running speech, but
that listening to isolated lists of words recorded in a sound-
proof room enables subjects to by-pass the syllabic level al-
together and to rely on acoustic cues to perform the task at
hand. The way to test this would be to examine the effect of
syllabic complexity with connected speech spoken at a nat-
ural rate. Under the above “ecological” hypothesis, subjects
should always respond on the basis of entire syllables, that
is, “truncated” responses, if any, should yield chance perfor-
mance. If, on the other hand, “truncation” is a general phe-

nomenon in speech perception, we should expect the same
interaction between syllable complexity and response speed
that we documented in Experiments 1, 2 & 3, even with fast
and heavily coarticul ated speech.

The second interpretation holds that the interaction of re-
sponse speed on syllabic effectsisageneral phenomenon that
reveals important aspects of normal speech perception. The
prediction here, is that, even with noisy input and running
speech, one could still find conditions where subjects could
respond before a full syllable has been extracted. If thisis
s0, one would then have to say that even though syllables do
congtitute a processing level in speech comprehension, they
do not congtitute a processing bottleneck. Theideawould be
that, for instance, syllabic candidates are continuously eval-
uated as time passes and information accumulates. Such an
evaluation will eventually stabilize once the entire syllable
has been presented. An illustration of such an idea can be
given in cascade processing models such as McClelland &
Elman, (1986) TRACE model (although only the bottom-up
parts of the model is relevant to our discussion). One could
proposealevel of syllabic units somewhere between the pho-
netic level and the lexical level, but because of the dynam-
ics of the network, the information flow would still be grad-
ual and incremental. Of course, we have not demonstrated
that the information flow is completely continuous. In fact,
we have found that even for very fast responses there is still
an effect of onset complexity. So it could be that there is a
processing bottleneck, only one spanning over smaller units.
In order to illustrate how such a revised proposa could be
implemented, one can imagine that acoustic/phonetic encod-
ing proceeds with a unit the size of half syllables (that is
the transitions from initial consonant(s) to nucleus or vice
versa; see Fujimura, 1976; Samuel, 1989 for a similar pro-
posal). All segmentsinside such units would be hypotheti-
cally perceived in an ‘integral’ fashion. Each of these half
syllables, activated in sequence, would be used to construct a
structured phonological representation on the basis of which
phoneme or fragment detection tasks are performed (Dupoux
& Mehler, 1992). So when subjects respond very rapidly,
only half a syllable is processed, and responses are sensi-
tive to the acoustic/phonetic encoding within thisunit. When
subjects respond slowly, a complete syllabic structure has
been processed, which resultsin syllable-wide complexity or
frequency effects. Further research should help us untangle
these issues.

Between these two extremes, we have athird intermediate
possibility. It may be that the information flow is cascadic
in some part of the system, but discontinuous in others. In
particular, one could say that information is allowed to cas-
cade up to the decision system that allows subjects to per-
form detection tasks. However, the same information would
be blocked, say, for the purpose of lexical access. Indeed, our
theoretical argument about theinterest of having alarge-sized
bottleneck for the purpose of word recognition till holds. In
other words, what is wrong with ’truncation’ is not that the
stimuli are unnatural, but that the task is unnatural. One way
to test thisis to look for an effect of the lexical status of the
truncated part of aCVC item. So, for instance, both /pit/ and
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/pet/ are words, but /pi/ is a word whereas /pe/ is not. The
prediction of a complete cascade model is that there should
be an RT difference between these two stimuli, but only for
fast responses (see Christophe (1993) for someindicationthat
such cascade effects do not occur).

In brief, the phoneme detection technique has proved to be
sensitive to large sized units such as syllables. Moreover, the
effect of syllabic structure provides an interesting puzzle. On
the one hand, certain aspects of the data suggest that syllables
have a perceptual locus, and can help to integrate many psy-
choacoustical findings showing context dependence in pho-
netic perception. On the other hand, although syllable effects
are robust, they are not mandatory in the sense that subjects
can respond on the basis of syllable fragments, provided that
the response is fast enough. We have outlined three waysin
which such a time course of structural effects could be ac-
counted for. All of these alternatives need considerable re-
finement and empirical support, but it should be noted that all
of them requiretaking into account syllable-likeunitsin some
way. Models that only incorporate a segmental representa-
tion have to be supplemented with larger units like syllables.
What remains unclear isthe level at which these units play a
role(e.g. stimulusencoding versusrepresentationin memory
or both), and how they relate to the unfolding of speech in-
formation through time. We hope to have demonstrated that
phoneme monitoring techniques are useful to formulate hy-
potheses about such questionsand can help to uncover thear-
chitecture of prelexical processing.
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Materials

Materialsused in Experiment 1.

Cv ccv CvC Cccve
Voiced initial phoneme

bi bri bid brit

bo blo bog brok

da dra dag drab

de dre deb drep

Unvoiced initia phoneme

pa pla pad prak

po pro pob prot

ti tri tig trid

tu tru tuk trup

Materialsused in Experiment 2.

@Y CvC Cccv

palace palmier placard

pourris pourboire prouver

garage gardien gravier

touriste tournée troupeau

barreau barbu bravoure

burin burlesque brutal

Materialsused in Experiment 3

CV Items

Non-words  da ti na gu co
/da/ ftil /na/ lgy/ kol

Words tas pis ma du do
fta/ Ipi/ /ma/  /dy/ /do/

CVCltems

Non-words  poc pit tal berre  tote
/pok/  Ipit/ ftal/ foer/  Jtot/
buk cak dac gasse  posse
/byk/  [kak/  /dak/  /gas/  [pod/

Words pote pic tard belle  toc
/pot/  Ipik/  ftar/ /oell  Jtok/
but cap date gaffe  poche
/oyt /kap/ /dat/  [gaf/  [paf/

CCV ltems

Non-words  pru bré tra dro tru
lpryl  forel  ftraf /dro/  ftry/
dri cla glo cra greu
[dri/ /kla/  [glo/ /kra/  Igral

Words bru pré drap trop dru
lbryl  Ipre/ /dra/  [tro/ [dry/
tri glas clos gras Creux
ftri/ /gla/  /klo/ lgra/  [krgl




