
How Do 4-Day-Old Infants Categorize Multisyllabic Utterances?

Three experiments, using the high-amplitude sucking procedure. tested whether 4-day-old infants
discriminate multisyllabic utterances on the basis of number of syllables or number of phonemes.
Experiment 1 showed that infants discriminate 2 large sets of phonetically variable utterances
composed of 2- vs. 3-CY (consonant-vowel) syllables. Experiment 2 was run to assess whether
infants discriminated the 2 sets on the basis of duration differences between the 2- and 3-CV
stimuli. Results indicate that reducing the duration differences does not affect infants' discrimina-
tion. Finally, Experiment 3 investigated whether infants discriminate 4- vs. 6-phoneme bisyllabic
utterances. The results provide no evidence that infants are sensitive to such a change in number of
phonemic constituents. AIthough not decisive, these results appear to be congruent with the hy-
pothesis that infants perceptually structure complex speech inputs.

Models designed to account for speech processing in adults
do not agree about the necessity ofa prelexicallevel ofrepresen-
tat ion during word recognition (for a review, see Frauenfelder &
Tyler, 1987; Klatt, 1989). Some of them suggest that language
users map the acoustic waveform onto units stored in the lexi-
con. But how do infants cope with the speech signal and repre-
sent it before they have constituted a lexicon? Acquisition of a
lexicon requires a prelexicallevel of representation that medi-
ates between acoustic inputs and memory traces that will con-
stitute the lexicon (see Mehler, Dupoux, & Segui, 1991, for a
discussion of this point). Several sublexical units have been con-
sidered to describe infants' prelexical representations. A num-
ber of mutually nonexclusive candidates can be evoked in this
context, namely, phonemes, syllables, demi-syllables, moras,
and feet. Moreover, it is possible that the efficiency of these
different units depends on the development of the speech sys-
tem and on the language that the child is in the process of
acquiring. A review of the literature indicates that the phoneme
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and the syllable have been most frequently put forward as the
units that organize speech inputs.

Some evidence suggests that the syllable may behave like a
perceptual unit. both for adults and children (Mehler, 198 I;
Mehler, Dommergues, Frauenfelder, & Segui, 1981; Savin &
Bever, 1970: Treiman, 1983; Walley, Smith, & Jusczyk, 1986).
Furthermore, Bertoncini and Mehler (1981) found that young
infants discriminate changes in phoneme ordering within a
well-formed consonant-vowel-consonant (eVe) syllable (e.g.,
tap vs. pat) but failed to respond to the same kind of change in a
eee sequence (pst vs. tsp). However, when the same eee clus-
ters were embedded in a vowel context (i.e., upstu vs. utspu), the
infants again showed reliable discrimination. These results sug-
gest that e\"en for very young infants, syllables have a privileged
perceptual status. Presumably, a contrast incorporated into a
well-formed syllable is more distinct or perceptually more sa-
lient than a similar one that is embedded in a nonsyllabic con-
text. However, even ifone grants that infants react more reliably
to contrasts in good syllabic patterns, there is no indication that
they organize speech in terms of syllabic units rather than pho-
netic segments.

The discrimination capacities of infants have been exten-
sively investigated over the last two decades. Results from thf'~"
experiments can be taken as evidence "for the existence of pre-
linguistic perceptual categories that are assumed to provide the
basis for the acquisition of the corresponding adult phonetic

'category" (Miller & Eimas, 1983, p. 138). Although Miller and
Eimas (1979) stated that they had found evidence that infants
perceive organization at both the syllabic and segmental levels,
very few studies have focused critically on that question. Some
recent work suggests rather that young infants do not represent
sets of variable evs in terms of their phonetic segments (Ber-
toncini, Bijeljae-Babic, Jusczyk, Kennedy, & Mehler, 1988;
Jusczyk & Derrah, 1987). The present research attempts to in-
vestigate more directly how infants organize and represent mul-
tisyllabic utterances.

A few studies have explored infant processing of multisyl-
labic utterances. Results show that infants are able to perceive
some phonetic contrasts in multisyllabic contexts (Jusczyk &



Thompson. 1')18) and ar<.' s<.'l1sitive to prllslldic cu<.'s lil..e pc'ak
int.:nsity mull. Ei krs. & 01 kr. 19l:i-t) :lI1d \'0\\ cI du r:.lt ion ( Ei krs.
Bull. Olkr. 8: Lcwis, Il)S-t). :--loreo\cr. K:lfZon (\98~l found
th:.lt 1- to -t-l11ol1th-old inl;mts discril11in:lt~d Ira/ frc1m lla/
\\,hen the target syllahles were presented in the medial p,1sition
of trisyllahic utterances. such as iliamna and ma/wllI. but only
when the sy llables were "exaggerately" stn:ssed. This suggcsts
that infants can use prosodic information in multisyllal:',ic ut-
terances to discriminate syllable components. Goodsitt. \ lorse.
Yer Hoeve. and Cowan (l98-t) asked whether infants trained to
react to the occurrence of a single syllabI.: (e.g" /ba/) could
recognize it when it appeared in one of two contexts. in a fairly
redundant one (e,g .• lihmi. or lilihll) or in a nonuniform one (e.g .•
baliko or lihako). Their results showed that 61/~-month-old in-
fants can e\ tract a token syllable from either of these contexts.
although their performance is reliably better with the redun-
dant one. It should be noted. however. that most of the afore-
mentioned studies ha\'e used synthetic monosyllables com-
bined into strings with a between-syllables interval that ranges
from 5 ms to ~O illS. On the \\ hole. these stimul i do not incorpo-
rate either coarticulation cues or ditferences in speaking rate.
pitch. stn:ss. and so forth that exist in natural utterances. These
results indicate a precocious ability to pen:eiq: som.: fine
acoustic and phonetic inlormation withi'n a l11ul"tisyllabic
string. Ho\\<.'\er. these studies do not provide any indication as
to how co 111plex speech inputs arc represented by infants or on
infants' cap:.lcity to e\tract structural regularities across differ-
ent multisyllabic utterances.

The first t\\O c\p<.'ril11ents an: dcsign<.'d to .:\'aluate \\hether
infants categoril<.' and d iscri 111inat.: t\\'O scts of natu ralmu Itisyl-
labic utteranccs th:lt diller in numbcr ofcl)nstituent syllables.
Gi\'en that CV rcprescnts the most t\'pical and univcrsall\ used
form ofsy liable. \\c'uscd CV strings-as st il11uli. arrang~d in two

sets. on.: of two-CVs and onc of thr~e-C"s. If infants c:ln dis-
criminate such multi-C" utterances in spite of wide \'ariations
in duration and phonemic composition. we would ha\ e an ind i-
cation that they organize multisy llabic s~qu.:nc~sasstringscom-
posed of syllabic constitu~nts,

Experiment I

If syllables are:l sa! ient clelll~nt of speech. inf:lt1ts shculd be
able to detect a chang.: in the numb.:r of syl!:lbles in multisyl-
labic utterances. (n the first experiment. newborns were habit-
uated to a wide set oftwo-CY (or three-CY) utter:lnces and then
were tested with a new set ofthree-CV items (or two-CY it~ms.
respectively). We used naturally produced utterances so as to
include all th.: f~atures. including coarticulatory cues and in-
tonation, that ch:lracterize multisyllabic words in continuous
speech.

Slilllu/i. All the stimuli used in the experiment were either bisyl-
labic (consisting oftwo-CY syllables) or trisyllabic (three-CY syllables).
The CYs included one French consonant selected from b. d. g. p. t. k. r.
I. f. v. s. Z. S. i.m. n. and I) and one vowel sdec:ed from 3. e. i. o. and u.
NOne of the items included phoneme duplication: Tokens Ii ke rijiJ. :lIIi.

k,'pa/ma:op". ki.'s(lf/u. and rekil'/I were accepted. but tokens like reri or

rd;i,'" were no\. In atlditil)n. Ihe probability for cach CV to oc(ur in
tirs\. second. or linal position was ti,e same,

One hundrcd :lnd Iifty items wcn: sele(lcd (75 two-CYs and 75 three-
CVs). They wcre all ullered hy a na:i\e Frcnch female speaker who
recorded each item cmbedded within the same carrier sentence "Chi
XXX fa:'" (for instance. C'SI buku (',J:~' phuneticall~~ .\'(' "ak" .w:') in
order to produce similar prosodic patterns."\s is the ruk in French. the
syllabic in final position carried stress. The two- and three-CY stimuli
were extracted from the carrier utterance by using a resident speech
editing systcm on a POP I 1/73 computer.

The durationsofthe two-CV itcms ranged from 455 ms t0659 ms (.11
= 551 ms. SD = 42.7). and thoseofthe three-CV items ranged from 637
ms to 894 ms (.\1 = 750 ms. SD = 47.3). Figure I shows the distribution
of duration of the items used in Experiment I.

Four audiotapes were prepared. two for each list of two- and three-
CY items. Each serics or75 items was recorded in random order in such
a way that items similar in duration or phonctic composition do not
appea.rconsecutivcly. Each seriesofstimuli lasted about 2 min and was
repe:lled 10 times to obtain 20 min of stimulation on each tape.

S""j('('(s, Subjccts were health~: full-term newborns (gestational
age ranged from 38 to 41 weeks: .\1 = 39.5 weeks) recruited at the
Baudclocque Maternity Hospital in Paris. France. They had suffered
no complications during pregnancy and ddi\'ery. and they were classi-
fied as "normal" :!I'tcr ncurologic:!1 eV:1luations on their first·and third
days of life (Amici-Tison. 1<)77).:\11 subjects weighed more than 2.800
g at birth Clf birth weight = 3301 g. Sf) = 340) and had 5-min Apgar
scores of IO.

Eighty-six suhjects were tcsted on the third or fourth day after do:liv-
ery (.11 age = 3. 75 d~l~s). Forty·one infants were excluded for the follow-
ing reasons: falling askep ['efore the shift (20). ccasing to suck during
the course of the cxpcriment (S). crying (7). failing to achieve the ha-
bituation l"riterion within 15 min (5). or experimenter error (1). Forty-
th·e infants (26 girls and 19 bo~s) completed the experimental session.
They were randomly 3ssigned to one of two preshift stimulus condi-
tions (stimulus set presented during habituation: two-CY stimuli or
three-CV stimuli) and to one of two cxperimental conditions. either
the control (no stimulus changc: hi·/Ji or Iri·lri) or the experimental
(stimulus change: hi-/l'i or Iri·N). Thus the experimental group (S = 30)
recei\'ed one kind of stimuli (two-CY ur three-CY items) during habit-
uation and then shifted to theother(threc-CYor two-CY items. respec-
ti\'e1y) during the test. In the control condition (N = 15). subjects were
habituated with two-CY or thrce-CV items and continued listening to
the same set ofstimuli during the test.

Prvc('dllre. Infants wcre tested individually in a sound-attenuated
chamb~r, They Were:1\\ akened about ~ hr after feeding and were manip-
ulated until a qui~t. acti\estate was obtained. They were then placed in
a r~clining position in a sp~cial "baby bath chair" that prevents head
movements. The pacili~r was held by an adjustable mechanical arm to
avoid any inten'cntion by the experimenter during the experimental
session.

The experimental procedure was similar to the high-amplitude
sucking technique devised by Siqueland and De Lucia (1969). We ad-
justed the criterion for high-amplitude sucking for each infant to ob-
tain a baseline rate of between 20 and 50 sucks per minute. Stimuli
were then presented contingent on the rate of high-amplitude sucking
responses. Criterion sucks resulted in the presentation of one of the 75
stimuli from the preshift set. Which of the items the infant heard was
unpredictable. because the series of 75 stimuli had been prerecorded
in random order. On the tape. a stimulus onset occurred every 1.5 s.
Thus. the subject might not hear all the 75 stimuli during the fir;t
presentation of the set. unless he or she produced high-amplitude sucks
without interruption for 2 min. However. although it was possible for
an infant to hear the same stimulus several times during the habitua-

','",.".::.;~--7~:-~~:~.~~.:£·f?'~~~.~:::J~~:,..~~:r;~.~..:~:7..'~.~:~,::~~,t.~,~,~.;:;.'~,~~:.:rT"'·
".' .' ::..•.;.:.:~~~{.. -.. ~ .



~;

U,
III

0' "
470 670

ms

llil! 2-CV STIMUU ~ 3-CV STIMUU

Figure J, Distribution of durations of the two-CY (consonant-vowel) and three-CY stimuli used in
Experiment I. (Values correspond to the centc:r of each 40-ms·wide catcgory range.)

tion or the test phase, this only occurred with an interval of at least
112 s (75 X 1.5) between the two occurrences of the same item. Use ofa
programmable logic board ensured that all stimuli were uninterrupted
during playback. '

(n summary, because the tape runs continuously with a stimulus
ready to be played every 1.5 s, and given the temporal organization of
nonnutritive sucking in bursts and pauscs. we can consider that an
infant who produces about 30 high-amplitude sucks per minute should
receive about 2S different stimuli from the series during that minute.

The criterion for switching from the preshift to the postshift set of
stimuli was a decrease in sucking rate of 25% or more over 2 consecu-
tive minutes compared with the rate in' the immediately preceding
minute. Once criterion was reached, presentation shifted automati-
cally and without interruption to the stimuli on the second tape re-
corder in both experimental and control conditions. The switch re-
sulted in a change in the set of stimuli presented to the infants in the
experimental condition and in the presentation of another recording
of the same set of stimuli for the infants in the control condition. The
conditions of stimulus presentation remain the same throughout the
experiment. As a result, the items an infant heard just before the
change and just after the change were completely unpredictable. The
postshift period lasted 4 min.

Apparatus. We connected a pacifier to a Gould P23 pressure trans-
ducer and used an electronic custom-designed device to interface an
IBM-PC compatible computer with the pressure transducer and the
tape recorders. The multifunction electronic device detected the suck-
ing responses and transformed them into digital output. It also ensured
the uninterrupted presentation of each stimulus and controlled the
channel switch electronically. The computer was programmed to de-
liver stimuli contingent on high-amplitude sucking. The items were
delivered by two tape recorders (Tandberg TD 20A), a stereo amplifier
(Scott 417 A), and a loudspeaker (Braun L 620).

An overall analysis of variance (ANOVA) on sucking rates
during the baseline. the 5 last preshift minutes. the 4 postshift
minutes. and on habituation time (time to reach habituation
criterion) was performed with group (experimental vs. control)
and preshift stimulus condition (two-CV vs. three-CV stimulus
sets) as main crossed factors.

There is no significant effect of group and preshift condition
on any preshift measures. The baseline sucking rates were simi-
lar in the two groups. F(I, 41) < I. There is no difference in the
time to reach habituation criterion depending on the group (8.1
min for experimental group and 8.9 min for control group) or
on the preshift condition (8.6 min for two-CV condition and
8.3 min for three-CV condition). Finall)~ the analysis of the
sucking rates during the last 5 preshift minutes reveals no effect
of group or preshift condition, F(l, 41) < I in each case.

To evaluate infant reaction to the chan~e of stimuli, we com-
pared the last 2 min of habituation and the first 2 min of test.
These comparisons revealed a significant interaction between
the shift (2 min before vs. 2 min after the change) and the group,
F(I, 41) = 8.824, P = .005. This interaction is due to a signifi-
cant increase in sucking rates in the experimental group, F(I,
28) = 19.629, P = .000 I, and no difference in the control group,
F(I, 13) < 1. This analysis revealed that the preshift stimulus
condition did not interact with shift or with Group X Shift
interaction, F(I, 41) < 1 in each case. Post hoc comparisons
revealed that each experimental group was significantly differ-
ent from the conlrol group with respect to the shift: bi-1ri. 1(28)
= 2.497, P < .01, one-tailed; /ri-bi. /(28) = 2.703, p < .01, one-
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Figure 2. Sucking-rate a'"erages during baseline (BL). last 5 Olin ofhabituJtion (-5 to -I). and 4 Olin of
test (+ I to +4) for experimental and control groups in Experiment I.

tailed. Figure 2 displays sucking-rate 3\'erages for experimental
and control groups during the baseline. the last 5 min of ha-
bituation_ and the 4 min of test.

The results of this experiment indicate that 4-day-old neo-
nates discriminated a shift from a set oftwo-CY items to a set of
three-CY items, or vice-versa. O\'er a broad range of phonetic
variations. Indeed. infants noticed the difference between the
two sets of multisyllabic utterances, regardless of the phonemic
and durational diversity of the strings within each set. These
discrimination responses may rely on infants' ability to extract
a common perceptual pattern from each set of stimuli. One
possible explanation is that they classify strings according to
the number of their CY constituents. the only property main-
tained constant across the various items within each set. How-
ever, one should refrain from accepting this interpretation too
hastily. Our experiment was designed to investigate whether
infants can discriminate between two-CY and three-CV stim-
uli, when all characteristics of such utterances are congruent.
The stimuli were naturally spoken items, in which duration was
not equated. Thus, duration may have constituted the distinc-
tive property between the sets of two-CY and three-CV utter-
ances. In spite of a variation in duration within each set of
stimuli, the three-CY items were consistently longer than the
two-CY items. As can be seen in Figure I, the distributions of
the bisyllabic and trisyllabic item durations hardly do overlap
(455-659 ms and 637-894 ms, respectively). Thus, one possible
explanation for our results is that newborns classify utterances

according to their "typical" duration and are sensiti\'e to the
difl"erence in overall durations between the two sets. Such an
explanation. however. rests on the infants' hypothetical ability
to notice the typical duration of multi syllables in one set of75
different items. when the shorter items differ from the longer
ones by 200-250 ms. and to react rapidly when they are pre-
sented with new items whose durations vary with the same
ratios.

To our knowledge. no study has demonstrated that infants
use time as a yardstick for establishing perceptual categories
across phonetic variations. Moreover, studies on the effect of
speaking rate on the perception of phonetic categories ind icate
that infant as well as adult listeners accommodate for changes
in speaking rate by means of relational processes that cannot be
described as being exclusively driven by temporal properties
(Eimas & Miller. 1980; Miller & Volaitis. 1989). These results
render implausible infant categorization of stimuli, or parts of
stimuli, on the basis of their absolute durations. Nevertheless.
before accepting such indirect evidence to settle the issue, we
ran a second experiment to establish whether infants' ability to
discriminate a change in number of syllables persists when dura-
tional differences are minimized. To achieve this, our second
experiment used the same stimuli as those in Experiment I, but
the durations of two-CY and three-CV items were made to
overlap in such a way that duration could no longer be a consis-
tent cue on which infants might distinguish two-CYs from
three-CYs_

If the infants base their discrimination mainly on the dura-
tional differences between t.he two sets, their performance
should be affected when these differences are considerably re-



duced. On the other hand. if the infants discriminate two-CVs
from three-CVs on the basis of nondurational properties. then
they should replicate the same pattern of responses as in Exper-
iment I.

Stimli/i. The same sets of stimuli as those in Experiment 1 were
used in Experiment 2. To obtain overlapping distributions of dura-
tions. we submitted the two sets of stimuli to an algorithm designed to
compress or extend speech signals. This was accomplished with a pro-
gram developed by Centre National d'Etudes des Telecommunica-
tions. France (seeCharpentier & Stella. 1986) that was implemented on
a PDP 11f7 3.' Item durations were modified. but the global contour of
the energy and the intelligibility of the syllables were spared. Every
two-CV and three-CV item used in Experiment I was randomly as-
signed to a compression or extension factor.l The reason for applying
both extension and compression procedures to two-CVs as well as to
three-CVs was to ensure that each set of stimuli not be characterized by
one speech rate (i.e.. a rapid one for three-CVs and a slow one for two-
CVs). Thus. to avoid having only compressed three-CV stimuli to be
discriminated from only extended two-CV stimuli. we treated each
stimulus with the compression/extension algorithm independently of
its two- or three-CV structure and irrespective of its original duration.
Obviously. applying such a procedure resulted in an enlarged duration
variation within each set of stimuli. In that sense. duration no longer
appeared as a property that could read ilycharacterize each set of stim-
uli. Nevertheless. to minimize the duration difference between the
two sets. we more frequently shortened than expanded the three-CV
items and more frequently expanded than shortened the two-CV items.
The resulting set of two-CV items included 27% compressed utter-
ances (II % at 0.75 and 16%at 0.90) and 52% extended utterances (23%
at 1.15 and 29% at 1.25) mixed .:vith21% unchanged sequences. Among
the three-CV items, 55% were shortened (30'70at 0.75 and 25% at 0.90).
24% were extended (15% at 1.15 and 9% at 1.25), and 21% remained
unchanged. As can be seen in Figure 3. the resulting distributions were
largely overlapping (overlap involved 75% of stimuli) when compared
with those of the original stimuli, displayed in Figure I. Duration of
the two-CV items now ranged from 330 ms to 740 ms(M = 582 ms, SD
= 104.5) and that of the three-CV items ranged from 510 ms to 960 ms
(,If = 697 ms, SD = 1(4). Although the duration distributions do not
fully overlap. the difference between the duration averages is now less
than 120 ms. and the dispersion of durations within each set is much
larger, because the difference between the longer and the shorter items
is more than 400 ms.

SlIbjects. Seventy infants were tested at the Notre Dame de Bon
Secours Maternity, in Paris. They were selected according to the same
criteria as those used in Experiment I. Fifty infants (23 girls and 27
boys; AI age = 4.7 days)completed the experiment. They were full·term
newborns(M gestational age = 39.2 weeks; Mbirth weight = 3,372.1 g,
SD = 569) with no detectable abnormality or deficit. Twenty subjects
were excluded from the data analysis for the following reasons: falling
asleep before the shift (8), crying (7), failing to achieve the habituation
criterion within 15 min (J), and experimenter error (4).

Procedllre. The procedure was identical to that described in the
previous experiment, except that the amplitude threshold for high-am·
plitude sucking was fixed for all the subjects, and the baseline period
lasted until the infant's sucking rate was stabilized between 20 and 50
sucks per minute. As in Experiment I, the group factor (experimental
vs. control) was crossed with the preshift stimulus condition factor
(two·CV vs. three·CV). Tl1'irtysubjects were randomly assigned to the
experimental condition and shifted from two-CV to three-CV stimuli

(or vice versa). Twenty subjects were included in the control condition
and were habituated and tested with the same set of stimuli (two-CV or
three-CV).

The stimuli were recorded under the same conditions as in Experi.
ment I. The 75 compressed and extended stimuli of each set were
recorded in random order, with one stimulus occurring every 1.5 s.
Randomization ensured that items whose durations or compression/
extension rates were similar did not appear in a sequence.

Apparal/ls. A slightly different configuration of the audio equip-
ment was used in the second experiment: two tape recorders (Tascam
Porta 05), a stereo amplifier (Rotel RA-820BX3), and a loudspeaker
(Martin DB 92).

Overall ANOVAs were performed on baseline, the 5 last pre-
shift minutes, the 4 postshift minutes, and habituation time.
These analyses revealed no significant effect of the preshift
stimulus condition, nor of the group factor on preshift mea-
sures. Preshift stimulus condition has no effect on habituation
time, F(l, 46) < I, nor on the sucking rates during the last 5
preshift minutes, F(l, 46) < I. The experimental and control
groups produced similar sucking rates in the baseline, F(l, 46)
< I, and during the 5 preshift minutes, F(I, 46) = 1.820. More-
over, time to reach the habituation criterion was similar, F(I,
46) < I, for the experimental group (8.2 min) and the control
group (7.9 Olin).

Comparisons between the last 2 Olin of habituation and the
first 2 Olin of test were used to test the infants' reaction to the
change of stimuli. These comparisons revealed a significant
interaction between the shift (2 Olin before vs. 2 min after the
change) and the group. F(I, 46) = 4.159. P = .047. This interac-
tion is due to a significant increase in sucking rates by the
experimental group, F(l. 28) = 4.718, P = .038, and no differ-
ence in the control group, F(l, 18) < I. Neither the Preshift
Condition X Shift interaction nor the triple Preshift Condition
X Group X Shift interaction was significant, F(I, 46) < I in each
case.

Post hoc comparisons revealed that each experimental group
was significantly different from the control group with respect
to the shift: hi-[ri, [(33) = 2.05, p < .025 (one-tailed); and tri-hi.
[(33) = 1.79, p < .05 (one-tailed).

Figure 4 displays sucking-rate averages during the baseline,
the last 5 min of habituation, and the 4 min of the test, for the
experimental and control groups.

lOur compression algorithm uses the pitch synchronous overlap
and add (PSOLA) technique. The algorithm basically takes successive
chunks of a signal (whole periods for voiced segments) and averages
them into a single chunk. The number of adjacent chunks to be aver-
aged depends on the compression rate, and an adequate weighting
function is chosen to ensure a perfectly smooth result. This technique
does not alter spectral components (e.g., formants or pitch) of the sig-
nal. A description of the algorithm PSOLA is detailed in Dupoux and
Mehler (1990).

2 The maximum compression rates used in the present study (i.e.,
0.75) only reduced the durations to 75% of their original lengths. These
rates are much smaller than the ones used by Dupoux and Mehler
(1990), who found that speech compre,:!ension remained nearly perfect
even when the signal was compressed by as much as 500/0,



14

12

10

8

6

4
I

'~
2 ..~.

, ~

~.~J:¥~
$~

t :~ ~ ~ .
'~'/1 ~t f5 v

550 590 630 670 710 750 790 830 870 910 950

ms

o 2-CV STIMUU ~ 3-CV STIMUU

FiguTe 3. Distribution ordurations of the compressed and cxtended stimuli used in Expcriment 2. (CV =
consonant-vowel.)

The results of Experiment 2 corroborate those of Experiment
I. They confirm.that 4-day-old infants discriminate two-CY
from three-CY patterns. Furthermore. they suggest that tho::
discrimination ability does not merely rely on the durational
characteristics of tho::stimuli.

We designed Experiment 2 to verify whether infants continue
to exhibit discrimination responses when durational ditfer-
ences between the two sets of stimuli are minimized. \\10:: chose
to use exactly the same sets of stimuli and reduce. as much as
possible. the difference between two-C\! and three-CY dura-
tions. To maintain the ~naturalness" orthe stimuli. we applied
low rates of compression and extension. In addition. to avoid
introducing differences in speaking rate bet\veen two-CVs and
three-CYs, we submitted the two sets to both extension and
compression procedures. If we had treated distinctively the orig-
inal three-CYs and two-CVs (i.e., if we had compressed the
three-CYs and extended the two-CYs), we would have intro-
duced a new confound based on speech rate differences be-
tween the two sets. But we know from studies on both speech
and nonspeech stimuli that infants are sensitive to changes in
rate (Eimas & Miller, 1980; Jusczyk, Pisoni, Reed, Fernald, &
Myers, 1983). The resulting sets of stimuli obviously do not
completely overlap, but the relationship between the two distri-
butions is very different from what it is in Experiment I, in
terms of both average durations and amount of variability
within each set.

If in Experiment I the infants have based their discrimina-
tion responses merely on the durational properties of the stim-

uli. it is conceivable that their performance would be altered
when these properties were changed. On the contrary. the re-
sults obtained in Experiment 2 show that infants continue to
exhibit a rei iable reaction to the shift from two-CY to three-CY
stimuli. similar to that observed in Experiment I. Thus, their
performance appears to be unaffected by a modification of the
stimuli that makes duration cues less relevant.

However. the fact that the two distributions do not fully over-
lap means that, after the change, it is possible for the infants to
receive few stimuli that fall outside the overlap (i.e., the two-CYs
that are shorter or the three-CYs that are longer). Although we
cannot radically exclude the possibility of an infant reacting to
those outlying stimuli. it seems highly improbable. Once the
habituation phase is completed, an infant may have heard most
of the 75 items that range from 330 to 740 ms for the two-CYs
and from 510 to 960 ms for the three-CYs. After the switch, the
infant receives 25 new stimuli, among which at most 5 or 6 are
shorter or longer than the stimuli he or she has heard before.
How do 4-day-old neonates notice 5 items scattered through the
25 new stimuli. even though they all share structural properties
in terms of number of syllables? Such an intricate capacity has
never been reported in the infant speech perception literature.
Moreover, in a study specially designed to test the infants' use
of duration cues in speech perception, Eilers (1977), using 2- to
3-month-old infants, failed to observe discrimination between
two single syllables that differed purely on overall duration.

Although the hypothesis that infants discriminate multisyl-
labic utterances solely on the basis of durational differences
cannot be completely ruled out, it seems far less plausible than
the alternative hypothesis that infants react to differences in
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Figure 4. Sucking-rate averages during baseline (BL), last 5 min of habituation (-5 to -I), and 4 min of
test (+ I to +4) for experimental and control groups in Experiment 2.

structural properties. Further experiments are needed to pro-
vide a decisive conclusion.

Taken as a whole, the results of Experiments I and 2 suggest
that, even when faced with ahrge amount of stimulus variabil-
ity, newborn infants still seem to be able to extract an invariant
property characterizing each list of multisyllabic sequences.
This property could be associated in some way with the number
ofCV constituents, which in our stimulus material corresponds
to the number of syllabic units (two vs. three) as well as to the
number of phonemic constituents (four vs. six). Thus, the in-
fants may have categorized the multisyllabic sequences by or-
ganizing them either in terms of syllabic structure or in terms of
phonemic constituents. In Experiment 3, we attempt to estab-
lish whether number of phonemes, irrespective of syllabic
structure, is a parameter used by young infants in perceiving
multisyllabic utterances.

If infants are sensitive to the number of phonemes, they
should discriminate stimuli that differ in number of phonemes
but that are equated in terms of number of syllables. One way in
which this can be tested is to contrast four- to six-phoneme
items within bisyllabic or trisyllabic items. However, arranging
four phonemes in trisyllabic strings leads one to include items
like CVVV or VVVC, which are not very representative of
trisyllabic utterances. Thus, we constructed two sets of varied
four- versus six-phoneme utterances, all of which were com-
posed of two syllables. This design was destined to allow us to

test whether infants discriminate four- versus six-phoneme pat-
terns, irrespective of the number of syllabic constituents.

Stimuli. We used two sets of 35 different bisyllabic utterances re-
corded by a French female speaker. Different types of syllable struc-
tures were equally distributed over the two sets of stimuli. The number
of open and closed final syllables, the number of initial and final conso-
nant clusters, and the distribution of the five vowels (a, e, i, 0, u) were
similar in both sets. Clusters were selected so as to conform to the
phonotactic rules of French. One set consisted of 35 bisyllabic items,
each composed offour phonemes. The structures used were cvev (5),
vcev (5), CCVV (5), vevc (10), cvve (5), and vvee (5). In the
other set, the 35 bisyllabic items were composed of six phonemes. The
structures were eveeev (7), eeveev (7), veeeev (I), eveeve
(4), evevee (3), eeveve (3), eevvee (4), veeeve (3), and
veevee (3).3 The constraint of having only bisyllabic items intro-
duced structural differences between the sets (e.g.,consonant clusters
are more frequent in the six-phoneme set than in the four-phoneme
set). In addition, sequences with three consecutive consonants (e.g.,
a/prim) or four (e.g.,abstro) appeared only in the six-phoneme set. The
average duration of the six-phoneme items was 736 ms (range = 541 to
937 ms), and that of the four-phoneme items was 656 ms (range = 492
to 844 ms).

Subjects. Sixty·five infants were tested at the Baudelocque Mater-
nity Hospital in Paris. They were selected according to the same crite-

J Examples of four-phoneme items include rifll. ib/o, gria, aZllr, and
drier. Examples of six-phoneme items include su/dri. trek/II, kafest. a/·
prim. and novibl.



ria as that used in Experiments I and 2. Twenty·flve subjects were
excluded from the data analvsis for the following reasons: falling asleep
before the shift (9). crying ~r ceasing to suck (9). failing to achieve the
habituation criterion within 15 Olin (3). and experimenter error or
technical problems (4). Forty infants (13 girls and 27 boys: .\f age = 3.2
days) completed the experiment. They were full-term ne\\ borns (:\1

gestational age = 39.6 weeks: .\f birth weight = 3318.1 g. SO = 343)
with no detectable abnormality or deficit.

Procedure. The procedure and apparatus were identical to those
described in Experiment 2. As in the previous two experiments. the
group factor was crossed with the preshift stimulus condition. Forty
subjects were randomly assigned to the experimental or control condi-
tions (10 subjects each). The experimental group (20 subjects) shifted
from four- to six-phoneme items or from six- to four-phoneme items.
The 20 subjects in the control condition were habituated and tested
with four-phoneme or six-phoneme items. The stimuli were delivered
under the same conditions as in the two previous experiments.

The data were analyzed as in the previous experi ments. First,
the overall ANOVA revealed no significant effect of the preshift
condition or of the group factor on any preshift measures.
There is no difference in the habituation time or in the sucking
rates during the 5 preshift minutes between the two preshift
conditions. 1-"(1.36) < I in each case. The experimental and the
control groups displayed no differences in baseline sucking
rates. F(l. 36) < I. or in habituation time (8.3 min and 9.15 min.
respectively). F(I, 36) = 1.037. The sucking rates during the 5
preshift minutes in the two groups did not differ significantly.
F(I, 36) < I. The sucking.rate averages for experimental and
control groups are displayed in Figure 5.
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The ANOVA indicated that the Group x Shift interaction (2
min before vs. 2 Olin after the change) was not significant but
was very close to the critical level of.05. 1-"(1,36) = 3.803. p =
.059. Contrary to the pattern of results generally observed in
the high-amplitude sucking procedure. this tendency is not due
to an increase in responses by the experimental subjects. but
rather to an unusual increase in the responses by the control
group. Separate comparisons re"ealed that there was no eflect
of shift in the experimental group. F(l.18) = 0.875, whereas for
the control group there was a significant increase in sucking
rate between the last 2 Olin of habituation and the first 2 Olin of
test, F(I, 18) = 12.525. P = .002.

To explore whether this paradoxical pattern of results actu-
ally indicates that the experimental groups exhibit significantly
smaller differences in sucking rate compared with those in the
corresponding control groups, we made post hoc comparisons.
Both comparisons between the experimental groups and the
control groups did not reach the critical level oL05: when the
four- versus six-phoneme condition was compared with the
four- versus four-phoneme condition, [(18) = 1.59, p <.10 (one-
tailed); and when the six- versus four-phoneme condition was
compared with the six- versus six-phoneme condition, [(18) =
1.16, p> .10 (one-tailed). Nevertheless. the observed pattern of
results remains surprising. Close inspection of the parameters
that could have affected the responses in the control group (e.g.,
selection criterion or baseline sucking rate) did not provide any
indication about a potential difference between that group and
the experimental one. Although it is true that one often has to
cope with high variability in the data in studies with very young
infants. it is vcry uncommon to obtain a significant response
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test (+ I to +4) for experimental and control groups in Experiment l



n:CO\"l:ry in control groups as larg~ as the one observed in Ex-
pcrim~nt3. Ourcontrol subjects display a pattern of results that
could statistically ha\'c occurred by chanc~ in I case out of20.
w~susp~ctthat this incongruity C:ll1only be allributed to ran-
dom error. To further investigate this peculiar outcome, we
appli~d:.l regression analysis to estimate how significantly some
critical \'ariabks contribute to the variability of postshift suck-
ing rates (s~e Appendix).

DisclIssion

The third experiment was specifically designed to verify
whether the discrimination responses observed in the previous
two experiments might have arisen from the difference in num-
ber of phonemes (four vs. six) in the stimulus sets used in Exper-
iments I and 2. By systematically varying the syllabic structure
ofbisyllabic items. we were able to test discrimination between
sets of four- and six-phoneme items.

The absence of any significant recovery in sucking in the
experimental conditions might suggest that a change from four-
to six-phonemes is not in itselfa difference to which neonates
react. Moreover, experimental subjects in Experiment 3 also
tailed to detect duration differences that are of the same order
as in Experiment 2. The higher proportion of complex struc-
tures (i,e.. consonant clusters) in the six-phoneme set does not
appear to be sufficient for the infants to discriminate the two
kinds of stimuli. Ho\\'e\·er. the peculiar behavior of the control
group in Experiment 3 cautions us in drawing conclusions. At
the \'ery least. these results provide no indication that the in-
fants in Experiments I and 2 could have categorized and dis-
criminated multisyllabic ullerances on the basis of their phone-
m ic structures. Unfortunately.although these resultsarecongru-
ous with the view that infants do not organize complex speech
stimuli as strings of phonemic units. they cannot be taken as
robust evidence in favor of a syllabic level of organization. Fur-
ther experiments are needed to investigate precisely whether
infants structure speech inputs preferentially at the syllabic or at
the segmental level, when these two levels are systematically
decor related in stimulus materials.

General Discussion

Some studies have shown that infants are able to detect a
change in the number of items in small collections of visual
stimuli (Antell & Keating, J 983; Starkey & Cooper, 1980;
Strauss & Curtis, 1981; Treiber & Wilcox, 1984). The fact that
infants are able to use numerosity to categorize displays indi-
cates that they perceive objects in their visual environment as
distinct entities. The perception of numerosity has not been
explored in the auditory modality (but see Moore, Benenson,
Reznick, Peterson, & Kagan. 1987; Starkey, Spelke, & Gelman,
1983). However, if infants show similar capacities in discrimi-
nating auditory stimuli, this may be an indication that they
perceive such stimuli as strings of auditory "discrete" events.
The present study is an attempt to check which unit is used by
infants to represent multisyllabic utterances.

Many previous experiments have investigated infants' ability
to distinguish phonetic contrasts in isolated syllables. generally
using an invariant vowel context (for a review, see Jusczyk,

1985). Our experiment, on thc other hand. focused on infants'
ability to process highly variable sets of naturally spoken multi-
syllabic utterances. Within each set of75 items. our stimuli had
varied durations and phonetic composition but shared the same
number of CV constituents. Can infants extract this invariant
property to form distinct categories of multisyllabic utterances?
We assume that their success in discriminating two- from
three-CV sets depends mainly on their ability to form a repre-
sentation of the items related to number of CVs. Before accept-
ing this view, we examined to what extent other putative proper-
ties like duration and number of segments could be involved in
infants' processing of multisyllabic utterances.

First, we questioned whether the relationship between num-
ber ofCVs and duration is the major property on which infants
in our experi ments based their responses. In Experiment I, this
relationship was very consistent, because all of the two-CVs
were shorter than the three-CVs; in Experiment 2, most dura-
tions of two-CVs and three-CVs varied within the same range.
In spite of this difference, the results show that infants react
similarly to the change in number of CVs in both cases. In
addition, in Experiment 3. the infants failed to discriminate the
two sets of stimuli, notwithstand ing the fact that the durational
differences were or-the same order as in Experiment 2. Taken
together, these data do not support the idea that infantsdiscrim-
inate multisyllabic stimuli merely on the basis of overall dura-
tion. Second, we tested the infants' ability to discriminate bisyl-
labic patterns on number of phonemes. Using varied syllabic
structures. we failed to observe discrimination between four-
and six-phoneme sequences. Thus. the number of phonemic
constituents per se docs not appear to be within the scope of
infants' discrimination abilities when they are asked to process
highly variable multisyllabic utterances. The present data sug-
gest. however. that infants can extract some organizational
property from large sets of complex and variable speech stim-
uli.

In conclusion. our study explores the possibility that neo-
nates organize multisyllabic utterances on the basis of some
structural dimension. One possible interpretation of our data is
that neonates use information related to number of syllabic
constituents. But the fundamental question about the level of
organization used by infants to represent the continuous speech
signal must be addressed in future research if we are to know
whether syllables (or some related parameter. i.e.. vowel nuclei)
are the primary units used by infants to initiate speech process-
ing. Such structural information would act as a precursor lead-
ing the perceptual system to attend to the appropriate units for
segmenting and representing continuous ~peech. In this con-
text, several important questions should be raised. In particu-
lar, is the primary unit of representation universal, and how
does it fit in with a segmentation process that might be lan-
guage specific (Cutler, Mehler. Norris. & Segui, 1983, 1986)?
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A regression analysis allows one to test for any potential difference
after a switch in stimulation while factoring out any difference before
the switch. A standard regression analysis, including sucking rates be-
fore switch and dummy variables for the group factor, appears to be the
proper statistical procedure in this case. In addition, it has the advan-
tage of allowing us to use all 3 min before switch (instead of only the
last 2 min as is the case in comparisons between the last 2 preshift
minutes and the postshift ones). It also avoids unwarranted assump-
tions concerning the relationship between the sucking rates before and
after switch: Indeed, computing a difference is equivalent to approxi-
mating by I the regression coefficient between before and after, in-
stead of estimating its true value from the sucking rates themselves.

A regression analysis, using the mean sucking ratcs for 2 min after
the switch as the dependent variable and the last 3 min before switch as
independent variables, as well as two dummy variables for the two
between-subjects factors already used in the ANOVAs (group: experi-
mental vs. control; preshift condition: stimulus set presented during
habituation) was performed on the results of Experiment 3. The group
variable did not significantly contribute in the multiple regression,
1(34) = -1.5, p = .122, nor did the preshift condition variable, 1(34) =

-1.0, P= .31. The results of the regression analysis clearly ind icate that
there is no significant difference between the postshift performance of
the control and experimental groups in Experiment 3, when variability
in preshift sucking rates is taken into account by factoring it out. A
regression analysis was also performed on the results of Experiments I
and 2. For Experiment I, the preshift condition variable did not con-
tribute to the multiple regression, 1(39) = 0.17, p = .8, but the group
variable contributed significantly, 1(39) = 3.24, P = .003. Very similar
results were obtained for Experiment 2. The group variablc contrib-
uted significantly in the multiple regression, 1(44)= 2.83, p = .007, and
the preshift condition variable did not, 1(44) = -0.2, p = .8. This analy-
sis confirms that the group variable had a very significant effect only in
Experiments I and 2 but did not reach a significant level in Experi-
ment 3.
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