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Three experiments investigated the role of prosodic structure for infants’ recognition
of embedded word sequences. Six-month-olds were familiarized with 2 versions of
the same sequence, 1 corresponding to a well-formed prosodic unit and the other to a
prosodically ill-formed sequence (although a successive word series). Next, infants
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heard 2 test passages. One included the well-formed unit, and the other included the
ill-formed sequence. In Experiment 1, infants listened longer to the passage contain-
ing the well-formed unit, suggesting that such units, even when they are embedded,
are better recognized. Experiments 2 and 3 showed that this better recognition does
not depend on an acoustic match between the familiarized sequences and their later
embeddings. This suggests that the advantage of the well-formed unit is at least par-
tially due to infants’ use of prosody to parse continuous speech.

An important part of learning any language is to discover the syntactic organization
that underlies utterances. A preliminary step in this process is to segment the input
in such a way that it preserves the important units determined by the grammar, such
as clauses. How does a learner carve up the input in a way that allows for the recov-
ery of the units of syntactic organization? Advocates of a prosodic bootstrapping
account have suggested that learners may use cues available in the speech signal as
a starting point for segmenting the input into the appropriate syntactic units
(Gleitman & Wanner, 1982; Morgan, 1986; Peters, 1983). Indeed, there is consid-
erable evidence indicating that the speech signal does contain reliable cues to the
boundaries of clausal units (Beckman & Edwards, 1990; Cooper & Paccia-Cooper,
1980; Klatt, 1975; Lehiste, Olive, & Streeter, 1976; Nakatani & Dukes, 1977;
Price, Ostendorf, Shattuck-Hufnagel, & Fong, 1991; Scott & Cutler, 1984). More-
over, such cues seem to be, if anything, exaggerated in speech directed to young
language learners (Bernstein Ratner, 1986; Fisher & Tokura, 1996a).

Although the situation with respect to the marking of subclausal units such as
major phrases is more complicated, there are indications that some acoustic mark-
ing of syntactic phrases does occur in speech to adults (Beach, 1991; Beckman &
Edwards, 1990; Price et al., 1991; Scott & Cutler, 1984) and to infants (Jusczyk,
Hirsh-Pasek, et al., 1992; Lederer & Kelly, 1991). True, the marking of such units
is not always present or consistent (Ferreira, 1993; Fisher & Tokura, 1996b; Gee &
Grosjean, 1983; Gerken, Jusczyk, & Mandel, 1994). The phrasal units that are typ-
ically picked out in the input are usually prosodic phrases, and these do not map
consistently to particular syntactic phrases (Nespor & Vogel, 1986; Selkirk, 1984).
Still, they usually do map to a syntactic phrase of some sort (Fisher, in press;
Gerken et al., 1994; Jusczyk, 1998a, 1999). Overall then, there is some informa-
tion available in the speech signal that could help the learner break up the input into
the kinds of units that are important for learning about the syntactic organization of
language.

Given that some marking of syntactic units in speech exists, what evidence is
there that infants are sensitive to such information? Results of a number of investi-
gations indicate that infants listening to infant-directed speech are attuned to
acoustic cues that differentiate boundaries of major syntactic units, such as clauses
and phrases, from nonboundary locations. Much of this evidence comes from stud-
ies using a pause-insertion manipulation. Two versions of otherwise natural in-
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fant-directed speech are created by inserting artificial pauses at unit boundaries or
at within-unit locations. Infants under 1 year of age have been shown to listen lon-
ger to samples interrupted at clause boundaries or major phrase boundaries than to
samples interrupted in the middle of such units (Hirsh-Pasek et al., 1987; Jusczyk,
Hirsh-Pasek, et al., 1992; Kemler Nelson, Hirsh-Pasek, Jusczyk, & Wright
Cassidy, 1989). Indeed, for English clausal units, the preference can be detected as
early as 4½ months of age (Jusczyk, 1989; Kemler Nelson, 1989), and for English
phrasal units, it appears by 9 months (Jusczyk, Hirsh-Pasek, et al., 1992). Impor-
tantly, low-pass filtering of the speech samples, which removes most phonetic in-
formation while preserving most prosodic information, leaves the preference
intact (Jusczyk, 1989; Jusczyk, Hirsh-Pasek, et al., 1992). Accordingly, in distin-
guishing pauses at boundary and nonboundary locations, infants appear to be tun-
ing in to prosodic information that is potentially useful for segmenting fluent
speech in syntactically relevant ways.

Such results are not peculiar to the pause-insertion technique. Morgan,
Swingley, and Miritai (1993) reported parallel preferences for speech segmented
at clause boundaries when buzzing noises rather than artificial pauses were in-
serted. Using a different methodology altogether, Morgan (1994) also showed that
infants were better at detecting a noise when it occurred at clause boundaries than
when it occurred between words of the same clause. Thus, infants not only prefer
an artificial segmentation (by pauses or noises) that coincides with clause bound-
aries, but they are more responsive to extraneous interruptions when they occur at
these boundaries. These findings provide converging evidence of infants’ atten-
tion to prosodic cues that are potentially useful for processing syntactic units and
learning language.

Is there any evidence that young infants’ sensitivity to prosodic cues actually
plays a role in how they process and organize natural speech? Does their ability to
detect potentially relevant prosodic cues have real consequences for how infants
represent the fluent speech that they hear? Such evidence is required if the
prosodic bootstrapping account is to be given very serious consideration.

A first step toward addressing the issue was taken by Mandel and colleagues
(Mandel, Jusczyk, & Kemler Nelson, 1994; Mandel, Kemler Nelson, & Jusczyk,
1996). They reasoned that if prosodic cues help infants organize their representa-
tions of incoming speech, it should be possible to show that prosodic structure in-
fluences how infants encode and remember speech. In particular, the packaging of
speech into a well-formed prosodic unit might benefit even very young infants’
memory for the linguistic information it contains. Using the high-amplitude suck-
ing paradigm, Mandel et al. (1994) tested 2-month-old infants’ memory for the
phonetic properties of words linked prosodically in a single clause versus their
memory for the same information either when it was spoken as (a) a list of discon-
nected words or (b) two contiguous and prosodically incomplete fragments. In
both cases, the well-formed prosodic organization gave the infants a phonetic
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memory advantage. Mandel et al. (1996) demonstrated further that the coherence
provided by a single, well-formed clause also affords infants better memory for
word-order information. Two-month-olds retained the order of words better (i.e.,
they dishabituated to a change in word order) when the words were spoken as a sin-
gle, well-formed clause rather than as two different clausal fragments. Together,
these are the first indications that infants are not only sensitive to prosodic cues to
linguistic organization but that they use prosodic information to help them repre-
sent the speech they hear.

The effects observed by Mandel and colleagues (Mandel et al., 1994; Mandel et
al., 1996), impressive as they are as evidence of infants’ use of prosody in encod-
ing speech, are somewhat limited in scope. In particular, their findings indicate
that a single, well-formed prosodic envelope, relative to ill-formed prosodic struc-
ture, enhances the memorability of the speech that it contains. However, the
well-formed prosodic speech used during both the habituation and test phases of
Mandel and colleagues’ studies consisted of only a single, short spoken clause
rather than a connected passage of prosodically well-formed clauses. What re-
mains to be seen is whether the natural prosody of a clause also allows infants to
bracket or segment continuous speech in a way that permits the recognition of a
prosodically well-formed clause embedded in a longer passage. Arguments for the
usefulness of prosodic information in early language acquisition would be signifi-
cantly strengthened if infants were shown to use prosody to recognize linguisti-
cally relevant units that are embedded in continuous speech. Our investigations
constitute the beginning of an attempt to seek such evidence.

In three experiments, 6-month-old infants were familiarized with sequences of
words in isolation and then tested for their ability to recognize those sequences
when they were embedded in longer passages. During familiarization and test, the
same word sequences were spoken both as a single, prosodically well-formed
clause and as a concatenated series of prosodically ill-formed segments, that is,
word sequences that began and ended in the middle of clauses and that crossed a
clause boundary. If the prosodic envelope of a spoken clause helps infants to detect
it when it is embedded in continuous speech, infants should be more likely to rec-
ognize a prosodically well-formed reoccurrence of the clause than a reoccurrence
of a prosodically ill-formed sequence of the same words.

EXPERIMENT 1

A notable limitation of the high-amplitude sucking procedure is that it only permits
the presentation of relatively brief stimuli, usually no longer than 1.5 sec in duration
(Polka, Jusczyk, & Rvachew, 1995). Thus, although this procedure can be used to
present a single spoken clause, as Mandel and colleagues (Mandel et al., 1994;
Mandel et al., 1996) did, it is not suitable for presenting the kinds of multiple-clause
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passages necessary for exploring infants’ abilities to recognize material embedded
in extended speech. By comparison, the headturn preference procedure (HPP) is a
method that allows for the presentation of relatively long excerpts of continuous
speech (Jusczyk, 1998b; Kemler Nelson et al., 1995). Moreover, HPP has been a
useful method for exploring word segmentation abilities of infants. For example,
infants familiarized with a pair of isolated target words listened significantly longer
to passages containing these targets than to ones without them (Jusczyk & Aslin,
1995; Jusczyk, Hohne, & Bauman, 1999; Jusczyk, Houston, & Newsome, 1999).
Might infants who are familiarized with a prosodically well-formed clause subse-
quently listen significantly longer to a passage containing this clause than to one
that does not include the clause as a well-formed unit? Is familiarization with a
prosodically well-formed clause better than familiarization with a prosodically
ill-formed sequence of the same words when it comes to recognizing the same se-
quence embedded in a passage? In this experiment, we addressed these questions
by familiarizing 6-month-olds with both a prosodically well-formed sequence (cor-
responding to a clause) and a prosodically ill-formed sequence (from fragments of
two clauses) and then testing whether they listened longer to a passage with the
well-formed sequence than to one with the ill-formed sequence.

Method

Participants. Thirty-six American infants (21 girls, 15 boys) from monolin-
gual English-speaking families were tested. The infants had an average age of 26
weeks, 6 days (range = 24 weeks, 0 days to 29 weeks, 2 days), or approximately 6
months. Eight additional infants were tested but not included for the following rea-
sons: becoming fussy and crying (4), average orientation times shorter than 3 sec
(3), and not turning to the lights (1).

Stimuli. The stimuli consisted of two passages and four short sequences. A
female native speaker of American English recorded the following two passages:

(I) John doesn’t know whatrabbits eat.Leafy vegetablestaste so good.
They don’t cost much either.
(II) Many animals prefer some things.Rabbits eatleafy vegetables.Taste
so goodis rarely encountered.

The four short sequences were extracted from these passages. Two of them
were well-formed clauses (appearing in bold); the other two, the prosodically
ill-formed sequences, came from adjacent portions of two different clauses (ap-
pearing in italics). The short sequences were presented during the familiarization
phase and the passages during the test phase. The average duration of each short
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sequence was 2.1 sec. The average duration of each three-sentence passage was
7.66 sec. One sound file was constructed for each of the short sequences and for
each of the passages. Each file was made up of several repetitions of the short se-
quences or passages (seven and three repetitions, respectively). Thus, the maxi-
mum trial duration of the familiarization sequences was 22.6 sec, whereas the
maximum trial duration of the test passages was 25 sec. The sound files for these
stimuli and all the stimuli used in other experiments in this article are available on
the World Wide Web at http://www.infancyarchives.com.

Acoustic analyses conducted on the short sequences indicated that the
well-formed and ill-formed sequences differed in the expected ways as predicted
by the prosodic structure for clauses. For example, the ill-formed sequences had a
large rise in pitch and an increase in root mean square (rms) amplitude between the
second and third words of the sequences (e.g.,eatandleafyfor Passage I andvege-
tablesandtastefor Passage II). Silent gaps of 456 and 140 msec occurred between
these two words in Passages I and II, respectively (the comparable values for the
well-formed sequences were 27 and 36 msec). In addition, there was evidence that
the final stressed syllable prior to the sentential break had an increased duration in
each of the ill-formed samples. By comparison, the well-formed sequences
showed no such changes in any of these measures in the same vicinity. Instead, the
pitch peaks tended to fall on the initial word of each sequence and a secondary
peak evident on the initial syllable of the final word of each sentence (goodin Pas-
sage I andvegetablesin Passage II). In each of these sentences, the final word re-
ceived emphatic stress, and thus its final stressed syllable had both a longer
duration and increased rms amplitude relative to the preceding word.

Design. The short sequences that were heard during the familiarization
phase were counterbalanced across infants. For this purpose, infants were ran-
domly assigned to one of two groups, defined in terms of the set of sequences (Set 1,
the well-formed and ill-formed versions of “Leafy vegetables taste so good,” or Set
2, the two versions of “Rabbits eat leafy vegetables”) that they heard during the fa-
miliarization phase. During the test phase, both groups heard the same two test pas-
sages. However, which of the two test passages matched the well-formed and
ill-formed familiarization sequences was reversed for the two groups. There were
18 infants in each group.

Apparatus. A PDP 11/73 computer controlled the presentation of the stimuli
and recorded the observer’s coding of the infants’ responses. The stimuli were
stored in digitized form (at a 20-kHz sampling rate) on the computer. A 12-bit Digi-
tal to Analog converter (at a 20-kHz sampling rate with a low-pass filter cutoff at
9.5 kHz) was used to re-create the audio signal. The output was fed through
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anti-aliasing filters and a Kenwood audio amplifier (KA 5700) to 7-in. Advent
loudspeakers mounted behind the side walls of the testing booth. The stimuli in this
experiment (and all subsequent experiments) were played at an amplitude of 72 ± 3
db (C) sound pressure level, about 15 db above the ambient noise level in the test
room.

The experiment was conducted in a three-sided test booth made of pegboard
panels. Except for a small section of preexisting holes in the front panel used for
monitoring the infant’s headturns, the panels were backed with white cardboard to
prevent the infant from seeing behind them. The test booth had a red light and a
loudspeaker (7-in. Advent) mounted on each of the side panels and a green light
mounted on the center panel, all approximately at the seated infant’s eye level. Di-
rectly below the center light, a 5-cm hole accommodated the lens of a video cam-
era used to record each test session. A white curtain suspended around the top of
the booth shielded the infant’s view of the rest of the room. A computer terminal
and response box were located behind the center panel, out of view of the infant.
The response box, which was connected to the computer, was equipped with a se-
ries of buttons that started and stopped the flashing center and side lights, recorded
the direction and duration of headturns, and terminated a trial when the infant
looked away for more than 2 sec. Information about the direction and duration of
the headturns and the total trial duration was stored in a data file on the computer.

Procedure. A modified version of the HPP was used in this study. Each in-
fant was held on a caregiver’s lap. The caregiver was seated on a chair in the center
of the test booth. Each trial began by flashing the green light on the center panel un-
til the infant had oriented in that direction. Then, the center light was extinguished
and the red light above the loudspeaker on one of the side panels began to flash.
When the infant made a turn of at least 30° in the direction of the loudspeaker, the
stimulus for that trial began to play. It was played until its completion (i.e., when the
entire sound file had been presented) or until the infant failed to maintain the 30°
headturn for 2 sec consecutively (e.g., if the infant turned back to the center or
looked at the caregiver, the floor, or the ceiling). If the infant turned away from the
target by 30° in any direction for less than 2 sec and then turned back again, the trial
went on, but the time spent looking away was not included in the orientation time.
Thus, the maximum orientation time for a given trial was the duration of the entire
sound file. The flashing red light remained on for the duration of the trial.

The familiarization phase consisted of alternating presentations of two short se-
quences until orientation times to each of them was at least 20 sec. On a given trial,
repetitions of only one of the two sequences were played. The two sequences had
the same words (either Set 1, “Leafy vegetables taste so good,” or Set 2, “Rabbits
eat leafy vegetables”) and differed in prosody. One was a well-formed unit, the
other was the corresponding prosodically ill-formed sequence. The side of the
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loudspeaker from which the stimuli were presented varied randomly from trial to
trial. When the familiarization phase was over, infants heard eight test trials, four
of each long passage presented in a random order. For both groups of infants, one
test passage contained the familiarized well-formed unit, whereas the other test
passage contained the familiarized ill-formed sequence. The materials were con-
structed so that the test passage containing the well-formed unit and the test pas-
sage containing the ill-formed sequence were reversed between the two groups.

An observer hidden behind the center panel looked through a peephole and re-
corded thedirectionanddurationof the infant’sheadturnsusinga responsebox.The
observer was not informed as to the group (familiarized with Set 1 or Set 2) to which
the infantwasassigned.Moreover,both theobserverand the infant’scaregiverwore
earplugs and listened to masking music over tight-fitting closed headphones.

Results

Mean orientation times to the two passages heard during the test phase were calcu-
lated for each infant. Twenty-four of the 36 infants had longer orientation times for
the passages containing the well-formed unit. Across all infants, the average orien-
tation times were 13.33 sec (SD= 4.43) for the passages containing the well-formed
unit and 11.30 sec (SD= 4.73) for the passages containing the ill-formed sequence.
A pairedt test indicated that this difference was significant,t(35) = 2.58,p = .014,
95% CI = 0.43 < 2.03 < 3.62. Therefore, the results indicate that the infants listened
significantly longer to the passage that contained the prosodically well-formed
clause from the familiarization period than to the one that contained the ill-formed
sequence.

Might this effect be due to infants’ simply being more familiar with the
well-formed sequence than the ill-formed sequence? Because the infants contin-
ued to hear both sequences during familiarization until at least 20 sec of listening
time had accrued to each of them, it was possible that they could have heard the
well-formed sequence significantly more often than the ill-formed sequence.
However, this possibility can be ruled out. Mean familiarization time was 30.27
sec (SD = 6.38) to the well-formed sequence and 28.83 sec (SD = 6.24) to the
ill-formed sequence. The difference was not reliable,t(35) = 1.39,p > .10.

Discussion

These results show that infants familiarized with a prosodically well-formed clause
and a prosodically ill-formed sequence of the same words later recognized the
well-formed clause better than the ill-formed sequence when each was embedded
in a continuous passage of speech. This conclusion follows from the finding that,
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after familiarization, infants preferred to listen to the passage containing the
well-formed unit over the passage containing the ill-formed sequence. A number of
studies with infants of about the same age have shown that infants prefer to listen to
passages in which previously familiarized units (e.g., single words) are embedded
(Jusczyk & Aslin, 1995; Jusczyk, Hohne, & Bauman, 1999; Jusczyk, Houston, &
Newsome, 1999). Our findings apply to word sequences as opposed to single
words. Importantly, they also demonstrate a more subtle phenomenon: Given equal
opportunities to become familiar with a well-formed and an ill-formed sequence,
the former is better recognized than the latter when both of them later occur embed-
ded in a (multiclause) passage. This effect occurs despite the fact that the ill-formed
sequence, no less than the well-formed sequence, constitutes an acoustic match to a
part of the passage.

The earlier results of Mandel and colleagues (Mandel et al., 1994; Mandel et al.,
1996) supplied evidence that words spoken as a prosodically well-formed clause af-
forded 2-month-olds a memory advantage. How do our results with 6-month-olds
allow us to go beyond these earlier findings? These results show that, by 6 months of
age, a well-formed clause is better recognized even when its reoccurrence is embed-
ded ina longerpassageofcontinuousspeech.Because infantswill oftenhearcontin-
uous speech outside the laboratory, these findings justify a wider application to
conditions under which language acquisition actually occurs.

Furthermore, our results raise the particularly interesting possibility that pros-
ody influences how infants parse the test passages. Infants may be using
well-formed prosodic envelopes to package the continuous passage into smaller
units corresponding to its component clauses. Thus, during online processing of
the passages, prosodic cues could favor the greater extractability of the embedded
sequence of words that is well-formed over the embedded sequence that is
ill-formed. On this account, infants favor the passage from which they can more
easily extract an exemplar of the familiarization sequence. If this interpretation is
correct, these findings constitute the first evidence that infants actually use
prosodic cues in the online segmentation of continuous speech.

However, there is an alternative, not mutually exclusive way to account for the
findings. This alternative makes two assumptions. One is that the well-formed se-
quence from familiarization is better remembered than the ill-formed sequence.
This is plausible in light of previous findings (Mandel et al., 1994; Mandel et al.,
1996), but it is not sufficient by itself to explain our observations here. In this case,
the well-formed and ill-formed sequences constituted exactly the same series of
words. Even if the well-formed familiarization sequence were more memorable, it
should correspond to a matching series of words in both test passages. Thus, one
has to add a second assumption, namely that the advantage for the passage contain-
ing the well-formed sequence was due to the fact that it contained an exact acoustic
match (not just a word-by-word match) to the supposedly more memorable famil-
iarization sequence.
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Given the implications for language acquisition of the prosodic parsing ac-
count, we were interested in creating a situation in which the preference for the
passage containing the well-formed clause could only be accounted for by
prosodic parsing. One way to do so is to remove the acoustic match between the fa-
miliarization sequence and its manifestation in the test passage. Indeed, the alter-
native account relies crucially on the existence of an acoustic match between the
sequences presented during familiarization and test, although the prosodic parsing
account predicts that the effect observed in this experiment should also be obtained
in the absence of an acoustic match. Consequently, the next two experiments in-
vestigated whether a preference for the passage containing the well-formed se-
quence could be obtained in the absence of an acoustic match between its
realizations at the time of familiarization and test.

EXPERIMENT 2

A very strong test of the prosodic parsing account is to pit the potential advantage of
prosodic-parsing cues in the absence of an acoustic match against the potential ad-
vantage of an acoustic match in the absence of effective parsing cues. If only one
test passage has prosodic markers that highlight the well-formed sequence but only
the other test passage includes an acoustic match to an ill-formed familiarization se-
quence, will infants still listen longer to the former? To do so, infants would have to
more easily detect a nonacoustic match to a well-formed prosodic unit than an
acoustic match to a prosodically ill-formed sequence. Such a result would dramati-
cally favor the prosodic-parsing explanation. In contrast, the opposite finding, one
favoring the passage with the ill-formed acoustic match, would strongly support the
view that acoustic matching plays a central role in driving infant preferences. In this
case, an acoustic match would be favored even when the sequences are not
prosodically well-formed.

Method

Participants. Forty-eight American infants (21 girls, 27 boys) from mono-
lingual English-speaking families participated in this experiment. The infants had
an average age of 26 weeks, 5 days (range = 23 weeks, 4 days to 27 weeks, 0 days),
or approximately 6 months. The data from an additional 8 infants were not included
for the following reasons: becoming fussy and crying (4), experimental error (2),
average orientation times shorter than 3 sec (1), and not turning to the lights (1).

Stimuli. Once again, the stimuli consisted of two test passages and four short
sequences. A new female speaker of American English recorded the stimuli. The
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test passages were the same as those in Experiment 1. Acoustic analyses of the test
passages by the new speaker indicated that the portions corresponding to the
well-formed and ill-formed sequences differed in much the same manner as in Ex-
periment 1. Silent gaps of 204 and 639 msec for Passages I and II, respectively,
were present between the second and third words of the ill-formed sequences (cf. 60
and 132 msec for the same locations in the well-formed sequences). Also, the
ill-formed sequences had a sharp rise in pitch and rms amplitude between the sec-
ond and third words of the sequence, whereas the well-formed sequences showed
no sign of either a pitch rise or an increase in rms amplitude in this location. Instead,
for the latter sequences, pitch peaks occurred on the initial word of each sentence
and on the stressed syllable of the word receiving emphatic stress (vegetablesin
Passage I andgoodin Passage II). In contrast to the previous experiment, there was
no evidence of a systematic change in duration of the stressed syllable at the
sentential boundary for the ill-formed sequences. In fact, the durations of the com-
parable syllables were actually longer for the well-formed sequences (perhaps an
indication of the speaker’s marking of the subject–predicate phrase boundary).

In contrast to Experiment 1, there were two types of familiarization sequences.
For the prosodically ill-formed sequences, each sequence was excised from one of
the test passages, just as in Experiment 1. By comparison, the prosodically
well-formed sequences were excised from an entirely new set of passages to en-
sure that there would be no acoustic match between the word sequences presented
during the familiarization and the test phases. The new well-formed sequences
were excerpted from the following carrier passages:

(Ia) Guess what kind of leafy things taste so good?Leafy vegetables taste
so good.
(IIa) I don’t know anything about what rabbits drink.Rabbits eat leafy
vegetables.

Notably, the excerpted sequences (in bold) were spoken so as to produce em-
phatic stress on a different syllable than for the comparable sequence in the test
passages. Thus, the overall intonation contours of the well-formed sequences in fa-
miliarization and within the test passages differed from each other. Acoustic mea-
surements verified that this was the case. Thus, secondary pitch peaks, as well as
rms amplitude increases and longer syllable durations for the well-formed se-
quences used in familiarization occurred onvegetablesandleafyfor Sequences Ia
and IIa, respectively, as opposed togoodandvegetablesfor the comparable test
passages.

Consequently, in this experiment, there was an acoustic match between the
prosodically ill-formed familiarization sequences and their test counterparts but
no exact acoustic match between the prosodically well-formed familiarization se-
quences and their test counterparts. The average duration of each new sequence
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was 2.28 sec. The average duration of the test passages was 6.55 sec. Once again,
each sound file was made up of several repetitions of the short sequences or pas-
sages (five and three repetitions, respectively). The maximum trial duration of the
familiarization sequences was 14.14 sec, whereas the maximum trial duration of
the test passages was 21.20 sec.

Design. Infants were randomly assigned to one of two groups defined in
terms of the set of sequences (Set 1 vs. Set 2) that they heard during the familiariza-
tion phase. There were 24 infants in each group.

Apparatus and procedure. These were the same as in Experiment 1, except
that a Macintosh Quadra 650 replaced the PDP 11/73.

Results

Mean orientation times to the two passages heard during the test phase were calcu-
lated for each infant. Twenty-four of the 48 infants had longer orientation times for
the passages containing the well-formed unit. Across all infants, the average orien-
tation times were 9.18 sec (SD= 3.39) for the passages containing the well-formed
unit and 8.78 sec (SD= 3.69) for the passages containing the ill-formed sequence.1

A pairedt test indicated that the difference between the mean listening times for the
passages with the well-formed and ill-formed sequences was not significant,t(47)
= 0.76,p> .45, 95% CI = –0.65 < 0.39 < 1.44. Thus, in contrast to Experiment 1, the
infants in this experiment gave no evidence of detecting the well-formed sequence
better than the ill-formed sequence within the passages.

Inspection of the amount of time infants spent listening to the well-formed and
the ill-formed sequences during the familiarization phase revealed the unexpected
finding that orientation times were longer for the ill-formed sequences. Mean fa-
miliarization time was 25.82 sec (SD= 4.26) for the well-formed sequences and
27.45 sec (SD= 2.81) for the ill-formed sequences,t(47) = 2.19,p < .05. Still, al-
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the same. Consequently, the critical comparisons concern differences in infants’ performances between
conditions of the same experiment.



though the difference was reliable, it was small; it was less than 2 sec, about 6% of
the total familiarization time for each sequence.

Discussion

This experiment was intended to provide a strong test of the prosodic parsing ac-
count in a situation in which either correct prosodic parsing of the test passages or
acoustic identity could lead to the better detection of a familiarized sequence em-
bedded in longer passages. No clear difference emerged in the infants’ listening re-
sponses to the test passages, only a nonsignificant tendency in favor of the passage
containing the prosodically well-formed sequence. Thus, removing the acoustic
match between the well-formed familiarization sequence and its counterpart in the
test passage, while leaving in place an acoustic match between the ill-formed se-
quence and its counterpart, did appear to affect infants’ performance. In particular,
they no longer showed a clear preference for the passage with the well-formed se-
quence. At the same time, it is evident that the availability of an acoustic match for
the passage containing the prosodically ill-formed sequence was not sufficient to
induce a preference for that passage.

One possible interpretation of these findings is that the pattern of results ob-
tained in Experiment 1 was affected by both factors. That is, infants’ better recog-
nition of the well-formed embedding may have been influenced both by an
acoustic match to the more memorable sequence (the well-formed sequence pre-
sented during familiarization) and by the greater ease of extracting the
well-formed unit from the test passages on the basis of prosodic parsing cues. If the
latter factor played a role, eliminating acoustic matches to both well-formed and
ill-formed sequences in the test passages may reinstate the preference for the pas-
sage containing the well-formed sequence, the pattern that was observed in Exper-
iment 1. The next experiment addressed this possibility.

Before this experiment is described, it is also relevant to mention a pilot study we
conducted forotherpurposesbut thatpermittedanassessmentof the roleofacoustic
matching by itself. Six-month-olds were either familiarized with a single
well-formed sequence or a single ill-formed sequence, then tested for their listening
times for threedifferentpassages.Oneof thesepassagescontainedanexactacoustic
match to the familiarizationsequence,andoneof themcontained thesamesequence
in its alternative form (ill-formed at test if well-formed in familiarization or
well-formed at test if ill-formed in familiarization). The third passage, irrelevant for
currentpurposes,containedmanyof thesamewordsasthefamiliarizationsequence,
but they were spoken in a different syntactic frame and, hence, a different order.
Using some of the data from this pilot study, we can ask whether the acoustic match
that was exclusive to the ill-formed sequence in Experiment 2 might have enhanced
itsdetectabilityand, thus,canceledacompetingadvantagebasedonparsingcues for
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the well-formed sequence. For this purpose, we examined the listening times to test
passages that contained the ill-formed version of the familiarization sequence. Spe-
cifically, we compared infants familiarized with that sequence (infants who could
detect an exact acoustic match within the passage) to those familiarized with the
well-formed version of the sequence (for whom no acoustic match was available
within thepassage).Thesemeanswere11.85and8.01sec, respectively,t(34)=2.77,
p< .01, indicating better recognition of the ill-formed but acoustically matching fa-
miliarization sequence. In light of such evidence that acoustic matching to the
ill-formed sequence may have been a competing effect in Experiment 2, we turn to
Experiment 3, in which we eliminated the possibility of acoustic matching to both
thewell-formedand ill-formedsequences.Suchadesignshouldprovideamoresen-
sitive test for the role of prosodic parsing.

EXPERIMENT 3

Because our studies were the first to test infants for their recognition of clauses em-
bedded within continuous speech, they were also the first that might implicate in-
fants’ use of prosodic information to parse the speech stream into clausal units. As
we suggested, prosodic parsing could contribute to the recognizability of the
well-formed units by allowing infants to more easily detect those units than the
ill-formed sequences when they recur embedded in the test passages. If infants use
prosody to parse their online representation of continuous speech into a string of
clausal “packages,” the well-formed sequence should cohere as an embedded unit
more than the ill-formed sequence. As a result, infants should be better able to rec-
ognize that they have heard that sequence of words previously when it is a
prosodically well-formed unit at its later hearing.

The results of the first two experiments are consistent with this prediction, but
neither provides convincing evidence for it. The preference for the well-formed
embedding in Experiment 1 can be explained alternatively as due to the acoustic
match of that embedding to the better encoded familiarization sequence. The lack
of any preference in Experiment 2 fails to support a strong and unambiguous inter-
pretation of the results of Experiment 1 as due to prosodic-parsing effects. How-
ever, the findings of Experiment 2 may not be indicative of an absence of prosodic
parsing. Rather, acoustic matching of the ill-formed familiarization and test se-
quences may have countered the emergence of a preference for the passage with
the well-formed sequence. The latter possibility was eliminated in the design of
Experiment 3. The materials for the new experiment were created to eliminate
acoustic matches between either of the familiarized sequences and their
embeddings in the test passages. Finding a preference for the passage with the
well-formed sequence rather than the ill-formed sequence in this experiment
would allow us to eliminate the alternative account of the results of Experiment 1
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and provide unambiguous support for the involvement of prosodic parsing in our
observations of sequence recognition.

Experiment 3 was also motivated by another issue. If infants only recognize a
well-formed embedding of a previously encountered, well-formed short utterance
when they match each other acoustically as in Experiment 1, the kind of ability we
have been investigating would be of limited importance in language acquisition.
Infants rarely, if ever, encounter such exact acoustic replicas in their everyday ex-
perience of language. Consequently, it is important to determine whether
well-formed embedded units are better recognized than ill-formed embedded se-
quences when acoustic variation renders acoustic matching impossible. Had the
results of Experiment 2 demonstrated a preference for the passage containing the
well-formed sequence when no acoustic match was provided, the issue would have
been resolved already. However, the failure to find such a preference in Experi-
ment 2 is ambiguous for the reasons already discussed. Because acoustic matches
were totally eliminated in Experiment 3, if infants showed better recognition of the
well-formed embedded unit than the ill-formed embedded sequence, this would
suggest that they could detect recurring clauses, an ability that could be useful in
acquiring language.

Method

Participants. Thirty-six American infants (17 boys, 19 girls) from monolin-
gual English-speaking families were tested. The infants had an average age of 25
weeks, 6 days (range = 23 weeks, 5 days to 28 weeks, 0 days), or approximately 6
months. Seven additional infants were tested but not included for the following rea-
sons: becoming fussy and crying (6) and equipment failure (1).

Stimuli. Once again, the stimuli consisted of two test passages and four famil-
iarization sequences. The recordings of the two test passages were identical to the
ones used in Experiment 2. The prosodically well-formed familiarization se-
quences were also the same as in Experiment 2. New materials, produced by the
same speaker, were used to create the prosodically ill-formed sequences. Spe-
cifically, these sequences were extracted from the following passages:

(Ib) Do rabbits eat greenleafy vegetables? Taste so goodis rarely encoun-
tered.
(IIb) What do big, strongrabbits eat? Leafy vegetablestaste so good.

Note that, as for the well-formed sequences, the prosodically ill-formed sequences
in these carrier passages were acoustically different from their counterparts in the
test passages. The primary differences between the versions in familiarization and
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test were manifested in the pitch and amplitude characteristics of the samples. For
Sequence Ib, in comparison to test passages, the familiarization sequences had
pitch peaks and marked increases in rms amplitude onvegetables.For Sequence
IIb, there was also evidence of significant pitch and amplitude changes for the se-
quences in familiarization and test. However, these occurred on the wordrabbit,
which had higher pitch and great rms amplitude in the familiarization sequence. Si-
lent pauses at the internal sentence boundary were longer for the familiarization se-
quences (464 msec for Sequence Ib and 706 msec for Sequence IIb) as compared to
the test passages pauses (204 and 639 msec, respectively). There were no system-
atic differences evident with respect to syllable durations of the ill-formed se-
quences used in familiarization and test. Still, ill-formed sequences in familiariza-
tion and in the test passages differed from each other acoustically in the other ways
we have indicated.

The average durations of the short sequences and the passages, as well as the
maximum familiarization and testing trial durations, were identical to those of Ex-
periment 2.

Design. As in the two previous experiments, for purposes of counterbalanc-
ing, infants were randomly assigned to one of two groups defined in terms of the set
of segments (Set 1 vs. Set 2) that they heard during the familiarization phase. There
were 18 infants in each group.

Apparatus and procedure. These were the same as in Experiment 2.

Results

Mean orientation times to the two passages heard during the test phase were calcu-
lated foreach infant.Twenty-sevenof the36 infantshad longerorientation times for
thepassagescontaining thewell-formedunit.Acrossall subjects, theaverageorien-
tation times were 10.76 sec (SD= 4.46) for the passages containing the well-formed
unit and 8.43 sec (SD= 3.63) for the passages containing the ill-formed sequence. A
pairedt test indicated that this difference was significant,t(35) = 4.29,p = .0001,
95% CI = 1.23 < 2.33 < 3.43. Hence, the infants listened longer to the passage con-
taining theprosodicallywell-formedclausalunit, even though thatunitwasacousti-
cally different from the sequences heard during familiarization.

There was no hint in this experiment that infants were differentially familiar-
ized with the well-formed and ill-formed sequences. On average, they listened to
the well-formed sequence during familiarization for 25.82 sec (SD= 4.04) and to
the ill-formed sequence for 25.88 sec (SD= 3.68),t(35) < 1.
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Discussion

The results of this experiment bear on two important issues regarding infants’ pro-
cessing of spoken language, prosodic parsing and clause recognition, both of which
have implications for language acquisition. With regard to the latter, the findings
establish that when an isolated sequence of words recurs as a prosodically
well-formed clause within a passage of continuous speech, infants recognize it, and
importantly, recognition does not depend on there being an acoustic match between
its earlier and later occurrences. Thus, infants acquiring language are not limited to
recognizing the reoccurrence of acoustically identical clausal exemplars, an event
of very limited frequency in the normal language environment. Rather, even when
the same words occur in different prosodic packages, as long as both of them are
spoken with the prosody of a well-formed clause, infants appear to be able to detect
their equivalence. Furthermore, recognition occurs even when the recurring unit is
embedded in a continuous string of clauses.

Our results also provide the strongest indication so far that infants are not only
sensitive to prosodic cues to clausal units but that they actually use those cues in on-
line processing of speech to parse the linguistic input into clauses. Because neither
the well-formed nor the ill-formed familiarization sequence constituted an acoustic
match to a sequence embedded in the test passages, the better recognizability of the
well-formed embedding suggests its better extractability from or unitizing within
continuous speech. However, it is worth considering another possibility. Although
neither the ill-formed nor the well-formed sequences were exact matches to the se-
quences in the test passages, might the well-formed sequences have been more
acousticallysimilar toeachother thanwerethe ill-formedsequences?Toinvestigate
this, we used a curve fitting procedure to determine whether the well-formed ver-
sions of the sequences were more highly correlated with each other with respect to
pitch, amplitude, and syllable durations than were the ill-formed versions of the se-
quences. Thus, there were six such comparisons, one each for the pitch, amplitude,
and syllable durations of Sequences I and II. Of these comparisons, three indicated
no significant differences between the well-formed and ill-formed sequences, two
indicated a significant difference suggesting that the well-formed sequence was
more similar, and one yielded a significant result suggesting that the ill-formed se-
quence was more similar. Thus, the lack of a consistent pattern here provides little
support for the notion that the well-formed versions of the sequences were more
acoustically similar than were the ill-formed versions.

What remains is the clear possibility that infants use prosody to bracket the in-
put in a way that allows them to recognize a previously familiarized sequence that
is embedded as a well-formed unit in a longer passage. Whereas the results of Ex-
periment 1 can also be explained by an alternative account that appeals to the better
memorability of the familiarization sequence that acoustically matches the
well-formed embedding, any alternative account of the new results along these
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lines is far less plausible. That 6-month-old infants actually use prosodic cues to
parse incoming speech is the more compelling conclusion. Of course, it is also the
more newsworthy for accounts of language acquisition.

It is also interesting that the effect size in this experiment was, if anything,
larger than the effect size in Experiment 1. The squared point biserial correlation
measure described in Cohen (1988),rpb2, provides a good indication of the propor-
tion of the variance accounted for by the independent variable. Although therpb2

effects for both experiments are large according to Cohen’s criteria (i.e.,rpb2 >
.14), the proportion of the variance accounted for by the independent variable in
Experiment 3 (rpb2 = .34) was twice as great as that in Experiment 1(rpb2 = .16).
Thus, eliminating the acoustic match between the familiarization sequences and
the embedded parts of the test passages certainly did not reduce and may actually
have enhanced the greater ease of detecting the recurrence of the well-formed se-
quence. It is possible that the presence of an acoustic match to the ill-formed se-
quence may have competed with the effect of prosodic parsing in Experiment 1.

GENERAL DISCUSSION

This series of experiments provided further information about how the grouping of
words into prosodic units helps 6-month-old infants to process speech in a way that
is useful for acquiring language. Our findings show that infants use prosodic mark-
ing to help them recognize the reoccurrence of a clause when it is embedded in a
longer passage of speech. Infants who were familiarized with a prosodically
well-formed sequence of words listened reliably longer to passages with this se-
quence embedded in them than they did to comparable passages containing famil-
iar but prosodically ill-formed sequences. Furthermore, although the familiarized
sequences used in Experiment 1 were exact acoustic matches to the material em-
bedded in the test passages, this was not the case for Experiment 3. Nevertheless,
infants displayed the same pattern of results in both experiments, suggesting that
recognition of a short utterance is facilitated by prosodic well-formedness even
when there are acoustic differences between its earlier and later occurrences.

Why are prosodically well-formed embedded clauses better recognized than
the same sequences of words when they are not spoken as a prosodic unit? It ap-
pears likely that the better recognition of the well-formed than the ill-formed em-
bedded sequence is due, at least in part, to the way that the multiclause passage is
processed at the time of test. In particular, given prosodic-parsing cues, the
well-formed unit is more easily extractible or unitized within its passage than the
ill-formed unit is within its passage. Accordingly, the well-formed unit in the test
passage is more easily recognizable as the familiarized sequence of words than is
the ill-formed unit. Thus, the advantage of well-formedness, particularly as it ap-
pears convincingly in Experiment 3, constitutes the first suggestion in the litera-
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ture that infants actually use prosodic cues in their online segmentation of
continuous speech into syntactic units such as clauses.

By showing that prosody has an effect on how infants actually process normal
speech, our findings add to the earlier results of Mandel and colleagues (Mandel et
al., 1994; Mandel et al., 1996) in buttressing the case for a role for prosodic boot-
strapping in language acquisition. Three conditions have to hold for the prosodic
bootstrapping hypothesis to be viable. In the introduction, we noted that evidence
already exists in favor of the first two conditions, namely (a) the existence of a fit
between syntactic units and prosodic units marked consistently in the signal and
(b) infants’ sensitivity to those markers. This study focused on the third condition,
namely infants’ actual use of such prosodic information in speech processing. Our
findings show that prosodic packaging of units corresponding to syntactic clauses
helps infants recognize familiar sequences of words when they later appear em-
bedded in continuous passages. Furthermore, the results suggest that when infants
hear continuous passages, they use prosodic cues that mark clausal structure to
parse the input as they process it.

The fact that language learners apparently rely on prosodic processing will not
in itself guarantee the acquisition of the syntactic structure of the native language.
As noted earlier, prosodic structures do not consistently pick out the same syntac-
tic structures (Nespor & Vogel, 1986; Selkirk, 1984). However, a number of di-
verse theories of syntactic acquisition (Bates & MacWhinney, 1989; Berwick,
1985; Pinker, 1984; Wexler & Culicover, 1980) are in general agreement about
two conditions that must hold for the acquisition of syntax. First, infants must have
the ability to recognize and process major syntactic units (e.g., clauses and
phrases). Second, infants must be able to segment speech into strings of words.
Our studies build on those of Mandel and her colleagues (Mandel et al., 1994;
Mandel et al., 1996). Together, these studies provide evidence for the existence of
the first element by the time infants are 6 months old: Short strings of words spo-
ken with clausal prosody are memorable, and they are recognizable as units during
online processing of continuous speech. Experiments on early word segmentation
provide evidence that infants at around the same age also have the second of the re-
quired abilities. A number of studies have now shown that word segmentation
abilities develop at 7½ months of age and become more efficient during the second
half of the first year of life (Echols, Crowhurst, & Childers, 1997; Jusczyk, 1997;
Jusczyk & Aslin, 1995; Jusczyk, Hohne, & Bauman, 1999; Jusczyk, Houston, &
Newsome, 1999; Morgan, 1996; Saffran, Aslin, & Newport, 1996). Therefore, it
appears that in the second half of their first year, infants possess the rudimentary
tools for grouping and segmenting speech that are required by current theories of
syntax acquisition.

One other point that bears mention concerns infants’ capacities for coping with
speech variability (Eimas & Miller, 1980; Jusczyk, Pisoni, & Mullennix, 1992;
Kuhl, 1979, 1983). In discrimination tasks, many studies show that infants as
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young as newborns can discriminate between lists of stimuli in a context of great
acoustic variability (Bertoncini, Floccia, Nazzi, & Mehler, 1995; Bijeljac-Babic,
Bertoncini, & Mehler, 1993; Nazzi, Bertoncini, & Mehler, 1998; Nazzi, Floccia, &
Bertoncini, 1998). With respect to recognition processes, evidence exists that
7½-month-olds can recognize familiarized words in fluent passages, even in the
presence of acoustic differences (Jusczyk & Aslin, 1995; Jusczyk, Hohne, &
Bauman, 1999; Jusczyk, Houston, & Newsome, 1999). These studies suggest that,
from birth, infants can build representations of speech that generalize to new in-
stances with different acoustic characteristics. Our findings fit nicely into this pic-
ture, adding to it the demonstration that infants are also able to cope with acoustic
variability when recognizing speech fragments longer than single words. They
show that infants can undertake a one-to-one matching of two acoustically differ-
ent word sequences constituting well-formed prosodic units. This also suggests
that infants do not necessarily need to be presented with many acoustically differ-
ent instances of a stimulus type to be able to match two different exemplars.

It is of some interest to ask whether the way prosody enhances the
recognizability of clauses within speech passages has any parallels in other do-
mains. Indeed, a number of similarities have been observed in how young infants
process speech and musical stimuli (Aslin, Jusczyk, & Pisoni, 1997). For example,
in processing musical sequences, infants focus on relations among notes (i.e., me-
lodic contour) rather than absolute pitch (Trehub, Bull, & Thorpe, 1984), much the
same way that they do in generalizing across different speakers’ voices (Kuhl,
1979). Similarly, infants are sensitive to the sequential reordering of notes in mu-
sic (McCall & Melson, 1970; Melson & McCall, 1970; Trehub et al., 1984;
Trehub, Thorpe, & Morrongiello, 1985), just as they are to the sequential ordering
of different syllables in speech (Mandel et al., 1996). Eight-month-olds also have
some ability to extract highly probable, repeated sequences of tones from a
2-min-long tone stream (Saffran, Johnson, Aslin, & Newport, 1999). Of even more
specific relevance, it has been argued that groupings of phrases exist in music that
are similar to the clausal units found in speech (Deutsch & Feroe, 1981; Lehrdahl
& Jackendoff, 1983). Just as infants prefer speech passages in which artificially in-
serted pauses coincide with clause and phrase boundaries to ones in which pauses
interrupt such units (Hirsh-Pasek et al., 1987; Jusczyk, Hirsh-Pasek, et al., 1992),
so do they prefer the same type of marking of musical phrases in passages (Jusczyk
& Krumhansl, 1993; Krumhansl & Jusczyk, 1990).

Consequently, we constructed a set of musical stimuli with parallels to the types
of speech stimuli used in Experiment 1. In particular, we created a pair of musical
passages so that each passage contained a well-formed musical sequence (i.e., it
was a coherent musical phrase) that appeared as an ill-formed sequence in the
other passage (i.e., it occurred as fragments of two adjoining phrases). The materi-
als are notated in Figure 1. If 6-month-old infants use musical phrase structure in
encoding and processing musical sequences, then, in parallel to Experiment 1, they
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should listen longer to the test passage that includes the well-formed sequence than
to the one that includes the ill-formed sequence, after being familiarized with both
sequences.

The average orientation times were 11.95 sec (SD= 4.28) for the passages con-
taining the well-formed unit and 10.76 sec (SD= 3.98) for the passages containing
the ill-formed sequence. Although the difference was only marginally significant,
t(35) = 1.97,p= .056, 95% CI = –0.34 < 1.19 < 2.42, it is in the same direction as we
observed with the speech stimuli in Experiment 1. The effect size for this music
study wasrpb2 = .10, which is in the medium range according to Cohen (1988). The
lattervalue issmaller than foreitherExperiment1 (rpb2= .16)orExperiment3 (rpb2=
.34). Hence, although the structural grouping effect that prosody affords for speech
mayhavesomeparallels inmusic,anysuchgroupingeffectwasweakerwith thepar-
ticular musical stimuli that we used. We note that each of the phrases within our mu-
sicalstimuli isperhapsmoresimilar toaclausewithinamulticlausalsentencethanto
aclausethatstandsaloneasasentence(as inourspeechstimuli). It remainstobeseen
whether the same underlying mechanisms are involved in infants’ processing and
encoding of such highly structured materials as speech and music. Still, there is the
suggestion that 6-month-olds’ abilities to take advantage of inherent structure in en-
coding and processing information may not be limited to language.

In closing, let us return to the results of the main experiments. Together, they
provide additional support for the view that young infants’ sensitivity to prosodic
structure plays a significant role in their online processing of speech. When the
prosodic packaging of information embedded in passages was consistent with a
previously heard sequence, that is, when the sequence was spoken as a
prosodically well-formed clause within the passage, 6-month-olds were more apt
to detect it. Moreover, infants’ ability to detect such correspondences in speech
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was found not to depend on the existence of an exact acoustic match between the
familiarized sequence and its counterpart in the passages. These findings add to the
previous literature by showing that infants are not only sensitive to the prosodic or-
ganization of utterances but that they also make use of this organization in encod-
ing and processing speech.
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