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Introduction

It has long been observed that prosody and syntax interact in our spoken language. For
example, prosodic modulations such as pausing, final-syllable lengthening, and pitch resets occur
reliably at clause and major phrase boundaries, particularly in infant-directed speech (Broen, 1972;
Bernstein Ratner, 1986; Fernald et al., 1989; Soderstrom et al., 2008). Proponents of the prosodic
bootstrapping hypothesis argue that infants may be able to take advantage of the correlations that
exist between prosodic cues and syntactic boundaries to get a head-start in syntax acquisition
(Gleitman & Wanner, 1982; Morgan, 1986). Since prosodic information is readily available in the
acoustic signal and infants as young as 4.5 months have demonstrated sensitivity to correlations
between prosodic information and syntactic boundaries (Jusczyk, 1989), prosody may facilitate the
earliest stages of syntax acquisition.

Recent work in this area has asked whether prosodic structure influences infants' memory for
strings of words. Several studies (e.g., Mandel et al., 1994; Soderstrom et al., 2005) have found that
infants more easily remember strings of words when they are initially presented with well-formed
prosody; for example, as a sentence rather than in a list. These studies suggest that the prosodic
grouping of words influences how we remember those words, but they leave open the question of
whether prosodic grouping influences syntactic learning.

In this paper, we explore two aspects of the prosodic bootstrapping hypothesis. First, we build
on our previous work (Hawthorne & Gerken, 2011) and ask whether infants treat words within
prosodic units as more cohesive and constituent-like than words that cross a prosodic boundary.
More specifically, we ask whether infants recognize words with clause-like prosody (i.e., intonational
phrase prosody) when they have moved to a new position in the sentence. One property of certain
syntactic constituents in natural languages is that they can move, as seen in Examples (1) and (2)
(brackets represent clausal constituents).

(1) [we'll go to the zoo] [when Grandma gets here]
(2) [when Grandma gets here] [we'll go to the zoo]

Note that the prosodic features of a clause are different depending on where that clause occurs
in the sentence. “We'll go to the zoo,” for example, has notably different prosody in Example (1)
versus Example (2). Therefore, if a learner uses prosody to find a clause and then recognizes that
clause when it has moved and its acoustics are quite different, she would appear to be treating the
prosodically marked group of words as a constituent-like unit. This is tested in Experiment 1.

Experiment 2 investigates two potential mechanisms underlying the prosodic bootstrapping of
syntax. One possibility is that general acoustic manifestations of prosody are sufficient to induce
learning, since prosodic cues are perceptually salient. Even rats, for example, can use prosody to
discriminate between languages (Toro et al., 2003). On the other hand, infants might first have to
learn about the language-specific nature of the correlations between prosody and syntax in the target
language before they can use that knowledge in syntax acquisition. We test these hypotheses by
looking at whether Japanese-acquiring infants can use non-native English prosody for syntactic
learning.

Experiment 1
In Experiment 1, American English-acquiring 19-month-olds (n = 24) were familiarized with
six-word sentences from an artificial grammar. The infants were divided into two groups based on



the prosody of the familiarization stimuli. Half of the children heard utterances with 2-clause
prosody of the form ABC, DEF, and half heard 1-clause utterances of the form ABCDEF. Each letter
represents a class of nonsense words (class A = bup and nim). The familiarization period lasted for a
total of 12 minutes.

Both groups were tested using the Head-Turn Preference Procedure on items with 2-clause
prosody of the forms DEF, ABC and EFA, BCD. The DEF, ABC items are consistent with the
clauses that were presented to the children from the 2-clause familiarization group, because the
clauses (ABC and DEF) are simply switched (as in Examples (1) and (2), above). In contrast, the
EFA, BCD items are inconsistent with the 2-clause familiarization items, since the clauses represent
the ungrammatical movement of a non-constituent. If the infants in the 2-clause group treat words
within prosodically marked clauses as more cohesive and constituent-like than words that cross a
prosodic boundary, they should discriminate between these two types of test items. The 1-clause
group, on the other hand, serves as a control condition: the 1-clause familiarization items provide no
cues that parts of the utterance might be moveable constituents, so all of the test items should be
equally unfamiliar.

As predicted, there was a significant interaction of familiarization condition by test condition
(F(1, 110) =4.72, p <.05). The infants in the 2-clause group listened significantly longer to the
consistent test items (F(1, 55) =4.93, p <.05), while the infants in the 1-clause group did not prefer
one type of test item over the other (F < 1). This pattern of results provides support for the prosodic
bootstrapping hypothesis. The infants who were familiarized with utterances containing a prosodic
break treated the two chunks like syntactic constituents, recognizing the prosodically grouped words
when they had moved to a new position in the sentence and when they had a new prosodic contour.

Experiment 1 Results
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Experiment 2

In Experiment 2, we asked whether the learning shown by the American infants in the 2-
clause condition in Experiment 1 is due to their acquired knowledge of English prosody or to the
acoustic salience of prosodic information. To explore these competing hypotheses, we replicated
Experiment 1 using a different population: 19-month-old Japanese-acquiring infants in Japan (n =
24). Importantly, the materials were the same English-based stimuli used in Experiment 1.

Japanese infants were chosen because Japanese and English have several important prosodic
and syntactic differences (c.f. Venditti et al., 1996; Fisher & Tokura, 1996). English, for example,
allows for complex syllable shapes and is typically considered a stress-timed language. Japanese
allows only simple syllable shapes and is a mora-timed language. English marks prominent syllables
with stress, while Japanese marks prominent syllables with pitch accent. Perhaps due in part to its
use of pitch accents, Japanese infant-directed speech (IDS) has less pitch variation than American
English IDS (Fernald et al., 1989). English and Japanese also differ at the level of basic word order:
verbs precede objects in English (OV) and follow objects in Japanese (VO). Nespor et al. (2008)
have argued that OV and VO languages differ in the manifestation of phrasal-level prosodic cues.



Japanese and American infants, by the time they are 19 months old, will have acquired quite
different prosodic expectations, so if the language-specific hypothesis is correct, neither group of
Japanese children should discriminate the two types of test items because the prosodic features of the
English-based stimuli violate typical Japanese prosody. On the other hand, under the general
acoustic hypothesis, Japanese infants should perform like American infants and discriminate
consistent from inconsistent test items only in the 2-clause condition.

Results support the general acoustic version of the prosodic bootstrapping hypothesis. There
was a significant interaction of familiarization condition by test condition (F(1, 110) = 7.54, p <.05).
The infants in the 2-clause group listened significantly longer to the inconsistent test items (F(1, 55)
=4.62, p <.05), while the infants in the 1-clause group did not discriminate (F(1, 55) =3.23,p =.
08). Note that the infants in the 1-clause group trended towards a preference for the consistent test
items; however, this effect does not reach significance and it disappears when the first test item is
discarded from the analysis (F < 1). Therefore, Japanese-acquiring infants can make use of non-
native prosodic information to locate clause-like units and recognize those clauses when they behave
like syntactic-rule-abiding constituents. This suggests that prosodic information is sufficiently robust
that it can be used in syntax acquisition before language-specific prosodic knowledge has been
acquired.

Experiment 2 Results
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Discussion

The main finding from this research is that both American and Japanese infants discriminated
between consistent and inconsistent test items only in the 2-clause condition. Therefore, both groups
appear to have used English prosody to find groups of words which they treated as moveable, syntax-
like constituents. One puzzle is that American infants in the 2-clause group showed a familiarity
preference (listening longer to the more familiar consistent test items), while the Japanese infants in
the 2-clause group showed a novelty preference (listening longer to the ungrammatical inconsistent
test items). This is surprising, since a novelty preference is typically associated with a longer
familiarization period or an easier task (Houston-Price & Nakai, 2004, e.g.). This result seems to
suggest that the Japanese infants were better at using English prosody for syntax learning than
American infants are. One likely explanation is that the difference in listening preference is a
cultural effect. It has been noted that Japanese mothers spend more time rocking and carrying their
infants compared to American mothers (Caudill & Weinstein, 1969), and this was observed by the
experimenters during the experiment sessions. The familiarization phase began with a ten minute
period during which the infant was allowed to play with toys while familiarization items played in
the background. During this period, the American infants invariably played with the toys the entire
time, while the majority of the Japanese infants spent a portion — or all — of that time on their
mothers' laps, watching the experimenter play with the toys. Since the Japanese infants were, on
average, less actively engaged with the toys during this period, they may have spent more time
listening to the familiarization stimuli, such that by the testing period, they preferred to listen to the



novel, inconsistent test sentences.

These experiments provide the strongest evidence to date (1) that infants can use prosodic
information for segmenting the speech stream into chunks that behave like syntactic constituents and
(2) that universally detectable aspects of prosody can be used to support syntax acquisition.
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