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Many aspects of perception are known to be shaped by experience, but others are thought to be
innate universal properties of the brain. A specific example comes from rhythm perception, where
one of the fundamental perceptual operations is the grouping of successive events into higher-level
patterns, an operation critical to the perception of language and music. Grouping has long been
thought to be governed by innate perceptual principles established a century ago. The current work
demonstrates instead that grouping can be strongly dependent on culture. Native English and
Japanese speakers were tested for their perception of grouping of simple rhythmic sequences of
tones. Members of the two cultures showed different patterns of perceptual grouping, demonstrating
that these basic auditory processes are not universal but are shaped by experience. It is suggested
that the observed perceptual differences reflect the rhythms of the two languages, and that native
language can exert an influence on general auditory perception at a basic level.
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I. INTRODUCTION

A. Aims

The perception of rhythm is central to how we find
structure and meaning in speech and music �Lerdahl and
Jackendoff, 1983�. In perceiving rhythm, we naturally per-
ceive events as grouped into higher-level patterns. Such
grouping is an essential step in the interpretation of complex
sound sequences. In language, for example, listeners must
segment words and phrases from the ongoing speech stream
in order to make sense of the incoming signal. In music,
comprehending melodic structure involves segmenting tone
sequences into smaller coherent chunks �e.g., motives and
phrases� in order to discern larger patterns. The human pro-
clivity for auditory grouping is so strong that it is even ap-
plied to sequences of physically identical sounds, as, for ex-
ample, when an electronic metronome is heard as “tick tock”
when, in fact, each sound is the same �Bolton, 1894�. The
fundamental question behind the present work is whether
grouping is an innate building block of perception or if in-
stead it is learned from the environment.

The weight of evidence to date has supported the former
view, placing grouping together with other basic auditory
perceptual mechanisms thought to operate in a bottom-up
fashion, reflecting, for example, innate mechanisms that
evolved to help animals sort sounds into distinct sources
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�Bregman, 1990�. Two principles, established over a century
ago �Bolton, 1894; Woodrow, 1909�, are widely accepted and
thought to universally govern the subjective grouping of
simple sound sequence:

�1� A louder sound tends to mark the beginning of a group;
�2� a lengthened sound �or interval between sounds� tends to

mark the end of a group.

These principles have been confirmed in numerous stud-
ies since their first description �Vos, 1977; Trainor and Ad-
ams, 2000; Hay and Diehl, 2007�. Principle 2 is observed
also in infants �Trainor and Adams, 2000�. Similarities of
these principles to Gestalt principles underlying the percep-
tion of visual patterns are often noted as additional support
for their universality �Wertheimer, 1938; Fraisse, 1982�.

The importance of these principles extends beyond the
perception of artificial tone sequences and has bearing on
language perception and learning. These innate grouping
preferences have been proposed to affect aspects of language
learning, such as the learning of language segmentation �e.g.,
Trehub and Trainor, 1993�, and to account for the minimal
set of rhythmic units in the world’s languages �the “iambic-
trochaic law;” Hayes, 1995�. The principles have recently
been shown to apply to speechlike sequences of phonemes in
native listeners of English and French, languages with dis-
tinct speech rhythms, suggesting universality and relevance
to language processing �Hay and Diehl, 2007; Dauer, 1983;
Ramus et al., 1999�.

The question of whether such grouping principles might
instead be determined by experience, which was raised long
ago �Jakobson et al., 1952�, has only recently been raised

again �Drake and Bertrand, 2001� and has received little ex-
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perimental examination. Interestingly, the earliest proposal
that nonlinguistic grouping might be shaped by experience
had to do with language. In their foundational text Prelimi-
naries to Speech Analysis �1952�, Jakobson et al. made the
following claim: “Knocks produced at even intervals, with
every third louder, are perceived as groups of three separated
by a pause. The pause is usually claimed by a Czech to fall
before the louder knock, by a Frenchman to fall after the
louder; while a Pole hears the pause one knock after the
louder. The different perceptions correspond exactly to the
position of word stress in the languages involved: in Czech
the stress is on the initial syllable, in French, on the final and
in Polish, on the penult.” The groupings suggested by Jakob-
son et al. �1952� can be schematically represented as follows,
where each x represents a knock and the upper case X’s are
louder

. . .X x x X x x X . . . = �X x x� Czech

= �x x X� French

= �x X x� Polish.

While this claim is provocative, there has been no empirical
evidence to support it. Bell �1977� attempted to test the claim
by examining rhythmic grouping perception in tone se-
quences with every third tone differing in intensity, pitch, or
duration. He found no significant differences in grouping
perception among native speakers of English, Bengali,
French, Persian, and Polish. However, the sample sizes in
this study were small, and there were confounds in the
stimuli, which made the results hard to interpret. In contrast
to the proposal of Jakobson et al. �1952�, further studies have
since confirmed the universality of grouping principles for
speakers of English, French, and Dutch �Hay and Diehl,
2007; Vos, 1997�.

There are several reasons, however, to suggest that ex-
perience could play a role in shaping the perception of rhyth-
mic grouping. The first, and most direct, is an empirical dis-
covery made by Kusumoto and Moreton �1997�, who found
a difference between American and Japanese listeners with
regard to rhythmic grouping in simple tone sequences. In a
study conducted in the United States, they presented listeners
with sequences of tones alternating in amplitude or duration.
Members of both cultures perceived sequences with alternat-
ing loud and soft tones as repeating “loud-soft” groups of
two elements. In contrast, a cultural difference was found for
sequences with tones that alternated in duration: Americans
showed a strong bias for hearing a repeating “short-long”
group of two elements, while Japanese speakers did not. In
fact, many Japanese reported strongly hearing the opposite
“long-short” pattern. This challenged the idea that grouping
perception follows universal principles and motivated the
current study’s focus on rhythm perception by English versus
Japanese speakers.

Several additional findings provide reasons to suspect
that language experience could shape nonlinguistic rhythm
perception. The first concerns psycholinguistic research on
segmenting words from connected speech. Such research has
indicated that experience with a language’s rhythm leaves a

permanent influence on a listener in terms of rhythmic seg-
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mentation strategies. That is, segmentation strategies �such
as the “metrical segmentation strategy” in English, whereby
a native listener posits a word boundary at every stressed
syllable� are a perceptual habit of a listener and are even
applied �inappropriately� to languages with other rhythmic
patterns �see Cutler, 2000 for a review�. This raises the pos-
sibility that strategies developed for segmenting meaningful
linguistic units from connected speech could carry over and
also influence how one segments nonlinguistic rhythmic pat-
terns.

The second concerns evidence for connections between
linguistic and nonlinguistic rhythmic patterning. Patel and
Daniele �2003� found that timing patterns in British English
and continental French speech are reflected in the classical
instrumental music of these two cultures �see also Huron and
Ollen, 2003�. While that finding concerned rhythmic produc-
tion rather than perception �and timing rather than grouping�,
the relevant point concerns the mechanism proposed to ac-
count for this cross-domain similarity. This mechanism was
statistical learning of the rhythms of the native language, i.e.,
tracking rhythmic patterns in language and acquiring implicit
knowledge of their statistical properties, without any direct
feedback �see Patel et al., 2006�. It was proposed that this
implicit knowledge could influence the creation of rhythmic
patterns in a nonlinguistic domain �music�. The current study
broadens this idea to consider whether statistical learning of
the rhythms of speech might be responsible for shaping basic
auditory grouping biases, which reveal themselves in the per-
ception of tone sequences that are simpler than either speech
or music. Thus the issue at hand is whether learning the
characteristic rhythms of meaningful units in the auditory
environment �which is dominated by speech for humans� can
shape low-level rhythm perception mechanisms.

Finally, infants show a remarkable sensitivity to the
rhythms of their native language and music �Mehler et al.,
1996; Nazzi et al., 1998; Hannon and Trehub, 2005�, sug-
gesting that mechanisms for learning rhythmic regularities
from language and music exist from birth �Mehler et al.,
1996; Nazzi et al., 1998�.

Thus, there are several reasons to revisit the question of
how experience shapes low-level perception of rhythm. Re-
cently, the issue of top-down influences on basic auditory
processing has received renewed attention �see Davis and
Johnsrude, 2007�. To date, however, only a few studies have
addressed how language might influence basic auditory pro-
cesses, and these studies have focused on the perception of
pitch �i.e., Bent et al. 2006; see Deutsch, 1991�. The current
study complements these studies by its focus on rhythm.

B. Overview

In the present work, perceptual grouping is studied in
Japanese and English speakers using simple tone sequences
in which sounds alternate in a single parameter �amplitude or
duration�. The use of simple tone sequences follows the tra-
dition in auditory research that first established the grouping
principles under study �Bolton, 1894; Woodrow, 1909�. In
contrast to previous work �which did not test non-Western

listeners�, the present study finds that even simple grouping
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perception depends on culture: Americans and Japanese hear
different grouping patterns in identical sequences of sound.

The finding of a cultural difference motivates the ques-
tion of what the source of the difference might be. Under the
assumption that the difference in grouping perception reflects
auditory experience �rather than innate factors�, this paper
proposes the hypothesis that experience with the most com-
mon auditory input, speech, underlies this more general per-
ceptual difference.

II. EXPERIMENT: PERCEPTION OF RHYTHMIC
GROUPING

A. Introduction

To test the universality of grouping preferences, native
speakers of English or Japanese were presented with repeat-
ing sequences of two alternating tones in which the second
tone had either increased amplitude or duration relative to
the first tone, at one of several fixed ratios �Fig. 1�. Listeners
were asked to report their perceived grouping of the stimulus
�e.g., long-short or short-long�, and also to indicate how con-
fident they were of their judgment. If grouping principles �1�
and �2� above �Sec. I A� are indeed universal, one would
predict that all listeners would perceive tones of alternating
amplitude as repeating loud-soft groups, with the higher am-
plitude tone beginning the group, and would perceive tones
of alternating duration as short-long, with the longer duration
tone ending the group.

As noted in Sec. I, similar research in the past has fo-
cused on listeners from Western European cultures and has
found cross-cultural agreement in terms of grouping prefer-
ences. Kusumoto and Moreton �1997� were the first to test
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FIG. 1. Amplitude and duration stimulus sequences. Every second tone had
a different amplitude or duration. Stimuli consisted of a basic tone �500 Hz,
complex; 150 or 250 ms duration� alternating with a second tone of in-
creased amplitude �1.5 or 2 times greater� or increased duration �1.25, 1.5,
or 3 times greater�. �a� Example of tone pair from an amplitude sequence
�basic duration 250 ms, amplitude ratio=2�. �b� Example of a tone pair from
a duration sequence �basic duration 250 ms, duration ratio 1.5�. �c� Example
of a complete amplitude sequence. See text for additional stimulus details.
individuals from an East Asian culture and found a cultural
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difference, motivating the current research. The present re-
search extends these findings by using native Japanese
speakers living in Japan and with no foreign living experi-
ence, by having larger sample sizes and by collecting confi-
dence ratings on listeners’ perceptual judgments. These
changes are intended to increase the reliability of the results
and enable meaningful individual-listener analysis in addi-
tion to group-level analyses.

B. Methods

Stimuli were 10 s sequences in which tones alternated in
either amplitude �loud-soft� or duration �long-short� �hence-
forth “amplitude sequences” and “duration sequences;” see
Fig. 1�. The basic tone was a 500 Hz complex tone �15 ms
rise/fall� with a duration of either 150 or 250 ms. The com-
plex tone was a low-pass square wave consisting of the fun-
damental and first three odd harmonics and was constructed
to match previous work on grouping �Kusumoto and More-
ton, 1997; Trainor and Adams, 2000�. The alternating tone
was constructed by multiplying either the amplitude or dura-
tion of the basic tone by one of several small ratios �ampli-
tude: 1.5 or 2; duration: 1.25, 1.75, or 3�. The two tones
alternated with a gap of 20 ms between them. To mask pos-
sible effects of starting tone order, stimuli were slowly faded
in �and out� over 2.5 s �double-logarithmic ramp�, and each
sequence was presented both forward and reversed, yielding
a total of 20 sequences �2 base durations � 2 orders of
presentation �forward and reversed� � 5 ratio parameters �2
amplitude ratios + 3 duration ratios�, hence four different
sequences per ratio�. Stimuli were generated in MATLAB, at
CD quality �44.1 kHz sample rate� and were presented in
free field in a classroom setting. Sound levels were not mea-
sured, but were verified to be easily audible to all partici-
pants �see EPAPS�.

Listeners were familiarized with the experiment by hear-
ing one example sequence of the two types �but with differ-
ent parameters than those used in the experiment�. The ex-
perimental sequences were then presented in random order,
and listeners were asked to indicate their perceived grouping
by circling pairs of tones on diagrams schematically depict-
ing the stimuli, in answer booklets with one page per se-
quence. The starting tone �e.g., long or short� of diagrams in
the booklets was counterbalanced to avoid any possible vi-
sual bias due to the diagrams. Listeners also rated the cer-
tainty of each judgment, ranging from 3 �completely certain�
to 1 �guessing�. The experiment was conducted in a class-
room setting, enabling data to be collected in parallel for
multiple participants: 43 native American English speakers�
�in San Diego; henceforth referred as “English speakers”�
and 46 native speakers of Japanese �in Kyoto; all were
speakers of the Kansai dialect of Japanese; three participants
were excluded because they had lived abroad for more than
six months�. Participants were college aged 17–25 years.
Musical training �years studied� was similar in the two
groups �English: 5.0�4.7 years, Japanese: 7.0�5.8 years;
n.s., p=0.09, unpaired t-test�. Although study of English is
part of compulsory education in Japan, none of the native

Japanese speakers rated themselves as “highly proficient”
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speakers of English. None of the native speakers of English
rated themselves as proficient in Japanese. All instructions,
both verbal and written on the answer booklets, were given
in the native language. To test the robustness of our findings
for Japanese listeners, replication studies were conducted in
an identical manner in different regions of Japan �Niigata,
n=38; Tokyo, n=54�.

To analyze the behavioral data, each participant’s group-
ing response and confidence rating for each of the 20 stimuli
was tabulated. Only the completely certain �level 3� re-
sponses �55% of all responses� were analyzed further. �Re-
sponses with intermediate certainty �31% of all responses�
showed the same pattern of results as the high-certainty re-
sponses, but with slightly weaker preference, while those
marked as guesses �14%� showed no preference.� Confidence
ratings showed no evidence of differences by culture: 91% of
Japanese listeners had at least one confident response to the
duration task, compared with 87% of English listeners. Lis-
teners varied in the number of high-certainty responses, but
the mean number of high-certainty responses was not signifi-
cantly different between cultures for either type of sequence
�amplitude: 3.7 �s.d. 2.6� for English speakers and 3.8 �s.d.
2.6� for Japanese speakers �out of a possible 8�; duration: 7.3
�s.d. 3.3� for English speakers and 5.7 �s.d. 3.6� for Japanese
�out of a possible 12��.

For both amplitude and duration sequences, individual
listener responses were pooled across the four stimulus se-
quences for each ratio, as neither basic tone duration nor
sequence order had a significant effect on responses. For
amplitude sequences, the percentage of each participant’s
high-certainty responses in which a soft-loud grouping was
reported was calculated for each of the two amplitude ratios.
Similarly, for duration sequences, the percentage of high-
certainty short-long responses was found, for each of the
three duration ratios. With individual average responses for
each participant in hand, group means for each of the stimu-
lus conditions were computed by averaging across partici-
pants.

In the analysis, all participants are weighted equally, in-
dependent of the number of high-confidence responses they
made. To examine any potential bias due to weighting indi-
viduals with few high-confidence responses equally with
those with many high-confidence responses, all analyses of
the original studies were repeated including only participants
who gave high-confidence responses to at least half of the
stimuli �i.e., high-confidence responses to at least 4 of the 8
amplitude sequences or 6 of the 12 duration sequences�. This
excluded an average of 42% of participants from each lan-
guage group �35% of English; 48% of Japanese�. Results
from this restricted analysis were statistically indistinguish-
able from those computed on the entire set of participants
�all p�0.38, Mann-Whitney U�, suggesting that including
participants with fewer responses does not bias the results.
Consequently, we used data from all participants.

C. Results

The perception of amplitude sequences was similar for

all listeners, consistent with the universality of the first
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grouping principle: both Japanese and English listeners pre-
ferred a loud-soft grouping �Fig. 2�a��. For both groups, the
preference was highly significant �compared to no prefer-
ence; Wilcoxon signed-rank test, pooled across ratio: English
p�0.001; Japanese p�0.0001�. As a group, the Japanese
listeners had a significantly stronger preference for loud-soft
grouping �91% of all responses; mean across ratios� than the
English listeners �68% of all responses; two-way analysis of
variance �ANOVA� on language and ratio; F�1,139�=17.8,
p�0.0001�. There was no significant effect of amplitude ra-
tio �F�1,139�=0.69, p=0.41�. English and Japanese listeners
had nearly identical distributions of confidence ratings, with
50% and 51% of responses receiving the highest confidence.

In contrast, a striking difference between English and
Japanese listeners was found in the perception of duration
sequences �Fig. 2�b��. English listeners showed a strong pref-
erence for short-long grouping �89% of all responses; p
�0.0001, Wilcoxon signed-rank test�, as predicted by the
grouping principles, but Japanese listeners as a group
showed no preference �p=0.39�. The differences between the
language groups were highly significant �F�1,219�=85.8, p
�0.0001�. On the strength of this result, then, the second
grouping principle appears not to be universal.

Additional insight into the patterns of response may be
gained by examining the distribution of individual partici-
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FIG. 2. Grouping preferences as a function of native language. �a� Ampli-
tude sequence grouping preferences of English �open symbols, n=43� and
Japanese �filled symbols, n=43� listeners. The across-subject mean �� s.e.�
percentage of sequences heard grouped as soft-loud is shown for two am-
plitude ratios. Both language groups strongly preferred a loud-soft grouping.
�b� Duration sequence grouping preferences. There is a large difference
between language groups. English listeners strongly preferred a short-long
grouping preference, while Japanese listeners on average did not show a
preference.
pants’ mean responses for the amplitude and duration stimuli
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pooled across ratio, base duration, and order of presentation
�Figs. 3�a� and 3�b�, respectively�. When data are pooled in
this way, each participant simply responded to 8 amplitude
sequences and 12 duration sequences. �Thus a participant
who had high-confidence responses to 10 out of 12 duration
sequences, and responded short-long in all such cases, would
contribute a point to the 100% column of the histogram in
Fig. 3�b��.

For amplitude sequences, the distributions for English
�Fig. 3�a�, top� and Japanese listeners �Fig. 3�a�, bottom� are
highly skewed toward a loud-soft grouping, as would have
been expected from the group means shown in Fig. 2�a�. The
majority of participants in both groups had strong prefer-
ences for the loud-soft grouping, where strong preference is
defined as a preference score in the extreme 1/4 of the re-
sponse scale �e.g., strong preference for loud-soft is any re-
sponse score �=25%�.

The distribution of individual participant responses to
duration sequences is highly illuminating, because it shows
that the majority of individual Japanese listeners do have
strong grouping preferences �Fig. 3�b��. Thus the Japanese
group result of no preference seen in Fig. 2�b� is not repre-
sentative of individual perception. Specifically, while the dis-
tribution for English listeners shows that a majority �77%�
have strong preference for short-long grouping �Fig. 3�b�,
top� in accord with the group results, Japanese individual
listeners, in contrast, had more widely distributed grouping
preferences �Fig. 3�b�, bottom�. The distribution of Japanese
responses is highly significantly different from a uniform dis-
tribution �which would be the case if all Japanese had no
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FIG. 3. Distribution of individual listeners’ grouping preferences. �a� Dis-
tribution of amplitude sequence grouping preferences of English �top� and
Japanese �bottom� listeners. The distribution shows each listener’s percent-
age of all amplitude sequences heard as soft-loud. For both English and
Japanese listeners, the majority preferred a loud-soft grouping �63% of
English listeners; 90% of Japanese listeners�, with most participants choos-
ing this preference consistently for all stimuli. �b� Distribution of duration
grouping preference for English �top� and Japanese �bottom� listeners. The
distribution shows each listener’s percentage of all duration sequences heard
as short-long. The large majority of English listeners chose a short-long
grouping �77%�. In contrast, nearly half �45%� of the Japanese listeners
chose the opposite long-short grouping, which English speakers almost
never chose. Japanese responses were more varied, and 26% of Japanese
listeners chose the short-long grouping. Thin vertical lines delineate regions
defined as strong preference �0%–25% and 75%–100% preference�.
preference and were responding randomly; Kolmogorov–
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Smirnov test, p�0.005, df =41�. Instead, most Japanese lis-
teners �71%� had strong preferences for either short-long or
long-short grouping. Japanese preferences were not equally
distributed, however, but were significantly biased toward
long-short grouping �p�0.001, df =41, Wilcoxon signed-
rank, null hypothesis of equal preferences for both group-
ings�. Indeed, 45% of Japanese listeners had a strong prefer-
ence for the long-short grouping, versus 26% for short-long
grouping. The substantial proportion of listeners with a long-
short grouping preference is striking given that only a single
English listener ��2% of the population� expressed any per-
ception of long-short grouping �Fig. 3�b�, top panel�.

Two replication studies on an additional 92 Japanese
listeners living in different parts of Japan �Niigata and To-
kyo� were conducted to test the consistency of the Japanese
grouping results. This brings the number of Japanese partici-
pants to 135. The results of these studies were indistinguish-
able from those seen for Kyoto listeners �ANOVA on indi-
vidual participants’ mean response with test location as
factor. �amplitude sequences: F�2,115�=0.094, p=0.91; du-
ration sequences: F�2,121�=1.42, p=0.25�. This replication
suggests that the Japanese result is reliable.

D. Discussion

With respect to the purported universality of grouping
principles �Sec. I A�, both Japanese and English listeners fol-
lowed the first principle �grouping based on amplitude�, but
only English listeners followed the second principle �group-
ing based on duration�. Japanese listeners showed variation
across individuals in their duration-based grouping prefer-
ences, but the majority of individuals expressed a strong
preference for one or the other grouping. A salient finding
was that the most common Japanese preference was for long-
short grouping, a choice made by virtually no English listen-
ers. This result is incompatible with the universality of rhyth-
mic grouping principles. The current findings confirm and
extend those of Kusumoto and Moreton �1997�. As they run
counter to long-held claims for universality, two additional
experiments in Japan were conducted, which confirmed the
findings of the initial study. Hence the finding appears ro-
bust, leading to the question of how this cultural difference
in perception arises.

Before turning to this question in the general discussion,
it is worth addressing a possible methodological concern
about the task we used to assess grouping. The current study
used a metalinguistic task to probe grouping preferences �cir-
cling of images in answer booklets�, raising the question of
how the results might compare to tasks that use other per-
ceptual methods to probe grouping. This question can be
answered for English listeners because their duration-based
grouping preferences have been explored by Trainor and Ad-
ams �2000� using a purely perceptual gap-detection para-
digm. The task required listeners to detect a short gap placed
within a repeating sequence of short-short-long tones. It was
found that the gap was more detectable when following one
of the short tones than it was following the long tone. It was
inferred that the perceived grouping boundary is after the

long tone �assuming that a gap that violates grouping struc-
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ture would be more noticeable�. The results of that study
converge with the current findings in showing a preference
for short-long grouping among English listeners. Hence, it is
reasonable to expect that perceptual measures of grouping
would replicate the findings reported here for English versus
Japanese listeners, though further work is needed to test this
empirically.

III. GENERAL DISCUSSION

The current study focused on the perception of grouping,
a basic aspect of rhythm perception by which sequences are
perceptually segmented into higher-order units. In contrast to
much previous research, a cultural difference in the percep-
tion of grouping in simple tone patterns was demonstrated:
Native English speakers consistently perceived sequences of
alternating-duration tones as repeating short-long groups; na-
tive Japanese speakers most often perceived the opposite
long-short grouping �a grouping preference that almost never
occurred among English speakers� and were as a group more
variable in their preferences. The observed difference in per-
ception between English and Japanese speakers is notable
because the principles underlying auditory grouping have
long been thought to be innate and universal.

How can the difference be explained? We assume that
the key factor is the different auditory experiences of listen-
ers living in America versus Japan �rather than, say, a differ-
ent genetic background�. The most obvious source of cultural
differences in auditory experience is the dominant language
of the culture. Two questions must be addressed: What is it
in the experience of English speakers that causes them to
prefer short-long grouping of tones? How does the experi-
ence of Japanese speakers create many listeners with the op-
posite long-short preference? Below, we propose the hypoth-
esis that language experience is the source of differences in
grouping perception. The theoretical perspective adopted is
that statistical learning of the duration patterns of common
rhythmic units in speech is responsible for shaping low-level
grouping biases. Such learning presumably occurs automati-
cally, via exposure to the rhythmic patterns of speech �see
Patel et al., 2006�, where gaining implicit knowledge of
these patterns may serve a useful role in learning word order,
or in segmentation of meaningful units from the speech
stream.

If speech rhythm is the key factor in shaping the
duration-based grouping biases, then linguistic rhythms in
English and Japanese should predict these biases. In particu-
lar, short-long patterns should be prevalent in English, while
Japanese would be expected to be biased toward long-short
patterns �though perhaps not as strongly, in light of the lower
conformity in Japanese responses�. This approach follows
the style of proposals made by Jakobson et al. �1952� and
Kusumoto and Moreton �1997� in that language is proposed
to be responsible for shaping basic rhythmic biases. How-
ever, while these researchers argued that the rhythmic shape
of words was the key factor in driving nonlinguistic grouping
preferences, the current study focuses on a different hypoth-
esis, namely, that the most important linguistic unit influenc-

ing grouping perception is not the word, but rather the
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phrase. Specifically, it is proposed that a syntactic parameter
influencing the word ordering of language �“head direction”�
ultimately influences grouping perception, because of the
way it influences the rhythm of phrases in Japanese and En-
glish.

A. Rhythmic differences between English and
Japanese

Broadly speaking, head direction refers to the order of
various structural constituents in sentences, such as verbs
and their objects and function-content word ordering �Baker,
2001; Nespor and Vogel, 1986; Nespor et al., 1996�. English,
for example, is a head-complement language, in which verbs
precede objects; Japanese is a complement-head language in
which objects precede verbs. We focus here on the conse-
quence of head direction on function-content word order and
suggest that this ordering could drive the perceptual group-
ing of nonlinguistic sounds.

The distinction between function words and content
words is a universal feature of language �Selkirk, 1984; Shi
et al., 1998�. Function words �functors�, such as articles,
prepositions, conjunctions, and pronouns, are high-frequency
linguistic elements from a small closed set of words that
provide a structural framework for the semantically mean-
ingful content words of a sentence. In English, functors typi-
cally precede their syntactically related content word, as in
“the dog,” “to eat,” etc., Japanese, in contrast, typically
places functors after the related content word �Baker, 2001�.
�Examples of function morphemes in Japanese include case
marking particles such as “ga” and “wo” or “ni,” which in-
dicate whether a noun is a subject, a direct object, or an
indirect object�. Notably, the functor/content distinction is
available to infants at an early age, well before individual
words are recognized �Shi, et al., 2006�, and sensitivity to
the relative order of functors and content words emerges
within the first year of life �Gervain et al., 2008�.

A key element of the proposal is the suggestion that
functor/content ordering will have acoustic consequences
that predict grouping preferences. Functors tend to be mono-
syllabic and phonologically reduced �Selkirk, 1996; Shi et
al., 1998; Shi et al., 2006�. It seems likely then that the
syntactic difference in functor location will result in an
acoustic difference in the typical rhythmic shape of functor
� content word phrases �Nespor et al., 1996; Christophe et
al., 2003�. If the functor has a shorter duration than its asso-
ciated content word, which is plausible, the syntactic differ-
ence in placement of functors would lead to characteristic
temporal rhythms in the two languages that match perceptual
grouping preferences: short-long in English and long-short in
Japanese. To illustrate this, consider short phrases corre-
sponding most closely to the two-element rhythms used in
the perceptual study, namely, two-syllable phrases consisting
of a monosyllabic function word plus a monosyllabic content
word, e.g., “the book” in English versus “hon ga” in Japa-
nese �book+subject marker�. Given the difference in place-
ment of functors between English and Japanese, one can
make a strong prediction that such short two-syllable phrases
will have a short-long duration pattern in English but a long-

1
short duration pattern in Japanese. Thus, the proposal is that
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the acoustic-level ramifications of the syntactic organization
of word ordering shape nonlinguistic grouping. Such an ar-
gument extends more generally to larger phrases because
phrase and utterance edges are typically marked by functors
�e.g., Morgan et al. 1987; Gervain et al., 2008�.

While we have suggested the rhythm of linguistic
phrases as the driving factor in shaping nonlinguistic seg-
mentation biases, we briefly consider the original proposal of
Jakobson et al. �1952� and of Kusumoto and Moreton �1997�
that the rhythm of words contributes to these biases. Initially
it seems unlikely that common disyllabic words in English
would be associated with a short-long duration pattern, since
English is well known to have a bias for word-initial stress,
and since duration is an important acoustic correlate of syl-
lable stress in this language �Cutler and Carter, 1987; Delat-
tre, 1966�. However, the tendency for word-initial stress ap-
plies to nouns, not to verbs �such as “begin”� or multisyllable
function words �such as “about”�, which are final stress and
are highly represented �e.g., comprising 28% of all tokens of
the 50 most common disyllabic words in the Brown corpus�
�Francis and Kučera, 1982�. The large representation of
final-stress words would be expected to contribute many
short-long elements to English. Similarly, there are reasons
to expect that disyllabic words in Japanese would have a
long-short temporal pattern. Kubozono �personal communi-
cation� has commented “Disyllabic words consisting of two
moras �Light+Light� tend to turn into three mora words
�Heavy+Light� by the lengthening of the first syllable.
Moreover, disyllabic words consisting of four moras �H
+H� tend to be shortened to H+L sequences as the final
syllable becomes monomoraic. These two tendencies are ob-
served in a wide range of linguistic phenomena in Japanese,
from historical sound changes to baby words and word
games” �see Kubozono, 2003, 2004�. To establish the plau-
sibility of word rhythms being a source of the perceptual
biases, measurements of syllable duration patterns in infant-
directed speech would need to be made.

Finally, this study has focused on language as a force in
shaping basic rhythmic processing, but another important
form of auditory experience is music. Might differences in
the musics of the two cultures underlie the perceptual group-
ing differences observed in the current work? For example, if
it were found that phrases in Western music typically start
with a short-long pattern �e.g., a “pick-up note,” as in the
opening of the song “Greensleeves”� and that phrases in
Japanese music typically start with a long-short pattern, this
could account for the perceptual differences in grouping
preference. It has been noted that while pick-up notes often
exist in Western music, they traditionally do not occur in
Japanese music �Koizumi, 1984�. A preliminary analysis of
children’s songs by our laboratory suggest that most musical
phrases in both cultures start with notes of equal duration,
suggesting that musical patterns cannot explain the biases
seen in study 1 �see EPAPS�. Further works analyzing larger
corpora of music or quantifying the actual musical experi-
ence of infants are clearly called for to more fully test this
possibility. An additional consideration is whether familiarity
with western music notation might affect the grouping pref-

erences expressed by adults.
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B. Language development

The preceding discussion suggested a correlation be-
tween the perceptual grouping preferences of listeners and
rhythmic patterns in their languages, which is consistent with
an experience-based explanation of grouping preferences.
However, the question of whether language experience actu-
ally causes the perceptual grouping differences awaits more
direct study. Developmental studies could illuminate the tim-
ing of development of perceptual grouping, and whether it
corresponds with language development milestones.

One important question is whether infants start life with
inborn rhythmic grouping preferences, or whether these
emerge purely as a function of linguistic experience. For
example, do all infants begin with a short-long grouping
preference, which is then reinforced by some languages and
partially overridden by others? Or, do infants begin life with
no rhythmic grouping bias and learn the bias while learning
language? An answer to this question was recently provided
by research on 5–8 month old English-immersed infants
�living in Canada� by Yoshida et al. �2008�. Using nonlin-
guistic tone sequences based on those in the current study,
these researchers found that, like adults, 7–8 month olds
prefer short long rhythmic groups �replicating Trainor and
Adams, 2000�. Interestingly, however, 5–6 month olds do
not show a grouping preference. These results suggest that
there is no innate bias, but that grouping preferences are
learned sometime between 6 and 8 months. This is a period
in which many language skills also emerge �including sensi-
tivity to the order of function and content words, Gervain et
al., 2008�, a clear suggestion that learning of linguistic fac-
tors �such as word order and word segmentation� and percep-
tual grouping interact. Further research will be needed to
determine the precise timing and direction of causality,
namely, whether grouping perception precedes and informs
language processing, or may be a secondary consequence of
it.

C. Linguistic and nonlinguistic rhythm in cross-
cultural perspective

The syntactic proposal outlined above also unifies what
may have been a puzzling result that supported claims for the
universality of grouping perception: why native speakers of
three distinct European languages �English, Dutch, and
French� all show a similar preference in duration-based
grouping of tone sequences, namely, a preference for short-
long groups, despite these languages being rhythmically het-
erogeneous �Vos, 1977; Bell 1977; Hay and Diehl, 2007�.
Notably, these three languages span two traditional linguistic
rhythm classes, with English and Dutch being “stress-timed”
languages and French being a “syllable-timed” language. Re-
lated empirical research has revealed systematic differences
in the temporal structure of English and Dutch on the one
hand and French on the other, based on the temporal pattern-
ing of vowels and consonants in sentences �Ramus et al.,
1999; Grabe and Low, 2002; Lee and Todd, 2004�. The key
point for the current purposes, however, is that all of these
languages have a level of linguistic structure at which they

are similar, namely, in placing functors before content words
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�e.g., the book, “le livre,” and “het boek”�. According to the
current view, it is this syntactic similarity �ultimately ex-
pressed in terms of durational contrasts� that is responsible
for the common preference for short-long groups across
these cultures, via mechanisms suggested earlier.

If this view is correct, it should be possible to predict
nonlinguistic grouping preferences in other cultures based on
the syntactic structure of the native language. Since most
European languages place functors before content words
�Dryer, 2005�, one can predict that native speakers of these
languages will exhibit a preference for short-long grouping.
Some European and many non-European languages, how-
ever �e.g., in Asia and India�, resemble Japanese in placing
functors after content words. Accordingly, one can predict
that native speakers of these languages �e.g., Turkish, Ko-
rean, and Marathi� will prefer long-short grouping.

In making predictions about grouping perception based
on native language, two additional factors must be kept in
mind. First, the temporal structure of common words may
also be important in shaping nonlinguistic grouping biases,
as in the original proposal of Jakobson et al. �1952�. The
second factor that should be kept in mind concerns multilin-
gualism. If implicit learning of linguistic duration patterns
shapes nonlinguistic grouping, then exposure to or facility in
a second language may have an influence on grouping pref-
erences. In terms of the current study, the variability in
grouping preferences seen among Japanese listeners may
have reflected variation in the degree of proficiency or expe-
rience with English. Future cross-cultural work should quan-
tify proficiency in non-native languages, to see if this can
account for within-culture variability seen in grouping pref-
erences. It also remains to be studied if grouping preferences
are “locked in” during language development �as word seg-
mentation strategies may be; Cutler, 2000� or can be modi-
fied by experience later in life.

D. Conclusion

The present work demonstrated that perception of basic
grouping in nonlinguistic auditory sequences varies by cul-
ture, in contrast to long-held views about universal principles
governing such grouping. The source of cultural variation in
grouping perception is hypothesized to lie in experience of
the rhythms of language, suggesting that learning of lan-
guage may have consequences for the low-level rhythmic
perception of sound.
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