
In order to understand spoken language, listeners must 
be able to locate lexical items in continuous speech—a 
process that involves segmenting the speech stream. Al-
though speech segmentation strategies may vary across 
languages, it has been hypothesized that segmentation 
tends to be based on linguistic rhythm (Cutler, 1994; Mat-
tys, Jusczyk, Luce, & Morgan, 1999).

Rhythm can generally be characterized as the repeti-
tion of patterned sequences of elements, often varying 
in prominence (Fraisse, 1974, 1982). This characteriza-
tion applies most strictly to certain forms of music and 
poetry; however, normal speech also exhibits tendencies 
toward rhythmic patterning—for example, in the alter-
nation of stressed and unstressed syllables. In addition, 
listeners may perceptually exaggerate the rhythmicity of 
utterances. For example, English-speaking listeners hear 
interstress intervals as more evenly spaced than they actu-
ally are (Darwin & Donovan, 1980; Donovan & Darwin, 
1979; Lehiste, 1977). 

How might perceived rhythm help listeners to group 
syllables into word or phrase length units or, equivalently, 
to detect word or phrase boundaries? One plausible answer 
is that in segmenting speech, listeners learn to exploit the 
typical rhythmic patterns of words or phrases in their na-
tive language (see, e.g., Cutler, 1994; Mattys et al., 1999). 
For example, French tends to be segmented by native lis-
teners at the level of the syllable (Cutler, Mehler, Nor-
ris, & Segui, 1986; Mehler, Dommergues, Frauenfelder, 
& Segui, 1981), Japanese listeners rely on the mora for 
segmenting Japanese (Otake, Hatano, Cutler, & Mehler, 

1993), and English is most easily segmented by Anglo-
phones, using a stress-based segmentation strategy (Cut-
ler & Butterfield, 1992; Cutler & Norris, 1988; Echols, 
Crowhurst, & Childers, 1997).

In most languages, words have fixed or, at least, 
characteristic stress patterns (Hyman, 1977), and these 
regularities are obviously informative about likely word 
boundaries. In word segmentation studies in which arti-
ficial languages are used, listeners are most successful 
when the phonological properties of the artificial lan-
guage match those of their native language. For example, 
Vroomen, Tuomainen, and de Gelder (1998) found that 
the presence of word-initial stress, marked by pitch ac-
cent, facilitated word segmentation for native speakers of 
Finnish and Dutch, languages that have a predominance of 
word-initial stress. Word-initial stress did not help French-
speaking listeners segment the artificial language, pos-
sibly because stress rarely occurs on the first syllable of 
polysyllabic French words (Dell & Vergnaud, 1984). 

Research with infants further supports the idea that 
some effects of utterance rhythm on speech segmentation 
result from linguistic experience. Thiessen and Saffran 
(2003) exposed English-learning infants to an artificial 
language consisting of bisyllabic words with a typical 
English stress pattern (i.e., strong–weak, or trochaic), and 
found that 9-month-old infants, but not 6.5-month-old in-
fants, used stress pattern as a cue to segmentation. When 
the artificial language consisted of words with a stress 
pattern less typical of English (i.e., weak–strong, or iam-
bic), both 6.5- and 9-month-old infants missegmented the 
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words and, instead, relied on the transition probabilities of 
the stimulus input for segmentation. By 9 months of age, 
infants appear to have learned some of the characteristic 
rhythmic patterns of their native language, and they can 
use this knowledge to help segment speech.

Another possible way that perceived rhythm may facili-
tate speech segmentation is via the operation of grouping 
biases that may exist independently of linguistic experi-
ence. Woodrow (1909, 1951) reported that for nonspeech 
sounds, trochaic rhythmic grouping (i.e., rhythm with 
group-initial prominence) is associated with variation in 
the relative loudness of the stimuli, whereas iambic rhyth-
mic grouping (i.e., rhythm with group-final prominence) 
is associated with variation in the relative duration of the 
stimuli (see also Rice, 1992). Woodrow’s findings formed 
the basis of the iambic/trochaic law (Hayes, 1995, p. 80), 
which states that (1) elements contrasting in intensity nat-
urally form groupings with initial prominence and (2) el-
ements contrasting in duration naturally form groupings 
with final prominence. Although iambs and trochees are 
metrical feet containing just two elements (weak–strong 
and strong–weak, respectively), the iambic/trochaic law 
is intended to apply to feet of greater than two elements as 
well—for example, dactyls (strong–weak–weak) and ana-
pests (weak–weak–strong). In other words, what counts 
in the application of the iambic/trochaic law is whether 
a sequence is perceived as having initial versus final 
prominence.

Higher intensity and longer duration are correlates of 
lexically stressed syllables in English and other languages 
(Beckman, 1986; Delattre, 1965; Fry, 1955; Lehiste, 
1970), and thus, the iambic/trochaic law may affect word 
segmentation in those languages. Fundamental frequency 
( f 0) contour is also an important correlate of stressed syl-
lables, but its detailed form tends to vary across linguis-
tic contexts (Bolinger, 1958; Fry, 1958; Pierrehumbert, 
1980). For this reason, and because the iambic/trochaic 
law makes no predictions about grouping based on f 0, this 
correlate will not be considered further in this study.

There is evidence that the iambic/trochaic law is rel-
evant to speech segmentation. Cross-linguistically, word- 
and phrase-final syllables tend to be lengthened (Klatt, 
1975, 1976; Lindblom & Rapp, 1973; Oller, 1973), which, 
according to the law, should promote syllable grouping 
consistent with word and phrase boundaries. For example, 
Saffran, Newport, and Aslin (1996) showed that word-
final lengthening helped English-speaking listeners seg-
ment new trisyllabic words from an artificial language but 
that word-initial lengthening did not. Although language-
specific learning may account for these results, they may 
also reflect the operation of the iambic/trochaic law.

Despite the growing literature on the effects of rhythm 
perception on speech segmentation, the manner in which 
the acoustic correlates of speech signals affect rhythmic 
grouping is not yet fully understood, and the rhythmic 
laws derived from Woodrow’s (1909) studies have not, 
to our knowledge, been explicitly verified (but see Rice, 
1992, and Woodrow, 1951, for a partial verification). The 

first aim of the present study was to provide a comprehen-
sive and definitive test of the iambic/trochaic law. 

The second aim of this study was to evaluate whether 
the iambic/trochaic law reflects general auditory biases, 
independently of language experience. In Experiments 1 
and 2, we examined whether the law applies similarly to 
both speech and nonspeech stimuli, and in Experiment 2, 
we tested the law for two groups of participants with dif-
ferent native language backgrounds. The third aim was 
to consider whether the auditory biases implied by the 
iambic/trochaic law can actually be expected to facilitate 
the segmentation of natural utterances. This issue will be 
taken up in the General Discussion section.

EXPERIMENT 1

In this experiment, we tested the iambic/trochaic law 
with both speech and nonspeech stimulus sequences that 
alternated in either duration or intensity. A replication of 
Woodrow’s (1909) study was warranted, given technolog-
ical advances in stimulus construction and presentation 
since the early 20th century. Woodrow himself noted some 
of these limitations of his 1909 study:

As a measure of the intensity of the sounds, the dis-
tance to which they were just audible was taken. It 
is not claimed that such a method of measurement 
is very exact, but on the whole it was considered the 
most satisfactory. The measurements were all made 
on the same day, . . . in an open space left by the re-
moval of an old building. (p. 14)

Woodrow (1909) additionally remarked that “the judg-
ment concerning rhythm might be strongly influenced by 
which sound is heard first” (p. 23), but he claimed to have 
overcome this problem by instructing subjects to judge 
which rhythm was more “natural.” Pilot studies in our lab 
were not as successful in overcoming this bias; whichever 
sound was heard first tended to be judged by listeners as 
the beginning of the rhythmic group.

In the present study, order of stimulus onset was coun-
terbalanced, and stimulus onset was also masked. In ad-
dition, the construction and presentation of stimuli was 
performed with modern computer equipment. In accor-
dance with the iambic/trochaic law, greater duration of 
one of the stimuli in each alternating pair was predicted 
to yield iambic grouping, whereas greater intensity of one 
of the stimuli in each alternating pair was predicted to 
yield trochaic grouping. Since Woodrow used only non-
speech sounds in his experiments, it is unclear whether 
the iambic/trochaic law applies similarly to speech and 
nonspeech. Claims regarding the applicability of the law 
to speech segmentation would presumably be weakened if 
the law did not apply similarly to the rhythmic grouping 
of speech sounds. Two groups of monolingual English-
speaking listeners heard either sequences of alternating 
square wave segments or sequences of alternating synthet-
ically produced syllables. If these speech and nonspeech 
tokens are processed using general auditory mechanisms, 
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there should be no significant difference in the rhythmic 
grouping of these two types of stimuli.

Method
Listeners. Forty-eight native English-speaking listeners partici-

pated in Experiment 1 (24 in each of the speech and nonspeech con-
ditions). All the participants were recruited from the introductory 
psychology participant pool at the University of Texas at Austin and 
were given credit toward partial fulfillment of course requirements. 
All reported being monolingual and having normal hearing. They 
were run in groups of 1–4.

Stimulus sequences. Sequences (11 sec in duration) were cre-
ated by repeatedly alternating two stimuli (speech or nonspeech). 
The stimuli alternated in either duration or intensity, while the other 
dimension was held constant. In order to maintain consistency with 
previous studies (i.e., Rice, 1992; Woodrow, 1909), a 200-msec 
silent interval was inserted between all the stimuli in a sequence. 
Five duration-varying sequences were created in which the abso-
lute difference between the alternating stimuli varied from 0 msec 
(i.e., the same stimulus was repeated, forming a control sequence) 
to 100 msec (i.e., a 200-msec stimulus alternated with a 100-msec 
stimulus), in 25-msec steps.1 Five intensity-varying sequences were 
also created in which the absolute difference between the alternating 
stimuli varied from 0 to 12 dB (i.e., a 62-dB SPL stimulus alternated 
with a 50-dB SPL stimulus), in 3-dB steps. Duration and intensity 
values were selected to fall within plausible ranges for natural pro-
ductions (see Crystal & House, 1990; Schwartz, Petinou, Goffman, 
Lazowski, & Cartusciello, 1996). In this article, the nonalternating 
control sequence will be referred to as Control D when it was pre-
sented in the context of duration-varying sequences and as Control I 
when presented in the context of intensity-varying sequences. Con-
trol sequences were included to provide a performance baseline with 
which the perception of the alternating sequences could be com-
pared. The number of repetitions of each alternating pair of stimuli, 
within each 11-sec sequence, varied from 14 to 16 as a function of 
the duration of the individual stimuli. Table 1 shows the acoustic 
parameters for the stimulus sequences in Experiment 1. 

Nonspeech sequences. In the case of the nonspeech sequences, 
each stimulus consisted of a square wave segment that was created 
using an in-house signal-processing program (WAVAX) at a sam-
pling rate of 10 kHz. The stimuli were then combined to form alter-
nating sequences, as described above, using the same software.

Synthetic speech sequences. Synthetic speech sequences con-
sisted of alternating tokens of the synthetic syllable / /. Each 
/ / token was created using the Klatt synthesizer (Klatt & Klatt, 
1990) at a sampling rate of 10 kHz. The first formant frequency 
had an onset value of 300 Hz and transitioned linearly over the first 
55 msec of the stimulus to its steady state value of 768 Hz, dur-
ing which time the first formant bandwidth (B1) was maintained at 
60 Hz. The second and third formant frequencies had onset values 
of 1840 and 1960 Hz, respectively, and transitioned linearly over 
the first 55 msec of the stimulus to reach their steady state values 
of 1333 and 2522 Hz, respectively. The fourth and fifth formant fre-
quencies remained constant at 3250 and 3700 Hz, respectively. The 
bandwidths of the higher formants remained constant throughout 
the stimulus (B2  90 Hz, B3  150 Hz, B4  200 Hz, and B5  
200 Hz). The f 0 remained constant at 100 Hz. In order to mimic 
the release of the consonant, there was a 5-msec burst at the onset 
of each token, which was created by adding 5 msec of aspiration 
to the beginning of the signal, by increasing the bandwidth of the 
first formant to 1000 Hz, and by eliminating voicing during this 
interval. The amplitude of the voiced portion of each stimulus was 
held constant until the last 10 msec of the signal, at which point it 
decreased linearly to 0.

Tokens of the syllable / / had the same duration and intensity 
values as the corresponding square wave segments. Variations in du-
ration were created by lengthening the steady state vowel portion of 
the syllable, but no change was made to the consonant portion. Vari-

ations in intensity were made by matching the root-mean squared 
amplitude of a 200-msec syllable to that of the analogous square 
wave segment. Alternating syllable sequences were analogous in all 
other respects to the nonspeech sequences. The synthetic syllable 
was judged by the experimenters to be an unambiguous instance 
of / /.

Onset masking. In pilot studies, we observed a strong tendency 
for rhythmic judgments to be based on the pattern of the first two 
stimuli of the sequence. In order to reduce this effect, we took steps 
to mask the onset of the sequence. Order of stimulus sequence onset 
was counterbalanced, with half of the sequences starting with the 
longer or more intense stimulus and half starting with the shorter or 
less intense stimulus. Intensity was gradually increased according to 
a raised cosine function over the first 5 sec of each 11-sec sequence. 
During this same 5-sec interval, masking noise was presented with 
a gradually diminishing intensity, according to a raised cosine func-
tion. For the control sequence, there was a 5.4-dB signal-to-noise 
ratio during the 1st sec of the 5-sec masking interval.

There were no measures taken to mask the offset of the sequences, 
since they had little effect on judgments of rhythmicity during pilot 
studies. In this study, half of the sequences ended with the longer 
or more intense stimulus, and half ended with the shorter or less 
intense stimulus. 

Procedure. The listeners were instructed to listen to each se-
quence and to group the alternating stimuli into a two-beat rhyth-
mic pattern. They were told to indicate, by pressing a labeled but-
ton, whether the rhythm consisted of a strong sound followed by 
a weak sound or, alternatively, a weak sound followed by a strong 
sound. Stimulus sequences were presented in blocks according to 
the dimension of variation (i.e., duration or intensity varying). In 
the block that contained duration-varying stimuli, the five sequences 
had alternating stimuli with absolute duration differences of 100, 
75, 50, 25, and 0 msec (Control D), respectively. The absolute in-
tensity differences were 12, 9, 6, 3, and 0 dB (Control I) for the 
five sequences of intensity-varying stimuli. Throughout the remain-
der of this article, the term magnitude of difference will be used to 
refer to the levels of absolute difference between alternating stimuli. 
Half of the sequences started with the stronger sound (i.e., longer 
or more intense), and the other half started with the weaker sound 
(i.e., shorter or less intense). Within each block, stimulus sequences 
were presented five times each in both possible orders of stimulus 
onset,2 for a total of 45 stimulus sequences per block. The order of 
stimulus sequence presentation was randomized within each block, 
and the order of the blocks was counterbalanced across listeners. 
At the beginning of each new block, the listeners were given 10 
practice trials.

The listeners were seated at a response station in a double-walled 
sound-attenuated chamber. Stimulus presentation was controlled by 
an in-house experimental design program, implemented on a Gate-
way 2000 desktop computer, and the stimuli were presented through 
Beyer dynamic DT100 headphones at the specified decibel level.

Table 1 
Acoustic Parameters for the Stimuli in Experiments 1 and 2

Duration Intensity f 0 Absolute
Set, Sequence  (msec)  (dB SPL)  (Hz)  Difference

Duration, 1 200 & 100 56 100 100 msec
Duration, 2 200 & 125 56 100  75 msec
Duration, 3 200 & 150 56 100  50 msec
Duration, 4 200 & 175 56 100  25 msec
Control 200 & 200 56 100   0 msec

Intensity, 1 200 62 & 50 100 12 dB
Intensity, 2 200 62 & 53 100  9 dB
Intensity, 3 200 62 & 56 100  6 dB
Intensity, 4 200 62 & 59 100  3 dB
Control  200  56 & 56  100    0 msec
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Results
In this and the following experiment, the participants 

described the speech and nonspeech stimuli in very dif-
ferent ways. In the speech conditions, the stimuli were 
judged to be speech-like and were often perceived as 
nonsense words containing the consonant / /. The par-
ticipants in the nonspeech conditions generally heard the 
square wave segments as computer-generated beeps or 
video game sounds.

ANOVAs were performed in order to examine the 
within-subjects effects of magnitude of difference (i.e., 
the amount of absolute difference) between alternating 
segments and the between-subjects effect of stimulus type 
(i.e., synthetic speech vs. nonspeech) on the proportion 
of trochaic responses. Because the order of onset of the 
initial segment was not a variable of interest, each analysis 
was conducted with the data collapsed over the two order 
conditions. 

Duration. The results for the duration-varying condi-
tions are presented in Figure 1. There was a significant 

effect of magnitude of difference on rhythmic grouping 
[F(4,184)  30.68, p  .001], but there was not a sig-
nificant effect of stimulus type ( p  .516) or an interac-
tion between the two variables. Individual comparisons 
showed that only the sequences varying by 50 msec or 
more were grouped more iambically than was the con-
trol stimulus (Control D) that was presented in the same 
context as the rest of the duration-varying sequences (all 
p values  .001). Increasing the duration difference from 
75 to 100 msec did not significantly increase the propor-
tion of iambic grouping ( p  .811). 

Intensity. Figure 2 shows the results for the intensity-
varying conditions. As the magnitude of absolute differ-
ence between the alternating stimuli increased, so did the 
tendency toward trochaic grouping [F(4,184)  7.76, p  
.001]. This same pattern was observed for both the speech 
and the nonspeech conditions, with no significant differ-
ence between the two ( p  .371). Again, the two-way 
interaction of magnitude of difference and stimulus type 
was not significant ( p  .920). When the intensity dif-
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Figure 1. Perceived rhythm of duration-varying sequences. The difference 
in duration between alternating elements is given on the x-axis. For Control D, 
there was no difference between the alternating sounds. Error bars represent 
the standard error of the mean.
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Figure 2. Perceived rhythm of intensity-varying sequences. The difference 
in intensity between alternating elements is given on the x-axis. For Control I, 
there was no difference between the alternating sounds. Error bars represent 
the standard error of the mean.
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ference exceeded 3 dB, intensity-varying sequences were 
grouped more trochaically than was the control sequence 
(Control I; all p values  .05).

Control sequences. An ANOVA revealed that con-
text had a significant effect on the grouping of the con-
trol sequences [F(1,92)  11.216, p  .005]; the control 
sequence was perceived to have a trochaic rhythm more 
often when it was presented in the context of the duration-
varying stimuli (i.e., Control D) than when the same stim-
ulus was presented in the context of the intensity-varying 
stimuli (i.e., Control I). Figure 3 shows that Control D 
was perceived as having a trochaic rhythm at a propor-
tion greater than .5 [t(27)  4.589, two-tailed p  .001], 
whereas Control I did not consistently elicit either iambic 
or trochaic grouping ( p  .758). There was no main effect 
of stimulus type ( p  .603), nor did stimulus type interact 
with context condition ( p  .307).

Discussion
The results of Experiment 1 verified Woodrow’s (1909) 

findings and generally supported the iambic/trochaic law 
(Hayes, 1995). Variation in duration causes alternating 
sequences to be grouped with final prominence, whereas 
variation in intensity results in the perception of group-
initial prominence. In order for these characteristic rhyth-
mic groupings to emerge, however, the magnitude of 
difference between two alternating segments must have 
surpassed some threshold value. Generally, duration-
 varying sequences were perceived more iambically than 
was Control D if the magnitude of difference was 50 msec 
or more, whereas sequences with intensity differences of 
6 dB were consistently perceived more trochaically than 
was Control I. 

An unexpected finding of the present study was that 
the perceived rhythm of the control sequence varied as 
a function of context. In the context of intensity-varying 
sequences, the control sequence (Control I) was perceived 
either as lacking alternating prominence or as being 
slightly trochaic. In the context of the duration-varying 
sequences, the control sequence (Control D) was judged 
as clearly trochaic. This context effect appears to result 

from a kind of perceptual contrast. Sequences with equal-
length elements tend to sound trochaic when they appear 
in the context of sequences that (owing to variation in cer-
tain physical parameters) sound iambic.

The results of Experiment 1 suggest that rhythmic 
grouping is similar for both kind of stimuli and may, thus, 
depend on general auditory biases. There is, however, an-
other possible interpretation of the finding that speech and 
nonspeech elicit similar perceptual grouping patterns—
namely, that experience with the rhythmic structure of 
English caused the English-speaking listeners to perceive 
both the speech and the nonspeech stimuli through an 
“English” linguistic filter. There is some evidence that 
linguistic experience may affect the identification (Bent, 
Bradlow, & Wright, 2003) and discrimination (Hay, 
2005) of some nonspeech sounds, and it is possible that 
the effects found in the present experiment resulted from 
 language-specific perceptual-grouping strategies, and not 
from general auditory processing. In Experiment 2, we 
addressed this possibility.

EXPERIMENT 2

Previous research suggests that some speech segmen-
tation strategies are language dependent and are based 
on the native language’s rhythmic characteristics (Cutler, 
1994). Jakobson, Fant, and Halle (1967) reported (appar-
ently on the basis of informal observations) that knocks 
produced at even intervals, with every third one louder, 
are grouped in accordance with the characteristic stress 
patterns of the listener’s language. For example, Czech lis-
teners heard a pause just before the louder knock, whereas 
Polish listeners heard a pause after the knock following 
the louder knock. Because, to our knowledge, these ob-
servations have never been replicated, it remains an open 
question as to how linguistic experience shapes listeners’ 
perception of prominence-based rhythm. Experiment 2 
was designed to address this question.3

In this experiment, half the participants were monolin-
gual English-speaking listeners, and the other half were 
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Figure 3. Perceived rhythm of the control sequences when presented in the 
context of duration-varying (Control D) and intensity-varying (Control I) se-
quences. Error bars represent the standard error of the mean. A proportion of 
trochaic judgments of .5 is indicated by a dashed line.
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monolingual French-speaking listeners. These listeners 
performed the same rhythmic grouping tasks on speech 
and nonspeech stimuli as those in Experiment 2.

In both English and French, rhythm is based on an al-
ternation of more prominent and less prominent syllables 
(Grammont, 1946; Wenk & Wioland, 1982), but there 
are important differences between the two languages. In 
 English, lexical stress is easily detectable, and the major-
ity of bisyllabic words are trochaic. The most important 
cue for English stress is f 0 contour, followed by dura-
tion and intensity (Fry, 1955). These cues are highly cor-
related, and stressed syllables tend to lead the group in 
which they occur, except when the stressed syllables are 
very long (Hayes, 1995). French, on the other hand, lacks 
lexical stress but has phrase-final prominence (Dell, 1984; 
Tranel, 1987). Successive syllables in a phrase are very 
similar in duration, f 0, and intensity, except for the last 
syllable, which is, on average, higher in f 0, slightly less 
intense, and much longer than the preceding ones (Delat-
tre, 1966). Coupled with the lower intensity, the combi-
nation of an increase in f 0 and a large increase in dura-
tion on the final syllable gives French phrases terminal 
prominence and makes them more iambic sounding than 
English phrases. Owing to the differences in stress assign-
ment between English and French, these two languages 
are good candidates for a cross-linguistic comparison of 
rhythmic grouping.

Method
Listeners. A total of 48 listeners participated in Experiment 3. 

Twenty-four were native English-speaking listeners, and 24 were na-
tive French-speaking listeners. Half of each language group partici-
pated in the speech condition, and half in the nonspeech condition. 
French-speaking listeners were recruited from signs posted at the 
Laboratoire de Psychologie Expérimentale in Paris and were paid 
for their participation. These listeners were tested individually at 
the same location. All the English-speaking listeners were recruited 
from the introductory psychology participant pool at the University 
of Texas at Austin and were given credit toward partial fulfillment 
of course requirements. These listeners were run in groups of 1–4. 
All the listeners reported being monolingual and having normal 
hearing.

Stimuli. All the stimuli were identical to those described in 
Experiment 1, except that a slightly improved masking technique 
was used during the onset of each sequence. First, the signal-to-
noise ratio was decreased from 5.4 dB in the first experiment to 

16.9 dB in this experiment. Second, the onset of the first sound in 
each sequence was roved between 0 and 200 msec, in 50-msec steps, 
relative to the onset of the masking noise. On half the trials, the first 
stimulus was the stronger sound. This resulted in 10 sequences at 
each level of absolute difference between alternating stimuli.

Procedure. All oral interactions with the participants and all 
written instructions were in their native language. The participants 
were seated in front of a computer (English, Gateway 2000 desktop; 
French, Dell Inspiron 8000 laptop), on which the tasks were ad-
ministered. All the stimuli were randomized and presented using an 
in-house experimental design program. Stimuli were played through 
Beyer dynamic DT100 headphones. English-speaking listeners were 
run in a double-walled sound-attenuated chamber. French-speaking 
listeners were run in a quiet room. Excluding practice trials, all 
the listeners heard a total of 50 duration-varying and 50 intensity-
 varying stimulus sequences. All other procedures were identical to 
those described in Experiment 1.

Results
Duration. There was a significant effect of magnitude 

of difference [F(4,176)  8.28, p  .001]: As the size of 
the difference increased, so did the tendency toward iam-
bic grouping (see Figure 4). There were no main effects of 
language ( p  .989) or of stimulus type ( p  .448) and 
no interaction between magnitude of difference and lan-
guage ( p  .611), between magnitude of difference and 
stimulus type ( p  .958), between language and stimulus 
type ( p  .094), or between all three of these variables 
( p  .631). These results suggest that the effect of mag-
nitude of differences is similar for English- and French-
speaking listeners and for speech and nonspeech stimuli.

However, it should be noted that the effect of magni-
tude of difference was more consistent for the English 
group than for the French group. When analyses were per-
formed separately for the two language groups, there were 
still significant main effects of magnitude of difference 
[English, F(4,88)  4.37, p  .005; French, F(4,88)  
2.60, p  .05]. But when the analyses were performed 
separately for the speech and the nonspeech conditions, 
the effect of magnitude of difference remained signifi-
cant for the English group [speech, F(4,44)  3.19, p  
.025; nonspeech, F(4,44)  4.37, p  .005], but not for 
the French group (speech, p  .355; nonspeech, p  
.076). Thus, for the French-speaking listeners, the effect 
of magnitude of difference was significant only when 
the data were collapsed across the speech and nonspeech 
conditions.

Intensity. As the magnitude of difference increased, so 
did the tendency toward trochaic grouping [F(4,176)  
14.50, p  .001; see Figure 5]. No significant effects were 
observed for language ( p  .900) or stimulus type ( p  
.340), and there was no interaction between magnitude of 
difference and language ( p  .702), between magnitude 
of difference and stimulus type ( p  .505), or between all 
three of these variables ( p  .476).

When the two language groups were analyzed sepa-
rately, the effect of magnitude of difference remained 
highly significant [English, F(4,88)  9.35, p  .001; 
French, F(4,88)  6.00, p  .001]. For the English 
group, significant effects of magnitude of difference held 
for both the speech [F(4,44)  5.36, p  .001] and the 
nonspeech [F(4,44)  4.48, p  .005] conditions. For 
the French group, the magnitude-of-difference effect was 
significant for the speech condition [F(4,44)  5.62, p  
.001], but not for the nonspeech condition ( p  .305). 
Thus, as in the case of duration differences, intensity 
differences yielded more consistent rhythmic-grouping 
tendencies among the English-speaking than among the 
French-speaking listeners.

Discussion
The results of Experiment 2 lend further support to the 

iambic/trochaic law and show that it applies to groups of 
listeners with differing linguistic experience. For both 
 English- and French-speaking listeners, there was a ten-
dency to judge sequences varying in duration as having 
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iambic rhythm and sequences varying in intensity as hav-
ing trochaic rhythm. These results suggest that the similar-
ities in rhythmic grouping of speech and nonspeech, seen 
in Experiment 1, were not simply the result of linguistic 
experience with English. Instead, these results support the 
view that the iambic/trochaic law reflects general auditory 
biases. It should be noted, however, that although there 
were no significant main effects of language or significant 
interactions in which language was a factor, the rhythmic 
grouping effects were generally more consistent for the 
English group than for the French group.

GENERAL DISCUSSION

The present experiments were intended to (1) explore 
how certain acoustic parameters of alternating sound 
sequences affect rhythmic grouping and (2) examine 
whether rhythmic grouping is affected by linguistic ex-
perience or whether it is mainly a function of general 
auditory mechanisms. Specifically, we tested the iambic/
trochaic law (Hayes, 1995), which makes claims regard-
ing the perceptual grouping of sounds.

Experiment 1 was intended to replicate previous work, 
but it was the first experiment of this kind to use both 
strictly controlled stimulus parameters and stimulus-

onset-masking techniques. As is predicted by the iambic/
trochaic law (Hayes, 1995), elements contrasting in dura-
tion formed groupings with final prominence, and those 
contrasting in intensity formed groupings with initial 
prominence.

If language experience plays a role in rhythmic group-
ing, differences might be expected in the judgments for 
speech and nonspeech sequences. Across both experi-
ments, there were no main effects or interactions involv-
ing stimulus type. In general, then, results for the speech 
and the nonspeech conditions patterned in similar ways, 
despite the fact that all the listeners reported perceiving 
the synthetic speech stimuli as speech-like, whereas none 
reported hearing the nonspeech stimuli as speech-like.

The main objectives of Experiment 2 were to replicate 
Experiment 1 with a better onset-masking procedure and 
to further examine how linguistic experience shapes lis-
teners’ perception of rhythm. The magnitude of difference 
among the alternating sequences had significant effects 
in both the duration- and the intensity-varying conditions. 
Native-speaking listeners of both English and French 
tended to group stimuli with large durational differences 
iambically and stimuli with small or zero durational dif-
ferences trochaically. There was no significant main ef-
fect of language and no significant interactions involving 

Magnitude of Difference

English
French

English
French

0
100 msec 75 msec 50 msec 25 msec Control D

Magnitude of Difference

100 msec 75 msec 50 msec 25 msec Control D

.2

.4

.6

.8

1

P
ro

p
o

rt
io

n
 T

ro
ch

ai
c 

R
es

p
o

n
se

s

0

.2

.4

.6

.8

1

P
ro

p
o

rt
io

n
 T

ro
ch

ai
c 

R
es

p
o

n
se

s

(A) Speech

(B) Nonspeech

Figure 4. Perceived rhythm of duration-varying sequences by English- and 
French-speaking listeners in (A) speech and (B) nonspeech conditions. The dif-
ference in duration between alternating elements is given on the x-axis. Error 
bars represent the standard error of the mean.



120    HAY AND DIEHL

language. These findings suggest that the iambic/trochaic 
law has some cross-language validity.

A key question addressed in the present study is whether 
rhythmic grouping of sounds arises from general auditory 
mechanisms independently of language or whether it, in-
stead, depends on linguistic experience (e.g., on exposure 
to language-specific ways of implementing prominence 
relations within utterances). Overall, the results tended 
to favor a general auditory account of rhythm perception. 
Despite a few differences between the speech and the 
nonspeech conditions for the French-speaking listeners, 
rhythmic judgments for the square wave segments were 
broadly similar in pattern to those for the / / syllables.

However, it is possible that native language prosody 
affects rhythm perception for nonspeech sounds, as well 
as for speech sounds. Recall that Jakobson et al. (1967) 
made just this claim, reporting anecdotally that nonspeech 
sequences are grouped in accordance with the characteris-
tic stress patterns of the listener’s language. These obser-
vations have not, to our knowledge, been replicated; ac-
cordingly, a main aim of Experiment 2 was to investigate 
possible native language effects on perceived rhythm.

The results for both the English and the French groups 
were compatible with the iambic/trochaic law. In both 
cases, increases in durational differences among alternat-

ing stimuli produced more iambic judgments, whereas 
increases in intensity differences among stimuli yielded 
more trochaic judgments. There was no significant main 
effect of language and no significant interactions in-
volving language. Given the clear prosodic differences 
between English and French (e.g., English tends to have 
initial-syllable prominence, whereas French has [phrase] 
final-syllable prominence), the similarity of results be-
tween the two language groups offers support for the view 
that rhythm perception depends largely on general audi-
tory, rather than specifically linguistic, mechanisms.

However, there are two reasons to be tentative in draw-
ing the conclusion above. First, our experimental design 
differed considerably from that described by Jakobson 
et al. (1967), so their conclusions about the influence of 
native language on rhythm perception cannot be dismissed. 
Clearly, a more exact replication of their design is needed 
to resolve this issue. Second, although language was not a 
significant variable in the present study, it is nevertheless 
true that the iambic/trochaic law was less consistently dem-
onstrated for the French group than for the English group. 
This suggests that there may have been some language-
specific influences on rhythmic judgments.

A possible function of perceived rhythm in spoken 
language is to facilitate the segmentation of utterances 
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into word length and, perhaps, phrase length units. Cutler 
(1994) suggested that infants exploit natural rhythmic cues 
to segment utterances and that rhythm-based segmentation 
strategies learned early in life extend into adulthood. She 
and her colleagues reported, for example, that English-
speaking listeners tend to segment utterances at the onsets 
of stressed (strong) syllables (Cutler & Butterfield, 1992; 
Cutler & Norris, 1988). These findings and others (e.g., 
Echols et al., 1997; Thiessen & Saffran, 2003) raise the 
possibility that the iambic/trochaic law plays a role in the 
perceptual segmentation of utterances into smaller linguis-
tic units. This role may be especially important for infant 
listeners faced with the challenge of learning to extract 
word length units from the continuous stream of speech.

If the iambic/trochaic law reflects general auditory bi-
ases present even in early infancy, it should yield an initial 
parsing of utterances into groups of syllables. Of course, for 
this parsing to facilitate word extraction, there must exist a 
rough correspondence between perceived syllable groups 
and words of the language. A necessary, but not sufficient, 
condition for such a correspondence to be demonstrated 
is that words should tend to have either initial or final syl-
lable stress patterns (corresponding to trochaic or iambic 
rhythm, respectively). A typological survey (Hyman, 1977, 
as cited in Laver, 1994) of lexical stress patterns in 444 
languages suggests that this condition is commonly satis-
fied. Over two thirds of the languages in the survey had 
predominately fixed lexical stress patterns. (Most of the 
rest had variable stress patterns, and a few had no lexical 
stress.) Of the languages with predominately fixed stress 
patterns, the largest subgroup (114 languages) had initial 
syllable stress, and the second largest subgroup (97 lan-
guages) had final syllable stress. Moreover, languages with 
variable stress patterns (e.g., English) may have strong ten-
dencies to favor initial or final stress patterns, and even 
languages with no lexical stress (e.g., French) may exhibit 
initial or final prominence at the phrase level.

However, in order for the iambic/trochaic law to yield 
rhythmic parsing appropriate for word or phrase extrac-
tion, another condition must be met: The physical cor-
relates of stressed or otherwise prominent syllables must 
be conducive to particular rhythmic outcomes—namely, 
trochaic or iambic syllable groupings. Thus, if a trochaic 
grouping is to be perceived, there must be strong variation 
in intensity between syllables and relatively little variation 
in duration. On the other hand, if an iambic grouping is 
to be perceived, most of the variation between syllables 
must be in duration, rather than in intensity. Do the nor-
mal physical correlates of stress or prominence pattern in 
these ways?

Consider, first, the case of French. As was noted ear-
lier, French phrase-final syllables have a higher pitch and 
a slightly lower intensity, coupled with a large increase in 
duration (Delattre, 1966). The results of the present study 
suggest that the intensity and durational correlates should 
give rise to an iambic (or more generally, final-syllable-
 prominent) rhythmic grouping, as is, in fact, observed. 
Accordingly, it is reasonable to conclude that the iambic/
trochaic law yields perceptual groupings consistent with 

phrasal units in spoken French, thereby facilitating a lin-
guistically relevant parsing of utterances by listeners.

More generally, it is known that final-syllable lengthen-
ing occurs in most, if not all, languages (Klatt, 1975, 1976; 
Lindblom & Rapp, 1973; Oller, 1973) and that final length-
ening actually refers to a nested set of lengthening effects. 
In phrase-nonfinal environments, word-final syllables tend 
to be somewhat longer than word-initial and word-medial 
syllables (Klatt, 1975). Word-final lengthening is consid-
erably greater in a phrase-final position and even greater 
in a sentence-final position (Lindblom & Rapp, 1973). In 
these cases, the effect of the iambic/trochaic law may be to 
accentuate perceptually the demarcation of linguistic units 
at several levels of analysis.

Next, consider the case of English. Unlike French, 
 English is a language with lexical stress, and as is true in 
most such languages, stressed syllables tend to be longer 
and louder and to have higher, more dynamic pitch con-
tours than do unstressed syllables, all else being equal 
(Lehiste, 1970). In light of the present results, these cor-
relates (in particular, intensity and duration) do not appear 
to be conducive to a clear parsing based on either a trochaic 
or an iambic grouping of syllables, because the effect of 
the durational correlate would tend to cancel out the effect 
of the intensity correlate. Thus, although these correlates 
may be assumed to contribute to the perceived prominence 
of stressed syllables, they do not yield a consistent group-
ing effect, at least according to the present results. There-
fore, it seems questionable that the auditory biases implied 
by the iambic/trochaic law actually facilitate the parsing of 
 English utterances into word length units. Further doubts 
on this matter are raised by the finding that whereas Eng-
lish words tend to have a trochaic stress pattern, duration 
and pitch contour cues appear to have greater weight in 
judgments of English word stress patterns than do intensity 
cues (Fry, 1955, 1958). This seems counter to what might 
be expected on the basis of the iambic/trochaic law.

An interesting question for future research is whether, 
in general, languages with word-initial stress differ, in 
their deployment of stress cues, from languages with 
word-final stress. Despite the English example, it is pos-
sible that other languages with word-initial stress tend to 
place greater weight on intensity cues and less weight on 
durational cues than do languages with word-final stress. 
Such a finding would suggest that languages do, in fact, 
exploit the auditory effects of the iambic/trochaic law to 
enhance the segmentation of utterances into words.
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NOTES

1. Because maintaining a constant interstimulus interval across se-
quences was considered desirable, variation in stimulus duration inevi-
tably led to changes in sequence tempo.

2. Since the stimuli in the control sequence were identical, there was 
a single order of onset for the control stimuli.

3. See, however, Benguerel and D’Arcy (1986) for a demonstration 
that rhythmical judgments may not be affected by either linguistic expe-
rience or speech mode (speech vs. nonspeech).

(Manuscript received August 22, 2005;  
revision accepted for publication March 23, 2006.)




