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A series of experiments was carried out to explore the structure of monosyllabic, disyl-
labic, and trisyllabic words and nonwords. In most of the experiments, we used a phoneme
shift task with visually presented stimuli to compare the speed with which hypothetical
constituents could be extracted from one item and substituted into another. When constit-
uents of the syllable and of the stimulus as a whole were confounded in monosyllables,
evidence of an onset/rime or onset/remainder structure was obtained. In addition, initial
clusters beginning with /s/ were less cohesive than other initial clusters. When constituents
of the syllable and of the entire stimulus were unconfounded in disyllables, no influence of
syllable structure was evident. Finally, when edge effects were eliminated by focusing on
the middle syllables of trisyllables, effects of syllable structure emerged. These syllable-
structure effects appeared with the phoneme shift task and with an unspeeded task involving
auditory stimulus presentation. The results suggest that both word structure and syllable

structure characterize spoken words.

What is the internal structure of a sylla-
e ot enes

may be distinguished (Vennemann, 1988).
The simplest idea is that the syllable is a
linear string of phonemes, /d/ followed by
Itl, i/, ffl, and /. In this linear view, the
syllable has no internal structure. Each
phoneme is linked both to the phoneme that
precedes it and the phoneme that follows it.
The second possibility is a flat structure.
Here, the syllable has three parts—an on-
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set, a peak, and a coda. The onset is the

in the example. The peak (sometimes called
the nucleus) is /1/; the coda is /ft/. In this flat
view, /r/ is more closely linked to /d/, the
other member of the onset, than to /1/.
However, there is no difference in the af-
finity of /1/ with /t/ and /f/ since /i/ does not
belong to the same unit as either the pre-
ceding or the following phoneme. Finally,
the syllable may have a hierarchical struc-
ture. Two types of hierarchical structure
have been distinguished depending on how
the basic units of onset, peak, and coda are
grouped together. The first is a rime struc-
ture. Here, the peak and the coda are joined
at a higher level to form the rime. Thus, /1/
is more closely linked to /f/ than /r/ because
/1/ and /f/ belong to the same constituent of
the syllable, the rime. A second possible
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hierarchical structure is the body structure.
In this view, the onset and the peak form a
unit called the body. In this case, /1/ is more
closely linked to the preceding /r/, which also
belongs to the body, than to the following /f/.

According to many linguists, English syl-
lables have a hierarchical structure of the
rime type (e.g., Cairns & Feinstein, 1982;
Fudge, 1969, 1987, 1989; Kiparsky, 1979;
Selkirk, 1982). However, some linguists fa-
vor a hierchical structure of the body type
(Iverson & Wheeler, 1989) while others fa-
vor a flat structure (e.g., Clements & Key-
ser, 1983). A linear structure is not cur-
rently popular in linguistics.

Behavioral evidence has been thought to
provide strong support for the idea that En-
glish syllables have a hierarchical onset/
rime structure. Some of this evidence in-
volves spontaneous errors in the produc-
tion of speech (e.g., MacKay, 1972;
Stemberger, 1983). For example, errors
called blends often join the onset of one
word (e.g., the /KV/ of close) with the rime of
another word (e.g., the /ir/ of near) to pro-
duce an unintended utterance (clear).
Blends that divide words at the onset/rime
boundary are more common than blends
that divide words at other points.

Other behavioral evidence in support of
tory studies. In a study by Treiman (1986,
Experiment 7), college students heard con-
sonant-vowel-consonant (CVC) items. The
students attempted to learn a game in which
the second and third phonemes of each
CVC were replaced with a fixed sequence,
for example /al/. If the syllable has a hier-
archical rime structure, this game should be
relatively easy to learn because it replaces
the entire rime as a unit. On another occa-
sion, the students learned a game in which
the first and second phonemes of each CVC
were replaced with /1a/. This game should
be harder to learn according to the rime
view since what is replaced is part of two
different constituents. The first game was
casier to master than the second, leading
Treiman (1986) to favor the rime theory.
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In another set of laboratory studies,
Fowler (1987) adapted a procedure devel-
oped by Carter and Bradshaw (1984). Col-
lege students were to exchange particular
phonemes in two visually presented words
and pronounce the resulting words as
quickly and accurately as possible. For ex-
ample, subjects might see ton and pick. In
the initial-consonant exchange condition of
the experiment, they said /pan tik/. In the
final-consonant exchange condition, they
said /tak pin/. Performance was faster and
more accurate for exchanges of initial con-
sonants than for exchanges of final conso-
nants. Fowler (1987) interpreted these re-
sults to support a hierarchical rime struc-
ture for the English syllable. On this view,
the initial consonant is easily detached from
the rest of the syilable because it forms a -
separate constituent. The final consonant,
being part of the rime, is less easily sepa-
rated.

The speech error results, together with
experimental findings such as those of
Fowler (1987) and Treiman (1986), are con-
sistent with the idea that English syllables
have a hierarchical onset/rime structure
(see Treiman, 1989, for a detailed discus-
sion of the evidence). However, Davis
(1989) recently posed an important chal-

pointed out, many of the words that are in-
volved in natural speech errors and most of
the stimuli that have been used in experi-
ments contain a single syllable. What ap-
pears to be a division between the syllable
onset and the syllable rime may actually be
a division between the word-initial conso-
nant and the remainder of the word. Thus,
the division between /t/ and /an/ of /tan/,
which looks like a division between the syl-
lable’s onset and the syllable’s rime, may
actually be a division between the onset of
the word and the rest of the word. Because
the word contains a single syllable, it is not
possible to distinguish between the rime of
the first syllable and that portion of the
word that consists of everything except the
word onset. Thus, the behavioral results
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may be explained by proposing that word
onsets have a special status.

Consistent with Davis’ (1989) proposal,
there is evidence that the first phonemes of
words are special. For example, spooner-
isms typically involve consonants at the be-
ginnings of words, as in ‘‘they cut their
shair hort’’ for ‘‘they cut their hair short.”
This is true whether the words contain one
syllable or more than one syllable (Shat-
tuck-Hufnagel, 1987). Browman (1978) re-
ported similar observations on tip-of-the-
tongue errors, errors in which speakers
cannot retrieve a word but can provide
words that are phonologically similar to the
one for which they are searching. Fre-
quently, the guesses begin with the same
phoneme or phonemes as the correct word
(see Brown, 1991). The guesses are less
likely to share a final phoneme with the cor-
rect word and less likely still to share a me-
dial phoneme. The shared word-initial se-
quences are not necessarily onsets, how-
ever. In Browman’s (1978) corpus, they
were as likely to be consonant-vowel (CV)
units (which are not a constituent according
to the rime view) as consonant—consonant
(CC) clusters (which are a constituent).
These results suggest that suprasegmental
representatlons may be structured In terms

syllable, w1th the first few phonemes of the
word having a special status.

To distinguish between word-based
structure and syllable-based structure, it is
necessary to go beyond previous work by
examining words that contain more than
one syllable. Only then is the ‘‘remainder of

the word”’ unit not the same as the syllable
rime. If Davis (1989) is correct, a word such
as breakfast is divided into an initial onset
unit, /br/, and a remainder unit, /ekfast/.
There is no separate /ek/ unit as the rime of
the first syllable. On the other hand, if
structure is a syilable-based matter, /br/
(the onset of the first syllable), /ek/ (the
rime of the first syllable), /f/ (the onset of
the second syllable), and /ast/ (the rime of
the second syllable) should all behave as
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units. It is also possible that both words and
syllables are important. In this view, word-
initial onsets have a special status but the
individual syllables of polysyllabic items
are made up of onset and rime units (see
Berg, 1989).

To address these issues, several of the
experiments reported here use tasks similar
to those of Fowler (1987) and Treiman
(1986) with polysyllabic stimuli. We ask
whether there is evidence for onsets and
rimes within the syllables of these items.

EXPERIMENT 1

To date, Fowler’s (1987) task has only
been used with simple CVC stimuli. Before
extending the task to more complex stimuli,
including those that contain more than one
syllable, we must verify that the task is sen-
sitive to the cohesive nature of cluster on-
sets at the beginnings of words. This was
the first goal of Experiment 1. We expected
that the /br/ of brim (a word-initial conso-
nant cluster) would detach from its syllable
more easily than the /bi/ of bilk (a word-
initial consonant plus part of a rime). Relat-
edly, the /b/ of brim should be harder to
detach than the /b/ of bilk. These predic-
tions follow from most syllable-based theo-
ries, accordmg to whlch mltlal consonant

low from Dav1s (1989) word-based view,
which grants a special status to word-initial
consonant clusters.

A second goal of Experiment 1 was to
test a modification of Fowler’s (1987) task.
Fowler’s subjects exchanged two specified
consonants in visually presented stimuli.
Thus, subjects in the initial-consonant ex-
change condition responded /pan tik/ upon
seeing fon pick. In the present studies, sub-
jects made only one substitution. On seeing
mat brim, for example, subjects said /bat/
in the one-phoneme shift condition (i.e.,
they moved /b/ only) and /bret/ in the two-
phoneme shift condition (i.e., they moved
both /b/ and /r/). By having subjects make
only one response, we could use a greater
variety of initial clusters.
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A third goal of Experiment 1 was to ex-
amine the effect of the sonority of the
postvocalic consonant on performance in
the phoneme shift task. Phonemes may be
arrayed along a sonority scale according to
their vowel-likeness or degree of loudness.
Vowels are the most sonorous type of pho-
neme, followed in turn by liquids, nasals,
glides, and obstruents (see Clements, 1990,
for discussion of sonority). In a post hoc
analysis, Fowler (1987) found that more so-
norous consonants took longer to shift than
less sonorous consonants. This held true
for both prevocalic and postvocalic conso-
nants. This result suggests that sonorous
consonants form especially cohesive units
with the vowel. Derwing, Nearey, and Dow
(1987) found similar effects of sonority for
pre- and postvocalic consonants in word
game tasks; Treiman found these effects for
postvocalic consonants (Treiman, 1984) but
not for prevocalic consonants (Treiman,
1986). In Experiment 1, we manipulated the
sonority of the postvocalic consonant. We
asked whether subjects took longer to shift
the initial CV when the consonant after the
vowel was a liquid or nasal than when it
was an obstruent. Thus, subjects received
pairs like mat bilk (postvocalic liquid), mat
bins (postvocalic nasal), and mat bids

/b1 was easier to shift in mat bids than in
the other pairs.

Method

Stimuli. The experimental trials were de-
rived from 24 sets of four word pairs. A
sample set of word pairs together with its
associated responses appears in Table {.
Each set contained four pairs of monosyl-
labic real words. The phonological form of
the first word was always CVC, as in mat.
The form of the second word varied across
the four members of the set, as described
below. Within a set, all four pairs shared
the same first word. The second words of
each pair within a set shared their initial
consonants and vowels, but differed in
other ways that realized four distinct trial
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TABLE 1
SAMPLE SET OF STIMULI FOR EXPERIMENT 1 WITH
ITs ASSOCIATED RESPONSES

Responses
Trial type Stimulus pair R1 R2
IC (initial cluster) mat brim bxt/  [orzt/

S1 (coda sonority

degree 1) mat bilk bt/ fort/
S2 (coda sonority

degree 2) mat bins fbat!  fort/
S3 (coda sonority

degree 3) mat bids bt/ fort/

types. We will label the trial types IC (initial
cluster), S1, S2, and S3 (sonority of postvo-
calic consonant degrees 1, 2, and 3). In trial
type IC, the second word of each pair began
with a consonant cluster, as in brim. In the
S trials, the second word of each pair began
with a single consonant, as in bilk, bins, and
bids. Across trial types S1 to S3, the second
members of the word pairs differed in the
sonority of their postvocalic consonants. In
trial type S1 the postvocalic consonant was
a liquid, as in bilk. In trial type S2 the
postvocalic consonant was a nasal, as in
bins; in type S3 it was an obstruent, as in
bids. Sonority of these consonant types de-
creases in the series from S1 to S3. If so-

with the preceding vowel, then splitting a
syllable between the vowel and the follow-
ing consonant should be progressively eas-
ier in the series S1, S2, S3.

Across the four trial types, the words
were matched in average length (in pho-
nemes: 3.9, 3.6, 3.8, 3.6 for trial types IC
and S1-S3, respectively; in letters: 3.9, 4.0,
4.0, 4.1) and in average frequency (25.5,
30.9, 25.5, and 30.4 words per million from
Kuéera & Francis, 1967).

Each of the four trial types was associ-
ated with two response conditions. In re-
sponse condition R1, subjects substituted
the initial consonant of the second word of
a pair for the initial consonant of the first
word. In the example of Table 1, stimulus
pair mat brim is associated with the R1 re-
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sponse /bat/. For these IC trials, response
condition R1 required subjects to split the
second word within the syllable onset,
which was predicted to be difficult. For the
other trial types (S1 to S3), response con-
dition R1 required subjects to split the sec-
ond word between its onset and its rime,
which was predicted to be easier. Because
the four word pairs of each stimulus set had
the same first word and shared the initial
consonant of the second word, responses
were identical across the four trial types in
the R1 response condition. Responses were
real words with an average frequency of
68.9 (Ku¢era & Francis, 1967).

In response condition R2, subjects sub-
stituted the first two phonemes of the sec-
ond word for the corresponding phonemes
of the first word. In the example of Table 1,
responses are /breet/ for the IC trial and /bit/
for trial types S1 to S3. Response condition
R2 involved moving just the syllable onset
on IC trials. In trials of types S1 to S3, re-
sponse condition R2 required moving both
the onset and the vowel. Thus, we pre-
dicted that R2 responses would be faster for
trial type IC than for trial types S1 to S3. In
response condition R2, as in R1, results of
the transformation were always real words.
Now, however, responses were the same

quency 46.1); they were different for IC tri-
als (average frequency 21.5). This fre-
quency difference was necessary given
other constraints on stimulus selection; in
any case, it favors conditions that we pre-
dict will have long response times.

The 24 sets of four trial types each par-
ticipating in two response conditions pro-
duced 192 trials. These were partitioned
into eight blocks of 24 trials. Each block
contained one member of each stimulus set.
Across the 24 trials, each trial type ap-
peared three times in each of the two re-
sponse conditions.

A feature of the design of the experiment
about which we equivocated concerned
whether each subject should experience all
192 trials or just one block of 24 trials. An
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advantage of the first option is that each
subject provides a maximum of 24 re-
sponses in each of the eight cells of the de-
sign whereas each subject provides a max-
imum of just three responses in each block.
A disadvantage is that, across blocks, sub-
jects get asymmetrical practice on S as
compared to IC trials. That is, subjects see
three times as many trials in which they
move the initial consonant in a singleton-
initial stimulus than those in which they
move the initial consonant in a cluster-
initial stimulus, and they see three times as
many trials in which they move a CV in a
singleton-initial stimulus than those in
which they move a CC in a cluster-initial
stimulus. The first asymmetry might en-
hance a predicted difference while the other
might reduce or eliminate another.

Our solution was to present all eight
blocks to subjects, but to rotate the blocks
across subjects using a Latin square design.
In this way, across groups of eight subjects,
every stimulus appeared once in each block
in each stimulus and response condition.
Using this procedure, we could compare
the response pattern in the first block of
trials with that across the eight blocks. In
case the patterns were different, we de-
cided to restrict the analysis to just the first

block-© e d

out, the results were generally quite similar
in pattern in the first block as across the
eight. However, there were some differ-
ences; accordingly, we present here the re-
sults on the first test block only.
Procedure. Subjects were run individu-
ally. They were instructed that, on each
trial, they would see a pair of words on an
exposed line on the computer-terminal
screen in front of them. The words would
be printed in lower case except for a subset
of the letters at the beginning of the second
word, which would be capitalized. The task
was to replace the corresponding sounds of
the first word with the sounds represented
by the capitalized letters of the second
word. Subjects were to make the substitu-
tion and say the resulting word as quickly
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as possible into a microphone before them.
Spoken responses triggered a voice key and
stopped a millisecond clock.

Examples of possible trials were pre-
sented on file cards to give subjects some
initial practice. The examples were de-
signed to clarify the idea of exchanging
sounds rather than letters and the idea of
replacing ‘‘corresponding’’ parts of the two
words of a pair. When subjects indicated
that they understood the instructions, the
experiment proper began with a block of
24 practice trials. The practice trials used
different words than the test trials. Each of
the eight conditions of the test items was
represented equally often in the practice
trials.

In this and later blocks of trials, stimulus
pairs were centered on the top line of the
terminal screen. Lines below the top line
were masked with opaque paper. The ex-
perimenter sat opposite the subject watch-
ing a different monitor on which the stimu-
lus pair as well as the correct response was
printed. If the subject made an error on a
practice trial, including a mispronunciation
of the stimulus, the experimenter corrected
the subject. No such feedback was given on
test trials. On all practice and test trials, the
response time in milliseconds was printed
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Results

The response-time analyses in this and
the following experiments were based on
response times to correct responses. We
eliminated response times longer than 4000
ms (less than 1% of trials in this experi-
ment) and trials on which either the voice
key failed to trigger or was triggered by a
stray sound (2% of trials). To reduce any
disproportionate effect of long response
times, we transformed response times to
speed scores (that is, the reciprocals of re-
sponse times). For ease of interpretation,
the tables present averages transformed
from speed scores back into response
times.

Where appropriate, the data were ana-
lyzed both by subjects and by items. Only
those results that reached the .05 level of
significance in both types of analyses will
be reported. The means presented in the
tables are based on the subjects analyses.

Table 2 presents the response times and
accuracies in Experiment 1 for the first
block of trials. Accuracy was generally high
and did not differ as a function of trial type
or response condition. Response times
were shorter overall in condition R1, where
one phoneme was shifted, that in condition
R2, where two phonemes were shifted

— o thre subject s screemafter the subject re-

sponded. In addition, the average response
time was printed on the screen after each
block. Following the practice trials, the
eight blocks of test trials were presented.
The order of blocks was varied across sub-
jects as described earlier. In addition, the
trials of a block were randomized differ-
ently for each subject. For this and the
other experiments, subjects’ responses
were recorded on cassette tape to allow
verification and transcription of errors.

Subjects. Sixteen Dartmouth College stu-
dents participated in exchange for course
credit. All subjects in this and subsequent
experiments were native speakers of En-
glish who reported normal speech and hear-
ing.

(Fy(1,15) = 22.56; F,(1,23) = 2595; p <
.001 for both). Response times did not dif-
fer across the four trial types. However, the

TABLE 2
MEAN RESPONSE TIMES (MILLISECONDS) AND
ACCURACIES (PERCENTAGE CORRECT) IN FIRsT
BLock oF EXPERIMENT |

Response time Accuracy

Condition R1 R2 R1 R2

IC (initial cluster) 1642 1578 94 92
S1 (coda sonority

degree 1) 1327 1762 96 94
S2 (coda sonority

degree 2) 1384 1620 88 92
S3 (coda sonority

degree 3) 1494 1725 92 85
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interaction of trial type and response con-
dition was significant (F,(3,45) = 5.46,p =
.003; F,(3,69) = 3.74, p = .015).

We used Scheffé tests to test predictions
of the experiment. One prediction was that
on R1 trials, subjects should be slower
when the responses required breaking up a
syllable onset (IC) than when it did not
(S1-S3). This prediction was confirmed
(F(7,69) = 8.95; Fx(7,45) = 10.86; p <
.001 for both). On R2 trials, we predicted
that the condition in which subjects split
syllables between the initial cluster and the
vowel (IC) would lead to faster response
times than the conditions in which subjects
split words between the vowel and the fol-
lowing consonant (S1-S3). This prediction
was also confirmed (F,(7,69) = 2.71, p =
.015; Fy(7,45) = 2.83, p = .016).

Another way to examine the interaction
of response condition and trial type is to ask
whether subjects are faster in condition R2
than condition R1 for IC trials. Such a dif-
ference is expected because condition R2
involves splitting the syllable between the
onset and the rime, whereas condition R1
involves splitting the onset itself. Similarly,
we can ask whether subjects are faster in
condition R1 than in R2 for trials of types of
S1 to S3. Such a difference is expected be-

tween the onset and the rime, whereas R2
involves splitting the syllable within the
rime. Although numerical differences fa-
vored the first prediction, the results did
not approach significance (nor were they
significant when the results for all eight
blocks of the experiment were pooled).
However, the second prediction was con-
firmed both numerically and statistically
(F(7,45) = 5.01; F5(7,69) = 4.63; p < .001
for both).

Another aim of the experiment was to
ask whether the sonority of the postvocalic
consonant affects its cohesion with the
vowel. If more sonorous consonants are
more cohesive with a vowel, then we
should find progressively slower response
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times in response condition R2 across trial
types S3 (obstruents), S2 (nasals), and S1
(liquids). The ordering of response times
for these trial types (1725, 1620, and 1762
ms, respectively) do not confirm the predic-
tions. However, S3 trials produced unex-
pectedly long response times in response
condition R1 as well as in R2. To eliminate
the effects of those overall slow times,
whatever their source may be, we sub-
tracted response times in condition R1 from
those in R2 in each of the three S trial types.
These difference scores enable us to ask
whether subjects are slower in condition R2
as compared to R1 when the vowel must be
split off from a more, as compared to a less,
sonorous consonant. Difference scores re-
vealed the predicted ordering across the
three conditions (S3: 231 ms; S2: 237 ms;
S1: 435 ms). However, the difference
scores did not differ significantly from one
another.

Error analysis. Subjects made few errors
in the first block of trials. Some of the er-
rors that they did make (stutters or substi-
tutions of segments from outside the stim-
ulus strings) do not provide information
about the role of syllable structure in their
performance. When these errors were elim-
inated, there were just 29 errors across the

the errors further.

Discussion

The results of Experiment 1 indicate that
Fowler’s (1987) phoneme exchange task, in
which subjects exchange phonemes from
two visually presented stimuli and produce
two vocal responses, can be simplified. In
the modified task, the phoneme shift task,
subjects shift a phoneme or phonemes from
one visually presented stimulus to another
and produce one vocal response.

The phoneme shift task is sensitive to the
cohesive nature of word-initial consonant
clusters. In Experiment 1, subjects shifted
a word-initial consonant more rapidly when
it was an onset on its own (trial types S1 to
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S3) than when it was part of a cluster onset
(trial type IC). Conversely, subjects shifted
a pair of phonemes more rapidly when the
pair of phonemes was a cluster onset (trial
type IC) than when the pair of phonemes
was a consonant followed by a vowel (trial
types S1 to S3). These results are compat-
ible with the theory that monosyllabic En-
glish words have a hierarchical structure of
the onset/rime type, or indeed with any the-
ory in which word-initial consonant clus-
ters behave as cohesive units.

The present results go beyond those of
previous studies that have used non-
speeded word games to examine the cohe-
sive nature of word onsets (Treiman, 1983,
1986). In the word game studies, people
more easily learn manipulations in which
onsets behave as units than those in which
they do not. In the present study, accuracy
was over 90% and did not differ signifi-
cantly across conditions. However, differ-
ences among the conditions were revealed
in response times. Conditions in which an
onset was shifted generally yielded faster
responses than those in which the shift in-
volved less than an onset or more than an
onset. Together, Treiman’s (1983, 1986)
findings involving the learning of relatively
difficult word games and the present find-
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Linguists have noted some unusual features
of clusters that start with /s/. First, the only
three-consonant initial clusters that occur
in English are composed of /s/ followed by
a stop consonant, as in /spr/ and /skw/. Sec-
ond, /s/-stop clusters deviate from a general
pattern by which more sonorous conso-
nants occur closer to the vowel while less
sonorous consonants occur farther from the
vowel. Initial clusters such as /pl/ respect
this pattern; the liquid /I/ is more sonorous
than the obstruent /p/. However, /s/-stop
initial clusters such as /sp/ do not follow the
typical sonority pattern; /p/ is not more so-
norous than /s/.

The unusual features of /s/-stop clusters
have led linguists to two quite different pro-
posals. Some linguists have suggested that
these apparent clusters are not really clus-
ters at all. Instead, they are complex uni-
tary segments that are represented ortho-
graphically as clusters (Ewen, 1982; Fudge,
1969; Selkirk, 1982). If /sp/, /st/, and /sk/ are
single units, one avoids the need to postu-
late a third slot in the onset that only /s/ can
fill. In this view, /s/-sonorant clusters such
as /sl/ and /sw/ are similar to ‘‘normal’’ clus-
ters such as /pl/ and /tw/. It is only /s/-stop
clusters that are single units.

A second possibility is that the /s/ at the

ngs mvolvmg the speed of periormance of

relatively easy tasks strongly support the
psychological reality of the word onset.

In their numerical patterning, our find-
ings on the sonority of the postvocalic con-
sonant replicate those of Derwing et al.
(1987), Fowler (1987), and Treiman (1984).
That is, response times to shift a vowel be-
fore a liquid tended to be slower than times
to shift a vowel before a nasal or an obstru-
ent. However, variability was high in the
present experiment and the differences
were not significant.

EXPERIMENT 2

In Experiment 2, we looked further at ini-
tial consonant clusters. In particular, we
compared those initial clusters that begin
with /s/ to those initial clusters that do not.

beginning of a cluster 1s not actually part of
the onset, even when the cluster is at the
beginning of a word (Kaye, Lowenstamm,
& Vergnaud, 1990). Instead, /s/ is part of

- the rime of the preceding syllable. Kaye et

al. (1990) cite several pieces of evidence
from spoken Italian to support their claim,
although they do not present any evidence
from English. The proposal is that /s/ clus-
ters differ structurally from clusters such as
/bl/ and /tw/ whether the consonant that fol-
lows /s/ is a stop or a sonorant.

Treiman, Gross, and Cwikiel-Glavin
(1992) provided behavioral evidence for the
second perspective on /s/-consonant se-
quences in spoken English, at least when
the sequence appears in the middle of a
word. In several tasks, including multiple-
choice selection of an appropriate syllabifi-
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cation for a spoken nonword and produc-
tion of only the first or only the second syl-
lable of a spoken nonword, people
syllabified /s/-consonant sequences differ-
ently than sequences such as /pl/ and /tw/ in
the middles of words. For example, in di-
syllables with final stress, people often syl-
labified between the consonants of /s/-
consonant sequences. This occurred
whether the consonant was a stop or a so-
norant. In contrast, people typically syllab-
ified before the first consonant in other
clusters, thus maximizing the onset of the
second syllable (see also Treiman &
Zukowski, 1990).

Do /s/ clusters behave differently than
non-/s/ clusters at the beginnings of words
as well? Treiman (1986), studying adults’
ability to learn novel word games, found
that /s/ clusters as well as non-/s/ clusters
were treated as units. There were no appar-
ent differences in the cohesiveness of vari-
ous initial clusters. However, Stemberger
and Treiman (1986) reported that, in natural
and experimentally elicited speech errors,
the first consonant of a word-initial cluster
was more likely to be lost when it was /s/
than when it was not /s/. This result is con-
sistent with the idea that /s/ is less closely
bound to the followmg consonant than is

drop the /s/ of Is/ clusters, saymg spoon as
foun/ or /pun/. In contrast, they typically
drop the second phonemes of clusters such
as /bl/, saying blue as /bu/ (Smith, 1973).
In Experiment 2, we looked further at
clusters at the beginnings of words. Be-
cause Experiment 1 did not include enough
Is/ clusters for separate analyses, Experi-
ment 2 was designed to compare various
types of /s/ clusters and non-/s/ clusters. We
attempted to distinguish behaviorally the
ideas that (1) /s/ clusters are like other clus-
ters; (2) /s/-stop clusters are complex uni-
tary segments, whereas /s/-sonorant clus-
ters are true clusters (Ewen, 1982; Fudge,
1969; Selkirk, 1982); and (3) the /s/ of initial
clusters does not belong to the syllable on-
set, regardless of the nature of the second
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element of the cluster (Kaye et al., 1990). If
Is/ clusters are like other clusters, then peo-
ple should find them no easier or harder to
break up than other clusters. If /s/-stop
clusters are complex unitary segments,
they should be especially difficult to divide.
Finally, if the /s/ does not form a constitu-
ent with the following consonant, it should
be particularly easy to break apart the clus-
ter.

Method

Stimuli. There were 240 test trials pre-
ceded by 30 practice trials. Each test trial
consisted of two nonsense words.! The first
nonword always had the phonological form
CVC and the second always had the form
consonant-consonant-vowel-consonant.
Vowels were designed to be pronounced as
lax. Word-initial singleton consonants were
stops, fricatives, nasals, or /I/ balanced
over the independent variables of the ex-
periment, cluster type and response condi-
tion (R1 and R2). Four classes of cluster
were each represented by 60 test trials: (1)
Isl-stop clusters (/s/ followed by /p/, /t/, or
/k/); (2) /s/-sonorant clusters (/s/ followed
by n/, lm/, I/, or Iw/); (3) fricative-sonorant
clusters (/f/, /8/, or /{/ followed by /r/ and A/
followed by /l/) (4) stop-sonorant clustcrs

or /w/ /k/ followed by /r/ or /). Table 3
shows sample pairs in each category and
their associated responses. Practice trials
were designed in the same manner as the
test items but used clusters that were not in
the test list.

As in Experiment 1, either the first letter
or letters corresponding to the first pho-
neme (condition R1) or the letters corre-
sponding to the first pair of phonemes (con-
dition R2) of the second member of each
stimulus pair was capitalized on each trial.

! Although it would have been preferable to use real
word stimuli, as in Experiment 1, this was not possible
in Experiment 2 and the following experiments. There
were not enough real words with the appropriate pho-
nological structure that remained real words after the
transformations required of our subjects.
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TABLE 3
SAMPLE STIMULI AND RESPONSES FOR
EXPERIMENT 2

Cluster type Stimulus pair Responses
Ri R2
{s/-stop gav spem Isev/ Ispzv/
Is/-sonorant hep snid Isep/  Isnep/
Fricative-sonorant het fluk ffet/ fflet/
Stop-sonorant bup twiz itap/  twap/

Subjects’ task was to shift the phonemes
represented by the capitalized letter(s) from
the second nonword to the corresponding
position of the first nonword.

In this experiment, unlike in Experiment
1, response words differed in their initial
consonants across the four types of clus-
ters. Response times may therefore differ
across cluster types because the voice key
triggers later for some initial consonants
than others. We did not correct for this,
however, since our interest was in the
within-cluster comparison of the response
times for R1 and R2 shifts.

Two complementary test orders were de-
vised so that, in one, a given nonword pair
was in the R1 condition, whereas in the
other it was in the R2 condition. Half of the
test items in each list were in the R1 con-
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TABLE 4
MEAN RESPONSE TIMES (MILLISECONDS) AND
ACCURACIES (PERCENTAGE CORRECT)
IN EXPERIMENT 2

Response times Accuracy

Cluster type R1 R2 Ri R2
/s/-stop 1083 1035 90 93
/s/-sonorant 1048 1016 94 93
Fricative-sonorant 1071 1000 86 92
Stop-sonorant 1089 978 94 94

first block of 24 trials only, whereas these
data are for 240 trials. Subjects’ responses
in the phoneme shift task become faster
with practice. Despite the overall differ-
ence in response times, the pattern of re-
sults for stimuli with initial consonant clus-
ters is similar to that seen in Experiment 1.

“Specifically, responses were faster for

whole-cluster shifts (R2) than for shifts in-
volving the first consonant of the cluster
(R1). The numerical differences do not sup-
port the idea that /s/-stops are particularly
cohesive. Rather, they appear more com-
patible with the claim of Kaye et al. (1990)
that /s/-consonant sequences do not form
an onset constituent.

Response times and accuracies were sub-
jected to analyses of variance with the fac-

dition and half were in the R2 condition.
Each subject received one test list and the
lists were randomized differently across the
subjects.

Procedure. The procedure was the same
as in Experiment 1.

Subjects. Subjects were 24 students from
the same population as in Experiment 1.

Results

The data were handled as in Experiment
1. Less than 1% of trials were eliminated
either for response times exceeding 4000
ms or for failures of the voice key to trigger.
Table 4 presents the descriptive statistics.
As shown, responses were faster than those
reported for comparable conditions in Ex-
periment 1. One reason for this is that the
data reported for Experiment 1 are for the

tors of cluster type and response condition.
In the analyses of response times, both
main effects were significant (cluster type:
F,(3,69) = 4.87, p = .004; F,(3,472) =
6.81, p < .001; response condition: F,(1,23)
= 53.51; F,(1,472) = 102.35; p < .001 for
both), as was the interaction between them
(F,(3,69) = 18.56; F,(3,472) = 11.63;p <
.001 for both). The interaction reflects the
fact that the magnitude of the R1/R2 differ-
ence varied considerably across cluster
types. Although R2 responses (shift of the
whole cluster) tended to be faster than R1
responses (shift of just the first consonant
of the cluster) for all cluster types, the su-
periority of R2 over R1 was smallest when
the cluster began with /s/. In Scheffé tests,
the R1/R2 difference was significant only
for the fricative-sonorant and stop-sonorant
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clusters (fricative-sonorant clusters:
F,(7,69) = 11.51, p < .001; F,(7,472) =
2.39, p .02; stop-sonorant clusters:
F(7,69) = 25.51; F)(7,472) = 14.64, p <
.001 for both). Tests contrasting the R2/R1
differences of the two /s/-initial groups with
those of the other two groups were signifi-
cant (F,(3,69) = 14.77; F,(3,177) = 6.48; p
< .001 for both). Thus, there is no evidence
that /s/-stop clusters are particularly cohe-
sive, as Ewen (1982), Fudge (1969), and
Selkirk (1982) proposed. The results seem
more compatible with the proposal of Kaye
et al. (1990) that the /s/ in a word-initial
cluster is not a member of the syllable on-
set.

In the analyses of accuracy, only the two
main effects were significant (cluster type:
F,(3,69) = 449, p = .006; F,(3,472) =
"11.08, p < .001; response condition:
Fy(1,23) = 4.16, p = .05; Fy(1,472) = 9.36,
p = .0025). The interaction was not signif-
icant in both by-subjects and by-items anal-
yses. Overall, subjects were more accurate
when moving both consonants of the clus-
ter (R2 condition) than when moving just
the first consonant (R1 condition).

Error analysis. The errors were classified
into one of 32 cells according to response
condition, cluster type, and error type. In

rors for our purposes are those in which the
whole cluster was moved (R1-CC). In the
R2 condition, the complementary error
type in which just C, was moved (R2-C))
should be less common than R1-CC. (An
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error in which C, only was moved never
occurred.) Occasionally, in both response
conditions, subjects moved the designated
segment or segments but also moved other
segments as well. One common error, par-
ticularly in the R2 condition, was move-
ment of CCV. This was the second error
type that we scored. A third type of error
included any other movement errors—that
is, incorrect movements of segments from
the second stimulus to the first or move-
ments within the first stimulus. The final
error category included all nonmovement
errors; frequent errors in this category were
substitutions of segments from outside the
stimuli.

Table 5 presents the responses falling
into each category as a percentage of all
errors in the cell. For every cluster type but
/s/-sonorant, R1-CC errors (shifts of the
whole onset when subjects were supposed
to shift just the first consonant) were more
common than the complementary R2-C, er-
rors (shift of just the first consonant when
subjects were supposed to shift the whole
cluster). Indeed, R2-C, errors, which break
up syllable onsets, were hardly more fre-
quent than the unlikely (on grounds of syl-
lable structure) CCV movement error. An
analysis of variance was performed to com-
nare R arro nd R orra The

analysis was performed on numbers of er-
rors rather than the percentages given in
the table because it was impossible to com-
pute percentages for several subjects who
made no errors on a particular cluster

TABLE 5
ERRORS IN EXPERIMENT 2 EXPRESSED AS A PERCENTAGE OF ERRORS IN EACH CATEGORY AS A PERCENTAGE
OF ALL ERRORS IN A CLUSTER TYPE BY Rl orR R2 CELL

Response condition

R1 R2
Move Move Move Other Move Move Move Other
Cluster type CC CCv other error C, CCV other error
Is/-stop 45 2 5 49 24 21 8 47
/s/-sonorant 29 0 23 49 34 25 2 39
Fricative-sonorant 69 0 4 27 28 13 4 54
Stop-sonorant 53 0 2 45 15 23 5 58
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type.) In this analysis with the factors of
response type (R1 or R2) and cluster type,
both main effects and the interaction were
significant (response type: F(1,23) =
13.08, p = .0015; cluster type: F,(3,69) =
6.81, p < .001; interaction: F,(3,69) = 9.67,
p < .001). In general, R1-CC errors out-
numbered R2-C; errors. However, the
magnitude of the difference, and for /s/-
sonorant clusters its sign, differed across
cluster types. A planned comparison veri-
fied that clusters beginning with /s/ showed
smaller differences than other clusters
(F;(3,29) = 12.86, p < .001). This finding
suggests that initial clusters beginning with
/s/ do not form a strong unit in the way that
other initial clusters do.

Discussion

In Experiment 2, we compared shifts of
an entire cluster to shifts of just the first
consonant of the cluster. In general, whole-
cluster shifts were faster and more accurate
than first-phoneme-of-cluster shifts. The
preference for whole-cluster shifts was con-
firmed in error analyses. A similar trend for
faster responses to whole-cluster shifts was
found for the initial cluster stimuli of Ex-
periment 1.

The most important finding of Experi-

—ment 2 isthat ot alt- word=initial consomant — commumnication):

clusters are equally cohesive. In particular,
clusters that begin with /s/ seem to be less
cohesive than clusters that do not, regard-
less of whether the phoneme that follows /s/
is a sonorant or an obstruent. Differences
between /s/ clusters and non-/s/ clusters
emerged in the analyses of reaction times.
The superiority for whole-cluster shifts
over first-phoneme-of-cluster shifts was
significantly larger for clusters that did not
begin with /s/ (91 ms) than for clusters that
did begin with /s/ (40 ms). Differences be-
tween /s/ clusters and non-/s/ clusters also
emerged in the error analysis. For non-/s/
clusters, subjects were much more likely to
move the entire cluster when directed to
move just the first phoneme, than to move
just the first phoneme when directed to
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move the entire cluster. For /s/ clusters, the
difference was smaller. However, analyses
of accuracy did not show a significant in-
teraction between cluster type and re-
sponse condition.

The results of Experiment 2 do not sup-
port the idea that /s/-stop clusters are com-
plex unitary segments whose elements are
more closely bound than the elements of
clusters such as /bl/ (Ewen, 1982; Fudge,
1969; Selkirk, 1982). To the contrary, the
segments in /s/-stop and /s/-sonorant clus-
ters seem to be less united than are the seg-
ments in clusters such as /bl/. Although /s/
clusters behave as units to some extent, it is
easier to break up an /s/ cluster and shift
just the first consonant than to do the same
for a non-/s/ cluster. These results are com-
patible with findings of Stemberger and
Treiman (1986) and Treiman et al. (1992), as
well as with children’s tendency to lose /s/
from /s/ clusters (Smith, 1973). The resuits
may be interpreted to suggest that /s/ is not
a part of the onset in the same way that the
first phonemes of other syllable-initial clus-
ters are (Kaye et al., 1990). However, /s/
clusters at the beginnings of words behave
as units to some extent, consistent with the
views of Kaye et al. (1990) on the interac-
tions between constituents (Kaye, personal

ExPERIMENTS 3A 10 3C

So far, we have found that whole-cluster
shifts are favored when monosyllabic stim-
uli begin with a consonant cluster, espe-
cially a non-/s/ cluster, but that single-
consonant shifts are favored when mono-
syllabic stimuli begin with a single
consonant. These results may reflect the
structure of the English syllable. However,
because the stimuli have been composed
only of monosyllables, we cannot know
that syllable structure, as compared with
word structure, is the important variable.
As discussed in the introductory remarks,
the literature suggests that word onsets
have a special status.

Experiments 3A to 3C used disyllabic
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stimuli to ask whether the evidence for co-
hesive onsets obtained in Experiments 1
and 2 reflects the structure of the syllable or
the structure of the entire stimulus. The
stimuli for Experiments 3A to 3C were
pairs of nonsense words with the structure
C,VC,C,VC,. Phonotactic constraints
were used in an effort to promote syllabifi-
cation between the two medial consonants.
Thus, C, and C, were consonants such as /t/
and /k/ that cannot serve as clusters within
a syllable. In one experiment (3A), subjects
replaced either C,, a coda consonant, or C;,
an onset consonant, in the first disyllable of
a pair with the corresponding consonant
from the second disyllable. If syllable struc-
ture determines the cohesiveness of a con-
sonant with its neighbors, then C; should be
easier to replace than C,. In a second ex-
periment (3B), subjects replaced one or the
other onset consonant (C, or C,). If only
syllable structure determines the cohesive-
ness of a segment with its context, then
these consonants should be equally easy to
replace. However, if the onsets of words or
nonwords have a special status, then C,
should be easier than C,. In the third ex-
periment of the series (3C), subjects re-
placed a pair of segments: the initial or final
rime of the disyllable or the initial or medial
siveness, then rimes should be easier to re-
place than CVs. If syllable structure alone
determines cohesiveness, with no effects of
word structure, then initial and final rimes
should be equally easy to replace.

The procedure in Experiments 3A to 3C
was the same as that in Experiments 1 and
2. The data were handled as in Experiments
1 and 2. On average, less than 1% of re-
sponses were eliminated because they ex-
ceeded 4000 ms. However, 4.5% of re-
sponses were eliminated because the voice
key did not trigger on the subject’s re-
sponse. This included failures of the voice
key to trigger at all, triggering on an extra-
neous sound, such as ‘‘uh,”” and trials in
which the subjects paused between the syl-
lables of the disyllabic response.
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EXPERIMENT 3A
Method

Stimuli. Stimuli consisted of two sets of
50 nonsense disyllable pairs composed
from a sampling of five vowel spellings (a,
e, i, 0, u pronounced as lax vowels) and 18
single-letter consonant spellings. An exam-
ple of a pair is mupnav leFbok, pronounced
as /mapnzv lefbak/. In one transformation,
subjects shifted C,, as indicated by the cap-
italized letter in the example, to produce
/mafnzv/. In another transformation, C,
was capitalized (mupnav lefBok) and sub-
jects shifted it to produce /mapbzv/. A sec-
ond set of items, constructed from the first,
switched the order of the two medial con-
sonants of each disyllable. Across lists,
then, the same consonants appeared as C,
and C,. All responses were nonwords. As far
as possible, the individual syllables of the
stimuli and responses were nonwords too.

Two lists of 100 items were created from
the two base sets of 50. In each list, 50
items had C, of the second disyllable of a

~ pair capitalized; the other 50 items had C,

capitalized. In the second list, the assign-
ment of capitalized C, and C, was reversed.

Test trials were preceded by 20 practice
trials consisting of disyllables similar to

required that C, be shifted and 10 required
that C, be shifted.

Half of the subjects were assigned to
each list. Of the subjects assigned to each
list, half pronounced the disyllables with
first syllable stress; the other half pro-
nounced them with second-syllable stress.
Examples were pronounced by the experi-
menter and then by the subject to illustrate
the proper stress pattern.

Procedure. The procedure was identical
to that of Experiment 1.

Subjects. The subjects were 32 students
from the same population as Experiment 1.

Results

Table 6 presents response times and ac-
curacies. Numerical differences do not sup-
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TABLE 6
MEAN RESPONSE TIMES (MILLISECONDS) AND
ACCURACIES (PERCENTAGE CORRECT)
IN EXPERIMENT 3A

Response times Accuracy
Coda Onset Coda Onset
Stress pattern <) Cy €y €y
First-syllable stress 1885 1918 85 78

Second-syllable

stress 2003 2085 85 86

port the hypothesis that cohesion of word-
internal consonants with their context re-
flects syllable structure. The onset
consonant (C;) was not shifted faster than
the coda consonant (C,).

In analyses of response times with the
factors of consonant type (coda or onset)
and word stress (first or second syllable),
no effect was significant in both items and
subjects analyses. In the analysis of accu-
racy, only the interaction was significant
(F,(1,30) = 7.83, p = .009; F,(1,49) =
9.10, p = .004). The interaction reflects the

. -gcrossover in accuracy depending on sylla-

ble stress. Subjects were more accurate
when shifting a phoneme from a stressed
syllable than one from an unstressed sylla-
ble.
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ible (C,, C, for C, and C, for C,) position in
the second stimulus. There were 3 anticipa-
tions into C, from C,, the compatible loca-
tion, and an average of 4.5 anticipations
from C, or C,. As for C,, compatible and
incompatible anticipations numbered 7
from C, and 18 from C;. Analogously, we
looked at perseveration errors into the C,
and C, slots of the response. Perseverations
into C; numbered 3 from the compatible lo-
cation, C,, and 32 from the incompatible
location, C,. The corresponding numbers
for perseverations into C, were 12 and 11.
In general, then, movements into compati-
ble syllable locations were no more nor less
common than movements into incompati-
ble locations. The exception was move-
ment into the C; slot by C, consonants and
movement into the C; slot by C, conso-
nants, both reflecting movement into an in-
compatible location. This result may reflect
the fact that, in this experiment, C, and C,
were the consonants being moved. Because
these consonants are adjacent, subjects
may have gotten confused on some trials.

E)V(PERIVMENTV '3B' -
Method

Stimuli. Stimuli were pairs of nonsense

Error analysis. We looked first at errors
in which vowels were moved with conso-
nants to ask whether whole rime errors
were more common than CV movement er-
rors. They were not: There were 11 VC er-
rors and 11 CV errors. Thus, it does not
appear that vowels cohere more with fol-
lowing than with preceding consonants, as
the rime theory of syllable structure pre-
dicts. We also looked at errors in which a
consonant was anticipated into an earlier
slot or perseverated into a later slot in the
response. In particular, we looked at antic-
ipations into the C, and C, slots. For exam-
ple, the response /fapn&v/ to mupnav
leFbok would count as an anticipation into
C,. In these locations, the anticipated con-
sonant can come from a compatible (C; for
C, and C, for C,) position or an incompat-

disyllables constructed from the same pool
of consonants and vowels as in Experiment
3A. As in the earlier experiment, all stimuli
and responses were nonwords whose com-
ponent monosyllables were, insofar as pos-
sible, nonwords as well. A sample stimulus
pair is bepniz Kugfam, pronounced as
/bepniz kagfem/. Here, the response was
/kepniz/. In the other list, the second onset
consonant of the word was capitalized
(bepniz kugFam) and the response was
/bepfiz/.

In this set of test materials, unlike in Ex-
periment 3A, response items in different
conditions (C,, C,) had different initial con-
sonants. To guard against spurious re-
sponse-time differences across conditions
due to systematic differences in voice-key
triggering latencies, we matched response
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items approximately for initial consonant
across C, and C; conditions. In the C, con-
dition, there were 44 responses that began
with stop consonants, 15 with nasals, 33
with fricatives, and 8 with nasals, liquids,
or semivowels in the C, condition. The cor-
responding frequencies in the C; condition
were 45, 16, 33, and 6. Test trials were pre-
ceded by 20 practice trials.

Half of the subjects were assigned to
each stimulus list. Half of the subjects on
each list pronounced the disyllables with
first syllable stress; the other half pro-
nounced them with second-syllable stress.
Examples were pronounced by the experi-
menter and then by the subject to illustrate
the proper stress pattern.

Procedure. The procedure was identical
to that of Experiment 1.

Subjects. The subjects were 32 students
from the same population as Experiment 1.

Results

Table 7 presents response times and ac-
curacies. Response times were faster and

accuracies higher for thie first than for the

second onset consonant. Response times to
the second onset consonant were also
faster than they were in Experiment 3A.
This may reflect the fact that

be moved in Experiment 3A were adjacent,
making discrimination between transforma-
tion tasks more difficult than in the present
experiment. Alternatively, the difference
may reflect sampling differences among
_ subjects or items.

TABLE 7
MEAN RESPONSE TIMES (MILLISECONDS) AND
ACCURACIES (PERCENTAGE CORRECT)
IN EXPERIMENT 3B

Response times Accuracy

Initial Medial Initial Medial

onset onset onset onset
Stress pattern (o] €y (Y] €5
First-syllable 1527 1803 91 83
Second-syllable 1613 1895 91 80
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Analyses of variance on response times
with the factors of onset consonant location
(initial or medial) and stress (first or second
syllable) showed only a main effect of onset
location (F,(1,30) = 124.73; F,(1,49) =
384.24; p < .001 for both). Initial onsets
moved more rapidly than medial onsets. In
the analyses of accuracy, too, only the ef-
fect of onset location was significant
(Fi(1,30) = 33.51; Fyx(1,49) = 45.89; p <
.001 for both). Performance was better on
initial onsets than on medial onsets.

Because position in the syllable was held
constant in this experiment, the large re-
sponse time and accuracy differences do
not reflect this variable. Rather, the find-
ings suggest that the position of a conso-
nant in the stimulus, initial or non-initial,
affects its cohesion with the neighboring
phonemes.

Error analysis. As in Experiment 3A, we
looked at anticipation errors into C, and C,
locations and perseverations into C; and
C,. An analysis of variance was performed
with the factors of direction of movement

(anticipation or perseveration), syllable po- _

sition of the slot into which a consonant
moved (onset or coda), preservation or not
of the intended syllable position of the
moved consonant, and word stress. Only
teraction with direction of movement were
significant (main effect: F,(1,30) = 8.11, p
= .008; interaction: F,(1,30) = 28.65, p <
.001). The interaction was significant be-
cause anticipation errors into an onset po-
sition were more frequent than into the
coda position (26 errors versus 1 error,
F,(3,30) = 21.17, p < .001), whereas per-
severation errors into the onset position
(C,) were marginally less frequent than into
the coda position (4 errors vs. 13 errors,
F,(3,30) = 2.49, p = .08). In any case, the
syllable position of the moved segment was
not preserved. Onsets moved into coda po-
sitions as frequently as into onset positions
and vice versa. At most, the pattern seems
to suggest an attraction of consonants to
word edges.
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EXPERIMENT 3C
Method

Stimuli. In this experiment, sequences of
two segments were moved. For half of the
subjects, the sequences were the CV or VC
(rime) in the first syllable of the second di-
syllable of a pair. For the other subjects,
the sequences were the CV or rime of the
second syllable. Disyllables were con-
structed from the same pool of vowels and
consonants and using the same constraints
as in Experiments 3A and 3B. As in Exper-
iment 3B, we matched response items for
initial consonant across the CV and VC
conditions to avoid response-time differ-
ences due to voice-key latency differences.
In the VC conditions, there were 38 initial
stops, 28 fricatives, 13 nasals, and 21 na-
sals, liquids, or semivowels; in the CV con-
ditions, the corresponding frequencies
were 39, 28, 10, and 23.

Two matched lists of 50 stimulus pairs
were constructed, one for presentation to
subjects shifting phoneme sequences in the

first syllables of the disyllables and one for

subjects shifting phoneme sequences in the
second syllables. The lists were matched so
that a pair in the first list consisting of the
syllables S,;S, S;S, appeared in the second
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receiving each list pronounced the words
with first-syllable stress and the other half
pronounced them with second-syllable
stress.

Procedure. The procedure was identical
to that of Experiment 1.

Subjects. The subjects were 32 students
from the same population as Experiment 1.

Results

Table 8 presents the response times and
accuracies. Consistent with the findings of
Experiment 3A, response times and accu-
racies do not pattern as expected if the co-
hesion among segments in the disyllables
reflects an onset/rime syllable structure.

In analyses of response times, the main
effect of syllable (first or second) was sig-
nificant (F,(1,38) = 14.04; F,(1,49) =
579.79; p < .001 for both). Responses were
faster when the phonemes to be shifted
were in the first syllable than in the second
syllable. There was also a main effect of
sequence type (CV or rime) (F,(1,28) =
7.18, p = .01; F5(1,49) = 51.77, p < .001)
and-an-interaction between-syllable-and se=
quence type (F;(1,28) = 13.55, p = .0011;
F,(1,49) = 48.30, p < .001). The interaction
was significant because, whereas CVs were
moved more rapidly than syllable rimes in

— listwith the ordering S;57 5;S5- Inthis way,

across conditions, subjects replaced the
same CV and VC sequences with the same
substituting CVs and VCs; only the posi-
tion of the affected syllable in the disyllable
differed across lists. A sample stimulus pair
is vapkem bufgon, pronounced as /vepkem
bafgan/. Either bu or uf was capitalized so
that /bapkem/ or /vafkem/ was the re-
sponse. In the other list, the disyllable pair
appeared as kemvap gonbuf, again with ei-
ther bu or uf capitalized so that /kembap/ or
/kemvaf/ were the responses.

Each subject received each stimulus pair
twice, once with the CV capitalized and
once with the VC capitalized. Trials were
randomized separately for each subject and
were preceded by 20 practice trials. As in
the earlier experiments, half of the subjects

TABLE 8
MEAN REesSPONSE TIMES (MILLISECONDS) AND
ACCURACIES (PERCENTAGE CORRECT)
IN EXPERIMENT 3C

Response times

First syllable Second syllable
Stress pattern Ccv vC Ccv vC
First-syllable 1535 1777 2140 2053
Second-syllable 1494 1660 2112 2135
Means 1515 1719 2126 2094
Accuracy

First syllable Second syllable

Ccv vC Ccv vC

First-syllable 93 93 85 88
Second-syllable 93 91 83 88
Means 93 92 84 88
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the first syllable of a stimulus (Scheffé:
F,(3,28) = 13.49; F,(3,49) = 40.71; p <
.001 for both), there was no significant dif-
ference in movement times between CVs
and VCs in the second syllable (both Fs
< 1.

In the analyses of accuracy, only the ef-
fect of syllable was significant (F,(1,28) =
5.81, p = .02; F5(1,49) = 5.21, p = .025).
Accuracy was higher for sequences in the
first syllable than for sequences in the sec-
ond syllable. ,

Overall, these results provide no evi-
dence that the syllable constituents postu-
lated by the onset/rime theory contribute to
patterns of cohesion among consonants and
vowels in disyllabic nonwords. Response
times were not faster and accuracies were
not higher to VCs, which are thought to be
syllable constituents, than to CVs, which
are not constituents.

Error analysis. We looked at four cate-
gories of error that should distinguish the
CV and VC conditions if syllable structure
is reflected in intersegment cohesion. Sub-
Jjects sometimes made errors in which they
~ moved only the capitalized C, leaving the V
behind. Similarly, they sometimes moved
only the capitalized V, stranding the C. We
predicted that these errors should be more

the C and V should be less cohesive in that
condition than in the VC condition. An-
other error that occurred occasionally was
movement of the whole CVC rather than
just the capitalized CV or VC. Such errors
should be more common in the CV condi-
tion, because the V is expected to be more
cohesive with the following than the pre-
ceding consonant in a syllable. Accord-
ingly, a to-be-moved CV should attract the
following C, but a to-be-moved VC should
be less likely to attract a preceding C. Fi-
nally, people sometimes moved CV when
instructed to move VC or vice versa. If
members of rimes are more cohesive than
members of CVs, these errors should be
more common in the CV condition.
Because there were relatively few errors
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in each category and because the prediction
was the same for all error types, these er-
rors were pooled within the CV and VC
conditions. Overall, 24.2% of all VC errors
as compared to 30.9% of all CV errors fell
into the categories outlined above, a small
difference in the predicted direction. More-
over, the predicted direction of difference
held up numerically in all four error cate-
gories. However, the effect fell well short
of significance in an analysis of variance
with the factors of position of the moved
CV or VC (first or second syllable), stress
pattern (first- or second-syllable stress) and
moved segments (CV or VC). In that anal-
ysis, the only significant effect was that of
the position of the moved CV or VC
(Fy(1,28) = 9.66, p = .004). There were
more errors falling into the indicated cate-
gories in the second than in the first sylla-
ble. Thus, the error analysis is consistent
with the analyses of response times and ac-
curacies in providing no evidence favoring
onsets and rimes as particularly cohesive
units in the disyllables of our experiment.

Discussion of Experiments 3A-3C

The results of Experiments 3A to 3C fail
to provide evidence that the cohesiveness
of segments in disyllables reflects an onset/

i ather, segments at
the beginning of a stimulus, including on-
sets (Experiment 3B) and CVs (Experiment
3C), are more detachable from the remain-
der of the stimulus than are segments else-
where. A major factor affecting perfor-
mance on disyllables in the phoneme shift
task seems to be whether the phoneme or
phonemes being moved is at the beginning
of the stimulus. If so, performance will be
faster and better than if not. This advantage
for earlier occurring phonemes may reflect
linguistic factors, specifically the structure
of the disyllable as a whole. Phonemes ear-
lier in the stimulus may be more detachable
from the remainder of the word than are
phonemes later in the stimulus. This inter-
pretation would be largely consistent with
the proposal of Davis (1989), according to
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which the word-initial onset forms a sepa-
rate unit.

Alternatively, or in addition, the advan-
tage for earlier occurring phonemes may re-
flect the nature of our task. The left-to-right
scanning that was necessitated by the vi-
sual presentation of the stimuli may have
caused segments earlier in a stimulus to be
shifted more rapidly than segments later in
a stimulus. If this is the only determinant of
performance, the results of Experiments
3A to 3C do not speak to the linguistic
structure of the stimuli.

Supporting the idea that our results are at
least partly due to linguistic factors, the
findings of Experiments 3A to 3C are gen-
erally consistent with findings discussed in
the Introduction on speech errors and tip-
of-the-tongue errors. As in those studies,
word-initial segments are least cohesive
with the rest of the word while medial seg-
ments are most cohesive. One finding that
is not consistent with findings in those do-
mains is one obtained in Experiment 3B. In
both speech errors (Shattuck-Hufnagel,
1987) and tip-of-the-tongue errors (Brow-
man, 1978), the onsets of stressed noninitial
syllables (e.g., the /l/ of alone) seem to par-
ticipate in errors as if they were distinct
units, behaving like word onsets in this re-
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leading to the comparable performance for
first-syllable codas and second-syllable on-
sets that was observed in Experiment 3A.
To see clear effects of syllable-internal
structure, it may be necessary to look at the
middle syllables of stimuli that contain
three or more syllables. Because these syl-
lables are not at the beginning or the end of
the stimulus, effects of syllable-internal
structure may be visible.

In two final experiments, therefore, we
examined the middle syllables of trisyl-
labic, medially stressed, nonsense words.
One experiment of the pair (Experiment 4)
used a phoneme shift task with visual pre-
sentation of the stimuli similar to that used
in the foregoing experiments. The second
experiment (Experiment 5) used a word
game task with auditory presentation of the
stimuli, similar to that used by Treiman
(1986, Experiment 7). If different results
are found in the two experiments, we could
suggest that the left-to-right scanning that
occurs with visual presentation of the stim-
uli has a major impact on the findings. In
Experiment 4, we compared shifts of the
onset of the middle syllable to shifts of the
coda and shifts of the initial CV to shifts of
the final VC. If the onsets of the middle
syllables are detachable, then movements

spect. Onsets of unstressed noninifial sylla-
bles (e.g., the /I/ of only) show no particular
tendency to be involved in speech errors or
to be preserved in tip-of-the-tongue
guesses. In Experiment 3B, however, re-
sponse times to move the onset of the sec-
ond syllable were no faster when that syl-
lable was stressed than when it was not
stressed.

Although the findings of Experiments 3A
to 3C do not support syllable-based struc-
ture, it may be premature to conclude that
the position of a phoneme in its syllable is
unimportant. In Experiments 3B and 3C,
phonemes in the first syllable of a disyllable
were moved faster and more accurately
than phonemes in the second syllable. This
benefit for earlier occurring phonemes may
have countered a disadvantage for codas,

of theé onset should be faster and easier than
movements of the coda. In addition, the
VCs of the middle syllables should be
moved more readily than the CVs.

EXPERIMENT 4
Method

Stimuli. Stimuli were two matched lists
of 30 trisyllabic nonsense words. All trisyl-
lables had the structure C,VC,VC,;C,VCs
with medial stress. The medial stress at-
tracts C, to the second syllable; C; and C,
were selected so that phonotactic con-
straints promoted location of the syllable
boundary between them. Therefore, the
medial syllables were CVCs. A sample pair
is rupadkin yomefbug. In different condi-
tions, C,, C;, C,V, or VC; of the second
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nonword was capitalized and subjects were
instructed to shift those capitalized sounds
from the second to the first nonword.
Across the four conditions, the correct re-
sponses, then, were /ramadkin/,
frapefkin/, ramedkin/, and /rapefkin/. The
trisyllable pairs in the two lists were iden-
tical except that a C,VC; sequence in one
list became a C;VC, sequence in the sec-
ond, so that the same consonants were
shifted and replaced in all conditions.

Subjects received all 60 trisyllable pairs.
Half of the subjects moved 30 CV and 30
rime sequences; the other subjects moved
30 C, and 30 C, consonants. Across sub-
jects, each trisyllable pair participated in all
four response conditions. Test trials were
preceded by 15 practice trials designed af-
ter the test trials.

Procedure. The procedure was the same
as that used in the previous experiments.

Subjects. Subjects were 24 students from
the same population as Experiments 1-3.

Results

Response times were eliminated if they
exceeded 6000 ms (<1% of all responses) or
if the voice key failed to trigger to the re-
sponse (2.6% of all responses). Response
times and accuracies are presented in Table
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lable constituents (C,, VC) are faster than
those to the two nonconstituents (CV, C,).

In analyses of variance with the factors
of location of segment moved (beginning or
end of the syllable) and number of pho-
nemes moved (one or two), the effect of
location was significant (F,(1,22) = 7.67, p
= .01; F5(1,59) = 5.80, p = .018), as was
its interaction with number of phonemes
moved (F((1,22) = 59.6; F5(1,59) = 74.34;
p < .001 for both). Planned comparisons
revealed that syllable constituents were
moved faster than nonconstituents. That is,
C, was moved faster than C; (F((1,22) =
7.57, p = .011; Fy(1,59) = 31.75, p < .001)
and VC; was moved faster than C,V
(Fy(1,22) = 66.68; F5(1,59) = 43.07, p <
.001 for both). Analyses of errors yielded
only a main effect of location, with seg-
ments at the beginning of the syllable
moved move accurately than segments at
the end of the syllable (F;(1,22) = 4.56, p
= .04; F5(1,59) = 4.82, p = .03).

Error analyses. We asked whether, with
one phoneme to be moved, subjects were
more likely to move a vowel with C,, the
coda, than with C,, the onset. Subjects
rarely made errors in these conditions, and
the errors that did occur did not differ be-
tween the conditions. We also asked

9. The response times are longer than those
observed in the preceding experiments,
presumably because the stimuli are longer.
More importantly, the pattern of response
times is as expected if syllable constituents
are reflected in patterns of segment cohe-
sion. That is, response times to the two syl-

TABLE 9
MEAN REsPONSE TIMES (MILLISECONDS) AND
ACCURACIES (PERCENTAGE CORRECT)
IN EXPERIMENT 4

Trial type Response time Accuracy
C, 2541 83
C,vV 2764 84
C, 2716 81
VG, 2243 76

the vowel was erroneously left behind more
often in the C,V condition (i.e., just the on-
set was moved) and the whole syllable was
more likely to be moved as a unit in the C,V
condition (i.e., the integrity of the rime was
preserved). Pooled errors of those sorts dif-
fered numerically as expected (27.3% of er-
rors in the C,V conditions were either V
strandings or whole-syllable movements;
23.5% of VC, errors were of either sort);
however, the difference did not approach
significance.

Discussion

In the reaction times of Experiment 4, we
found evidence for syllable-internal struc-
ture in the middle syllables of medially
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stressed trisyllables—syllables that are not
at the edge of the stimulus. For these syl-
lables, it was faster to shift an initial con-
sonant than to shift a final consonant. This
result is consistent with the idea that sylla-
bles are made up of onsets and rimes. The
onset, being a separate constituent of the
syllable, is relatively easy to detach from
the rest of the syllable. The coda, being part
of the rime, is harder to detach. In addition,
it was faster to shift a VC than a CV. This
result, too, is compatible with the idea that
syllables are made up of onsets and rimes.
The VC, or rime, is a constituent of the
syllable; the CV is not. If the only structure
within a polysyllable reflected the structure
of the stimulus as a whole, with the poly-
syllable having an initial onset unit and a
remainder unit (Davis, 1989), these findings
would not be expected. Rather, the results
suggest that, in addition to word-based
structure, polysyllables also exhibit an on-
set/rime structure.

EXPERIMENT 5

In the final experiment, we tested the
generality of the findings of Experiment 4
by using a phoneme substitution game, as
 in Treiman (1986, Experiment 7). The word

game procedure avoids the orthographic
that may, particularly with the long stimuli
of Experiment 4, introduce considerable
reading and scanning times into the re-
sponse latencies.

As in Experiment 4, the stimuli were tri-
syllabic nonwords with the structure
C,VC,VC,C,VC; and medial stress. In this
experiment, presentation was auditory.
Subjects heard just one trisyllable, rather
than the two they saw in Experiment 4.
They attempted to learn a game that re-
placed one or two phoneme(s) in the middle
syllable of the stimulus with one or two
other phonemes that remained fixed
throughout the experiment. Half of the sub-
jects participated in the lax-vowel condition
of the experiment. For these subjects, all
stimuli had lax vowels in their middle syl-
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lables. Half of the subjects in the lax-vowel
condition were assigned to the one-
phoneme substitution condition. In differ-
ent sessions, they were required to learn
the rule C, goes to /g/ and the rule C, goes
to /g/. For example, /[opaednad/ changed to
/fogeednad/ under the first rule and to
/fapegnad/ under the second. If the find-
ings using this procedure replicate those of
Experiment 4, then the first transformation
should be easier than the second. The other
subjects in the lax-vowel condition were as-
signed to the two-phoneme substitution
condition. They learned the rules that C,V
goes to /ge/ and that VC, goes to /eg/. If the
findings replicate those of Experiment 4,
the second rule should be easier than the
first.

The other subjects participated in the
tense-vowel condition, receiving stimuli
with tense vowels in their middle syliables.
Half of these subjects learned the one-
phoneme rules C, goes to /g/ and C; goes to
/g/. The other half of the subjects learned
the two-phoneme rules C,V goes to /ge/ and
VC,; goes to /eg/. A comparison of the re-
sults for the lax-vowel and tense-vowel
conditions should help to show whether the
cohesiveness of phonemes within a syllable
depends on the nature of the vowel. In
1983), tense vowels occupy two ‘‘slots”’ in
the syllable structure. If so, they may be
less closely bound to a following conso-
nant. Results of word game studies by Der-
wing and Nearey (1990) provide some sup-
port for this claim.

Method

Stimuli. For the lax-vowel condition, 20
nonsense trisyllables with medial stress
were devised using similar constraints as in
Experiment 4. The nonwords all shared the
first two phonemes (/f3/) and the last two
phonemes (/23/) because pilot work had in-
dicated that this made the stimuli easier to
remember. None of the nonwords con-
tained English prefixes or suffixes. For the
tense-vowel condition, the lax vowels in
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the middle syllables of these stimuli were
replaced with tense vowels.

Procedure. Half of the subjects were as-
signed to the lax-vowel condition and half
to the tense-vowel condition. Within each
group, half of the subjects participated in
the one-phoneme substitution condition
and half in the two-phoneme substitution
condition. Each subject participated in two
sessions and learned one of the rules in
each session. The subjects were informed
that they would learn a word game involv-
ing nonsense words. They were told that
their task was to transform each nonword
into a new one by changing it according to
a rule. They were instructed that all the
nonwords were to be transformed accord-
ing to a rule that they were to try to dis-
cover based on the examples that they
would hear. On the first trial, the experi-
menter pronounced one of the trisyllables,
randomly chosen from the list of 20, and
gave the appropriate transformation as a re-
sponse. For all subsequent trials, the exper-
imenter pronounced the stimulus twice and
the subject was required to repeat it twice
correctly. After correct repetition, the sub-
ject was asked to respond by applying the
rule of the game. The experimenter pro-
vided the correct answer 1f the subJect re-

response that subjects gave 1f the subject
responded incorrectly and then self-
corrected, their response was counted as
incorrect.

At least one week elapsed between ses-
sions. The order of rule learning was coun-
terbalanced across subjects in a condition,
and the order of stimuli was randomly cho-
sen for each subject.

Subjects. Subjects were 80 students at
Wayne State University who participated
in exchange for course credit or pay.

Results

Table 10 shows the results in terms of
several measures of performance. Number
correct is the total number of correct re-
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sponses on test trials. First correct trial is
the earliest test trial on which the appropri-
ate response was given. Longest run is the
longest string of consecutive correct re-
sponses.

Analyses of variance with the factors of
number of phonemes changed (one or two),
location of change (beginning or end of the
syllable), and type of vowel (lax or tense)
were performed for each of the three
nonorthogonal dependent measures. For
the number of correct responses, the only
significant effect was an interaction be-
tween the number of phonemes and the lo-
cation of change (F,(1,76) = 35.91; Fx(1,19)
= 88.38; p < .001 for both). Planned com-
parisons revealed that replacement of the
onset, C,, was -easier than replacement of
part of the rime, C; (F;(1,38) = 9.78, p =
.003; F(1,19) = 16.39, p = .001). Compat-
ibly, replacement of the entire rime, VC,,
was easier than replacement of C,V
(F;(1,38) = 27.87; F5(1,19) = 8147;p <
.001 for both). For location of first correct
trial, the only significant effect was the in-
teraction between the number of phonemes
and the location of change (F,(1,76) = 4.52,
p = .037). Here, neither of the planned

comparisons were significant. In the analy-
sis of longest run of consecutlve correct re-

of change (Fl(l 76) 6 50 p = 013) and
an interaction between the number of pho-
nemes and the location of change (F,(1,76)
= 31.85, p < .001). Planned comparisons
showed that replacement of the onset, C,,
produced longer runs of correct responses
than replacement of part of the rime, C,
(F,(1,38) = 4.27, p = .046). The difference
between VC; and C,V was not significant.
None of the subjects or items analyses
showed a significant three-way interaction,
as would have been expected if there were
a different pattern of results for tense and
lax vowels.

In sum, it was easier for subjects to learn
games that substituted the onset of the me-
dial syllable than the coda and easier to
learn games that substituted the rime of the
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TABLE 10
MEAN ScORES IN EXPERIMENT 5 As A FUNCTION OF VOWEL TYPE, NUMBER OF PHONEMES MOVED, AND
LocCATION OF CHANGE

Vowel type Number correct First correct trial Longest run
Lax One-phoneme condition
C, G C Cs C; G,
13.70 12.10 4.00 4.85 9.65 7.65
Two-phoneme condition
C,v VG, C,V VG, C,v VG,
8.85 14.00 5.70 4.95 4.40 11.00
Tense One-phoneme condition
C, C, C, C, C, C,
13.65 10.55 3.75 5.45 8.40 6.70
Two-phoneme condition
CVv VC, C,v VG, C,v VG,
9.05 12.40 7.15 6.10 5.00 8.20
Lax and tense One-phoneme condition
pooled C, C, C, C, C, C,
13.68 11.33 3.88 5.15 9.03 7.18
Two-phoneme condition
C,vV VG, C,vV VC, C,V VG,
8.95 13.20 6.43 5.53 4.70 9.60

Note. Maximum possible score for number correct and longest run is 19.

medial syllable than the CV. This held true

(F(1,34) = 18.79, p < .001), a main effect

—whether the vowel was tense or lax.

Error analyses. We asked whether, with
one phoneme to be changed, subjects were
more likely to replace the vowel along with
the consonant in the C; condition (where
the vowel and the consonant form a unit of
the syllable) than in the C, condition (where
the vowel and the consonant do not form a
syllable constituent). In the C, condition,
18.2% of the errors involved a change of the
vowel as well as a change of C, to /g/. In the
C, condition, just 1.9% of the errors in-
volved a change of the vowel as well as a
change of C, to /g/. These data were ana-
lyzed using the factors of condition (C, or
C,) and vowel type (lax or tense); the re-
sults of four subjects who made no errors in
one of the cells were omitted from the anal-
ysis. There was a main effect of condition

of vowel type (F(1;34) = 7.15;p = .011),
and an interaction between condition and
vowel type (Fy(1,34) = 6.29, p = .017). The
effect of condition was significant for both
tense and lax vowels but the difference was
larger for tense vowels (28.3% versus 1.9%)
than for lax vowels (10.1% versus 1.9%).
We also asked whether, with two pho-
nemes to be changed, the vowel errone-
ously remained unchanged more often in
the C,V condition than in the VC; condi-
tion. In 20.1% of errors in the C,V condi-
tion, C, was changed to /g/ and the vowel
remained the same. In 4.7% of errors in the
VC,; condition, C; was changed to /g/ and
the vowel remained the same. These data
were analyzed using the factors of condi-
tion and vowel type; the results of two sub-
jects were omitted from the analysis. There
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was a main effect of condition (F;(1,36) =
10.31, p = .003) and an interaction between
condition and vowel type (F(1,36) = 4.55,
p = .040). The interaction arose because
the effect of condition was significant only
for lax vowels (27.1% versus 6.0%), al-
though it was in the same direction for tense
vowels (13.1% versus 3.8%).

In the C,V condition, 13.7% of the errors
involved replacement of C, and V with the
appropriate phonemes but also replacement
of the final consonant; that is, they were
whole-syllable errors. In the VC, condition,
7.8% of the errors involved replacement of
V and C, with the appropriate phonemes
but also replacement of the initial conso-
nant. These data were analyzed using the
factors of condition and vowel type; the re-
sults of two subjects were omitted. The
only significant effect was that of condition
(F,(1,36) = 28.25, p < .001). Whole-
syllable errors were more frequent in the
C,V condition than in the VC,; condition,
providing further evidence for the cohe-
siveness of the rime.

Discussion

The results of Experiment S provide clear
evidence for syllable effects in the middle
syllables of trlsyllablc stunuh In thls exper-

the onset was easier to leam than one in-
volving a substitution of the coda. Also, a
game involving a substitution of the rime
was easier to learn than one involving a
substitution of the syllable-initial CV.
These results in a nonspeeded task are sim-
ilar to those of the speeded task of Experi-
ment 4, in which onset shifts were faster
than coda shifts and rime shifts were faster
than CV shifts. However, the results of Ex-
periment 5 are even stronger than those of
Experiment 4 in that Experiment 5 also
found significant differences between con-
ditions in the types of errors made.

A secondary issue investigated in Exper-
iment 5 concerned possible differences be-
tween lax and tense vowels. We did not find
significant evidence for such differences in
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the analyses which concerned subjects’
ability to learn the various types of games.
In the error analyses, however, we found
some suggestions that vowels- and coda
consonants are more cohesive when the
vowel is lax than when it is tense, consis-
tent with the results of Derwing and Nearey
(1990).

GENERAL DISCUSSION

In our first two experiments, we used a
speeded task to explore the internal struc-
ture of monosyllables. Our findings in these
experiments converged with evidence ob-
tained in other ways to suggest that mono-
syllables have a hierarchical onset/rime
structure. In Experiment 1, subjects who
were required to shift the first two pho-
nemes of a syllable shifted CC clusters
faster than CV sequences. When required
to shift just the first phoneme of a syllable,
subjects in Experiments 1 shifted singleton
consonants more rapidly than the first con-
sonants of clusters. These findings are com-
patible with the idea that consonants before
a syllable’s vowel are one constituent, the
onset, whereas the vowel and postvocalic
consonants are another constituent, the
rime. The results of Experiment 2 qualified
that conclusnon shghtly in a dnrectlon con-

(Kaye et al., 1990) and with other behavwr-
al evidence (Trelman et al., 1992). Specifi-
cally, the results of Experiment 2 suggested
that the /s/ of initial consonant sequences
such as /sp/ and /sV/ is less cohesive with the
following consonant than are the first con-
sonants of other initial consonant-—
consonant sequences. '

Our next experiments were designed to
test whether the constituents that we and
others had observed with monosyllables
were in fact constituents of a syllable or, as
Davis (1989) had suggested, constituents of
a word. The stimuli in Experiments 3A to
3C were disyllabic nonsense words. Re-
sponse times to shift segments in these di-
syllables provided evidence against an in-
terpretation based on syllabic constituents.
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Whereas subjects were rapid and accurate
at shifting the onsets of the first syllables of
disyllables, they were slower and less ac-
curate at shifting the onsets of the second
syllables of disyllables (Experiment 3B).
Indeed, the onset of the second syllable of a
disyllable was moved as slowly as an inter-
nal coda (Experiment 3A). Finally, compar-
ing CV and VC shifts for the two syllables
of a disyllable, there was a gradual slowing
of response times for sequences later in the
stimulus, with some reduction in this slow-
ing for the final VC sequence. In contrast to
findings in the literature on tip-of-the-
tongue errors, there was no special advan-
tage for the onsets of internal stressed as
compared to unstressed syllables. Had we
stopped with disyllables, then, we might
have concluded that there was no syllable
structure in the individual syllables of poly-
syllables.

Pursuing our investigations, however, we
obtained a strikingly different outcome on
the stressed, medial syllables of trisyllables
than we had obtained with disyllables. A
major reason for examining trisyllables is

FOWLER, TREIMAN, AND GROSS

experiments. One trisyllable experiment,
Experiment 4, used the speeded phoneme
shift task of the preceding experiments with
orthographic presentation. The other trisyl-
lable experiment, Experiment 5, used the
unspeeded word game task of Treiman
(1986, Experiment 7) with auditory presen-
tation. Both procedures, but especially the
auditory one, yielded clear evidence of syl-
lable constituency for the stressed medial
syllables of trisyllabic nonwords.

Why were effects of syllable structure
seen in Experiments 4 and 5 but not in Ex-
periments 3A to 3C? Task-specific factors
cannot be the only explanation, because
Experiment 4, which used the same type of
orthographic presentation as Experiments
3A to 3C, did find syllable effects. How-
ever, orthographic presentation may be a
contributing factor. Specifically, ortho-
graphic presentation of stimuli in the
speeded task may create strong early-to-
late gradients in segment shifting times
that, under some conditions, override syl-
lable structure effects. Consistent with this
idea, effects of syllable structure were

“that words may have both a word structure
(that is, a word onset constituent and a rest-
of-word constituent) and a syllable struc-
ture. These two structures comcnde in

easy to see. In dlsyllables the word and
syllable constituents only coincide at the
word onset. Perhaps word-edge effects pre-
dominated with our disyllabic stimuli. To
reduce these effects, we turned to trisylla-
bles, requiring subjects to shift segments of
the stressed medial syllable. A further mo-
tivation behind our trisyllable experiments
was that the orthographic presentation used
in Experiments 1 to 3 requires left-to-right
scanning of the stimulus pair. Thus, task-
specific characteristics may have been
wholly or partly responsible for the findings
that response times became longer as the
to-be-shifted segments occurred later in the
stimuli. To test for these orthographic ef-
fects, and to examine performance with the
effects eliminated, we ran two trisyllable

stronger in Experiment 5, which used audi-
tory presentation, than in Experiment 4,
which used visual presentation. To further
explore the role of presentatlon modahty,

penment 3 usmg audltory presentatlon of
the stimuli.

Another possible reason for the different
findings in Experiments 3A to 3C as com-
pared to Experiments 4 and 5 is that words
or nonwords are not necessarily chunked
into syllabic constituents. Rather, syllabic
constituents emerge as the stimuli partici-
pate in certain tasks. For simple stimuli and
tasks, people may only chunk into word-
initial consonant and word remainder.
Finer-grained chunks may become neces-
sary with long stimuli, with tasks that stress
working memory and with subjects of lower
verbal abilities. When a need to chunk
arises, constituents respect the natural in-
homogeneities in cohesion among conso-
nants and vowels that linguistic theories of
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syllable structure describe. According to
this hypothesis, the disyllables and the vi-
sually presented phoneme shift task did not
require chunking by our subjects beyond
chunking into word-onset and word-
remainder. The trisyllable tasks did require
such chunking. According to this hypothe-
sis, if correct, we should find evidence of
syllable structure with our disyllables by
making the task more difficult or by using
subjects with lower verbal abilities. Con-
versely, we should eliminate evidence of
syllable structure with trisyllables if we can
make the task easier. We are currently pur-
suing these possibilities.

The present disyllable and trisyllable ex-
periments were motivated by Davis’ (1989)
criticisms of the evidence for an onset/rime
structure for English syllables. Davis
pointed out that most of the previous evi-
dence for onsets and rimes involved mono-
syllabic stimuli. With monosyllables, what
appears to be a division between the sylla-
ble onset and the syllable rime may instead
be a division between the word onset and
the word remainder. Word onsets do seem

to have a special status (Berg, 1989; Brow-

man, 1978; Shattuck-Hufnagel, 1987).
However, our findings do not support the
idea that polysyllables are composed of

mainder. At least under some conditions,
there is clear evidence for onsets and rimes
within the syllables of polysyllabic items.
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