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Vowel mutability and lexical selection in English:
Evidence from a word reconstruction task

BRIT VAN OOIJEN
Laboratoire de Sciences Cognitives et Psyclwlinguistique, Paris, France

This study introduces a new paradigm for investigating lexical processing. First, an analysis of data
from a series of word-spotting experiments is presented suggesting that listeners treat vowels as more
mutable than consonants in auditory word recognition in English. In order to assess this hypothesis, a
word reconstruction task was devised in which listeners were required to tum word-like nonwords into
words by adapting the identity of either one vowel or one consonant. Listeners modified vowel iden
tity more readily than consonant identity. Furthermore, incorrect responses more often involved a
vowel change than a consonant change. These findings are compatible with the proposal that English
listeners are equipped to deal with vowel variability by assuming that vowel identity is comparatively
underdefined. The results are discussed in the light of theoretical accounts of speech processing.

In the continuing search to characterize the nature of
spoken word recognition, several candidates have been
put forward as likely sublexical building blocks for per
ceptual processing. For example, there is by now strong
experimental evidence that the syllable plays an important
role in the segmentation ofcontinuous speech into discrete
words. Language-specific findings have been documented
for both French (see, e.g., Mehler, Dommergues, Frauen
felder, & Segui, 1981) and English (Cutler & Norris, 1988;
also Cutler & Butterfield, 1990, 1992). Syllables are im
portant, but they are unlikely to be the sole atomic units
that feature in the varying requirements of everyday
speech communication. There is also ample evidence for a
phoneme-sized unit. For instance, data on single-segment
misperceptions (see, e.g., Bond & Garnes, 1980; Brow
man, 1980; Garnes & Bond, 1980; MacKay, 1970; Motley,
1973), as well as the existence of language games such as
pig Latin, puns, and rhymes, indicate that individual speech
sounds playa role in speech perception. Accordingly, a
phonemic level of representation has been incorporated
into models ofspoken word recognition such as the cohort
modeJl (see, e.g., Marslen-Wilson, 1987, 1990; Marslen
Wilson & Welsh, 1978), TRACE (McClelland & Elman,
1986), and SHORTLIST (Norris, 1994).
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All of these theoretical accounts of spoken word recog
nition ignore differences between types of phonemes, in
particular, between the two major categories of conso
nants and vowels. Likewise, experimental studies inves
tigating lexical access through manipulation of single
segments have almost exclusively concentrated on con
sonants (e.g., Connine, Blasko, & Titone, 1993; Marslen
Wilson & Zwitserlood, 1989). For all of these psycho
linguists, a segment is a segment. This uniformity is all
the more remarkable in view of decades of phonetic re
search showing that phonemes differ widely on a variety
of measures, with the well-known difference between
vowels and consonants in categorical perception being
only one example (see, e.g., Liberman, Mattingly, & Tur
vey, 1972; Liberman, Safford Harris, Hoffman, & Grif
fith, 1957; Studdert-Kennedy, Liberman, Harris, &
Cooper, 1970). Given this, it would seem important to ask
whether different types ofphonemes are processed in the
same or in different ways by adult listeners. And if this
has consequences for lexical access, existing models would
have to be revised, possibly quite fundamentally, in order
to capture such a distinction. The aim ofthis study is to draw
attention to an aspect of spoken word recognition that has
not previously been considered and to present preliminary
evidence indicating that vowels and consonants are in
deed processed differently during the process of word
recognition.

The distinction between vowels and consonants can be
asserted on acoustic-phonetic, phonological, and psy
cholinguistic grounds. However, speech researchers are
well aware that this distinction seems more clear-cut than
it is. For instance, some phonemes, such as the semi
vowels /w/ and /j/, count as vocalic in that they are rela
tively steady state and periodic, but they count as conso
nantal in that they cannot function as syllabic nuclei.
Some phonemes can lose one or indeed nearly all of their
defining acoustic-phonetic properties when realized in
running speech, as is the case with voiced plosives, which
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may lose their closure and/or their voicing and/or their
release. Many examples can be found in the literature to
show that phonemes as acoustic events are subject to
variation. Strange, Jenkins, and Johnson (1983) showed
that certain regions within the vowel space populated by
tokens of a particular vowel type produced under vary
ing conditions overlapped significantly with regions con
taining tokens ofother vowel types. Variation in the acous
tic properties of vowels as spoken by different speakers
was investigated by Peterson and Barney (1952), who
demonstrated that, for example, a sound intended by one
speaker as an [c] had the formant frequencies ofanother
speaker's [I]. To complicate matters, phonemes are not
only variably produced, but they can also be variably per
ceived. Perceptual tests of vowel quality have demon
strated that the same test word was heard as bit by the
majority ofsubjects when preceded by a sentence with an
overall high F1 pattern, but as bet when the preceding
sentence had a relatively low FI pattern (Ladefoged, 1989;
Ladefoged & Broadbent, 1952). Thus the same physical
realization can correspond to different perceptual repre
sentations and hence to different abstract categories.

Of course, with 12 monophthongal and 8 diphthongal
vowels, the English language is a particularly rich one in
terms of vowel repertoire (Gimson, 1980; Maddieson,
1984); further, dialect variation in this language is mainly
carried by vowels. Such sources ofvariety arguably com
plicate the task ofdiscriminating between vowel identities,
especially when a listener is required to respond promptly.
This idea was confirmed in a series of studies using the
phoneme-monitoring paradigm (Cutler, van Ooijen, Nor
ris, & Sanchez-Casas, 1996; Norris, van Ooijen, & Cut
ler, 1992; van Ooijen, 1993, 1994; van Ooijen, Cutler, &
Norris, 1991). In these studies, a persistent negative cor
relation appeared between reaction times (RTs) to vowel
targets and physical duration: The longer a vowel, the
faster it was detected. In the studies in which vowels and
consonants were compared, such a relation was never
found for consonantal targets. Taken together, these find
ings suggest that precise vowel identity can take time to
establish itself. If this difference between vowels and
consonants exists in phoneme monitoring, the question
that presents itself is whether such differences may be in
dicative of a fundamental distinction in perceptual pro
cessing between vowels and consonants. This question,
then, warrants further investigation with other percep
tual tasks.

Paradoxically, vowels may be acoustically salient seg
ments relative to consonants. They are the loudest, long
est, and most periodic portions ofthe speech stream (Crys
tal & House, 1988a, 1988b; Fry, 1979; Umeda, 1975,
1977); further, analyses of spontaneous misperceptions
have shown that vowels, and especially vowels in stressed
syllables, are less often misperceived than are consonants
(Bond & Garnes, 1980; Garnes & Bond, 1980). Never
theless, the above-mentioned phoneme-monitoring evi
dence strongly indicates that precise vowel identity is not
always readily recognizable, suggesting that salient is

not synonymous with unambiguous. This in turn may
have far-reaching consequences for the process of ac
cessing word forms in the mental lexicon: Is it possible
that the contribution of vocalic information to the acti
vation oflexical items is less constraining (i.e., it activates
a greater range oflexical candidates) than does the con
tribution ofconsonantal information? Evidence support
ing just such an interpretation appeared in a post hoc
analysis of data reported by McQueen, Norris, and Cut
ler (1994).

EVIDENCE FROM A LEXICAL
RECOGNITION TASK: WORD SPOTTING

McQueen, Norris, and Cutler (1994) designed exper
iments to assess the performance of the SHORTLIST
model of spoken word recognition (Norris, 1994). Their
materials consisted of isolated nonsense strings in some
ofwhich real English words were embedded, such as the
word sack in /srekrgk/, and the word mess in /domes/.
Subjects were asked to listen to these and to press a re
sponse button if the nonsense string began or ended with
a real word, and then to say aloud, into a microphone, the
word that they had spotted. For the purpose of the fol
lowing post hoc analysis, observations were made across
the three experiments as well as across the experimental
and filler items of McQueen et al.'s (1994) study.

Since the materials were recorded specifically for ex
perimental purposes, the speech was of a high quality.
Thus the nonsense strings can be considered as consist
ing of clear, unambiguous phonemic tokens that should
not elicit large numbers of incorrect responses. However,
false alarms-that is, nonintended words-were reported
in these experiments, and such cases mainly involved
one ofthree kinds of single-segment perceptual changes:
(1) from schwa to a full vowel, as in the case ofthe stim
ulus /bgdcn/, which elicited the false alarms bad, bud,
and bed, or /Iafarb/ with laugh; (2) from one full vowel
to another, for example, the stimulus /sgprcm/ was re
ported to contain the word pram, and /brelkon/ with its
false alarm ball; (3) from one consonant to another, as in
/kIzot!, to which some subjects responded with kiss.

Upon closer inspection, the pattern of incorrectly per
ceived segments showed remarkable asymmetries. First,
responses involving a vowel change vastly outnumbered
those involving a consonant change: Out ofa grand total
of 690 incorrect responses involving single phoneme
changes, 649 were for vowels and 41 were for consonants.
Out of a grand total of 810 stimulus items, 269 elicited
single vowel changes. Of these, 57 stimuli elicited more
than one vowel type, resulting in several real-word re
sponse alternatives, such as the stimulus /hlpngt/, which
elicited note, not, and nut; /pgnu:v/, which elicited the
false alarms pen, pun, and pan; /fglos/, which elicited
fill,full, and fell; and /trgdIJ/, which elicited tray and
trod. In contrast, only 28 out of the 810 stimuli elicited
a consonant change, and never did the same stimulus
elicit more than one alternative consonant type. In addi-
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tion, of the 41 consonant change responses, 30 involved
one feature only, as in the case of Imezm~d/, with its
false alarm mess; and Il~faIb/, with its false alarm vibe.

It is important to note that this absence of more than
one consonant change alternative is not due to there being
no other word alternatives available for the stimulus. For
example, for /rnezmod/ there would have beenfez, says,
men, mesh, and met; and for Il~faIb/, one could have had
file, fine, fight, and so on. But these alternatives were
never given; instead, it would seem that consonant alter
natives were limited to those involving only one feature
difference. Yet even in cases where a one-feature conso
nant alternative was available, as in IdevlIg!, which could
have been changed to lid, often a (one-or-more-feature)
vowel change was given instead; in this example, Idevhgl
elicited dove.

So, a strong tendency was revealed in the false alarms
to report a real word that differed from the stimulus
string with respect to one vowel. These changes ranged
from small, as in lei -> lre/, to completely different with
respect to stress, quality, and duration, as in I~I -sks:'.
The relatively few consonant changes, on the other hand,
mainly involvedone feature only,suggesting these changes
might have been based on occasional low-level acoustic
confusions. Unfortunately, several factors combine to
prevent these data being subjected to detailed statistical
analysis. First, there are methodological confounds: Since
phonemic substitution was not a variable of interest in
McQueen et al.'s (1994) study, different subjects heard
slightly different nonsense strings; one group ofsubjects
was instructed to detect words at the start of nonsense
strings only; another group spotted words at the end of
nonsense strings only; and a third group was unrestricted
in terms of where to locate the embedded targets. Sec
ond, there are asymmetries in the patterns of substitu
tions that admit of several explanations: The majority of
vowel changes (566 out of the total of 649) were from
schwa to a full vowel, rather than from one full vowel to
another (83 out of649), and it is not possible to establish
whether this was due to the selection of the materials or
to some other, phoneme-specific, factor.

Nevertheless, the pattern of false alarms in this study
is striking and suggests two things that merit further in
vestigation. First, English listeners in the process ofrec
ognizing wordsappear to process phoneme-sized segments
(rather than, for instance, always entire syllables). Sec
ond, within these phonemes, vowel identity seems to count
as more mutable than consonant identity. What underlies
this peculiar vowel-consonant asymmetry in perceived
phoneme identity?

The present experiment was designed to explore fur
ther the idea that vowel identity is perceived as more mu
table than is consonant identity during word recognition.
The most stringent test of this idea is one that contrasts
various strong (i.e., primary or secondary stressed, unre
duced) vowels with various consonants. If mutability ef
fects can be found for unreduced vowels, the results from
the McQueen et al. (1994) study are less likely to be at
tributable to the special status of the reduction vowel

schwa. The task that was designed for this purpose is de
scribed below.

EVIDENCE FROM A NEW TASK:
WORD RECONSTRUCTION

To assess the relative flexibility of vowels and conso
nants, a task is needed that meets the following require
ments. First, it must ensure that lexical access takes place,
which excludes phonetic decision tasks such as phoneme
monitoring, for which the involvement of a prelexical
versus a lexical level of processing is fervently debated
(see van Ooijen, 1994, for a review of this debate). Sec
ond, the task must allow for a direct comparison ofvow
els and consonants within the same experimental item.
This means that mispronunciation detection cannot be
employed, because any real word that has both a mis
pronounced vowel and a mispronounced consonant eas
ily becomes an unrecognizable stimulus. For the same
reason of direct comparison, the word-spotting task, in
which a real, intact word is embedded in a larger sequence,
is not suited to address the issue under investigation. Fur
thermore, since we are interested in acoustic mutability,
we need to force listeners to mutate directly their acous
tic percepts, preferably without intervention of visual
(orthographic) stimulation such as that which takes place
in the cross-modal priming task.

The task designed to meet all of the above constraints
is here termed "word reconstruction." In this task, lis
teners hear word-like nonwords, such as eltimate, and
are asked to press a response key as soon as they can iden
tify a real word that resembles the nonword stimulus; in
this example, ultimate or estimate. In addition, subjects
are asked to report verbally which word they have recog
nized, and in the case of more than one word being rec
ognized, which one sprang to mind first. In this way,one
and the same nonword stimulus serves as a perceptual
template via which more than one real word can be rec
ognized. Thus an important feature of this paradigm is
that the stimuli can be chosen to be ambivalent, and hence
the change that is required to produce either alternative
can be controlled.

The word reconstruction task provides three dependent
variables: RT, error rate, and proportion of vowel versus
consonant responses. Three experimental conditions were
constructed: a sound change condition in which subjects
were unrestricted as to their choice of whether they
changed one vowel or one consonant in the nonword, a
vowel change condition in which listeners were instructed
to make only single vowel changes, and a consonant
change condition for consonant changes only. The predic
tions are as follows. Ifvowels are more mutable than con
sonants, then listeners in the first condition, who are free
to choose, should be better at modifying vowels than
consonants. This would be indicated by a higher propor
tion of vowel responses and/or faster RTs for these re
sponses. In the second condition, listeners are restricted
to vowel changes. According to the vowel mutability hy
pothesis, listeners should find this condition relatively
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easy; this would be borne out by relatively fast RTs and/
or high accuracy. In the third condition, listeners are re
stricted to consonant changes. If they treat vowels as the
segments that potentially need adapting in terms ofiden
tity, then turning their attention to consonants should be
relatively difficult. This should result in comparatively
slow RTs and/or high error scores.

THE WORD RECONSTRUCTION
EXPERIMENT

Method
Materials. Sixty nonwords were constructed as stimuli. Each of

these could be turned into a real English word by changing one of
its constituent vowels and into another word by changing one of its
consonants, as in I 'eltrmet/~ ultimate and estimute. It proved im
possible to construct a sufficient number of experimental nonwords
in which, for each one, the possible vowel change word(s) had the
same frequency of occurrence as the possible consonant change
word(s). However, care was taken to ensure that the average fre
quency for the entire group of possible vowel change words versus
that of the entire group of possible consonant change words (402
and 564, respectively) could be considered similar, in that both fell
in the higher frequency range of>130 counts per million (Francis
& Kucera, 1982). Furthermore, in half of the materials, the word
that resulted from the vowel change (in the example above, ulti
mate) had a higher frequency of occurrence than the word that re
sulted from the consonant change (in the example above, estimate).
In the other half the reverse was the case. Twenty-twononwords had
more than one possible vowel word, as in /meton/, which has the
vowel words mitten and mutton versus the consonant word melon.
Twenty-four other nonwords had more than one possible consonant
word, as in I 'etrk/, which has epic and ethic, versus attic as the only
vowel word; the total number of these possible real-word alterna
tives was matched for the vowel versus the consonant words (102
vs. 114, respectively). In accordance with the lexical statistics of
English (Cutler & Carter, 1987), most words had a strong-weak
stress pattern; also, more words started with consonant-vowel (CV)
than with Vc. For any given nonword, the corresponding conso
nant change by necessity occurred in a different position within the
word template than did the vowel change. For example, in the non
word I'ti:b~l/, which has a CVCVC template, the consonant It/,
which needs to be changed to form the real wordfeeble, occurs ear
lier than the vowel li:/, which needs to be changed to form the cor
responding vowel word table. In the nonword I'md~s/, however,
this is the other way round: The vowel change required to form mal
ice occurs earlier than does the consonant change that forms the
real word menace. Voweland consonant positions within the words
were controlled as well as possible (in 35 of the 60 items, the con
sonant change occurred earlier than the vowel change; in the re
maining 25, the vowel change preceded the consonant change). The
uniqueness points of the vowel and consonant words were taken
into account so that overall the number of vowel changes and con
sonant changes occurring before or after a uniqueness point was ap
proximately the same. For the vowel changes, the distance between
stimulus vowel and replacement vowel ranged from one to five fea
tures different, with an average of 2.49; for the consonant changes,
it ranged from one to six features different, with an average of2.97
(Jakobson, Fant, & Halle, 1951).

A further 70 nonwords served as filler items; 12 of these were
used as practice items. The majority of the filler items were trisyl
labic, and the phonemes that needed to be changed tended to occur
toward the end of the nonword, for instance I' rekoqnijz/ (recog
nize) and l'dref;'ldi121 (daffodil). There were two reasons for this.
First, the purpose of having comparatively easy filler items was to
maintain listeners' confidence and hence to increase the likelihood

of both frequent and fast responding. Second, it was hoped that the
presence of a comparatively large number of phonemic changes lo
cated near word endings in fillers would discourage listeners from
adopting a rhyming strategy for the experimental items, which
could have biased the number of initial consonant changes.

The materials were recorded by a male native speaker of British
English onto the left channel of a digital audiotape. To ensure an
acoustic realization of each nonword that was as close as possible
to both its alternatives, the speaker first pronounced both the vowel
and the consonant real-word alternative, before each stimulus non
word, for example: "table, feeble, teeble." The nonwords were then
spliced onto an experimental tape. On the right channel of this tape,
timing pulses were aligned with each nonword onset. All experi
mental nonwords with their corresponding vowel and consonant
real words are listed in the Appendix.

Design. The 60 nonwords were divided into three groups of 20.
In each of these, 10 items had vowel words with a higher frequency
than consonant words and 10 had consonant words with a higher
frequency than vowel words. These groups were rotated across the
three phoneme change conditions, resulting in a within-subject de
sign. Thus all subjects heard all of the materials, but 10 heard a given
set of 20 items in the vowel change condition, 10 were given the
same set in the consonant change condition, and 10 heard it in the
sound change condition.

Subjects. Thirty members of Cambridge University and of the
Subject Panel of the Applied Psychology Unit in Cambridge, rang
ing in age from 18 to 35 years, received cash payment for partici
pating in the experiment.

Procedure. Subjects were tested individually in a quiet room;
they listened through closed headphones (Sennheiser HD-520) to
the left channel ofthe tape, presented binaurally. Taped instructions
informed them that they would be hearing nonwords. A nonword
was defined as "a string of sounds which could belong to the Eng
lish language, but does not, such as namp, rostive, andjistle." Sub
jects were asked to listen carefully to each nonword, to press a re
sponse key as soon as they had thought of a real-word substitution,
and then to say this word. Depending on which condition the lis
teners were in, they were first asked to change only one consonant,
only one vowel, or anyone sound in the nonword. They were not
made aware beforehand that they would be asked to switch their at
tention from one phonemic category to another after each third of
the experiment. In the consonant change and the vowel change con
ditions, listeners were familiarized with their task by hearing ex
amples of a consonant change and a vowel change, respectively. In
the sound change condition, listeners heard examples of both a
vowel change and a consonant change, but they were not made
aware of this distinction. Listeners were informed that there could
be more than one possible acceptable word for a given nonword,
and that they had to say whichever word sprang to mind first. Fi
nally, all participants were urged to concentrate on how the non
words sounded, rather than on how they might be spelled.

Order of presentation of the three conditions was counterbal
anced so that all listeners heard all nonwords in the same order, but
10 started with consonant change instructions, 10 with vowel
change instructions, and 10 with sound change instructions. Stim
ulus presentation was controlled by the experimenter with a time
out of 10 sec; a small pilot study had served to establish this as a
comfortable interstimulus interval. RT data collection and storage
were under the control of a microcomputer running the TSCOP RT
software (Norris, 1984). In addition, subjects' verbal responses were
taped with a Marantz CP-430 audiocassette recorder and a Realis
tic 33-1060 electret condenser microphone. In all, the experiment
took about 30 min.

Results
The data were analyzed as follows. First, listeners'

verbal responses were scored and inappropriate RTs were
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Intrusion Vowel Consonant

Change Condition

Table 2
Percentages of Consonant Intrusions in the

Vowel Change Condition and Vowel Intrusions
in the Consonant Change Condition

signed ranks tests showed that the difference of7.3% be
tween these proportions was significant (z , = 3.36,p <
.001; Zz = 2.44, P < .01). Thus listeners reported both
vowel and consonant changes in the conditions where they
had been explicitly asked to limit themselves to one cat
egory only, but these spontaneous slip-ups were more
frequently inappropriate vowel changes in the consonant
change condition. This is in fact in accord with informal
remarks made by listeners during the course of the ex
periment. Many reported while being under instructions
to change consonants that "vowels kept coming into their
head." For both the vowel and the consonant changes, in
about halfof the cases (49%), the intrusion was higher in
frequency than the correct response alternative; in 51% of
the cases, the intrusion was lower in frequency. Thus the
spontaneous slip-ups were not due to a frequency bias.

Consonant versus vowel responses. Let us now turn
to a closer inspection of the sound change condition, in
which listeners were unrestricted as to their choice of
phonemic category. Table 3 shows the mean RTs (in milli
seconds) ofthe vowel change responses and the consonant
change responses in this condition. The vowel change re
sponses were made faster than the consonant change re
sponses, and this difference of327 msec was significant
by subjects! [Fj(l,27) = 5.34,p < .03]. Also, for those
stimuli that had a vowel change word with a higher fre
quency than the corresponding consonant change word,
vowel change responses were more often chosen; the
same was true for the stimuli that had a consonant change
word with a higher frequency than the corresponding
vowel change word: In these cases, consonant change re
sponses prevailed. This frequency effect was significant
by subjects [vowel change words higher frequency,
F j(l ,27) = 20.59,p < .01; consonant change higher fre
quency, F j(l ,27) = 1O.60,p < .01] but not by items, in
dicating that the effect was attributable to a few extremely
highly frequent vowel and consonant change words.
One-tailed Wilcoxon signed ranks tests on the proportion
of vowel versus consonant responses in this condition
showed no significant difference (vowels, 43%; conso
nants, 57%; zl = 0.55; Zz = 0.83). That is, listeners were
equally likely to opt for a vowel change as for a consonant
change. Taken together, these findings indicate that both
vowel words and consonant words were recognized on
the basis of the nonword stimuli, but vowel words were
easier to recognize than consonant words.

Control analyses. One possibility is that vowel changes
were made faster than were consonant changes because
the perceptual distance between a phoneme in a non-

14.5
7.2Consonant

Vowel

Sound 1,758 16%
Vowel 2,217 28%
Consonant 2,412 42%

Table 1
Mean Response Times (RTs, in Milliseconds) and

Error Rates for the Three Phoneme Change Conditions:
Sound Change, Vowel Change, and Consonant Change

Change Condition RT Error Rate

discarded. These included intrusions (vowel responses
given in the consonant change condition or vice versa),
mistakes (responses that involved a substitution of more
than one phoneme), and false alarms. Z Standard analyses
of variance with subjects and with words as random fac
tors were carried out on the remaining RTs (measured
from the onset of each nonword) and on the error scores
for all three phoneme change conditions. In addition, the
verbal responses were used for a combined analysis of
the vowel change and the consonant change conditions
with a view to the number of intrusions in each. Finally,
the sound change condition was analyzed on its own in
order to compare the proportion as well as the RTs of the
consonant versus the vowel responses.

Reaction times. Table I shows the mean RTs (in milli
seconds) with their corresponding error rates for the three
phoneme change conditions. There was a significant
main effect of phoneme change condition [F j (2,54) =
13.39, P < .001; Fz(2,1l 0) = 12.99, P < .001]. Ttests
showed that the RT difference of 459 msec between the
sound change and the vowel change condition was signif
icant [t,(29) = 5.02,p < .001; t z(56) = 4.16,p < .001].
As expected, the difference of 654 msec between the
sound change and the consonant change conditions was
also significant [t, (29) = 4.4, P < .001; tz(56) = 5.47,
P < .001]. The RT difference of 195 msec between the
vowel change condition and the consonant change condi
tion was in the predicted direction but did not reach sig
nificance. There was no effect of the order in which the
three phoneme change conditions had been presented.

Error rates. The consonant change condition not only
had the slowest RTs, but also the highest number of in
correct or missing responses; that is, there was no speed
accuracy tradeoff. One-tailed Wilcoxon signed ranks
tests on the error scores showed a significant difference
of26% between the consonant change condition and the
sound change condition (z , = 4.63,p < .001; Zz = 4.99,
P < .001) as well as a significant difference of 14% be
tween the consonant change condition and the vowel
change condition tz, = 3.58,p<.001;zz = 2.25,p<.02).
The 12% difference between the vowel change condition
and the sound change condition was significant by subjects
only(z, = 3.90,p<.001). There was no effectofthe order
in which the three conditions had been presented.

Phonemic intrusions. Table 2 shows the percentage
of vowel intrusions in the consonant change condition
(i.e., instances where listeners said, e.g., the vowel word
ultimate instead of the consonant word estimate in re
sponse to the stimulus / 'eltrmot/) and ofconsonant intru
sions in the vowel change condition. One-tailed Wilcoxon
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Table 3
Mean Response Times (RTs, in Milliseconds) ofthe Vowel
Change Responses and the Consonant Change Responses

in the Sound Change Condition

sense word and its replacement phoneme in the appro
priate real word was generally smaller for vowels than
for consonants. Distance between phonemes can be ex
pressed in terms of features, and this approach has been
assumed to be perceptually valid (see, e.g., Cole, 1973;
Cole & Scott, 1972; Miller & Nicely, 1955; Mohr & Wang,
1968; but see Wang & Bilger, 1973, for a critical review).
Since the issue under investigation is a comparison be
tween vowels and consonants, the use of features is prob
lematic. Due to the inherent acoustic-phonetic differences
between vowels and consonants, the features most suit
able to describe one category are not the same as those
that most aptly represent the other category. With this in
mind, however, the following analyses were conducted.

Inspection ofthe data showed that 19 out ofthe 60 non
word stimuli yielded both a unique vowel response and
a unique consonant response. For example, metton elicited
both mitten and melon responses, but no others, such as,
in this case, mutton. For each of these 19 nonwords, the
corresponding vowel and consonant words were scored
in terms of distance from the vowel or consonant in the
stimulus. This was done with two distinctive feature sys
tems, 1 and 2 (Tables 4A--4B and 5A-5B). Feature Sys
tem 1 (Jakobson et aI., 1951) uses different features for
vowels and consonants and can be considered the most
appropriate one for each category on its own. In addition,
an attempt was made to equate vowels and consonants at
least in terms of feature definitions, using a matrix with
the same features for both, called Feature System 2 (Jak
obson & Halle, 1956). For example, the stimulus I 'wedou/
had a vowel change from lei to III (for widow), which cor
responds to a distance of 1 on Feature System 1, and a
consonant change from Iwl to Iml (for meadow), corre
sponding to a distance of 2 on the same feature system.

. For Feature System 1, the mean distance between stim
ulus phoneme and response phoneme was somewhat
larger for the vowels (1.95) than for the consonants (1.53).
A two-tailed Wilcoxon signed ranks test showed that this
difference was close to significance (p < .07). For Sys
tem 2, the mean distance was slightly larger for conso
nants (2.16) than for vowels (1.84), but not significantly
so. To see whether RTs varied as a function of feature
distance (in the sense that faster responses may go with
smaller differences), linear regression analyses were per
formed on the factors of RT and number of features dif
ferent. These yielded no significant correlations, irrespec
tive offeature system. Thus, insofar as it is at all justified
to equate distance between vowels with distance between
consonants, the distance between stimulus phoneme and
response phoneme was, ifanything, larger for vowels than

Table4A
Distinctive Feature Matrix for Feature System 1 (Vowels)

Table 48
Distinctive Feature Matrix for Feature System 1 (Consonants)

Consonants

r wv ill n

Vowels

d k 9 s

e re A a: o ;): 3: u: er at oroVowels i:

Syllabic - - - - - - + + + + -

Nasal - - - - + + -

Voiced - + - + - + - - + + + + + +
Continuant - - + + + + + + + +
Anterior + + + + - - - + + + + + - +
Coronal - - + + - - + - - - + + + -

Sonorant - - - - + + + + +

Consonants p b

Round - - - - + + - + - - +
Low --+-+-+ -+
High + + - - + -
Back - + + + + + + - +
Tense + - - + - + + + + + +
Diphthong - - - - - - - - + + +

Note-After Jakobson, Fant, and Halle (1951).

for consonants. This rules out the possibility that vowels
were easier to change because of a smaller distance be
tween stimulus vowel and response vowel than between
stimulus consonant and response consonant. Note that
such an argument also seems unlikely in view of the ob
served asymmetry in the data, with vowel intrusions oc
curring significantly more often than consonant intrusions.
Indeed, some of these vowel intrusions (18%) involved
a larger feature distance between stimulus and response
vowel than the corresponding, correct consonant re
sponse would have (e.g., cammon ~ common instead of
cannon).

A final control analysis was motivated by the obser
vation that the stimuli in this experiment contained more
consonantal than vocalic positions. Of the 60 nonwords,
only 3 had more vocalic than consonantal positions (e.g.,
I 'ezi: I = VCV); 19 had an equal number (e.g., I 'nenir/
= CVCV), and a majority of 38 had more consonantal
than vocalic positions (e.g., I'lov;)l! = CVCVC). This
imbalance in the materials directly reflects the charac
teristics of English: There are more words starting with
CV than with VC, so vocalic nuclei tend to be surrounded
by consonants, and therefore the average word will have
more consonants than vowels.s One might argue that,
since the subjects' task may be interpreted as "spot the odd
sound out and correct it," it would not have taken sub
jects long to discover that, per item, a vowel stood a propor
tionally higher chance of being a candidate for replace
ment. If this were true, the proportion of vowel versus
consonant responses obtained in the condition where lis
teners could choose freely should be a function ofthe pro
portion ofvowel versus consonant positions per item: the
fewer vowels in the stimulus, the more often a vowel re
sponse will be found. In order to check this, all experi
mental items were scored in terms of these proportions.

Note-After Jakobson, Fant, and Halle (1951).

1,922

Consonant Change

Responses

1,595

Vowel Change

RT
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Vowels

Note-s-After Jakobson and Halle (1956).

Note~After Jakobson and Halle (1956).

DISCUSSION

based on vowel changes interfered; the opposite-that is,
of consonant changes interfering with instructions to
change vowels-occurred significantly less often. Taken
together, these results support the hypothesis. The find
ing that unwarranted vowel changes outnumbered un
warranted consonant changes could be taken as an indi
cation that listeners are so accustomed to vowels being
mutable that they "automatically" come up with vowel
alternatives.

The majority of the vowels that were changed in this
experiment were strong, unreduced vowels. This suggests
that the pattern of false alarms in the McQueen et al.
(1994) study cannot be explained in terms of the schwa
being a special case of mutable vowel and therefore
uniquely liable to perceptual modification. Rather, per
ceptual flexibility would seem to be an aspect of vowel
perception that applies to English vowels in general, ir
respective of their rhythmic status. The finding that a
tense vowel such as li:/, one ofthe most extreme vowels
with respect to articulatory position, was readily changed
to tei! (feeble ~ table) suggests that vowel flexibility does
not result from sheer acoustic confusability (which was
in any case not expected, because of the quality of the
speech and the quiet listening conditions). Thus the ob
served ease of vowel changes seems not to result from
low-level perceptual confusions.

Nor can the observed ease of vowel changes be ex
plained in terms of the number of vowels versus conso
nants in the language. One might say that there are fewer
vowelsthan consonants in English, so the set size is smaller
and therefore easier to "run through." However, first of
all, with 20 vowels (including diphthongs) and 24 con
sonants, English does not in fact display a large differ
ence between the two sets ofphoneme types. In addition,
not all consonants occur in all word positions; for exam
ple, Ifjl never occurs initially, and neither Ihl nor Irl oc
curs finally in British English (Gimson, 1980). Further
more, in the condition where listeners were free to choose,
the proportion of vowel versus consonant responses was
similar. Ifsmallness ofset size per se prevailed, one would
have expected a predominance of vowel choices. Such a
predominance did show up in the RTs for the vowel re
sponses, which were significantly faster than those for
the consonant responses. However, both vowel and con
sonant RTs separately were faster in this condition than
in the two restricted conditions. If set size alone deter
mined speed of response, there would be no reason for
subjects to be faster from one condition to the next, since
set size of the phoneme types never changed. The fact
that the sound change condition yielded the fastest RTs
indicates that having plenty ofchoice does not slow down
overall decision time nor decision time for the two cate
gories separately.

What, then, is the most likely explanation for the find
ings in this study? It is proposed that the observed mu
tability ofvowels is indicative ofa mechanism for dealing
with expected uncertainty about precise vowel identity.
The need for such a mechanism may be motivated by the
variability ofacoustic segments, both with respect to pro-

r wv m n

Vowels i: I:: 1£ A 0: o o: 3: u: er at O(i)

Consonantal - - - - - - -

Vocalic + + + + + + + + + + + + +
Diffuse + + - - - - - + -

Compact - + - + + + - - - +
Grave - - + + + + + + - +
Flat - - - - - - + + - + - +
Tense + - - - - + - + + + + + +
Voice + + + + + + + + + + + + +
Continuant + + + + + + + + + + + + +
Strident - - - - - - - - -

Nasal - - - - - - - - -

Consonants p b t d k 9

Consonantal + + + + + + + + + + + + + -
Vocalic - - - - - - - + + -
Diffuse + + + + - - + + + + + + + -
Compact - - - - - - -
Grave + + - - + + - + + + - - - +
Flat - - - - - - - - - +
Voice - + - + - + - - + + + + + +
Continuant - - - + + + - - + + +
Strident - - - - - - + + + -
Nasal - - - - - - - + +

Forexample, the stimulus I 'melos/ had a vowel-consonant
ratio of 2/5 = 0.4, and the ratio of vowel-consonant re
sponses for this item was 6/9 = 0.66. A correlational
analysis was then conducted on the factors of vowel
consonant ratio and vowel-consonant responses per item.
This yielded no significant correlation [r(58) = .13,p <
.3]. Thus the higher number of vowel responses is not an
artifact of there being fewer vowel positions than conso
nant positions in the majority of the stimuli.

TableSB
Distinctive Feature Matrix for Feature System 2 (Consonants)

Consonants

Table SA
Distinctive Feature Matrix for Feature System 2 (Vowels)

This study has raised the issue of whether vowels and
consonants differ with respect to how they are processed
in spoken word recognition. For this purpose, data from
three existing word-spotting experiments (McQueen
et aI., 1994) were reconsidered. In these experiments, lis
teners' false alarms revealed a predominance of vowels
over consonants, in that (mostly weak) vowels were the
most likely segments to be changed for word recognition
(e.g., /soprem/ ~ pram). Subsequently, a word recon
struction experiment was designed to test the hypothesis
that English listeners will assume vowel identity to be
more mutable than consonant identity. The results of this
experiment showed that (strong) vowels were substituted
more readily than were consonants to turn word-like
nonwords into real words. Even when listeners were ex
plicitly instructed to focus on consonants, responses
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duction (due to such factors as speaker or dialect varia
tion, speech rate, etc.) and with respect to perception
(due to, for instance, phonemic inventory, speech quality,
etc.). In view ofall of these sources of uncertainty, listen
ers appear to be prepared to postpone their decision of
exactly which vowel type they heard. For lexical access,
the consequence of a mechanism that treats vowel infor
mation as less fixed than consonant information is that
vowel information as specified in the acoustic-phonetic
input can vary considerably from vowel identity in a
given lexical entry.

The issue of how good a match must be between
acoustic-phonetic input and lexical knowledge has been
investigated in several studies with a variety oftechniques,
such as cross-modal priming, gating, phonetic catego
rization, and phoneme monitoring. For example, Marslen
Wilson and Zwitserlood (1989) have argued on the basis
of findings obtained with the cross-modal priming task
that a word-initial, consonantal mismatch of only one
feature (e.g., bleasant instead ofpleasant) is enough for
the sequence not "to enter normally into the on-line de
cision space" (p. 583); that is, not to speed up lexical de
cision responses to a later occurring associated target
word (see also Marslen-Wilson, 1993).5 Connine et al.
(1993) showed that lexical decisions to a word such as ser
vice did undergo facilitation from an earlier presented
nonword zervice, but not from a form like gervice, sug
gesting that permissibility ofmismatch is a matter of fea
ture distance. In a subsequent study investigating the
consequences of phonemic ambiguity, Connine, Blasko,
and Wang (1994) found not only that an ambiguous word
initial consonant nevertheless permitted lexical activa
tion, but also that it led to multiple lexical hypotheses.
That is, after presentation ofan ambiguous token such as
dltime, both associated words penny and clock were ac
tivated. The authors concluded that "ambiguity that results
in competing specifications of a phonetic feature does
not preclude the mapping of either feature to a compati
ble lexical representation" (p. 633).

It remains to be determined precisely what degree of
mismatch the recognition system can tolerate, and under
what circumstances. However, it seems that the most
substantial deficiency in our knowledge at present is that
all of this research has focused on consonants. There is
an obvious historical reason for this: The cohort model
of word recognition has always stressed the sequential
nature of the speech input, with the beginning of an
acoustic-phonetic sequence determining the word-initial
cohort (see, e.g., Marslen-Wilson, 1987, 1990; Marslen
Wilson & Welsh, 1978). In English, the typical word
initial structure is CV; therefore it is logical to concen
trate on degree of word-initial (consonantal) mismatch.
Consequently, information on degree ofvocalic mismatch
has to be inferred from what we know about consonan
tal segments. However, the evidence presented in this study
suggests that such an inference is by no means warranted.
Instead, it may well be the case that the recognition sys
tem is designed in such a way as to allow a greater amount

ofvocalic mismatch than consonantal mismatch. Clearly,
further research is required to address this possibility.

What might be the implications of comparative vowel
mutability for theoretical accounts of speech process
ing? In order to account for the data in the present study,
a model would need to incorporate a mechanism for ac
complishing lexical selection despite a potentially con
siderable mismatch between input and lexical entry. In
addition, performance would have to vary according to
whether this mismatch resided in a vocalic or in a con
sonantal segment. Vocalic segments could have a com
paratively flexible goodness-of-fit and hence not restrict
the set oflikely word candidates in the same way as con
sonantal segments, and this relative freedom would lead
more rapidly to retrieval ofa lexical item. There are mod
els that would seem capable, in principle, of incorporating
such a vowel-consonant distinction. In the SHORTLIST
model (Norris, 1994), for example, word recognition is
achieved in two stages. In the first, all potential lexical
candidates starting at every phoneme in the input are
"shortlisted" into a small interactive activation network.
Subsequently, these candidates compete for recognition.
The initial activation level ofa candidate is determined by
the degree to which it matches the acoustic-phonetic input.
Given a certain tolerance ofphonetic mismatch in the first
stage, candidates that differ slightly from the input with
respect to vowel identity would nevertheless be short
listed. In this way, the relative perceptual flexibility for
vowels as exhibited by listeners in the two experiments
discussed would be captured.

CONCLUSION

If the acoustic-phonetic input does not map immedi
ately onto a lexical entry, British English listeners relax
their constraints on precise vowel identity, suggesting
that they possess a perceptual mechanism for dealing
with expected vowel variability that operates in the case
of uncertainty about a lexical candidate. This finding
cannot be adequately explained by such factors as word
frequency, full versus reduced vowel quality, phonolog
ical distance as measured by distinctive features, distri
bution of vowels and consonants across words, or total
number of vowels and consonants in the language's rep
ertoire. Nor is the observed effect of vowel mutability an
artifact of the specific experimental task. For instance, a
possible argument would be that the word reconstruction
paradigm focuses attention on individual segments and
therefore encourages awareness of single phonemes in
an unnatural fashion. However, the effect was first ob
served in McQueen et al.'s (1994) word-spotting task. In
this task, subjects' attention was by no means drawn to
single phonemes, nor to the possibility of the acoustic
input being in need of modification-the task was sim
ply to identify an embedded word of the language. Thus
the observations of the word-spotting study together with
the data from the word reconstruction experiment con
verge to suggest that, at least in British English, listeners
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rely on a perceptual mechanism by which acoustic in
formation about vowels is treated differently from acous
tic information about consonants: In the case of uncer
tainty, vowel identity is assumed to be more mutable.
Furthermore, the mutability ofvowels indicates that com
paratively salient segments are not necessarily compara
tively easy to identify. In spontaneous misperceptions,
which typically appear in noisy circumstances, conso
nants are more likely to suffer from distortion. This is not
surprising: They are comparatively weak and short sounds,
and as such are harder to pick up if the signal is not clear.
If, on the other hand, the signal is clear enough to hear
all of the segments, but does not produce an immediately
interpretable percept, vowels are treated as the more mu
table segments. Thus it is hoped that this study will serve
as a starting point for the proposal that there is a differ
ence between vowels versus consonants as lexical build
ing blocks in spoken word recognition.

Finally, this study has demonstrated that the task of
word reconstruction usefully extends the repertoire of
paradigms available to investigate the process of spoken
word recognition. It can be considered as an approxima
tion ofwhat listeners have to do in everyday speech com
munication, namely, to match up a less than perfect sig
nal with abstract lexical representations. Several lines of
research exploiting this task suggest themselves. For in
stance, the question of whether vowel mutability is re
lated to vowel richness of a particular language seems
important; in the present study, these two factors are con
founded in that only one vowel-rich language has so far
been tested. Among the many things that remain to be
determined is the question of whether vowels are intrin
sically mutable or mutable under the influence of num
ber of neighbors in a language's phonemic repertoire.
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NOTES

1. However, in more recent work, Marslen-Wilson and Warren (1994)
have argued in favor of a sublexical featural level. As speech is heard,
some set offeatures is extracted and mapped onto the level oflexical rep
resentations. On this view, phonetic decision is a strictly postlexical task.

2. False alarms were spontaneous keypresses followed by subjects
either falling silent or alerting the experimenter to the fact that they had
made a mistake. The majority ofthese false alarms occurred in the con
sonant change condition; as subjects testified afterward, these were
cases where they had immediately thought of a real word but realized
too late that it had a different vowel rather than a different consonant.

3. Significance by items was probably not reached owing to restric
tions imposed by the nature of the analysis. In order for a meaningful
comparison to be made, for each item both vowel RTs and consonant
RTs must be contrasted. For 18 out of the 60 items, however, only one
response category (mostly the vowel alternative) was used. After removal
of these items, the remaining number was not significant [F2(1,41) =

1.69,P < .20]. This effect could perhaps have been significant over a
larger item set.

4. Correspondingly, in a study of the frequency of occurrence of
speech sounds, Fry (1947) estimated that in running English speech,
vowels account for about 40% and consonants for about 60% ofthe pho
nemes uttered.

5. However, it should be noted that, together with such an intolerant
processing environment, phonologically regular variation does not count
as mismatching information (Lahiri & Marslen-Wilson, 1991, 1992).

APPENDIX
Materials of the Word Reconstruction Experiment

Stimuli VowelChange Words Consonant Change Words
Note that British English is nonrhotic, so a stimulus like "pessenger" is pronounced as /'PCS;md3;l/, not as

/pesondgor/.

l'pcs~nd3~1

l'3:mil
l'd;):p~1

/'blt~lI

l'nDtlsl
/'czil
/wesk/
/mrton/
/wedo I
/rna'lim/
/'i:ft~1

/drzort/
/'nsk~lI

/'aIr~ndl

/'IDv~lI

/'ti:b~lI

rsiv»!
/tisk/
/'fcs~lI

I'i:kdl
l'fDNg~1

passenger
army
dapper, deeper, doper, dipper
battle, bottle, beetle
notice
easy
whisk
mitten, mutton
widow
malign
after
dessert
rascal
errand
level
table
sever, server, savour
task, tusk
fossil
acre, acre
finger

messenger
early
pauper, torpor, daughter, dormer
little, whittle
novice
any
west, desk
melon
meadow
marine
easter
resort
fiscal
island, ironed
novel
feeble
liver, river, simmer, sinner
risk, disk
vessel
eager, eater
longer
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APPENDIX (Continued)

Vowel Change Words Consonant Change Words

/'seIf;;l11
l'etIkl
I'mcl;;lsl
/obzorv/
/'n;,:zil
l'eltIm;;ltl
/'hO;;l1
I'fev;;l\!
I'da:til
I'o:f;;lnl
Igru:nl
1I'I;;lUt!
I'krem;;lnl
l'feIf;;lnl
I'wi:t;;ll

/r'luf"
I's;,:veil
/'nenil
/'mred;;lll
I'mv;;l\!
/'kAI;;ld31
/'srem;;ll
I'rop;;ll
I'li:b\!
/dr'sird/
I'met;;ll
I'moril
I'SIll;;lt!
/a'paont/
I'ruZI nl
I'f;;lut;:lsl
/wcmon/
I'flmIfl
/a'dom/
I'i:p;;lnl
I'mref;;lnl
/'s;;lpraIml
I'fIkt ori/
I'p;,id;;lnl

social
attic
malice
observe
nosey, noisy
ultimate
farther, father, feather, further
shovel
dirty, deity, ditty, dorty, doughty
often, orphan
grown, green, grain, grin
elate, elite
common
fashion
water, waiter, wetter, whiter, witter

aloof
survey
nanny, ninny
muddle, middle, medal, model
naval, novel
college
summer, simmer
wrapper
local
decide
matter, meter, martyr, motor
marry, merry, morrow, murrey
sonnet
appoint
raisin, rosin
foetus
women, woman
famish
attain, atone
open
mission
supreme
factory
pardon

racial, facial
epic, ethic
menace
absolve
naughty
estimate
wither, hither, dither, fitter
level
party, hearty, tarty, darky
arson
group, groom, gruel, groove, croon, gran
elope
canon, gammon
nation
meter, liter, heater, neater, teeter, beater,
seater, weeder, weaker
enough
sorbet
many, penny
saddle, paddle, madden
civil, nibble, nipple
courage
hammer, salmon, sadder, satyr
copper
legal
deceive
better, letter, wetter, setter, mitre, mutter
sorry, lorry
senate, synod
account, amount
cousin
focus, lotus
lemon
finish
adorn
even, eaten
passion, fashion
surprise
victory
poison

(Manuscript received June 28,1995;
revision accepted for publication February 8, 1996.)




