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Categorical perception, as an ideal situation, is rarely if ever observed in the
laboratory. Two separate requirements must be met for categorical perception:
(a) Discrimination performance must be phonetically mediated (i.e., it should
be predictable from labeling performance), and (b) labeling responses must be
independent of the stimulus context. To determine the extent to which departures
from the ideal are due to failures to meet one or both of these requirements, we
used four stimulus continua in same-different (AX) discrimination and labeling
tasks: stop-consonant-vowel (CV) syllables, isolated vowels, isolated fricative
noises, and nonspeech sounds varying in timbre. We found that perception of
CV syllables fell short of the ideal only because of contextual influences on
labeling. Neither criterion of categorical perception was met by vowels or fricative
noises, but subjects were more prone to phonetic mediation with vowels than
with fricative noises, and they showed more context independence with fricative
noises than with vowels. Surprisingly, the nonspeech timbre stimulj satisfied both
requirements better than either vowels or fricative noises. This fmding was at-
tributed to the short duration of our timbre stimuli, which prevented them from
sounding vowel-like but at the same time may have prevented stable auditory
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memory traces.

In categorical perception subjects encode
stimuli in terms of a few discrete categories,
rather than in terms of continuous attributes.
If perception is perfectly categorical, stimuli
drawn from a physical continuum are dis-
criminated only to the extent that they can
be assigned- different category labels. In
practice performance deviates from this
ideal by varying amounts, so it becomes nec-
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essary to speak of degrees of categorical per-
ception. The extent to which perception of
a given stimulus set in a given task is cate-
gorical has typically been assessed by com-
paring results of a discrimination task with
predictions derived from an independent
identification task. Repp, Healy, and Crow-
der (1979) pointed out, however, that this
method confounds two aspects of categorical
perception: context independence (which
they called absoluteness) and phonetic me-
diation (which they called predictability).
Context independence refers to the degree
to which the phonetic categorization of a
given stimulus is independent of the context
in which it occurs. Phonetic mediation refers
to the degree to which discrimination ap-
pears to be based on category labels, rather
than on continuous sensory stimulus attri-
butes. Perfect categorical perception satis-
fies both of these criteria, but departures
from this rarely observed ideal may be due
to less context independence, less phonetic
mediation, or both. In other words subjects’
(covert) labeling responses in a discrimina-
tion task may be subject to contextual influ-
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ences, but the subjects may nevertheless base
their discrimination judgments on these la-
bels; or it may be that discrimination is not
based on category labels, whether or not they
change as a function of context.

The proposal that categorical perception
involves two separate aspects that are con-
founded in the standard predictability test
was first made by Lane (1965), but it was
subsequently rejected by Studdert-Kennedy,
Liberman, Harris, and Cooper (1970) on the
grounds that the standard test is sufficient
to determine whether a stimulus continuum
is categorically perceived. Such a test cannot
reveal the reasons for any deviations from
the ideal pattern, however, and since devia-
tions are almost always observed, their ex-
planation is a central issue.

In their recent study Repp et al. (1979)
applied this logic to isolated vowels, a type
of stimulus that has been shown by conven-
tional methods to be perceived in a nonca-
tegorical fashion (e.g., Fry, Abramson, Ei-
mas, & Liberman, 1962; Stevens, Liberman,
Studdert-Kennedy, & Ohman, 1969). The
stimuli used by Repp et al. formed an /i-1-
¢/ continuum. Degree of context indepen-
dence was assessed by examining whether
the overt labeling of these vowels changed
when they were paired with other vowels
from the same continuum. Extent of pho-
netic mediation was determined by compar-
ing the probabilities of assigning two vowels
in a pair same or different phonetic labels
to the probabilities of responding “same” or
“different” to precisely the same vowel pairs
in a discrimination test. In addition, a stan-
dard single-item identification test was run.
This methodology revealed that the nonca-
tegorical perception of isolated vowels de-
rived primarily from the context sensitivity
of these stimuli (just as Lane, 1965, conjec-
tured): Once context-induced (invariably
contrastive) shifts in labeling probabilities
were taken into account, discrimination per-
formance could be predicted fairly closely,
indicating that vowel discrimination may be
mediated in large part by phonetic catego-
ries.

This result suggested to us that context
sensitivity and phonetic mediation are in-
dependent aspects of perception. Repp et al.
(1979) hypothesized (in their all-phonetic

model) that contextual influences arise prior
to categorization via a mechanism of audi-
tory contrast similar to lateral inhibition,
and the predictability of discrimination per-
formance from labeling performance reflects
the listeners’ reliance on category labels and
their reluctance or failure to refer to addi-
tional auditory stimulus information. Ac-
cording to that view the size of context ef-
fects is determined by auditory stimulus
properties, whereas the extent to which dis-
crimination can be predicted from labeling
presumably depends both on the relative ac-
cessibility of auditory stimulus information
(cf. Fujisaki & Kawashima, 1969) and on
the familiarity of the categories used. If con-
textual influences are relatively independent
of the use of category labels in discrimina-
tion, then it might be possible to find a stim-
ulus set whose perception, unlike that of iso-
lated vowels, is relatively context independent
and yet not phonetically mediated. In ad-
dition, of course, there may be stimulus sets
that are high or low on both of these di-
mensions (i.e., whose perception is highly
categorical or highly noncategorical).

In the present study we compared four
different stimulus sets with regard to the
context independence and phonetic media-
tion criteria, using the methodology of Repp
et al. (1979), which had been previously ap-
plied only to vowel stimuli. We expected
these stimulus sets to exhibit different pat-
terns of results, as explained in more detail
below. Thus, the results of our experiment
were expected to bear on the question of
whether context independence and phonetic
mediation are independent aspects of cate-
gorical perception.

Our first set of stimuli was a continuum
of stop-consonant-vowel (CV) syllables
ranging from /ba/ to /da/. It is well known
that these stimuli are perceived highly cat-
egorically (e.g., Liberman, Harris, Hoff-
man, & Griffith, 1957). Therefore they were
expected to be high on both the context in-
dependence and phonetic mediation criteria.
Nevertheless there was more to be learned
about their perception. We were interested
in whether they show any reliable context
effects at all and, if so (cf. Eimas, 1963;
Rosen, 1979), how the magnitude of these
effects compares to those found for other
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stimuli. It is a common finding in conven-
tional studies of categorical perception that
discrimination performance is somewhat
higher than predicted, even for stimuli that
are perceived highly categorically. We won-
dered whether this discrepancy could be ac-
counted for by context effects in covert
labeling; perhaps the difference would
disappear when in-context predictions (de-
rived from subjects’ labeling responses to
stimuli presented in the same format as in
the discrimination task) were used.

Our second set of stimuli was a continuum
of isolated vowels ranging from /i/ to /1/.
This part of the experiment was expected to
provide a partial replication of the Repp et
al. results and to enable us to make a more
direct comparison with the other stimulus
sets. On the basis of the Repp et al. (1979)
findings, we expected the vowels to exhibit
large contrast effects in labeling but rela-
tively high predictability of discrimination
scores from in-context labeling results, in-
dicating phonetic mediation. We wondered
whether phonetic mediation would be as
strong for vowels as for CV syllables, as sug-
gested by Repp et al.

Our third set of stimuli was a continuum
of isolated fricative noises ranging from
/I/ to /s/. Considerably less was known
about the perception of these stimuli than
about the preceding two sets. Mann and
Repp (1980) recently used them in a labeling
task, however, and found that subjects as-
signed them to phonetic categories reliably
and without difficulty. Informal observations
also suggested that these noises were not
particularly sensitive to context and were
easy to discriminate. Thus, this stimulus set
was a candidate for being high on context
independence but low on phonetic media-
tion—a result that (in conjunction with the
vowel results) would indicate that the two
dimensions can be dissociated. This part of
the experiment also served as a partial rep-
lication of a previous study by Fujisaki and
Kawashima (1969), who, to the best of our
knowledge, were the only authors ever to use
a continuum of isolated fricative noises in
a categorical perception task. They, like
Mann and Repp (1980), found very reliable
identification of these noises, as well as bet-
ter than chance discrimination within pho-
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netic categories. They also found, however,
a marked discrimination peak at the cate-
gory boundary—a finding that was taken to
indicate the involvement of phonetic cate-
gories in discrimination. We wondered
whether this result could be replicated.

Our fourth set of stimuli was a continuum
of nonspeech sounds varying in timbre. More
precisely, they were isolated synthetic single-
formant resonances varying in frequency but
with a constant fundamental frequency. The
categories that subjects used in classifying
these stimuli were “low” and “high,” refer-
ring to their relative pitch (“dull” and
“sharp” or “dark” and “bright” might have
been equally appropriate labels). Although
this stimulus continuum had some aspects
in common with a vowel continuum, it was
expected to be perceived noncategorically,
like other physical continua of simple non-
speech sounds. To prevent the stimuli from
sounding vowel-like, a short duration (50
msec) was chosen. Because of the relative
nature of the category labels, labeling re-
sponses were expected to be highly context
dependent, and they were not expected to
mediate discrimination.

Each of the four stimulus continua had
the same number of stimuli (10) and cate-
gories (2). Since it is difficult to equate rel-
ative discriminability across continua with-
out extensive pilot work, we instead chose
to present stimulus comparisons one, two,
and three steps apart on each continuum.
Thus, one-step differences on a continuum
of easily discriminable stimuli might give
performance levels comparable to those of
two-step or even three-step differences of
other stimuli that were more difficult to tell
apart, thus enabling us to make a fair com-
parison.

Aside form its primary purpose—the sep-
aration of the two aspects of categorical per-
ception—our study served as a detailed in-
vestigation of perceptual contrast effects,
that is, the tendency to give successive stim-
uli- different labels. We were in a position
not only to compare the magnitudes of con-
trast effects across different stimulus con-
tinua but also to compare forward and back-
ward contrast effects within stimulus pairs,
to separate phonetic contrast from auditory
contrast, and to investigate the influence of
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varying step size (i.e., physical stimulus dif-
ference) on the size of contrast. We hoped
that our results would bring us closer to an
understanding of the stimulus characteris-
tics that facilitate or inhibit contrast be-
tween successive stimuli.

Method
Subjects

The subjects were 12 paid volunteers, men and women
recruited by posters on the Yale University campus.
None of them were experienced in discrimination tasks,
although several had listened to synthetic speech for
other experimental tasks conducted in the laboratory.

. Stimuli

Four different continua of synthetic sounds were used.
Each continuum contained 10 stimuli spaced in ap-
proximately equal physical steps. The first three
(speechlike) continua were generated on the OVE Illc
serial resonance synthesizer at Haskins Laboratories;
the fourth (nonspeech) continuum was created on the
Haskins Laboratories parallel resonance synthesizer.

CV syllables. The CV syllables (/ba/-/da/) dif-
fered in the onset frequencies of the second and third
formants, which are listed in Table 1. The transitions
from these onset frequencies to the formant steady states
(at 1233 Hz and 2520 He, respectively) were stepwise
linear and 40 msec in duration. All CV syllables had
in common a 30-msec first-formant transition (from 200
Hz to 771 Hz), a fundamental frequency contour that
was steady at 125 Hz over the first 50 msec and then
fell linearly to 80 Hz, a flat amplitude contour with a
final ramp, and a total duration of 250 msec. ’

Vowels. The vowels (/i/-/1/) differed in the fre-
quencies of the first three formants, which are listed in
Table 1. All vowels had constant formant. frequencies,

Table 1
Stimulus Parameters (in Hz)
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a linearly falling fundamental frequency contour (from
125 Hz to 80 Hz), a flat amplitude contour with initial
and final ramps, and a total duration of 250 msec. Due
to synthesizer characteristics stimulus amplitude in-
creased slightly across the continuum.

Fricative noises. The fricative noises ( /1/-/s/) dif-
fered in the frequencies of two fricative formants
(poles), which are listed in Table 1. All stimuli had
constant formant frequencies, flat amplitudes with ini-
tial and final ramps, and a total duration of 250 msec.
Due to certain adjustments in the amplitude specifica-
tions at the synthesis stage, the stimuli had increasingly
lower amplitudes (a total decrease of about 4 dB), flatter
amplitude ramps, and relatively more abrupt onsets to-
wards the high (/s/) end of the continuum. These fac-
tors may have contributed to the discriminability of the

- noises, but this contribution was expected to be small

because differences in noise spectra were salient to begin
with, ’

Timbres. The timbres (low-high) were single (sec-
ond) formant resonances varying in frequency (see Ta-
ble 1). All timbres were steady state, with a fundamental
frequency of 124 Hg, a flat amplitude contour, and a
total duration of 50 msec. The short duration was chosen
to reduce the speechlikeness of the stimuli (250-msec
timbres sounded vowel-like) as well as their discrimi-

.nability, which seemed too high initially. (Spacing on

the continuum could not be reduced because of syn-
thesizer limitations.)

For each of the four stimulus sets, two tapes were
recorded using the Haskins Laboratories stimulus se-
quencing program. Except for the differences in stimuli,
these tapes were identical for all four sets. The simple
identification tapes contained 20 repetitions of each of
the 10 stimuli on a given continuum, arranged in four
random sequences of 50 (five repetitions of each stim-
ulus) with 3-sec interstimulus intervals (ISIs). In ad-
dition, the two endpoint stimuli of the continuum were
recorded five times in alternation at the beginning of
the tape to provide examples of the two categories. The
same-different (4X) tapes contained four random se-
quences of 68 stimulus pairs, with 300-msec ISIs within

CV syilables Vowels Fricative noises

Stimulus Timbres
no. F2 F3 F1 F2 F3 P1 P2 (F2)
1 859 1795 269 2296 3019 1957 3803 2156

2 937 1929 281 2263 2976 2197 3915 2234
3 1022 2059 293 2247 2933 2466 4148 2307
4 1099 - 2197 304 2214 2912 2690 4269 2387
5 1181 2328 315 2198 2870 2933 4394 2462
6 1260 2466 327 2167 2829 3199 4655 2540
7 1345 2594 339 2151 2789 3389 4792 2615
8 1425 2729 351 2120 2749 3591 4932 2692
9 1510 2870 364 2105 2709 3917 5077 2762
10 1588 2998 375 2075 2670 4243 5322 2837

Note. CV = stop-consonant-vowel. F1 = Formant I; F2 = Formant 2; F3 = Formant 3. Pl = Pole 1; P2 =

Pole 2.
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pairs and 4-sec ISIs between pairs. The 68 pairs in a
block included the 10 identical, 9 one-step, 8 two-step,

and 7 three-step pairs, in both possible stimulus orders,
2X(10+9+8+7)=68.

Procedure

Each subject participated in four sessions, one for
each stimulus type. The sequence of stimulus typés was
counterbalanced across subjects according to a Latin-
square design. There were three tasks in each session;
the sequence of tasks was likewise counterbalanced
across subjects but was fixed for a given subject across
the four sessions.

Simple identification task. The subjects were first
presented with the alternating endpoint stimuli to ex-
emplify the response categories. Then they assigned a
- written label to each stimulus heard. The symbols used
for the four stimulus types were b, d (CV syllables); i,
" I (vowels); sh, s (fricative noises); L, H (timbres).

AX labeling task. The subjects assigned labels to
both stimuli in each pair. The same labels as in the
simple identification task were used. If the AX labeling
task was first in a session, it was preceded by examples
of the endpoint stimuli (from the simple identification
© tape).

Ax discrimination task. In this task only the re-
sponses changed; they were now s (same) and d (dif-
ferent), and the subjects were carefully instructed to
listen for any difference between the stimuli.

. In all conditions the subjects were given a brief pre-

view of the tapes: A randomly selected section was
played for 1-2 -minutes, and subjects listened without
responding. The subjects listened to the stimulus tapes
in a quiet room over TDH-39 earphones. The tapes were
played back on an Ampex AG-500 tape recorder. Due
to their different acoustic characteristics, the different
stimulus types varied somewhat in overall amplitude,
but all were within a comfortable listening range.

Results
Simple Identification

The results of the single-item identifica-
tion test are summarized in Figure 1 in terms
of percentages of b and d responses for CV
syllables, i and I responses for vowels, sh and
s responses for fricative noises, and L and
H responses for timbres. The CV syllables
differ from the other three stimulus sets in
that the labeling functions are steeper and
the category boundary (the 50% crossover
point of the labeling function) is definitely
off center (the b category being larger than
the d category), whereas the other cate-
gory boundaries fall close to the .centers of
the respective continua (between Stimuli 5
and 6).

We used these identification results to pre-

dict discrimination performance, following
the classical low-threshold model (Pollack
& Pisoni, 1971). The resulting predictions,
averaged over subjects, are represented in
the top row of Figure 2 in terms of per-
centage of responses of “different” as a func-
tion of stimulus number and step size.

Phonetic Mediation

The results of the AX discrimination task
are displayed in the bottom row of Figure
2 in terms of percentage of responses of
“different” as a function of stimulus number
and step size. In the center row of Figure 2
are the corresponding scores derived from
the AX labeling task by computing the per-
centages of trials on which the two stimuli
in a pair were given different labels. The
discrimination scores in the center row pro-
vide the in-context predictions of the scores
in the bottom row; the accuracy of these
predictions (together with other considera-
tions discussed below) provides an indication
of the extent to which AX discrimination
might have been mediated by category la-
bels.

Separate analyses of variance for each
step size of each stimulus type were per-
formed to compare the discrimination scores
in the two tasks. These analyses revealed a
significant discrepancy in favor of the dis-
crimination task in all cases (p<.05 or
less).! These significant differences between
tasks, however, do not in themselves imply
that discrimination scores were significantly
higher in the discrimination task, since both
hits (one- to three-step functions) and false
alarms (zero-step functions) showed larger
values than in the labeling task, indicating
that subjects had a greater tendency to re-
spond “different” in the discrimination task
(particularly with CV syllables and timbres).

! It is interesting to note that the two tasks differ most
markedly within, rather than between, phonetic cate-
gories. This observation is difficult to interpret, however,
since in this experiment each continuum spanned only
two phonetic categories, so all within-category compar-
isons occurred at the ends of a continuum and all be-
tween-category comparisons occurred in the middle of
a continuum. Location on the continuum may have been
the critical factor, rather than the categories of the two
stimuli being compared.
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Figure 1. Labeling functions for the four stimulus continua in the simple identification task.

To control for this shift in response criteria,
values of & were obtained from the tables
provided for the AX paradigm by Kaplan,
Macmillan, and Creelman (1978). To obtain
sufficiently stable estimates of &, it was nec-
essary to average hit rates (separately for
the three step sizes) and false alarm rates
(based on pairs of identical stimuli) across
stimulus pairs on each continuum before
determining d' values for each subject and
each stimulus type.? The values of &', aver-
aged across subjects, are shown in Table 2.

An analysis of variance of these & values
included the following factors: step size, task
(discrimination vs. labeling), and stimulus
type. The overall difference between dis-
crimination and labeling tasks was signifi-
cant, F(1, 11) = 60.8, p < .001, as was the

2 Unequal frequencies of individual stimuli were taken
into account, and values of 0 and 1 were treated as .01
and .99, respectively, in the table look-up (@' = 6.93).
Of course, the resulting & values were rather crude in-
dices, but since they were computed in the same way
for both tasks, they provided a useful comparison.
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responses in the AX discrimination task (bottom row), in the AX

labeling task (middle row), and as predicted from simple identification (top row). (CV = stop-consonant-

vowel.)

Stimulus Type X Task interaction, F(3,
33) = 48.0, p < .001. The performance level
in the discrimination task exceeded -that in
the labeling task for timbres, F(1, 11) = 7.5,
p = .019, for vowels, F(1, 11) = 21.4, p =
.001, and especially for fricative noises, F(1,
11) = 131.8, p <.001, whereas CV syllables
showed a marginally significant difference
in the opposite direction, F(1, 11) = 4.5,
p = .056. This reversal for CV syllables sug-
gests that listeners, in their (unsuccessful)
attempt to make fine discriminations among
CV syllables in the discrimination task,
made less effective use of category labels
than in the labeling task. It also suggests
that the commonly observed advantage of
. CV syllable discrimination scores over pre-
dictions derived from single-item identifi-
cation tests may be solely due to context
effects in the discrimination paradigm (see
below)—that is, that the advantage is an
artifact of using inappropriate predictions.

For vowels the significant performance ad-
vantage of the discrimination over the la-
beling task indicates that, contrary to the
predictions of Repp et al. (1979), the dis-
crimination of isolated vowels is not pho-
netically mediated to the same extent as is
the discrimination of CV syllables.? Phonetic
mediation seems to play little or no role in
-fricative noise discrimination, for which per-
formance was exceedingly high even within
categories.

Clearly, the magnitude of the overall dif-
ference between the scores from discrimi-
nation and labeling tasks cannot be taken as

* Note that our finding of a significant difference be-
tween performance in the discrimination and labeling
tasks for vowels is consistent with the report of Repp,
Healy, and Crowder (1979, Experiment 2), who also
found a significant difference but, because the difference
was small, predicted that it was not much larger than
would be found under comparable conditions for stop-
consonant-vowel syllables.
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Table 2

Average Values of & as a Function of Task
and Step Size for Each Stimulus Type

Step size
Stimulus type and
task 1 2 3

CV syllables

Labeling (L) 1.20 2.14 2.90

Discrimination (D) 93 1.75 2.90

D-L -.27 -.39 .00
Vowels

Labeling 1.24 2.41 3.15

Discrimination 1.57 3.32 4.38

D-L .33 91 1.23
Fricative noises '

Labeling 1.90 2.90 3.59

Discrimination 4.69 5.80 5.78

D-~L 2.79 290" 2.19
Timbres

Labeling .82 1.75 2.54

Discrimination 1.30 2.36 3.39

D-L .48 .61 .85

Note. CV = stop-consonant-vowel.

the sole indicator of whether discrimination
responses are mediated by category labels.
Even if category labels play no role at all,
performance differences between the two

tasks shrink when discrimination is made

sufficiently difficult. In other words one must
beware of floor effects: To assess the possible
role of mediation by category labels, the
shapes of discrimination functions from the
two tasks need to be compared as well. If
category labels were used in the discrimi-
nation task, performance should be better
in the category boundary region than within
categories, as it is naturally in the labeling
task. Thus, the discrimination functions
should show peaks at the same points in both
tasks.* (Compare the graphs in the bottom
row with those in the middle row of Fig-
ure 2.)

In the discrimination task such peaks are
clearly present for CV syllables. The vowels
show small peaks in the boundary region,
especially in the one-step function, indicat-
ing that category labels did play some role.
Performance with fricative noises was too
close to the ceiling, at least for two- and
three-step functions, for any clear peaks to

be exhibited. The timbre results are puz-
zling: The discrimination functions (espe-
cially one-step and two-step) do exhibit
peaks in the category boundary region,’ even
though it might seem implausible that the
subjects relied on the arbitrary category la-
bels (high and low) in making their discrim-
inations. There is no obvious psychoacoustic
reason, however, why discriminability should
have been higher in the center-of the timbre
continuum. We will return to this unex-
pected result with timbres in our discussion
below. In summary, category labels seemed
to play a role in the discrimination of CV
syllables and—to some extent—in the dis-
crimination of vowels and of timbres,

For three of the stimulus types—vowels,
fricative noises, timbres-—the listeners must
have made (additional) use of auditory in-
formation in the discrimination task. Audi-
tory information should become more avail-
able as the physical stimulus differences
increase. As can be seen in Table 2, d scores

* We take such a coincidence of peaks to indicate that
category labels were involved in discrimination perfor-
mance. We are aware of the possibility- that discrimi-
nation peaks could be due, instead, either to inequalities
in the spacing of the stimuli along the continuum or to
a psychoacoustic boundary, which in turn may underlie
phonetic labeling (cf. Macmillan, Kaplan, & Creelman,
1977; Pastore, 1981; Pisoni, 1977). There were some
minor irregularities in the spacing of our stimuli, but
none of these seem able to account for features of our
discrimination functions. Furthermore, of the stimulus
continua we used, only the stop-consonant-vowel syl-
lables, because of their complex acoustic structure,
might conceivably straddle a psychoacoustic boundary;
however, the existence of such a boundary has not been
well established or shown to coincide with the phonetic
boundary. The assumption that irregularities in a dis-
crimination function can be directly mapped into psy-
chophysical distances between stimuli (Macmillan et al.,
1977) seems misguided to us because it denies the pos-
sible contribution of category labels and thereby may
lead to circular reasoning.

* Analyses of variance performed on the discrimina-
tion data yielded significant effects of stimulus location
(p < .01) for each step size of the timbres, indicating
that the discrimination functions were not flat. We also
examined our data separately for those subjects who
received the discrimination task first and those who re-
ceived the labeling or single-item identification tasks
first. They showed similar discrimination functions, in-
dicating that the discrimination peaks did not result
from specific practice with the labels provided by us.
Presumably, then, subjects without previous labeling
experience spontaneously used a dichotomous code to
partition the stimulus range.
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increase with step size in both tasks. To re-
flect a true increase in auditory information,
however, the increase should be larger in the
discrimination task than in the labeling
task—that is, the difference between tasks
should increase as a function of step size.
Such a Task X Step Size interaction can in-
deed be observed for vowels, F (2,22) = 9.5,
p = .001, and to a much smaller extent, for
timbres, F(2, 22) = 2.6, p = .097. For fric-
ative noises the results were distorted by a
ceiling effect; otherwise they presumably
would have shown a similar pattern. For CV
syllables the interaction was not significant.
This pattern of results further establishes
that auditory information beyond the cate-
- gory labels is available to naive listeners for
vowels and timbres, but not for CV syllables.

‘Context Independence

. To assess the effects of stimulus context
on identification in the AX labeling task, we
tabulated the labeling response frequencies
separately for stimuli occurring first and sec-
ond in the stimulus pairs, and we then ex-
amined these frequencies for one (target)
stimulus contingent on the nature of the
other (nontarget) stimulus in the pair. Only
Target Stimuli 4-7 (but all relevant context
stimuli) were considered, since the other tar-
get stimuli could not be paired with both
higher and lower context stimuli one, two,
and three steps apart on a given continuum.
Figure 3 shows the percentage of responses
in the lower response category (the category
associated with Stimulus 1) for each of these
target stimuli as a function of the identity
of the context (nontarget) stimulus. Sepa-
‘rate panels are provided for targets in first
and second position. A contrast effect ap-
pears as a positive slope of the lines in each
‘graph, whereas a flat function would imply
no contrast. :

It can be seen that all four stimulus types
exhibit contrast effects: The percentage of
responses in the lower category was greater
when the context stimulus was above than
when it was below the target on the contin-
uum, F(1, 11) = 46.4, p < .001.° The mag-
nitude of the effect varies, however, with
stimulus type—the Stimulus Type X Position
of Context Stimulus relative to target (lower
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versus higher on the continuum) inter-
action was significant, F(3, 33) = 37, p=
.022. This interaction may in part be due to
a ceiling effect for Stimuli 4 and 5 of the
CV syllables; note that CV Stimulus 7 shows
contrast effects comparable in magnitude to
those obtained with vowels. There were also
some clear differences, however, in the mag-
nitude of context effects for different types
of stimuli: Separate analyses revealed sig-
nificant contrast effects for vowels, F(1,
11)=56.7, p<.001, CV syllables, F(1,
11) = 39.2, p <.001, and fricative noises,
F(1, 11)=10.2, p=.008, but not for
timbres, F(1, 11) = 2.3, p = .153. In accor-
dance with the data of Repp et al. (1979)
and a recent report by Shigeno and F ujisaki
(1980), retroactive contrast (target first) was
significantly larger than proactive contrast
(target second) for vowels, F(1, 11) = 8.5,
p = .014. None of the other stimulus types
showed a significant difference in this direc-

- tion; timbres actually showed a tendency in

the opposite direction.

The percentage of responses in the lower
category increased with context stimulus
position on both sides of the target, F(2,
22) = 82.9, p < .001. In other words the ex-
tent of contrast increased with the physical
separation between target and context stim-
uli. This increase was greater for some stim-
ulus types than for others, as revealed in a
significant Context Stimulus Position X
Stimulus Type interaction, F(6, 66) = 4.7,
p = .001. This interaction may also in part
be due to a ceiling effect for the CV syllables.
Separate analyses conducted on each stim-
ulus type revealed significant effects of con-
text stimulus position for each: vowels, F(2,
22) =538, p<.00l; CV syllables, F(2,
22) =6.9, p =.005; fricative noises, F(2,
22) = 28.8, p <.001; timbres, F(2, 22) =
49, p = .017.

According to our results timbres are high-
est in context independence, whereas frica-
tive noises, CV syllables, and especially vow-
els show large contrast effects. Retroactive
contrast effects are larger than proactive
effects for vowels, but retroactive and proac-
tive contrast effects are essentially equal for

¢ For the purpose of this analysis, responses to pairs
of identical stimuli (indicated by squares in Figure 3)
were not included.
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.Stimuli 4-7 are included. CV = stop-consonant-vowel. )

other types of stimuli. Thus, the effects of
stimulus context depend on the nature of the
stimulus, and a simple explanation of these
effects will not hold across different stimulus
types. (In fact it is possible that the same
explanation may not hold for all stimuli of
a particular type, as suggested by the work
of Sawusch, Nusbaum, & Schwab, 1980,
who concluded that the vowels [i] and [I]
produce contrast effects through different
perceptual mechanisms.) Presumably, the
pattern of context effects is conditioned by
auditory stimulus properties, but at present
itis not clear what the critical properties are,
since there were a number of dimensions on
which our stimuli differed.’

Discussion

Categorical perception is often under-
stood to refer to the use of categories in dis-
crimination (e.g., Macmillan, Kaplan, &
Creelman, 1977); however, examination of
the source literature (Liberman et al., 1957;
Studdert-Kennedy et al., 1970) reveals that
categorical was originally intended to mean
absolute. Thus the original definition of cat-
egorical perception includes as criteria both
context independence and the use of cate-
gories. One of the aims of the present study
was to separate these two aspects by ex-
amining to what extent different sets of stim-

12345678910

target stimulus
stimuli are represented by squares. Only Target

uli satisfy one or the other. Our results show
that the two aspects are at least partially
independent: Stimuli may exhibit large con-
trast effects even though discrimination is
partially based on category labels (as in the
case of vowels), or they may be less sensitive
to context even though category labels play
little role in discrimination (as in the case

7 Another effect that also varied considerably across
stimulus types was that of stimulus order. Although
vowels did not show any consistent overall effect of stim-
ulus order, the interactions of stimulus order and po-
sition were highly significant (p =.002 or less) at all
three step sizes: At the left (/i/) end of the vowel con-
tinuum, more responses of different were obtained in
both discrimination and labeling tasks when the first
stimulus in a pair had a higher position on the contin-
uum than did the second, but this effect was reversed
at the right (/I/) end of the continuum. This stimulus
order effect is similar to one found in the study by Repp,
Healy, and Crowder (1979), although the reversal oc-
curs at an earlier point on the vowel continuum in the
present study.

Stop-consonant-vowel syllables showed stimulus or-
der effects, but their direction was inconsistent across
different step sizes. For fricative noises the high per-
formance level may have prevented strong order effects.
Timbres, when arranged from high to low frequency
(in analogy to the second formant of the vowel contin-
uum, which was in the same frequency range), showed
weak trends in the same direction as vowels. These dif-
ferences in the nature and size of the stimulus order
effects as a function of stimulus type imply that these
effects are not artifacts of the experimental design, but
rather reflect properties of the stimuli employed.
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of our fricative noises). Both vowels and fric-
ative noises are noncategorically perceived,
but apparently for different reasons—vowels
primarily due to their high context sensitiv-
ity, fricative noises primarily due to absence
of phonetic mediation.?

Using the methodology proposed by Repp
et al. (1979), we demonstrated that discrim-
ination performance for CV syllables does
not exceed the predictions based on labeling
when context effects are taken into account
(so-called in-context predictions). Thus the
small discrepancy between predicted and
obtained discrimination performance in past
studies was most likely due to context effects
in covert labeling during the discrimination
task. Our results strongly support the hy-
pothesis that listeners, at least naive ones,
discriminate CV syllables by relying exclu-
sively on phonetic category information. In
fact the task requirement of detecting within-
category distinctions seems to lead to a
somewhat less efficient use of category la-
bels, but not to the recovery of auditory in-
formation. It has been shown, however, that
auditory properties of stop consonants dif-
fering in place of articulation do become
available after discrimination training (Ed-
man, 1979).

A comparison of the results of vowels and
fricative noises is revealing with regard to

the possible determinants of context inde--

pendence and phonetic mediation. In both
stimulus types the distinctive spectral prop-
erties were constant throughout the stimulus
duration, which was the same for vowels and
fricative noises, and the labeling functions
for the two stimulus continua were quite sim-
ilar. Discrimination performance was much
higher, however, for fricative noises than for
vowels. Discrimination performance for two-
step vowel pairs was similar to that for one-
step fricative noise pairs (cf. Figure 2), so
a fair comparison can be made between
those portions of the results, Even when the
obtained performance levels are thus equated,
however, it is still true that vowel discrimi-
nation depends more on category labels,
whereas fricative noises are less context sen-
sitive. How are these differences to be ex-
plained?

The difference in phonetic mediation could
arise from either or both of two sources: a
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difference in auditory distinctiveness or a
difference in the salience of category labels.
The much higher discrimination scores for
fricative noises may reflect the greater au-
ditory distinctiveness of these stimuli; alter-
natively (or in addition), listeners may have
been able to ignore category labels and thus
to access auditory information more suc-
cessfully with fricative noises than with vov:-
els. In other words isolated fricative noises
are perhaps less speechlike than isolated
vowels and, thereby, facilitate an auditory
mode of processing. (However, see Foot-
note 8.)

The difference in the contrast effects ex-
hibited by vowels and fricative noises is
harder to explain. Although this difference
is small overall, it is considerable when dis-
crimination performance is equated (one-
step fricative noises vs. two-step vowels).
Some investigators have argued that con-
trast effects arise only after categorization
of the stimuli (Fujisaki & Shigeno, 1979;
Shigeno & Fujisaki, 1980), but there is ev-
idence that this argument is not. correct
(Sawusch et al., 1980). Repp et al. (1979)
found that contrast effects were greatly di-
minished when an irrelevant sound was in-
terpolated between the two sounds in an AX
pair. Such a manipulation should affect ay-
ditory (or precategorical) memory but not
phonetic (or categorical) memory. The fact
that in the present experiment the magni-
tude of contrast increased with the physical
distance between target and context stimuli
suggests strongly that the contrast effects
arose at an auditory level. A more detailed
analysis of our data revealed no consistent
effects of the label given to a context stim-
ulus on the magnitude of the contrast effect
induced by that stimulus. Moreover, if re-
sponse contrast had been operating, we
should have observed frequent assignments
of different labels to stimuli that were phys-
ically identical. In fact, however, Figure 2

® The possibility remains that fricative categories
come into play when the step size on the continuum is
small enough to make auditory discrimination very dif-
ficult, as in the study by Fujisaki and Kawashima
(1969). Since we did not employ such a condition, our
results are not necessarily incompatible with the Fuiji-
saki and Kawashima data, which showed a discrimi-
nation peak at the category boundary.
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reveals that these responses were less fre-
quent in the AX labeling task than was pre-
dicted from simple identification. Therefore,
Wwe see no evidence for phonetic contrast. We
must look at the auditory properties of the
stimuli to understand the basis for the con-
trast phenomenon. The primary difference
in auditory terms between vowels and fric-
ative noises seems to be the periodic versus
aperiodic nature of the waveform. Perhaps
it is with periodic stimuli such as vowels that
especially large contrast effects are found.
(See May, 1979, for a similar hypothesis.)
Clearly this hypothesis requires further test-
ing (e.g., by using whispered vowels).

The pattern of results for the nonspeech
stimuli, the timbres, was unexpected in sev-
eral respects. We expected timbres to be the
least categorically perceived of the stimuli
we studied, since the category labels at-
tached to the stimuli were completely rela-
tive. For that reason it seemed unlikely that
subjects would base their responses on cat-
egory labels (especially when the discrimi-
nation task preceded the labeling and single-
item identification tasks—see Footnote S)or
that the category labels would be stable
across changes in stimulus context. On the
contrary, we found relatively small contrast
effects and some indications of category
mediation for timbres. Therefore, timbres
satisfied to some extent both of the criteria
for categorical perception, despite their sta-
tus as nonspeech sounds and despite the ar-
bitrary character of their category labels.

In attempting to explain these unexpected
results, we are inevitably led to consider the
fact that the timbre stimuli were very short
in duration. Whereas all the other stimuli
used were 250 msec long, the timbres were
only 50 msec. This short duration was nec-
essary to insure that our timbres would not
be mistaken for vowels. Fujisaki and Ka-
washima (1969) and Pisoni (1973) have re-
ported that short vowels are perceived more
categorically than long vowels, presumably
because they have a less stable representa-
tion in auditory memory, which increases
listeners’ reliance on category labels. Like-
wise our subjects may have been forced to
rely on category labels, albeit arbitrary ones,
in discriminating the short-duration timbres
because they were unable to hold these

sounds in auditory memory. This argument
is consistent with the fact that the critical
portion of the highly categorical CV sylla-
bles was short in duration, although the en-
tire stimulus was 250 msec long.

An explanation must still be found for the
fact that timbres were relatively context in-
dependent. The short duration of the stimuli
may have been critical in this regard as well,
since stable auditory mermory traces may be
required for contrast effects to be exhibited.
Duration per se, however, may not provide
a sufficient account for the context effects
obtained in this experiment. The fricative
noises were as long in duration as the steady- -
state vowels, but they exhibited a smaller
contrast effect. In addition, Fujisaki and
Shigeno (1979) have reported relatively
small contrast effects with timbres that were
100 msec in duration, whereas they found
larger contrast effects for vowels of the same
duration; and Shigeno and Fujisaki (1980)
found virtually no contrast with 200-msec
vowels differing along a nonphonetic dimen-
sion (fundamental frequency), but large ef-
fects with 200-msec vowels from an /a/-
/u/ continuum. '

The relatively high auditory sirnilarity of
the timbre stimuli (as evidenced by their
poor discriminability) may be another factor
that contributed to the weakness of the con-
trast effect. Indeed Fujisaki and Shigeno
(1979) have demonstrated that magnitude
of the contrast effects is decreased when the
stimuli being compared are highly similar.
(See also Crowder, in press, for a relevant
discussion.) Our own data corroborate these
findings, since we also found smaller contrast
effects for pairs of stimuli that were adjacent
to each other on the continuum. (Note the
tendency for the functions in Figure 3 to be
flatter in the vicinity of the squares repre-
senting the identical pairs.) This line of rea-
soning, however, would lead one to expect
the largest contast effects with fricative
noises, since they were discriminated most
easily. Instead, the fricative noises showed
contrast effects that were smaller than those
for vowels. Hence, auditory similarity alone
cannot account for the magnitude of the con-
trast effects obtained with a given set of
stimuli.

One factor that deserves serious attention
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is the relative speechlikeness of a stimulus.
The hypothesis that only speechlike stimuli
show large contrast effects appears to be
consistent with our data and with those of
Fujisaki and Shigeno (1979).

In conclusion, stimulus continua rarely,
if ever, perfectly satisfy the standard pre-
dictability test of categorical perception, in
which discrimination performance is pre-
dicted from performance on a single-item
identification test. We have focused on two
important causes for these departures from
the ideal: Either the subjects may not rely
wholly on category labels in discrimination,
or the labels they use may be subject to con-
textual influences. Our data suggest that
these two factors may vary independently.
In particular we have shown that the de-
parture from the ideal for CV syllables is
entirely due to contextual influences on la-
‘beling. We have also shown that fricative
noises and vowels are perceived noncategor-
ically for both reasons, but with context ef-
fects playing a larger role for vowels and
reliance on auditory information playing a
larger role for fricative noises. The non-
speech continuum of timbres that we studied
proved surprisingly to be more categorically
perceived than either fricative noises or vow-
els, due to both smaller context effects and
greater apparent reliance on category labels,
albeit arbitrary ones. We tentatively ascribe
this finding to the short duration of these
stimuli, which may have prohibited the de-
velopment of stable auditory memory traces.
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