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Traditionally, research into the mental representation of
phonetic categories has focused on the relationship be-
tween discrimination and classification of speech sounds
on a stimulus continuum. The first such experiment was
performed by Liberman, Harris, Hoffman, and Griffith
(1957). Their hypothesis was that discrimination of cer-
tain speech sounds would be limited by classification; two
different stimuli would be discriminated only to the extent
that they were classified differently (this was later referred
to as categorical perception; Eimas, 1963). Liberman et al.
concluded that their results did not agree with their own
“extreme assumption”: Discrimination results were better
than predicted from the classification results. The differ-
ence presumably represented the listener’s ability to dis-
tinguish the speech sounds not solely on the basis of the
phonemic labels, but also on the basis of acoustic differ-
ences. Despite this conclusion, however, this first study is
often cited as typically demonstrating categorical percep-
tion (for a review, see Repp, 1984). And even though a
clear relationship between discrimination and classifica-
tion has rarely been demonstrated in subsequent research,
the results are often interpreted as indicating absolutely
categorical perception (Macmillan, 1987). In other words,
there is no explicit criterion for the maximum difference
between discrimination and classification results that
would still be compatible with categorical perception. In
this article, we will use the original definition by Liber-

man et al.: Perception is fully categorical only if there is no
significant difference between phoneme categorization
(i.e., predicted discrimination) and actually measured dis-
crimination. In all other cases, one can talk only about
various degrees of categorical perception. A great deal de-
pends, of course, on the model used to derive the predic-
tion; more about this will be said below.

This article is about the effects of different discrimina-
tion tasks on categorical perception. But that is not what
we set out to do. Our original intention was to investigate
the perception of vowels and to try to find an answer to the
question of why vowels are generally perceived much less
categorically than, for example, stop consonants (see, e.g.,
Fry, Abramson, Eimas, & Liberman, 1962; Repp, 1981).
The results of Experiment 1, however, did not provide an
answer to this question, but did raise questions about the
various aspects of the experimental task that had been
used, thus changing the focus of the research and of this
article. Since the design of Experiment 1 was, of course,
determined completely by the original hypothesis, this hy-
pothesis will be briefly introduced, before we shift atten-
tion to the discrimination task.

The Original Hypothesis:
Categorical Perception of Vowels?

There is a clear difference in degree of categorical per-
ception between stop consonants and vowels. An explana-
tion proposed by Pisoni (1973, 1975) and Tartter (1981) is
that this may be due to differences in cue duration. The es-
sential acoustic cues for stop consonants are rapidly chang-
ing formant transitions and a brief noise burst (Liberman
et al., 1957; Tartter, 1982; see also Sawusch, Nusbaum, &
Schwab, 1980, Experiment 3). In contrast, vowels are as-
sumed to remain uniform over a much longer duration
(Delattre, Liberman, Cooper, & Gerstman, 1952). This dif-
ference in cue duration has an effect on the availability of
auditory memory for these two classes of speech sounds.
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Speech sounds are said to be perceived categorically. This notion is usually operationalized as the
extent to which discrimination of stimuli is predictable from phoneme classification of the same stim-
uli. In this article, vowel continua were presented to listeners in a four-interval discrimination task (2IFC
with flankers, or 4I2AFC) and a classification task. The results showed that there was no indication of
categorical perception at all, since observed discrimination was found not to be predictable from the
classification data. Variation in design, such as different step sizes or longer interstimulus intervals, did
not affect this outcome, but a 2IFC experiment (without flankers, or 2I2AFC) involving the same stim-
uli elicited the traditional categorical results. These results indicate that the four-interval task made it
difficult for listeners to use phonetic information and, hence, that categorical perception may be a func-
tion of the type of task used for discrimination.



364 GERRITS AND SCHOUTEN

According to Pisoni (1973) and Fujisaki and Kawashima
(1971), discrimination may be performed in an auditory
mode or in a labeling mode (our terms). The auditory (or
psychoacoustic) mode is supposed to use only bottom-up
stimulus information, whereas in the labeling (or pho-
netic) mode a subject first categorizes the stimuli and then
bases the discrimination decision on the categories to
which he has assigned the stimuli. The short cue duration
for consonants is responsible for the inferior performance
of the auditory mode. Presumably, the decay of rapidly
changing acoustic information is too fast to make an au-
ditory comparison of consonantal stimuli possible, with
the result that discrimination is performed in a phonetic
mode. This is not the case for vowels, which are, conse-
quently, perceived much less categorically. Discussing the
results of Pisoni (1973), Schouten and Van Hessen (1992)
suggested that this low degree of categorical perception of
vowels could be due to the nature of the stimulus mater-
ial. Up to then, the vowels used as stimulus material had
been modeled on productions in isolated words. When
produced in isolated words, vowels are lengthened (hy-
perarticulation). We hypothesized that, in running speech,
temporal reduction and more complex spectral coding of
the vowel would make vowel perception more categorical.
To test this hypothesis, we intended to study the difference
in perception between vowels spoken in isolated words
and in a text read at a fast rate. However, as will be shown
in the Results section, we obtained no categorical percep-
tion in either condition, so the original hypothesis could
not be confirmed. There was no visible relationship be-
tween observed and predicted discrimination, and ob-
served discrimination was actually worse than would be
predicted from classification. The focus of our interest
then shifted to the question of why we had failed to find
even a hint of categorical perception.

The New Hypothesis: The Effect of the
Discrimination Task on Categorical Perception

Great care had been taken over the choice of a discrim-
ination task that would test the original hypothesis. If at all
possible, we wanted to select a task that would leave a sub-
ject free to use both auditory and phonetic information
and would not encourage the use of one type of informa-
tion at the expense of the other—that is,  would not “push”
the subjects into a particular mode. We therefore exam-
ined the available tasks, speculating about subject behav-
ior in each of them. In Experiment 1, only one task was
used, so only one of these speculations about subject be-
havior could be tested.

The ABX and AXB Tasks
The prototypical discrimination test used for assessing

categorical perception is the ABX task, in which each trial
consists of three intervals and a subject has to decide
whether stimulus X in the third interval is the same as A
in the first interval or B in the second interval (Liberman
et al., 1957). In view of the relatively short time span of
auditory memory (200–300 msec), however, the rather

high degree of categorical perception often found with the
ABX task may, according to Massaro and Cohen (1983),
reflect the exclusive use of phonetic memory. Subjects
may try to remember both the auditory memory traces and
the labels assigned to the A and B sounds. By the time X
is presented, these auditory traces may have faded away.
If they have, the subjects must rely on the labels they have
assigned to A and B. This strategy may produce results in-
dicating a high degree of categorical perception. More-
over, as B. Schouten, Gerrits, and Van Hessen (2003), using
a signal detection analysis, have shown, the ABX task is
subject to a very strong bias toward the response “B � X.”
In theory, this need not worry us, since a signal detection
analysis should provide us with a clear separation between
sensitivity and bias, but in practice, the greater the bias, the
less likely the conditions for such an analysis are to be met.

The use of a variant of the ABX task, AXB, in which
the second stimulus is identical to either the first or the
third one and is close in time to both, has yielded contra-
dictory results. Van Hessen and Schouten (1999) reported
that their subjects often ignored the third stimulus, thus
annulling the expected advantage over ABX. Gerrits
(2001, pp. 42–49), however, found considerable differ-
ences between AXB and AX discrimination.

The 2I2AFC Task
Similar problems hold for another paradigm: two-

interval two-alternative forced-choice (2I2AFC) discrim-
ination. In the 2I2AFC paradigm, the stimuli are always
different, and the subject has to determine the order in
which they are presented (AB or BA). This makes it nec-
essary to explain to the subjects what the term order
means and even to mention the phoneme categories in the
instructions, at the risk of encouraging labeling behavior
(Schouten & Van Hessen, 1992). Response bias is much
smaller than that in the ABX task; it favors a response that
says “the first stimulus is closer to the phoneme prototype
than the second” (B. Schouten et al., 2003).

The AX Task
To avoid strategies that rely exclusively on labeling, we

need a task that reduces the load on auditory memory.
Such a task could be AX (same–different) discrimination.
In an AX discrimination experiment, the subject has to de-
termine whether the two stimuli in a trial are the same or
different. A disadvantage of this paradigm is that subjects
may decide to respond “different” only if they are very
sure of their decision. This means that AX may be strongly
biased: A subject’s response could be completely domi-
nated by a subjective phoneme-based criterion, very close
to one end of a scale between same and different.

The 4IAX and 4I2AFC Tasks
A discrimination test that is regarded as sensitive to au-

ditory differences between speech stimuli is the 4IAX task
(Pisoni, 1975). In the 4IAX test, two pairs of stimuli are
presented on every trial; one pair is the same, and one pair
is different (e.g., AB–AA, AA–BA, or BA–BB), and the
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subject has to decide which pair contains the odd one out.
The 4IAX task is assumed to be more sensitive to purely
auditory cues, since a correct decision can be largely
based on bottom-up auditory information and is thought
not to be subject to strong top-down skewing by subjective
criteria, such as phoneme boundaries. However, we de-
cided not to use a 4IAX task, but a task in which impor-
tant aspects of the 2I2AFC and the 4IAX tasks are com-
bined: the 4I2AFC task (see, e.g., Heller & Trahiotis, 1995;
Trahiotis & Bernstein 1990). In this task, a subject is ex-
pected to be free to use both auditory processing and pho-
neme labeling. The A and B stimuli are presented randomly
in the two possible orders AABA or ABAA, with a 50%
a priori probability. Stimulus A at the beginning and end
of each quadruplet functions as a reference. The subject
has to decide whether the odd one out occurred in the sec-
ond or in the third interval. The flanking stimuli are there
to make direct auditory comparisons of the stimuli easier,
and they may also make a low-bias 4IAX type of strategy
possible, in which two differences are compared. On the
other hand, the 2I2AFC aspect (order detection: AB or
BA, leaving the two flanking A stimuli out of considera-
tion) may encourage labeling. This task, therefore, should
be a useful diagnostic instrument for determining whether
and to what extent categorical perception occurs and was
the focus of interest in Experiment I. The aim of this arti-
cle is to find out whether the 4I2AFC task really does
allow both auditory and phonetic processing.

EXPERIMENT 1

Method
Stimuli. The stimulus material consisted of two continua of eight

vowel stimuli ranging from /u/ to /i / in a /pVp/ context. The vowels
/u/ and /i/ were selected because it was expected that the differences
between the two speech conditions would be greater with these two
vowels than with most other vowels, due to the relatively long artic-
ulatory trajectories required to reach them. The first step in stimu-
lus generation was recording the vowels /u/ and /i / in the meaning-
ful words /pup/ and /pip/ produced both in isolation at a rather slow
rate and in a text that was read aloud at a rapid speech rate by a male
native speaker of Dutch. The speaker was instructed to read the text
three times at an increasing speech rate. The third recording was se-
lected, since it was the most rapidly read version, measured as the
total amount of reading time for the whole text.

In each of the two conditions, there were nine repetitions by the
speaker of the /pup/ and /pip/ words. Five phonetically untrained
listeners identified 30-msec segments from these vowels in an open-
set identification task (12 monophthongs). The vowels spoken in
isolated words, or word vowels, were significantly more often iden-
tified as /u/ and /i/ than were the vowels from the fast text, or text
vowels (65% vs. 32% for /u/ and 42% vs. 7% for /i/). Other fre-
quently used response categories were /o/ for /u/ and /y/ for /i/. All
the words were rated on a 7-point acceptability scale by a listening
panel that consisted of five phoneticians. The word pairs that were
used as endpoints in the two stimulus continua were selected on the
basis of acceptability and of matching vowel duration within a pair.

The acoustic differences between the word and the text vowels
were determined with analyses of duration and formant frequency.
The text vowels were temporally reduced, as compared with the
more carefully articulated word vowels. The duration of the word /u/
was 90 msec; its steady-state component was 60 msec. The duration

of the text /u/ was 70 msec, with a steady-state component of
30 msec, a reduction of 22% and 50%, respectively. The duration of
the isolated word /i/ was 90 msec; its steady-state component was
50 msec. And the duration of the text /i/ was 70 msec, with a steady-
state component of 15 msec, a reduction of 22% and 70%, respec-
tively. This temporal reduction is comparable to the reduction re-
ported in the Dutch studies by Schouten and Pols (1979) and Van
Son and Pols (1990). The temporal vowel reduction found by
Schouten and Pols was 28%. The reduction of steady-state segment
duration was, on average, 38%. Van Son and Pols found a temporal
reduction of 15% between vowels in a text that was read at a normal
speech rate and those in a text read as fast as possible.

An analysis of the formant frequencies of the vowels in the two
speech conditions was also attempted. Since formant extraction
failed with the text vowels (no second formant for /u/ could be
found, nor a third formant for /i/), it was impossible to quantify the
degree of spectral reduction. The absence of these formants, how-
ever, suggests some loss of spectral detail in the text vowels.

The stimuli in the continua between the original utterances were
obtained by interpolation between the relative amplitudes of the
spectral envelopes of the vowels. The interpolation method had been
used successfully in studies on categorical perception by Schouten
and Van Hessen (1992) and Van Hessen and Schouten (1992). This
method was preferred to working in the formant domain: Since no
second formant could be defined for text /u/, interpolating between
the formants of the text vowels was impossible. Moreover, in this
way, we avoided the risk that, after having listened for a while to
stimuli in which only one or two parameters were varied, some sub-
jects would learn to attend selectively to those parameters. The ex-
perimental design was intended to motivate the listeners to focus on
the speech signal as a whole. (Van Hessen & Schouten, 1999, have
shown that there is an increase in categorical perception as synthe-
sis quality improves from a simple synthesis by rule, via linear pre-
dictive coding (LPC) synthesis, to the more complex method used
in the present study.) The importance of stimuli in which more than
one parameter is varied was also mentioned by Liberman (1996), who
predicted that, with proper synthesis, when the acoustic signal changes
in all relevant aspects and not just one cue is varied, the discrimina-
tion functions will come much closer to being perfectly categorical.

The first step in the interpolation method was an analysis of 
the spectral envelopes of the original vowels in terms of the phases
and amplitudes of up to 70 spectral components between 80 and
5000 Hz, depending on spectral density. Before interpolation, the sig-
nal was split into a source spectrum and a filter spectrum by means
of cepstral deconvolution. The spectral envelopes of the eight stim-
uli, obtained by means of seven linear interpolation steps between
each of the 70 pairs of spectral components, were then reconvolved
with the original source spectrum of the /u/. The interpolation was al-
ways done in overlapping 25.6-msec time frames over the full length
of the vowel (frame shift was 6.4 msec). Parameters such as F0, du-
ration, and voice quality remained constant. For more details of this
procedure, see Schouten and Van Hessen (1992) or Van Hessen
(1992).

Stimulus generation resulted in two continua of eight stimuli that
sounded completely natural and convincingly like utterances from
the original speaker. In each continuum, the initial /p/ and the final
/p/ of the stimuli were copied from the original word /pup/. In a pilot
experiment, the stimuli of the two continua were identified (open
set) by a listening panel that consisted of five phoneticians, all well-
trained listeners. The listeners’ identification responses were always
/u/ or /i/. In none of the cases were the stimuli identified as the Dutch
vowel /y/, which might have been expected, because the F2 of this
central vowel lies between those of /u/ and /i/. The absence of an in-
termediate /y/ is a result of the interpolation method, since it moves
from one vowel to another by progressively lowering and raising
spectral peaks. Formant peaks that do not occur in either endpoint
cannot occur in any of the interpolated stimuli.
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The fundamental frequency and duration of the stimuli were the
same as those of the original /pup/. In the word vowel continuum,
F0 was 120 Hz, and stimulus duration was 215 msec (vowel,
90 msec; steady state, 60 msec). The duration of the stimuli in the
text vowel continuum was 187 msec (vowel, 70 msec, steady state,
30 msec), and F0 was 125 Hz.

Interstimulus interval. Since auditory memory is time depen-
dent, it was important to make a considered decision about the in-
terstimulus interval (ISI). If this interval exceeds the life span of au-
ditory memory, all that will be left of the first stimulus will be a
representation coding its relationship to the other stimuli in the ex-
periment, to preestablished categories, or to both (Pisoni, 1973). Mas-
saro (1972a, 1972b, 1974) tried to determine the time a sound pattern
is held in some unanalyzed form. His results indicated that a pro-
cessing time of approximately 250 msec is sufficient for recognition
of a speech signal. These results were in agreement with those of
Dorman, Kewley-Port, Brady and Turvey (1977) and Plomp (1964).

Cowan and Morse (1986), Pisoni (1973), and Van Hessen and
Schouten (1992) tested the effect of varying the ISI on discrimina-
tion performance for speech sounds. On the basis of Massaro’s
(1974) results, within-category discrimination should decrease with
an increasing interval, reflecting the fading of the memory trace.
This is in agreement with the results of Van Hessen and Schouten
(1992), who found a decrease of within-category stop-consonant dis-
crimination with increases in ISI from 100 to 300 msec. The between-
category results of the discrimination studies by Cowan and Morse
(1986), Pisoni (1973), and Van Hessen and Schouten (1992) con-
firmed the notion that processing of the auditory signal is not ter-
minated after 100–200 msec. Their results indicated that when listen-
ers use a labeling strategy to compare stimuli, discrimination improves
as an effect of increasing ISI: Discrimination performance increases
rapidly between 100 and 500 msec, reaches a maximum between 500
and 1,000 msec and falls gradually as the ISI increases further.

On the basis of these results, we assumed that, after an ISI of more
than 100–200 msec, labeling processes would take over from direct
auditory comparison. We did not want to use an interval shorter than
200 msec, since this might have increased the chance of mutual
masking among the stimuli. In line with Massaro (1974), Pisoni
(1975), and the within-category results of Van Hessen and Schouten
(1992), we therefore decided to use 200-msec intervals, hoping that
the required information would be available for direct auditory com-
parison of successive stimuli in a trial (200 msec was, of course, a
nominal interval, indicating only the silences between successive
stimuli; the vowels were additionally separated by the durations of
two instances of /p/, which added a total of 117 and 125 msec to the
intervals between the text and the word vowels, respectively).

Subjects. The subjects were 19 students at the Faculty of Arts at
Utrecht University. They had no known hearing deficits and were all
native speakers of Dutch. They were paid a fixed hourly rate.

Design. Experiment 1 consisted of six tests, three for each of two
vowel continua, involving the same subjects. The tests were fixed
discrimination, roving discrimination, and classification. The sub-
jects took the tests in a fixed order, counterbalancing fixed and rov-
ing discrimination and the word and text vowel continua across sub-
jects, but the classification tests were always performed after all the
discrimination tests.

The discrimination used in the experiment was the 4I2AFC task
(AABA/ABAA; the subjects had to indicate whether Stimulus B oc-
curred in the second or the third interval). The stimuli in the second
and third intervals always differed by one step along the continuum;
the number of comparisons was, therefore, seven. The intertrial in-
terval was determined by the response time. The ISI within a trial
was 200 msec.

In the fixed-discrimination experiment, only one stimulus pair 
(A and B) was presented during a block of trials. The fixed-
discrimination test consisted of seven blocks, one for each of

the stimulus pairs, which were clearly separated from each other.
Each block contained 64 trials, 32 for each of the two possible
combinations, AABA and ABAA. The order of blocks was ran-
domized for the fixed discrimination experiment. In the roving-
discrimination experiment, the A and B stimuli to be discriminated
were drawn randomly from the total range of stimuli and, thus, var-
ied from trial to trial. In the roving-discrimination test, 7 � 64 trials
were presented.

In the classification test, all eight stimuli had to be identified 64
times in a random order. Classification involved a forced choice be-
tween two alternatives, the vowels /u/ and /i/. There was no response
time limit.

Procedure. The stimuli were presented to the subjects over head-
phones in a sound-treated booth. In the discrimination tests, it was
stressed that differences between the stimuli would be small and, in
most cases, could be detected only by listening carefully to all de-
tails of a stimulus. No phoneme labels were mentioned in the in-
structions, but the subjects were told that three of the four stimuli
were going to be identical and that the oddball was either the second
or the third one. They responded by mouse clicking on one of two
response fields (labeled “2” and “3”) on a computer screen. After the
response had been made, visual feedback of the correct answer was
given, so that the subject was able to judge and possibly improve his
or her performance. Discrimination training consisted of 128 trials
(responses to which were not stored) and was intended to familiar-
ize the subjects with their task. In the fixed-discrimination context,
the first 10 trials of every block were considered practice and were
not included in the data analysis.

In classification, one stimulus was played on each trial, and the
subject had to identify it by mouse clicking on a response field la-
beled “oe” or “ie” (/u/ or /i/). The only training consisted of 16 tri-
als, two repetitions of the eight stimuli in the continuum, presented
randomly.

Results
The results of Experiment 1 are displayed in Figures

1–3 and in Table 1. Figures 1 and 2 show the classification
and discrimination data for the word vowels and the text
vowels, respectively. The data displayed in the figures rep-
resent the averages of 19 subjects’ individual d� scores
(the individual subjects’ data can be found on the World-
Wide Web: www.let.uu.nl/~bert.schouten/personal/ger-
rits.htm). The numbers (n) along the abscissa refer to
stimulus pairs, consisting of the (n) and (n + 1) stimuli; n
is, therefore, a number between 1 and 7. The d� score at
Stimulus Pair 6, for example, represents the discrimina-
tion of Stimulus 6 and Stimulus 7. The stimuli in Pair 1 re-
semble /u/, and the stimuli in Pair 7 sound like /i/.

The discrimination d� scores were calculated by sub-
tracting z(FA) from z(H), with � � √2 (Macmillan &
Creelman, 1991, p. 121). The results of the classification
test are presented as predicted discrimination scores. The
transformation of the classification data into predicted
discrimination was done as follows. For each pair of stim-
uli A and B and response alternatives /u/ and /i/, the pro-
portion of /u/-responses to stimulus A (position n) was re-
garded as an estimate of p(H), and the proportion of
/u/-responses to stimulus B (position n � 1) was taken as
an estimate of p(FA). The classification d� values were de-
termined by subtracting z(FA) from z(H). The values of
p(H) and p(FA) were limited to the .99–.01 range, which
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meant that the maximum d� values that could be obtained
were 4.65 * 0.5√2 � 3.29 for discrimination and 4.65 for
classification.

Figures 1–3 show that there was not much difference
between the two vowel conditions. We expected the data
in Figure 1 to be less categorical than those in Figure 2
and, hence, the d� difference scores in Figure 3 to be much
higher for word vowels than for text vowels. This clearly
was not the case: The word vowels were not perceived less
categorically than the text vowels. Neither figure shows
anything like the expected relationship between observed
and predicted discrimination, so we can conclude that
there is no indication of categorical perception for either
of the two vowel conditions.

The results of an analysis of variance (ANOVA) con-
firmed what is shown by the figures. Fixed independent
variables were task (three levels), vowel condition (two

levels), and stimulus (seven levels, nested under vowel
condition). Cell variance was over 19 subjects. Perfor-
mance was not significantly affected by vowel condition
[F(1,41) � 0.12, p � .731]. The effect of task was signif-
icant [F(2,41) � 14.62, p � .01]. There was also a signif-
icant effect of stimulus and a significant interaction be-
tween task and stimulus [F(6,41) � 5.58, p � .01, and
F(12,41) � 4.56, p � .01, respectively]. A Newman–Keuls
test on the task factor revealed a significant difference be-
tween the means for roving discrimination and classifica-
tion [F(795,2) � 12.45, p � .01]. A Newman–Keuls test
on the stimulus factor (word vowel continuum) showed a
significant peak for fixed discrimination at Stimulus Pairs
1 and 2 and a significant peak for classification at Pair 3.
A similar test on the data from the text vowel continuum
revealed a significant peak in the classification curve at
Stimulus Pairs 3, 4, and 5.

Figure 1. Predicted discrimination (classification) and actually mea-
sured discrimination (fixed and roving) for the word vowels. 4I2AFC,
four-interval two-alternative forced choice.

Figure 2. Predicted discrimination (classification) and actually mea-
sured discrimination (fixed and roving) for the text vowels. 4I2AFC,
four-interval two-alternative forced choice.
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The two vowel conditions were compared in two dif-
ferent analyses: a calculation of difference scores and a
calculation of a categorical perception (CP) index, a mea-
sure of the degree of categorical perception. In Figure 3,
the two vowel conditions are compared by calculating the
difference scores between obtained discrimination and
discrimination predicted by the classification data for
each stimulus pair (as in Pisoni, 1975, but here in terms of
averaged individual d� differences). If text vowels are per-
ceived more categorically than word vowels, we should
expect a smaller difference between the obtained and the
predicted functions for the former condition than for the
latter (if perception is fully categorical, the difference
scores should be zero). A series of paired-samples sign
tests on the d� difference scores between classification and
discrimination in Figure 3 revealed that there were only
two stimulus pairs with a significant effect of vowel con-
dition: Stimulus Pairs 3 and 5. At Stimulus Pair 3, the dif-
ference between obtained and predicted discrimination of
word vowels was higher than it was for text vowels, and at

Stimulus Pair 5 the opposite occurred: The difference be-
tween obtained and predicted discrimination of text vow-
els was higher than that for the word vowels.

Difference scores estimate the difference in degree of
categorical perception between word and text vowels.
However, in an ANOVA or sign test, only means are com-
pared, and not the shapes of the various functions. There-
fore, another criterion for degree of categorical perception
has been proposed, the so-called CP index introduced by
Van Hessen and Schouten (1999). Van Hessen and Schouten
(1999) have shown that the CP index can be used to esti-
mate differences in categorical perception between vari-
ous stimulus synthesis modes. They calculated the CP
index as follows:

(1)

In this equation, CP is the degree of categorical perception
ranging from 0 to 100 (or to �100, in the case of negative
correlations), r is the coefficient of correlation between
classification and discrimination, and the denominator
contains a term determined by the averaged absolute dif-
ferences between the data points of the classification and
the discrimination functions, multiplied by a constant cho-
sen in such a way that the full range can be used. This
equation expresses the degree of categorical perception as
a function of the resemblance (numerator) and proximity
(denominator) of the two functions. In Table 1, the CP in-
dices, averaged over the 19 subjects, are shown for the
word vowels versus the text vowels.

Our hypothesis that word vowels are perceived less cat-
egorically than text vowels would predict that the CP index
of the word vowels should be lower than that of the text
vowels. This was not really the case: All CP indices were
effectively zero. Across the board, the CP indices presented
the same picture as the difference scores: There was no in-
dication of categorical perception for either of the two
vowel conditions.

Discussion
The lack of any clear correlation between the discrimi-

nation and the classification results is counterintuitive to
anyone who has ever spent any time comparing classifi-
cation and discrimination within a categorical perception
context and makes it impossible to evaluate the original
hypothesis about categorical perception of vowels. More-
over, not only was there no evidence of the expected rela-
tionship, but also the subjects did not even manage to de-
tect any differences between stimuli to which, during
classification, they gave, fairly consistently, different pho-
netic labels. There appears to be something about the
4I2AFC discrimination task that prevents subjects from
using phonetic information. If this is true, it could point to
two different perceptual strategies: an auditory compari-
son of stimulus information during discrimination and
phonetic labeling during classification. In other words,
during discrimination, listeners are in an auditory mode
and, during classification, in a phonetic mode. Such a con-
clusion would be almost the exact opposite of our predic-
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Figure 3. Difference scores between the obtained and the pre-
dicted data for each stimulus pair in Figures 1 and 2. The dashed
lines represent the difference scores for the word vowels; the solid
lines represent the difference scores for the text vowels.

Table 1
Mean Categorical Perception-Indices and Standard Errors of
the Mean for Four-Interval Two-Alternative Forced-Choice
(4I2AFC) Discrimination of Word Vowels and Text Vowels

Vowels

Fixed Roving

Task M SE M SE

Word Vowels

4I2AFC �7 8 1 9

Text Vowels

4I2AFC 6 9 1 10
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tion that the 4I2AFC task would make both auditory and
phonetic information equally available. Before allowing
ourselves to draw such a far-reaching conclusion, how-
ever, we decided to take a closer look at two aspects of the
discrimination task that could have affected the subjects’
behavior decisively—namely, physical distance between
the stimuli in a trial and ISI. Both were very small, and
this could have made the task unusually difficult, so in Ex-
periment 2, we ran two control conditions: one with a
larger distance and one with a longer interval. In another
condition in Experiment 2, we replicated the discrimina-
tion test with another task, 2I2AFC discrimination (i.e.,
one without flanking stimuli). Finally, we returned to the
results of Experiment 1 in order to examine differences
between subjects.

EXPERIMENT 2

Task
The reason for choosing the 4I2AFC task was to avoid

an exclusive reliance on phoneme-labeling processes dur-
ing discrimination. The results seem to indicate that we
succeeded too well: Discrimination deviated from classi-
fication in a way that suggested an exclusive reliance on
auditory coding. One way of testing this interpretation
would be to compare the present discrimination results
with discrimination of the same stimuli in a task in which
phonetic-labeling processes are known to play an impor-
tant role, such as the 2I2AFC task. In this task, the stim-
uli are always different, and the subject has to determine
the order in which they are presented. This makes it nec-
essary to explain to subjects what the term order means by
mentioning the phoneme categories in the instructions
(e.g., “ba–da” or “da–ba”). If our interpretation is correct,
we should now obtain the “regular” relationship between
classification and discrimination, in which discrimination
can be predicted to some extent by, and does not fall
below, classification.

Interstimulus interval
In Experiment 1, we had, on the basis of Massaro’s

(1974) study of auditory storage time, decided to use an
interval of 200 msec, in which stimulus information
should be available for direct auditory comparison. As a
result, the listeners may have been discouraged from using
a labeling strategy during discrimination, because there
may not have been enough time between the successive
stimuli to synthesize the acoustic information into pho-
netic percepts. This interpretation is suggested by data
from Cowan and Morse (1986), Pisoni (1973), and Van
Hessen and Schouten (1992), showing that discrimination
performance based on labeling reaches a maximum after
between 500 and 1,000 msec; if the interpretation is cor-
rect, it could explain the lack of a clear relationship be-
tween classification and discrimination in our data.

In addition, although the auditory image of a stimulus
is usually held to fade away within 200–300 msec, this
has only ever been tested in two-interval presentations.

When auditory information has to be extracted from four
stimuli presented in rapid succession, listeners might need
more processing time than they do in the masking task
Massaro (1974) used in his experiments. In other words,
auditory analysis and comparison of four successive
speech sounds may require more time than 200 msec each,
and the arrival of new stimuli may disrupt processing of
the previous stimuli.

In Experiment 2, we expanded the interval from 200 to
500 msec. If this is enough time to allow listeners to use
auditory information for discrimination, as a result of re-
duced interference between the four stimuli within a trial,
performance should increase independently of classifica-
tion. In addition, the listener should have more time to as-
sign labels to the stimuli (Van Hessen & Schouten, 1992),
and discrimination performance should increase differen-
tially as a function of classification (predicted discrimi-
nation), which means that stimuli with different labels
should now be easier to discriminate than stimuli within
one label category and, thus, perception should be more
categorical.

Physical distance between the stimuli
The physical distance between the stimuli in a trial was

only one step along the stimulus continuum, because we
expected discrimination across two steps to be too easy
and, hence, to result in a ceiling effect. According to
Trahiotis (Heller & Trahiotis, 1995; Trahiotis & Bern-
stein, 1990), the flanking stimuli in a 4I2AFC task should
have a facilitating effect; in his experiments, d� was much
higher in 4I2AFC than in 2I2AFC tasks. However, our dis-
crimination results did not seem to show any facilitation,
being as low as they were (although a comparison with the
2I2AFC task was not carried out until our Experiment 2;
see below). It could be that facilitation occurs only when
stimuli are reasonably discriminable. This was tested with
a step size of two between the stimuli.

Method
Stimuli. The stimuli used in Experiment 2 were those from the

word vowel continuum in Experiment 1. The choice of word vowels
rather than text vowels was an arbitrary one, since Experiment 1 had
failed to show a significant difference between these two conditions.

Subjects. The subjects were 14 students from the pool of 19 sub-
jects who had participated in Experiment 1. Five students were no
longer available for testing.

Design. Each listener took part in six tests, three roving 2I2AFC
discrimination tests, two roving 4I2AFC discrimination tests (with
flanking stimuli), and a classification test. The 2I2AFC discrimi-
nation was tested under three conditions: (1) baseline, with one step
between the stimuli in a trial and a short ISI; (2) ISI, with one step be-
tween the stimuli and a long ISI; and (3) step size, with two steps
between the stimuli and a short ISI. The 4I2AFC discrimination was
tested only in Conditions 2 and 3. For the 4I2AFC baseline condition,
the data in Experiment 1 were used (roving 4I2AFC discrimination,
word vowels) minus the results of the 5 subjects that did not partici-
pate in Experiment 2. The order of the discrimination tests was ran-
domized across subjects, but classification was always performed last.

In 2I2AFC discrimination, all the trials consisted of two different
stimuli, either AB or BA. These combinations were presented 32
times in a random order. The subjects responded by indicating the
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order in which the stimuli had been presented. The short ISI was
200 msec, and the long one was 500 msec. In the one-step discrimi-
nation test, 7 (stimulus pairs) � 64 trials were presented. In the two-
step discrimination test, 6 (stimulus pairs) � 64 trials were presented.

In 4I2AFC discrimination, the trials consisted of AABA and
ABAA combinations. These combinations were presented 32 times
in a random order. The subjects had to indicate whether the “odd-
ball” was in the second or the third interval. The short ISI was
200 msec and the long one was 500 msec. In the one-step discrimi-
nation test, 7 (stimulus pairs) � 64 trials were presented. In the two-
step discrimination test, there were 6 (stimulus pairs) � 64 trials.

The classification test was a replication of the test in Experi-
ment 1, using 14 of the 19 original subjects.

Procedure. The procedures for discrimination were identical to
the procedure described in Experiment 1. The only difference was
the notation in the response fields. In the 2I2AFC test, the subjects
responded by mouse clicking on a response field with “oe–ie” or
with “ie–oe,” which represented the order of the stimuli. The total
experiment (six tests) lasted approximately 3 h.

Results
The discrimination and classification results are dis-

played in Figures 4–6. The data in the figures represent
the averages of the 14 subjects’ individual d� scores. The
numbers (n) along the abscissa refer to stimulus pairs,
consisting of the (n) and (n � 1) stimuli for one-step dis-
crimination and the (n) and (n � 2) stimuli for two-step
discrimination. The stimuli in Pair 1 resemble /u/, and the
stimuli in Pair 7 sound like /i/. In order to compare classi-
fication and discrimination, the classification scores were
transformed into predicted discrimination scores. The de-
gree of categorical perception of the various functions in
the three test conditions was estimated with the CP index.

Task. In Figure 4, the results of the baseline condition
are presented. The relationship between 4I2AFC discrim-
ination and classification in Figure 4 is the same as the

one shown in Figure 1: no correlation between observed
and predicted discrimination, so no indication of categor-
ical perception. However, 2I2AFC discrimination is more
closely related to classification. It is higher, except at the
first and last stimulus pairs. (The 4I2AFC functions in
Figures 1 and 4 are slightly different, because only the
data from the 14 listeners who participated in both exper-
iments are plotted.)

As Table 2 shows, the CP index for 4I2AFC discrimi-
nation was �2, whereas for 2I2AFC discrimination, it was
40. These CP indices confirm what is shown in Figure 4.
The degree of categorical perception is very low in the
4I2AFC task, but 2I2AFC discrimination is more closely
related to classification. A two-way ANOVA was per-
formed on the d� data, with task (three levels) and stimu-
lus (seven levels) as factors. There were significant effects
of the task and stimulus factors [F(2,20) � 6.33, p � .005,
and F(6,20) � 6.39, p � .001], and there was a significant
interaction between task and stimulus [F(12,20) � 1.96,
p � .05]. A Newman–Keuls test revealed that 4I2AFC
discrimination was significantly different from 2I2AFC
discrimination and from classification [F(2,291) � 5.50,
p � .01] but that there was no significant difference be-
tween two-interval discrimination and classification. A
Newman–Keuls post hoc analysis was carried out on each
separate task, with stimuli as an independent variable.
This was done mainly to test the significance of the clas-
sification and discrimination peaks. There turned out to
be significant peaks at Pair 4 for 2I2AFC discrimination
and at Pair 3 for classification [F(6,91) � 2.68, p � .05,
and F(6,91) � 14.39, p � .001].

Interstimulus interval. Figure 5 shows the results for
vowel classification and discrimination with a longer ISI.
A comparison with the discrimination results in Figures 1

Figure 4. Predicted one-step discrimination (classification) and actu-
ally measured roving discrimination (two-interval two-alternative
forced choice [2I2AFC] and 4I2AFC) from the baseline condition for
short interstimulus interval (ISI), one-step discrimination.
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and 4 indicates that the scores in this test were higher,
which means that the longer ISI facilitated discrimination.
There is still no apparent correlation between observed
4I2AFC discrimination and discrimination as predicted by
classification: For the stimuli around the phoneme bound-
ary, discrimination remained worse than classification.

This can mean only that comparison of auditory traces
benefits from a longer ISI and that the optimum interval
of 200–300 msec usually found in two-interval tasks
should not be generalized to other situations. The scores
in 2I2AFC discrimination also increased, but the differ-
ence from the baseline condition was smaller than in the

Figure 5. Predicted one-step discrimination (classification) and actu-
ally measured roving discrimination (two-interval two-alternative forced
choice [2I2AFC] and 4I2AFC) from the interstimulus interval (ISI) con-
dition for long-ISI one-step discrimination.

Figure 6. Predicted two-step discrimination (classification) and actu-
ally measured roving discrimination (two-interval two-alternative forced
choice [2I2AFC] and 4I2AFC) from the step size condition for short in-
terstimulus interval (ISI) two-step discrimination.
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case of four-interval discrimination. The 2I2AFC dis-
crimination results still agreed well with those for classi-
fication, indicating that perception was categorical. It has
to be concluded that there was an effect of ISI on dis-
crimination but that this effect was rather small and af-
fected only overall performance. It is unclear why having
more time between stimuli did not induce the subjects to
use phoneme labels.

This conclusion is modified to some extent by the CP
indices in Table 2. The CP index for the 500-msec condi-
tion was a little higher, which indicates that degree of cat-
egorical perception depended to some extent on ISI.

The effect of ISI was tested in a three-way ANOVA of
the discrimination data from the present experiment,
combined with the data from the baseline condition (in
Figure 4). The independent variables were task (two lev-
els, nested under ISI), stimulus (seven levels) and ISI (two
levels). The classification data were excluded from this
statistical analysis, since the effect of ISI does not play
a role in classification. Cell variance was over 14 subjects.
The analysis revealed significant main effects of task
[F(1,27) � 9.8, p � .002], stimulus [F(6,27) � 2.89, p �
.009], and ISI [F(1,27) � 14.85, p � .001] and a signifi-
cant interaction between task and stimulus [F(6,27) �
2.58, p � .018]. The main effect of ISI means that the
long-ISI d� values were significantly higher than the
short-ISI ones, which indicates that the longer ISI facili-
tated discrimination. Since there was no significant inter-
action between task and ISI, this facilitation effect seems
to be equally large for 4I2AFC and 2I2AFC discrimina-
tion. In a second statistical analysis, the long-ISI discrim-
ination data were compared with the classification results.
A two-way ANOVA with task (three levels) and stimulus
(seven levels) as factors showed only a significant main ef-
fect of stimulus [F(6,20) � 4.61, p � .001]. There were no
significant peaks or valleys in the 4I2AFC and 2I2AFC
functions, as was shown by a separate Newman– Keuls post
hoc analysis.

Physical distance between the stimuli. The results of
two-step discrimination are presented in Figure 6. Of
course, two-step classification and discrimination gener-
ated higher scores than did their one-step counterparts,
shown in Figures 4 and 5. In addition, the 4I2AFC scores
are no longer worse than would be predicted by the clas-
sification data. But again, there is little similarity between
discrimination and classification and, thus, hardly any in-

dication of categorical perception. On the other hand, the
similarity between 2I2AFC and classification does point
to categorical perception.

As can be seen in Table 2, the CP index for 4I2AFC dis-
crimination in the two-step condition remained lower than
the one for 2I2AFC discrimination, although it increased
as an effect of step size, due to a decreased difference
(more proximity) in the denominator of the CP equation.
The 2I2AFC CP index also increased as an effect of step
size, indicating a relatively high degree of categoricalness
of 2I2AFC discrimination.

In a two-way ANOVA, the task (three levels) and stim-
ulus (six levels) factors turned out to be significant
[F(2,17) � 3.49, p � .05, and F(5,17) � 8.25, p � .001].
Newman–Keuls tests revealed significant peaks in both
2I2AFC discrimination and classification at Stimulus
Pairs 3 and 4 [F(5,78) � 2.94, p � .05, and F(5,78) �
5.82, p � .001].

Discussion
The results of Experiment 2 show that neither physical

distance nor ISI has a large effect on degree of categorical
perception (as shown with the CP index) and indicate that
listeners use different processes during the two discrimi-
nation tasks. This confirms the suspicion we formulated
in the Discussion section in Experiment 1 (and which fal-
sifies our hypothesis about the nature of the 4I2AFC task).
The 4I2AFC task relies on auditory processing, whereas
the 2I2AFC task elicits phoneme labeling. These findings
suggest that our first interpretation of the discrimination
results in Experiment 1 was correct: The subjects were in
an auditory mode and outside their normal phonetic mode.

In summarizing the test conditions in Experiment 2, it
can be concluded that the counterintuitive discrimination
results in Experiment 1 were caused not so much by too
short an ISI or too small a step size between the stimuli,
but mainly by the auditory nature of the task, which seems
to preclude phoneme labeling.

DIFFERENCES AMONG SUBJECTS
IN EXPERIMENT 1

Now that Experiment 2 has shown that our failure to
find categorical perception with the 4I2AFC task was
probably due to the task itself, we will return to Experi-
ment 1 in order to explore subject differences. A large pro-
portion of the total variance in Experiment 1 (Figures 1–3)
can be explained by cell variance (78.5%). This means
that there must have been considerable differences, prob-
ably in performance level, between the 19 subjects. If our
interpretation of the overall results from Experiment 1 is
correct—that is, if 4I2AFC discrimination (with flankers)
is an auditory task that, for whatever reason, precludes
labeling—all subjects should have one thing in common:
Regardless of their level of performance, none of them
should show a strong relationship between classification
and discrimination. A corollary prediction with respect to
classification is that, if we grade subjects according to their

Table 2
Mean Categorical Perception Indices and Standard Errors for
Four-Interval Two-Alternative Forced-Choice (4I2AFC) and

2I2AFC Discrimination With Interstimulus Intervals (ISIs) of
200 or 500 msec, and With a Physical Distance of One or Two

Steps Between Stimuli in a Trial

4I2AFC 2I2AFC

ISI (msec) Distance M SE M SE

200 one step �2 12 40 9
500 one step 18 10 57 7
200 two steps 32 11 65 6
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discrimination performance, this will tell us nothing about
classification performance, which should be roughly the
same over discrimination quartiles.

In order to test these predictions, the subjects were
divided into quartiles on the basis of their roving-
discrimination d� scores. Discrimination performance
decreased gradually over the quartiles; classification,
however, was at roughly the same level in all the quartiles,
as was predicted. These results were confirmed by an
ANOVA: The effect of the quartiles factor on discrimina-
tion performance was significant [fixed, F(3,129) � 9.09,
p � .01; roving, F(3,129) � 27.60, p � .01], whereas
there was no significant effect of quartiles on classifica-
tion performance. There were considerable differences in
the position of the phoneme boundary between individu-
als (as is often the case with vowel stimuli) and, hence, be-
tween quartiles.

Figures 7 and 8 show the discrimination and classifica-
tion results for the word vowels (the results were the same
for the two vowel conditions), obtained from the highest
and the lowest quartiles (4 and 5 subjects, respectively). In
Table 3, the CP indices are presented.

There was a marked difference between the discrimi-
nation performances of the two subject groups (they were,
after all, selected on that basis). In Figure 7 (lowest quar-
tile), the classification results show a peak at the phoneme
boundary, with d� scores decreasing to chance level at the
extremes of the continuum. The discrimination scores are at
chance level for all the stimuli, indicating that the listeners
could not detect differences, not even at the phoneme
boundary. In Figure 8, which represents the performance of
the subjects in the highest quartile, discrimination is, in gen-
eral, as high as, or higher than, classification. In neither case
does discrimination performance appear to have much in

common with classification performance, which confirms
our prediction. The CP indices, shown in Table 3, tell a
slightly different story, confirming the lack of categorical
perception in the lower quartile (the negative CP index is
due to negative correlations), but indicating at least a
small amount of categorical perception for the higher
quartile. These findings indicate that, during discrimina-
tion, hardly any phonetic information was used: The lis-
teners were in an auditory mode. In classification, how-
ever, all the listeners had to operate in the phonetic mode
and showed the same performance.

GENERAL DISCUSSION

In a number of experiments, we have investigated cate-
gorical perception of a series of vowel stimuli as a func-
tion of two 2AFC tasks: one consisting of two intervals,
the other of four intervals. In the four-interval task, two
intervals served as facilitating flankers but did not add
any extra information. It was expected that this task would
permit the use of both bottom-up auditory and top-down
phonetic information, mainly because the subjects were
expected to have a choice between (combinations of) two
strategies: a 2IFC strategy, in which the two flanking stim-
uli are ignored, and a 4IAX strategy, in which auditory dif-
ferences within two pairs are compared. The first strategy
was expected to lead to the use of phoneme labels, whereas
the second strategy should have made auditory informa-
tion available. However, our results did not provide any ev-
idence of the first strategy, mainly because there was no
apparent relationship between observed and predicted
discrimination and, thus, no indication of categorical per-
ception in the 4I2AFC task. For the 2I2AFC task, how-
ever, the results turned out to be fairly categorical, as they

Figure 7. Predicted discrimination (classification) and actually mea-
sured discrimination (fixed and roving) of the word vowels in the lowest
quartile. 4I2AFC, four-interval two-alternative forced choice.
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usually are for this task, which makes explicit use of pho-
neme labels.

Discrimination performance in the 4I2AFC task was
poor and fell generally below that predicted on the basis
of classification. This paradoxical finding (paradoxical
because discrimination performance has nearly always
been better than would be predicted from classification;
see, e.g., Macmillan, Goldberg, & Braida, 1988; Pastore,
1987; Repp, 1984; Schouten & Van Hessen, 1992) could
be explained partly as being due to the difficulty of the
task: A greater physical spacing between stimuli in a dis-
crimination trial improved performance but did not really
make it much more categorical. It improved discrimina-
tion more than it did classification, so that the former rose
above the latter on over half the stimuli. Increasing the ISI
had a similar effect; it is unclear why having more time
between stimuli did not induce the subjects to use pho-
neme labels more. There were considerable differences in
discrimination performance levels among the subjects:
All of them performed at about the same level in classifi-
cation, but they could easily be divided into good and poor
discriminators, and the performances of both groups were
largely uncategorical.

The conclusion seems to be almost inescapable: When
listening to speech, all subjects perform at roughly the
same level, as they would be expected to do in everyday
speech situations; when listening in the auditory mode,
however, they show great differences in performance,
sorting out themselves into good and poor (and interme-
diate) listeners. This is a common psychoacoustic pattern;
several studies have indicated that subjects listening to
speech-like stimuli may have widely different scores if
they are operating in an auditory mode (Best, Mor-
rongiello, & Robson, 1981; Dorman et al., 1977; Foard &
Kemler-Nelson, 1984; Repp, 1981; Rosen & Howell,
1981). The fact remains that all our listeners, good or
poor, behaved during 4I2AFC discrimination as if our
stimuli had nothing to do with speech at all. This finding
is, as far as we know, without precedent in the categorical
perception literature, but then, so is the 4I2AFC discrim-
ination task. The question is, what is it that makes this task
so different from all other discrimination tasks ever used
in categorical perception, such as the regular 2I2AFC task
in Experiment 2? And what do our results tell us about the
categorical perception of speech?

A first attempt to account for the traditional finding
(discrimination better than would be predicted by the clas-
sification data) was made with the dual-process model for
the discrimination of speech stimuli by Fujisaki and
Kawashima (1971). This model explicitly distinguished
between categorical phonemic judgments and judgments
based on auditory memory for acoustic stimulus attrib-
utes. The authors proposed that two perceptual modes are
active simultaneously (or in rapid sequence). One of them
is strictly categorical and represents phonetic classifica-
tion and the associated verbal short-term memory. The
other mode is not categorical and represents processes
common to all auditory perception. The results of any par-
ticular speech discrimination experiment are assumed to
reflect a mixture of both components. The part of perfor-

Figure 8. Predicted discrimination (classification) and actually mea-
sured discrimination (fixed and roving) of the word vowels in the high-
est quartile. 4I2AFC, four-interval two-alternative forced choice.

Table 3
Mean Categorical Perception Indices and Standard Errors for

Fixed and Roving Four-Interval Two-Alternative Forced-Choice
(4I2AFC) Discrimination (Word Vowels) of the Lowest and

Highest Quartiles of Subjects

Vowels

Fixed Roving

Task M SE M SE

Lowest Quartile

4I2AFC �25 7 �32 21

Highest Quartile

4I2AFC 15 13 22 13
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mance that can be predicted from labeling probabilities is
attributed to categorical judgments, whereas the remain-
der (the deviation from ideal categorical perception) is as-
signed to comparison of acoustic stimulus properties
(Repp, 1984).

In our selection of the 4I2AFC task as a discrimination
paradigm, we were led by the idea that a discrimination task
in which auditory coding would not be excluded in ad-
vance was needed to assess categorical perception. If a dis-
crimination task is used that prevents a direct comparison
between successive stimuli, listeners are forced to use a
phonetic-labeling strategy for discrimination, and results
will inevitably be highly categorical. We were even more
successful than we expected in stimulating an auditory-
coding strategy: The results show that there was no categor-
ical perception at all. Moreover, discrimination performance
was lower than would be predicted from classification. This
was especially true of the lowest quartile, whose classifica-
tion results were quite normal, but whose discrimination re-
sults were at chance level for all stimuli, indicating that the
listeners could not detect differences, not even at the pho-
neme boundary. The discrimination performance of the
subjects in the highest quartile, however, was, in general,
as high as, or higher than, classification. In neither case
did discrimination performance show any clear relation-
ship with classification performance. This means that,
during discrimination, no phonetic information was used:
The listeners were in the auditory mode. In classification,
however, all the listeners had to operate in a phonetic mode
and showed the same behavior. Why is it that the 4I2AFC
task puts subjects into an auditory mode, whereas all other
speech discrimination tasks that have been used up to now,
including the 2I2AFC task in the present Experiment 2,
produce at least a mixture of the two modes, so that results
always turn out categorical to some extent?

We suspect that this is due to the nature of the four-
interval task, which is less close to the traditional 2I2AFC
task than we had expected, and closer to the 4IAX task.
The crucial difference here could be whether or not a sub-
ject’s decision is dominated by a criterion, or bias, that is
external to the stimuli. In the traditional 2I2AFC task, in
which a subject has to indicate the order of two stimuli,
this can, in the case of speech stimuli, be done only with
reference to top-down labeling criteria that are external to
the stimuli, such as boundaries between phonemes or be-
tween categories like high versus low in psychoacoustic
stimuli. However, the 4I2AFC results were more like those
that may be expected from the 4IAX task, in which subjects
are presented with two pairs of stimuli and have to decide
which pair contains the odd one out. The 4IAX task does
not refer subjects to criteria that are external to the stimuli:
Subjects hear two differences and have to decide which is
the greater one, a decision that can be taken on the basis of
stimulus information and does not depend very much on
the position of a criterion along a scale, apart from a pref-
erence for one response type over another, which is unlikely
to be strong. This is why the 4IAX task is generally re-
garded as relatively bias free in psychophysics.

Our subjects’ comments and our own experience when
performing the 4I2AFC task confirmed the similarity be-
tween it and the 4IAX task, at least with vowel stimuli: It
soon became apparent to the subjects that attempts to label
the stimuli did not produce correct responses, so they
claimed to have given up the attempt and to have applied
a strategy in which differences between two pairs of stim-
uli were used in order to reach a decision. As a result, we
ended up with a discrimination experiment in which pho-
neme categories did not play a part. This was unexpected:
Even if we had foreseen that the subjects would treat the
4I2AFC task as a variant of the 4IAX task, we still would
not have foreseen the complete absence of phonetic infor-
mation in the discrimination response. The 4IAX task may
be relatively bias free, but we had expected phoneme la-
bels to be inevitable: A human subject should not be able
to treat speech as if it does not consist of phonemes or
words. We were wrong: It is possible to get subjects com-
pletely into the auditory mode when they have to discrim-
inate speech sounds, although we cannot really claim to
know why they were incapable of using available phonetic
information that would have improved their performance.

In normal everyday speech perception, we perceive cat-
egorically. It has always been assumed that this mental
process can be investigated by looking at the relationship
between two psychophysical tasks: classification and dis-
crimination. It now appears that this assumption rests cru-
cially on the discrimination task that is chosen. When a
four-interval discrimination task is used, no resemblance
between phoneme classification and discrimination is
found. However, an inability to discriminate sounds does
not prevent listeners from being able to assign different la-
bels to these same sounds.

REFERENCES

Best, C. T., Morrongiello, B., & Robson, R. (1981). Perceptual
equivalence of acoustic cues in speech and nonspeech perception. Per-
ception & Psychophysics, 29, 191-211.

Cowan, N., & Morse, P. A. (1986). The use of auditory and phonetic
memory in vowel discrimination. Journal of the Acoustical Society of
America, 79, 500-507.

Delattre, P. C., Liberman, A. M., Cooper, F. S., & Gerstman, L. J.
(1952). An experimental study of the acoustic determinants of vowel
colour: Observations on one- and two-formant vowels synthesised
from spectrographic patterns. Word, 8, 195-210.

Dorman, M. F., Kewley-Port, D., Brady, S., & Turvey, M. T. (1977).
Vowel recognition: Inferences from studies of forward and backward
masking. Quarterly Journal of Experimental Psychology, 29, 483-
497.

Eimas, P. D. (1963). The relation between identification and discrimi-
nation along speech and nonspeech continua. Language & Speech, 6,
206-217.

Foard, C. F., & Kemler-Nelson, D. G. (1984). Holistic and analytic
modes of processing: The multiple determinants of perceptual analy-
sis. Journal of Experimental Psychology: General, 113, 94-111.

Fry, D. B., Abramson, A. S., Eimas, P. D., & Liberman, A. M. (1962).
The identification and discrimination of synthetic vowels. Language
& Speech, 5, 171-189.

Fujisaki, H., & Kawashima, T. (1971). A model of the mechanisms for
speech perception: Quantitative analyses of categorical effects in dis-
crimination. Annual Report of the Engineering Research Institute,
Faculty of Engineering, University of Tokyo, pp. 59-68.



376 GERRITS AND SCHOUTEN

Gerrits, E. (2001). The categorisation of speech sounds by adults and
children. Unpublished doctoral dissertation, Utrecht University.

Heller, L. M., & Trahiotis, C. (1995). The discrimination of samples
of noise in monotonic, diotic and dichotic conditions. Journal of the
Acoustical Society of America, 97, 3775-3781.

Liberman, A. M. (1996), Speech: A special code. Cambridge, MA: MIT
Press.

Liberman, A. M., Harris, K., Hoffman, H. S., & Griffith, B. (1957).
The discrimination of speech sounds within and across phoneme
boundaries. Journal of Experimental Psychology, 54, 358-368.

Macmillan, N. A. (1987). Beyond the categorical/continuous distinc-
tion: A psychophysical approach to processing modes. In S. Harnad
(Ed.), Categorical perception (pp. 53-85). New York: Cambridge Uni-
versity Press.

Macmillan, N. A., & Creelman, C. D. (1991). Detection theory: A
user’s guide. New York: Cambridge University Press.

Macmillan, N. A., Goldberg, R. F., & Braida, L. D. (1988). Resolu-
tion for speech sounds: Basic sensitivity and context memory on
vowel and consonant continua. Journal of the Acoustical Society of
America, 84, 1262-1280.

Massaro, D. W. (1972a). Preperceptual images, processing time, and
perceptual units in auditory perception. Psychological Review, 79,
124-145.

Massaro, D. W. (1972b). Stimulus information vs processing time in
auditory pattern recognition. Perception & Psychophysics, 12, 50-56.

Massaro, D. W. (1974). Perceptual units in speech recognition. Journal
of Experimental Psychology, 102, 199-208.

Massaro, D. W., & Cohen, M. M. (1983). Categorical or continuous
speech perception: A new test. Speech Communication, 2, 15-35.

Pastore, R. E. (1987) Categorical perception: Some psychophysical
models. In S. Harnad (Ed.), Categorical Perception (pp. 29-52). New
York: Cambridge University Press.

Pisoni, D. B. (1973). Auditory and phonetic memory codes in the dis-
crimination of consonants and vowels. Perception & Psychophysics,
13, 253-260.

Pisoni, D. B. (1975). Auditory short-term memory and vowel percep-
tion. Memory & Cognition, 3, 7-18.

Plomp, R. (1964). Decay of auditory sensation. Journal of the Acousti-
cal Society of America, 36, 277-282.

Repp, B. H. (1981). Two strategies in fricative discrimination. Perception
& Psychophysics, 30, 217-227.

Repp, B. H. (1984). Categorical perception: Issues, methods, findings.
In N. J. Lass (Ed.), Speech and language: Advances in basic research
and practice (Vol. 10, pp. 244-322). Orlando, FL: Academic Press.

Rosen, S. M., & Howell P. (1981). Plucks and bows are not categori-
cally perceived. Perception & Psychophysics, 30, 156-168.

Sawusch, J. R., Nusbaum, H. C., & Schwab, E. C. (1980). Contextual
effects in vowel perception II: Evidence for two processing mecha-
nisms. Perception & Psychophysics, 27, 421-434.

Schouten, B., Gerrits, E., & Van Hessen, A. (2003). The end of cat-
egorical perception as we know it. Speech Communication, 41, 71-80.

Schouten, M. E. H., & Pols, L. C. W. (1979). Vowel segments in con-
sonantal contexts: A spectral study of coarticulation–part I. Journal of
Phonetics, 7, 1-23.

Schouten, M. E. H., & Van Hessen, A. J. (1992). Modelling phoneme
perception: I. Categorical perception. Journal of the Acoustical Soci-
ety of America, 92, 1841-1855.

Tartter, V. C. (1981). A comparison of the identification and discrim-
ination of synthetic vowel and stop-consonant stimuli with various
acoustic properties. Journal of Phonetics, 9, 477-486.

Tartter, V. C. (1982). Vowel and consonant manipulations and the
dual-coding model of auditory storage: A re-evaluation. Journal of
Phonetics, 10, 217-223.

Trahiotis, C., & Bernstein, L. R. (1990). Detectability of interaural
delays over select spectral regions: Effects of flanking noise. Journal
of the Acoustical Society of America, 87, 810-813.

Van Hessen, A. J. (1992). Discrimination of familiar and unfamiliar
speech sounds. Unpublished doctoral dissertation, Utrecht University.

Van Hessen, A. J., & Schouten, M. E. H. (1992). Modelling phoneme
perception: II. A model of stop consonant discrimination. Journal of
the Acoustical Society of America, 92, 1856-1868.

Van Hessen, A. J., & Schouten, M. E. H. (1999). Categorical percep-
tion as a function of stimulus quality. Phonetica, 56, 56-72.

Van Son, R. J. J. H., & Pols, L. C. W. (1990). Formant frequencies of
Dutch vowels in a text, read at normal and fast rate. Journal of the
Acoustical Society of America, 88, 1683-1693.

(Manuscript received June 19, 2001;
revision accepted for publication August 6, 2003.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


