CATEGORICAL PERCEPTION OF VOWELS

Ellen Gerrits and Bert Schouten

Utrecht Institute of Linguistics OTS, Utrecht University

ABSTRACT In line with this explanation, Schouten & Van Hessen (1992)

propose that the lack of categorical perception of vowels may be

The present research aimed at investigating the difference dne to the nature of the stimulus material that has been used. Up

perception between normal, underspecified, and overarticulatéd,now, the vowels used as stimulus material have been modelled
isolated vowels. Unexpectedly, we found observe@dn productions in isolated words. When produced in isolated
discrimination to be worse than predicted by the labelling dataords, vowels will be lengthened. The duration of a plosive will
There was no difference in the degree of categorical perceptiba less affected by overarticulation than that of a vowel: the

between the two vowel conditions. articulation of the burst can hardly be lengthened and the
lengthening of the transitions is also restricted because this would
1. INTRODUCTION lead to a change in phoneme identity. The major cue for vowels,

) ) ) on the other hand, is a relatively constant steady-state, which can
In categorical perception research, the relation betwegp easily changed in duration without changing vowel identity. As
discrimination and classification of a stimulus continuum betwee(g consequence of the long steady-state, vowels become relatively
two speech sounds is investigated. The first experiment designgthbncoded signals, whereas stop consonants remain coded
to test this relation was performed by Liberman, Harris, Hoffmagignais. In running speech, the comparative spectral and temporal
& Griffith (1957). According to their hypothesis, discrimination oqy,ction of the signal will result in more complex coding. We
of certain speech sounds would be limited by classification; tw&pect that if coding is more complex, vowel perception will be
different stimuli could be discriminated only to the extent thartnore categorical (Schouten & Van Hessen, 1992). We

they were classified differently. hypothesise the spectral and temporal reduction of vowels to

One of the often recurring results in categorical perceptiofr‘?rce the listeners to make a quick decision about the phoneme
research is the difference between the perception of consona&{€gory, especially when stimuli are difficult to discriminate.
mainly stop consonants, and vowels. Stop consonants are shiys will strengthen the relationship between discrimination and
to be categorically perceived, whereas the perception of vowdl@ssification of the same stimuli. To test this hypothesis, we
is often called continuous. This difference in perception can tsiudied the difference in perception between vowels spoken in
explained by the difference in coding between these sounig8lated words and in a fast read text. Toestion of interest in
(Pisoni, 1975; Fujisaki & Kawashima, 1971Jhe essential the current research is whether more normal, underspecified
acoustic cues for stop consonants are rapidly changing F1 aRyvels are perceived more categorically than overarticulated
F2 transitions and a noise burst. In contrast, the major acousRWwels.

cues for vowels remain uniform over the entire length of the

stimulus. The difference in acoustic cues between vowels and

stop consonants has an effect on the availability of audito .
memory for these two classes of speech sounds. According%@l- Materials
:ifc?rri]rlnigla?;?rggj rggtzzr;?t t?/\joaty;tg:lz)lriqgr?gg/agz?nnpodng&ghe stimulus material consisted of two continua of eight stimuli

. . T ) etween the vowels [u] and [i]. The vowels were presented in a
auditory memory and phonetic memory. This is in line with th? -V-p/ context. One continuum was generated with the original
dual-process model of Fujisaki & Kawashima (1971), whoP VP ) 9 9

A . . vowels produced in isolated words (Continuum overarticulated
propose that discrimination can be performed in an auditory or . - L

. . - . . vowels), and the other continuum with the original vowels
phonetic mode. To explain the difference in perception between

stop consonants and vowels they formulated the “cue-duratiSegmeme‘j from a text that was read aloud at a fasthprate
hvoothesis” According to this |)ql othesis. the maior fact ?eontinuum underspecified vowels). The stimuli were obtained
yp . ing. > Nyp - ) Ob spectral interpolation as described by Van Hessen (1988).
responsible for the inferior auditory memory with consonants

the duration of the critical information in the signal. The acoustic ith this method only the timbre of a spoken (not synthesised)

. -.._stimulus is manipulated, in such a way that the timbre of the last
cues of the encoded stop consonants (i.e. formant transmontc.i: . )
ulus of a set is equal of that of a second spoken stimulus.

pre;umably cgnnot be s.torfed well In memory. Traeeag of All other characteristics, such as pitch, duration, and voice

rapidly changing acoustic information is too fast to make an . . S
. ' . . ..~ “guality, remain constant. The stimuli sounded completely

acoustic comparison possible, with the result that dlscrlmlnatlochatural

is based on a phonetic mode. This is not the case for {2 ’

relatively unencoded isolated vowels. An isolated vowe) o Subjects

consists of a characteristic steady-state, which is salient in

auditory memory, and therefore can be retained long enough e subjects were 19 students of the Faculty of Arts at Utrecht

the listener to make an auditory comparison (Pisoni, 1975).  University. They had no known hearing deficits and were all

native speakers of Dutch. They were paid a fixed hourly rate.

2. METHOD



2.3. Design not included in the data analysis. In classification, one stimulus
was played on each trial, and the subject had to identify it by

The experiment consisted of six tests, three tests for each of tw@use-clicking on a response field labelled “oe” or “ie” ([u]

vowel continua, involving the same subjects. The tests wesmd [i]). The only training consisted of 16 trials. No feedback

fixed discrimination, roving discrimination, and classification.about correct responses was given.

The subjects took the tests in a fixed order: the classification

experiment was always performed after the discrimination tests. 3. RESULTS

Classification involved a forced choice between two

alternatives, the vowels [u] and [i]. There was no response-tin:[@e discrimination and c_Iassificgtion results are displayed in
limit. In the classification test, each stimulus had to bd9uresland2.The data in the figures represent the averages of
identified 64 times in a random order. the 1_9 subjects’ |nd|y|duai’scqres. The_nl_meers (rl) al_ong the

abscissa refer to stimulus pairs, consisting of stimuli (n) and
The discrimination task. The prediction test is the most widely (n+1); n is therefore a number between 1 and 7. Stimuli in pair
used formal criterion of categorical perception (the Haskink resemble [u] and stimuli in pair 7 sound like [i]. In order to
model). It requires a close correspondence between the actoampare classification and discrimination, the classification
discrimination of speech stimuli alg a continuum and scores were transformed irdévalues.

discrimination performance predicted from the classification h in f | ical than i
results. To avoid labelling strategies, we opted for a task th\Q{e expected the data in figure 1 to be less categorical than in

reduces the load on auditory memory and encourages a dirggyre 2. The results show that this is clearly not the case: the

auditory comparison between the sounds in a trial. Such a tfyerarticulated vowels are not perceived less categorically than
the underspecified vowels. Neither figure shows any

is 4-interval oddity. In this task the A and B stimuli are . - . 2T
presented randomly in the two orders AABA or ABAA, with arelatlonshlp between observed and predicted discrimination, so
' e can conclude that there is no indication of categorical

50% a priori probability. Stimulus A at the beginning and end’ ion for either of th : -
of each quadruplet functions as a reference. This ng}erceptlon or either of the two vowel conditions.

discrimination will be guided by auditory processing of the

stimuli and not by phoneme labelling, and will be a diagnostic Continuum overarticulated vowels
instrument for determining whether categorical perception
occurs.

The subjects’ task was to indicate whether stimulus B (the odd
ball) was in the second or the third interval. The stimuli in the 15
second and third intervals were always apart by one step along

the continuum; the number of comparisons was therefore seven. e flxeq
The intertrial interval was determined by the response time. The 1 oddity
interstimulus interval within a trial was 200 ms. In the fixed d' — -m- —roving
discrimination experiment all possible combinations of only one 05 . oddity
stimulus pair (A and B) were presented over and over again ~
during a block of trials. The fixed test consisted of 7 blocks, one ~= g;atisosr:fl
for each comparison, which were clearly separated from each 0

other. Each block contained 64 trials, 32 for each of the two 1 2 3 456 7

possible combinations, AABA and ABAA. In the roving ) )

discrimination experiment, the A and B stimuli to be stimulus pair

discriminated were drawn randomly from the total range of
stimuli and thus varied from trial to trial. In the roving
discrimination test, 7x64 trials were presented. Figure 1. Discrimination and classification results for the

overarticulated vowels.

2.4. Procedure
The ordering of results in figures 1 and 2 is not what one would

The stimuli were presented to the subjects over headphones iex@ect. The expected ordering is: fixed discrimination best,
sound-treated booth. In the discrimination tests, it was stresseflowed by roving discrimination, and then classification
that differences between the stimuli would be small, and i(Macmillan & Creelman, 1991; Van Hessen & Schouten, 1992).
most cases could only be detected by listening carefully to allassification is best here, followed by discrimination. This is
details of a stimulus. The subjects responded by mouse-clickirgther awkward because it indicates that listeners did hear
on one of two response fields (labelled “2” and “3”) on adifferences between stimuli while classifying them, but could
computer screen. After answering, visual feedback of theot hear differences between the same stimuli during
correct answer was given so that the subject was able to judgiscrimination. Apparently, listeners used a phoneme labelling
and possibly improve his own performance. Discriminatiorstrategy during classification, but could not assign labels to the
training consisted of 128 trials, and was intended to familiarisstimuli during discrimination. Unexpectedly, without labelling
subjects with their task. In the fixed discrimination context théisteners were incapable of discriminating the stimuli.

first ten trials of every block were considered practice and were
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Figure 3. Discrimination and classification results for the

Figure 2. Discrimination and classification results for the o .
vowels produced in isolated words; lowest quartile.

underspecified vowels.

Apparently, the acoustic differences between the stimuli we
too small for the listeners to profit from psycho-acousti
processing.

ree quartiles gradually decreases towards performance at
chance level for the lowest quartile. The subjects in the lowest
quartile do not hear any difference between the stimuli. Their
The results of a multivariate analysis of variance support theséscrimination performance is at chance level. Overall labelling
observations. Fixed independent variables were Paradigm g8rformance was similar for both quartiles. These results imply
levels), Vowel Condition (2 levels), and Stimuli (7 levels:that mainly psycho-acoustic processes played a role during
nested under Vowel Condition). Cell variance was over 1discrimination.
subjects. Any effect reported as significant here had a p-value
below .01. The results of the analysis of variance revealed that
discrimination and classification performance is not
significantly affected by Vowel Condition [F = 0.12]. The
differences between the tasks are significant [F(1,2) = 14.62].
There is a significant effect of Stimulus within Vowel
Condition and a significant interaction between Paradigm and

I%iscrimination performance of the subjects in the remaining

Continuum overarticulated vowels; highest
quartile

Stimulus within Vowel Condition [f1,12) = 5.58; 1,24 ) = — —o— —fixed
4.56]. A Newman-Keuls test on the factor Paradigm revealed a oddity
significant difference between the means of roving oddity and — _m —roving
classification [F(1,5) = 5.20]. A Newman-Keuls test on the oddity
factor Stimulus (Continuum overarticulated vowels) showed a

significant peak in fixed oddity at stimulus pair 1 and 2, and a —A—C|a_55iﬁ'
significant peak in classification at pair 3,(E6) = 3.81; cation

F,(1,6) = 14.39]. A similar test on the data from the Continuum
underspecified vowels revealed a significant peak in the
classification curve at stimulus pairs 3-4-5 [F(1,6) = 4.53].

1 2 3 456 7

stimulus pair

Because a large g@portion of the total variance was explained

by cell variance (78,5%) it was decided to take a closer look at

the behaviour of the subjects. On the basis of the roving oddifjigure 4. Discrimination and classification results for the
scores the subjects were divided into quartiles. Figures 3 andséwels produced in isolated words; highest quartile

show the discrimination and classification results of the

overarticulated vowels (the results are the same for the two 4, DISCUSSION AND CONCLUSION

vowel conditions) from the subjects in the upper (four subjects)

and lowest quartiles (five subjects). There is a markedd a series of experiments we compared the perception of
difference between the two subject groups. Only the subjectsifplated vowels with more normal, underspecified vowels. We
the upper quartile are able to discriminate stimuli on a levéxpected that the temporal and spectral reduction of the latter

equal to, or higher than, classification performance. would result in more complex coding and hence more
categorical perception. However, our results do not indicate that



normal, underspecified vowels are perceived more categoricajpgycho-acoustic information. If we follow the strict definition
than overarticulated vowels, mainly because there is raf Liberman et al (1957) we have to conclude that the results
relationship between observed and predicted discriminatioshow no categorical perception: there is no relation between
and thus no indication of categorical perception for either of thebserved discrimination and discrimination predicted by
two vowel conditions. It could be that the acoustic differencedassification. However, the results show that perception is only
between the two vowel continua were too small to induceategorical if listeners are in the phonetic mode, as is the case
differences in perception, in the sense that the vowels from tidhen classifying speech stimuli and hence, presumably, in
fast read text were possibly not sufficiently underspecifiechormal, spontaneous speech processing. Whenever listeners
However, this is in contrast with the results of numerous studieéscriminate between two stimuli in the psycho-acoustic mode,
that have demonstrated that speaking rate affects the acoustisults will be unrelated to phoneme categories represented in
information specifying vowels and that these rate-dependeloing-term memory. The conclusion must be that the results of
modifications of the acoustic structure of vowels havéhe present study show “true” categorical perception: most
perceptual consequences. listeners are unable to hear differences between speech stimuli,

. L if they are in a psycho-acoustic mode. In the phonetic mode,
Surprisingly, we found observed discrimination to be WOTSR\wever, speech stimuli are perceived categorically.
than predicted by the labelling data. This is in contrast to the

traditional finding that the discrimination function is usually 5. REFERENCES
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With the 4-interval oddity task we succeeded in testing
unbiased discrimination. Listeners could not use a labelling
strategy and discriminated the stimuli on the basis of purely



