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Several studies have shown that extensive training with synthetic speech sounds can result in 
substantial improvements in listeners' perception of intraphonemic differences. The purpose of 
the present study was to investigate the effects of listening experience on the perception of 
intraphonemic differences in the absence of specific training with the synthetic speech sounds 
being tested. Phonetically trained listeners, musicians, and untrained listeners were tested on a 
two-choice identification task, a three-choice identification task, and an ABX discrimination 
task using a synthetic [bi]-[p h i] continuum and a synthetic [wei]-[rei] continuum. The 
three-choice identification task included the identification of stimuli with an "indefinite" or 

"ambiguous" quality in addition to clear instances of the opposing phonetic categories. Results 
included: ( 1 ) All three subject groups showed some ability to identify ambiguous stimuli; (2) 
phonetically trained listeners were better at identifying ambiguous stimuli than musicians and 
untrained listeners; (3) phonetically trained listeners performed better on the discrimination 
task than musicians and untrained listeners; (4) musicians and untrained listeners did not 
differ on any of the listening tasks; and (5) participation by the inexperienced listeners in a 10- 
week introductory phonetics course did not result in improvements in either the three-choice 
identification task or the discrimination task. 

PACS numbers: 43.71.Es, 43.71.An, 43.72.Ja 

INTRODUCTION 

The categorical perception phenomenon has been a fo- 
cus of phonetic perception research since the first published 
reports of this kind of experiment at Haskins Laboratories 
more than three decades ago. The basic idea behind this phe- 
nomenon is that, for certain kinds of speech-sound continua, 
there is a very strong relationship between the ability to dis- 
criminate stimuli and the way that stimuli along that contin- 
uum are labeled. Given an appropriate set of stimuli that are 
spaced evenly in physical terms, listeners are much better at 
discriminating stimulus pairs that are drawn from different 
phonetic categories than pairs that are drawn from the same 
phonetic category (Liberman et al., 1957; Liberman et al., 
1961a; Liberman etal., 1961b; Bastian etal., 1961; see Repp, 
1984; and Harned, 1987, for general reviews of this litera- 
ture). This kind of performance for stops and many other 
consonant categories is in contrast to the "continuous" per- 
ception that is seen for vowels and most nonspeech continua 
(e.g., Fry et al., 1962; Eimas, 1963; BastJan and Abramson, 
1964; Abramson, 1961; Liberman et aL, 1961 a; Liberman et 
aL, 1961b). For these stimulus continua, the ability to dis- 
criminate stimulus pairs far exceeds the ability to assign ab- 
solute labels to individual tokens. 

There has been considerable interest in the effects of 

training on categorical perception. This issue has been ap- 
proached from two different directions. In one set of experi- 
ments attempts have been made to produce the categorical 
perception effect for nonspeech sounds by training subjects 

in the use of category labels (Lane, 1965; Cross et al., 1965), 
while in another series of experiments attempts have been 
made to attenuate the categorical perception effect for stop 
consonants by providing subjects with discrimination train- 
ing on within-category pairs (Strange, 1972; Ganong, 1977; 
Samuel, 1977; Carney et al., 1977; Edman et al., 1978; Ed- 
man, 1979). 

The primary contention of the series of experiments by 
Lane and his colleagues was that the categorical perception 
phenomenon was not specific to speech and could be ob- 
tained simply by training subjects in the use of category la- 
bels. Cross et al. (1965) trained subjects to use category 
labels in response to a visual continuum consisting of sec- 
tored circles. Subjects were able to use the category labels 
consistently, and a subsequent ABX discrimination task 
showed a peak corresponding to the labeling boundary. In a 
related study, Lane (1965) tested subjects on a nonspeech 
analog of a voicing continuum. Prior to identification train- 
ing with the nonspeech analogs, ABX discrimination func- 
tions were flat and close to chance. Discrimination functions 

obtained after training showed a peak at the identification 
boundary. Similarly, Kopp and Udin (1969) and Kopp and 
Livermore (1973) found evidence of a discrimination peak 
following identification training for a continuum of sinu- 
soids varying in frequency. 

Several other experiments have failed to find evidence 
that identification training produces categorical perception. 
For example, Liberman et al. (1965) reported the results of 
an attempt to replicate Cross et al. (1965) that failed to find 
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evidence of discrimination peak s for a visual continuum ei- 
ther before or after identification training. A second failure 
to replicate Cross et aL was reported by Parks et al. (1969). 

Evidence for the effectiveness of techniques designed to 
attenuate categorical perception effects through discrimina- 
tion training seems to be more clear. Hanson (1977) report- 
ed a large increase in within-category discrimination perfor- 
mance as a result of instructing subjects to attend carefully to 
small differences between stimuli and providing feedback 
throughout a same--different reaction-time task. A report by 
Repp (1975) suggests that it was primarily the feedback that 
was responsible for the increase in performance. Repp's lis- 
teners were given the same instructions and task but without 
feedback, and showed no improvement in within-category 
performance. Strange (1972) reported only a small im- 
provement in performance after extensive discrimination 
training with feedback. Repp (1984) and Carney et aL 
(1977) attributed the relatively modest performance im- 
provement in Strange's study to the high stimulus uncertain- 
ty of the oddity task that was used. In support of this conten- 
tion, Repp cites the excellent within-category performance 
reported by Sachs and Grant (1976) and Ganong (1977), 
who provided feedback to subjects and reduced stimulus un- 
certainty by presenting same-different trials in blocks that 
contrasted only two stimuli. 

The most complete set of data regarding the effects of 
training on the perception ofintraphonemic differences con- 
sists of a series of experiments conducted at the University of 
Minnesota. Carney et al. (1977) tested subjects both before 
and after extensive discrimination training using a fixed- 
standard, same-different procedure and an oddity para- 
digm. The results for both procedures showed large im- 
provements in within-category performance following 
training. Follow-up studies showed that training on a [bl- 
Ip] continuum transferred readily to a [g]-[k] continuum 
(Edman et al., 1978), and that training on a [b]-[d]-[g] 
continuum transferred to a [p]-[t]-[k] continuum (Ed- 
man, 1979). 

Carney et al. also showed that providing appropriate 
feedback to subjects allowed listeners to assign category la- 
bels to arbitrary subsets of the stimuli. Similarly, Pisoni et al. 
(1982) showed that native speakers of American English 
were able to divide a --70 to + 70-ms voice-onset time 

(VOT) continuum into categories corresponding to lead, 
short-lag, and long-lag stops after simply listening to exam- 
ples of the three categories. 

The Minnesota studies all involved extensive periods of 
discrimination training. Repp ( 1981 ) reported the results of 
a successful training study using frieative-vowel syllables 
that involved a simple and relatively brief training session. 
The 25-min training session consisted of presenting subjects 
with pairs of isolated fricative noises followed by the same 
pair of noises in vocalic context. The results showed a very 
substantial improvement in performance for fricative-vowel 
syllables following this brief training period. 

Taken as a whole, the results of these training studies 
suggest that subjects can show substantial improvement in 
their ability to perceive intraphonemic differences given the 
appropriate combination of training, instructions, and psy- 

chophysical procedure. Training can improve a subject's 
ability to discriminate within-category distinctions and can 
serve to modify a subject's labeling behavior. The purpose of 
the present Study was to determine whether listeners with 
extensive experience in phonetics and music are better able 
to perceive intraphonemic differences than inexperienced 
listeners in the absence of specific identification or discrimi- 
nation training on the synthetic speech sounds being test- 
ed. Our primary interest was to examine the effects of gen- 
eral training in phonetics on the perception of intraphone- 
mic differences. Data from the musicians were included to 

determine whether any performance advantage for the 
phoneticians might be specific either to speech or to the 
kinds of listening tasks engaged in by phoneticians• 

Some limited information is available on the perception 
of intraphonemic differences by musicians and nonmusi- 
cians. In a study that is described only briefly, Chandler and 
Strange (1984) tested 20 musicians and 20 nonmusicians on 
a 10-step [ rak ] - [ lak ] continuum. The musicians performed 
better than the nonmusicians on an oddity discrimination 
task, and there was a slight indication that the musicians 
were more reliable in providing labels for subphonemic cate- 
gories in an open-set identification task. 

The present study compared the performance of pho- 
netically trained listeners, experienced musicians, and un- 
trained listeners on two identification tasks and one dis- 

crimination task. The stimuli consisted of a [bi]-[phi] 
continuum cued by variations in voice-onset time and a 
[wei]-[rei] continuum cued by variations in second - and 
third-formant starting frequencies. The first identification 
task was a conventional two-alternative forced-choice label- 

ing procedure. The second identification procedure was a 
three-choice labeling task in which listeners were asked to 
identify instances of stimuli with an "ambiguous" or "inde- 
finite" quality in addition to clear instances of the opposing 
phonetic categories. The discrimination task was a two-step 
ABX procedure. 

A secondary purpose of the present study was to deter- 
mine whether any performance advantage that might be at- 
tributable to phonetics training is due to long-term training 
or, alternatively, whether these skills might be acquired as a 
result of relatively short-term phonetics training. For this 
reason, a group of undergraduates who had enrolled in a 10- 
week introductory phonetics course was selected to serve as 
the untrained listener group. This provided the opportunity 
to compare the performance of these subjects both before 
and after general training in phonetics. 

I. METHODS 

A. Subjects 

• Phonetically trained listeners 

Listeners in the phonetically trained group were 12 sub- 
jects with a minimum of five years of experience in speech 
science or clinical speech pathology. Four subjects (includ- 
ing the first author) were researchers in speech science/ex- 
perimental phonetics, four subjects were highly experienced 
master's-level speech pathologists, and four subjects were 

656 J. Acoust. Soc. Am., Vol. 88, No. 2, August 1990 Hillenbrand etal.: Intraphonemic differences 656 



Northwestern University doctoral students in speech pa- 
thology. The speech researchers had 5-11 years of postdoc- 
toral experience and were originally trained in experimental 
psychology, linguistics, or speech and hearing science. The 
speech pathologists h•d 5-20 years of experience in clinical 
work and clinical supervision. The doctoral students all had 
master's degrees in speech pathology, and two of the four 
had worked in a clinical setting prior to entering the doctoral 
program. One of the subjects (JH) had extensive experience 
with synthetic speech, and two other subjects had previously 
served as listeners in a small number of experiments involv- 
ing synthetic speech. The remainder of thesubjects had little 
or no experience with synthetic speech. 

2. Musically trained Ii•tenera 

A questionnaire was used to select a group of 15 highly 
experienced musicians who were musical instructors, pro- 
fessional performers, or graduate students in the Northwest- 
ern University School of Music. All of the subjects had be- 
gun formal musical training before age 12, and all judged 
their proficiency to be excellent in at least one instrument. In 
most cases subjects judged their proficiency to be either good 
or excellent in two or more instruments. Subjects reported 
12-33 years of experience with what they considered to be 
their primary instrument, and in every case reported at least 
eight years of experience with a second instrument. Two sub- 
jects considered themselves to be primarily vocalists, al- 
though both reported extensive instrumental training as 
well. None ofthe subjects had received training in phonetics, 
and none was experienced with synthetic speech. 

$. Inexperienced listeners 

The inexperienced listeners were 15 Northwestern Uni- 
versity undergraduates who had enrolled in a 10-week intro- 
ductory course in phonetic theory and phonetic transcrip- 
tion. These subjects were tested both before and after the 
course. The phonetics course consisted of 30 h of lectures in 
articulatory and acoustic phonetics and 15 h of laboratory 
practice in phonetic transcription. The first seven h of labo- 
ratory practice emphasized broad phonetalc transcription 
and the remaining eight h focused on narrow phonetic tran- 
scription, including the use of discritics to mark features 
such as vowel length, vowel nasalization, and aspiration. 
None of the subjects in this group considered themselves to 
be experienced musicians, although approximately half of 
the listeners had received some form of musical training as 
recently as early high school. 

B. Stimuli 

Two nine-step speech-sound continua were synthesized 
using an implementation ofKlatt's (1980) software formant 
synthesizer. All stimuli consisted of five formants and were 
synthesized with a 10-kHz sample frequency and 12 bits of 
amplitude resolution. One continuum ranged from [bi]- 
[phi] by varying VOT from 0 to 80 ms in 10-ms steps. VOT 
was manipulated using procedures described by Abramson 
and Lisker (1965). All of the stimuli began with 5 ms of 
frication, followed by aspiration for the duration ofthe VOT 

interval. The voicing source was initiated immediately fol- 
lowing the end of the aspiration interval. Starting and ending 
frequencies of the first three formants, and the durations of 
linear transition intervals, are shown in Table I. The funda- 
mental frequency rose linearly from 120-125 Hz over the 
first 40 ms, then fell linearly to 90 Hz over the remaining 210 
ms of the signal. The fourth and fifth formants were set to 
3300 and 3700 Hz, respectively, for the entire 250-ms dura- 
tion of the signals. 

Stimuli for a second synthetic continuum varied in nine 
steps from [wei] to [rei] by varying the onset frequencies of 
F2 and F 3. Synthesis parame.ters were taken from Shaft and 
Benson (1982). Table II shows the contours of the first three 
formants over the 300-ms course of the two endpoint stimuli. 
Formant frequencies for F2 and F3 were changed approxi- 
mately 5% between individual stimuli on the nine-step con- 
tinuum. Further details about the stimuli can be found in 
Shaft and Benson. 

C. Procedures 

A computer program was used to adjust all stimuli on 
both continua to the same overall rms intensity. At the out- 
put .of the D/A converter, stimuli were low-pass filtered at 4 
kHz, amplified, attenuated, and delivered binaurally 
through TDH-49 earphones to subjects seated in a sound- 
treated booth. A sound-level meter (Bruel & Kjaer 2203) 
and artificial ear (Bruel & Kjaer 4142) were used to adjust 
the peak intensity of the speech signals to 75 dBA. Presenta- 
tion of stimuli, collection of listeners' responses, and mea- 
surement of response latencies were controlled by a PDP 11 
computer. 

Each subject completed a total of six tasks: a two-choice 
identification task (90 trials), a three-choice identification 
task (90 trials), and an ABX discrimination task ( 140 tri- 
als) for the [b]-[p] continuum and for the [w]-[r] contin- 
uum. The six listening tasks could be completed in a single 
session lasting 45-50 min. All subjects began testing with a 
two-choice identification task, followed by a three-choice 
identific/•tion task for the same continuum. For a random 

half of the subjects, testing began with [b]-[p]; the other 
half began with [w]-[r]. Following the four identification 
tasks, subjects participated in ABX discrimination testing 
on each continuum, with'the order of presentation counter- 
balanced across the two stimulus series. 

The identification tasks consisted of ten randomly or- 
dered presentations of the nine stimuli on each continuum. 
For the two-choice task, subjects indicated whether the stim- 
ulus sounded like %" or "p" (or "w" vs "r") by pressing the 

TABLE I. Starting and ending values of the first three formant frequencies 
and Ihe durations of linear formant transitions (in ms) for the synthetic 
[bi]-[phi] continuum. 

Starting Ending Transition 
Formant frequency frequency duration 

FI 180 286 20 

F2 1465 2307 40 

F3 218O 3026 40 
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TABLE II. Contours of F 1-F 3 for endpoint stimuli on the nine-step syn- 
thetic [wei]-[rei] continuum (from Sharf and Benson, 1982). Formant 
frequencies were changed approximately 5% between adjacent stimuli on 
the continuum. 

Time (ms) 0 40 110 140 235 300 

Parameter 

F1 

F2 

F3 

F1 

F2 

F3 

[wei] end point 
300 300 471 471 330 330 
700 700 1700 1700 2000 2000 

2400 2400 2500 2500 2600 2600 
[rei] end point 

300 300 471 471 330 330 
1100 1100 1700 1700 2000 2000 
1600 1600 2500 2500 2600 2600 

appropriate button on a response box. Instructions for the 
three-choice identification task for the [b]-[p] continuum 
were as follows: 

You will be hearing the same set of sounds that you were 
just tested on (in a different order), but this time you 
will be using three rather than two buttons. Your job is 
to press button No. 1 if you hear a clear 'b,' button No. 3 
if you hear a clear 'p,' and button No. 2 if the sound has 
an 'indefinite' quality; that is, somewhat like 'b' and 
somewhat like 'p.' 
The ABX task consisted of five randomly ordered pre- 

sentations of all possible two-step ABB, ABA, BAA, and 
BAB triads, for a total of 140 trials. The interstimulus inter- 
val was 0.5 s and the intertrial interval was 1.0 s, measured 

from the subject's respons e. Subjects were told that the first 
two stimuli in the triad would always be different, and that 
the third stimulus would match either stimulus one or stimu- 

lus two. Listeners were instructed to press the appropriate 
button on the response box to indicate whether the third 
stimulus matched the first or second stimulus in the triad. 

Subjects received no feedback on the accuracy of their re- 
sponses. 

II. IDENTIFICATION RESULTS 

A. Two-choice identification 

Figure ! shows results for the [b]-[p] and [w]-[r] 
two-choice identification tasks. Results are shown for the 
two groups of trained listeners, and for the inexperienced 
listeners before training. (Results for the inexperienced lis- 
teners after training will be discussed in a separate section. ) 
It can be seen that the three groups of subjects performed 
very similarly on the two-choice identification tasks. Cate- 
gory boundaries were calculated for each subject by linear 
interpolation of the 50% point on the identification func- 
tion. Two separate one-way ANOVAs showed that the three 
groups did not differ significantly in the location of two- 
choice category boundaries ([b]-[p]: F(2,54)=2.9, 
p n.s.;[w]-[r]: F(2,54) = 0.1,p n.s.}. 

B. Three-choice identification 

Middle-category responses from the three-choice iden- 
tification task for the three groups of listeners are shown in 
Fig. 2. For both the [ b ]- [ p ] and [ w ]- [ r ] continua, it can be 
seen that the phonetically trained listeners produced a well- 
defined "indefinite" category corresponding closely to the 
category boundary in the two-choice identification task. The 
middle category shows a peak of approximately 72% for the 
[b]-[p] continuum and 75% for the[w]-[r] continuum. 
The musicians and inexperienced listeners also produced a 
middle-category peak corresponding to the two-choice cate- 
gory boundary, but the peak heights were substantially 
smaller than those associated with the phonetically trained 
listeners. 

A difference score was calculated using middle-category 
responses in an effort to quantify the degree of consistency 
with which subjects in the three groups identified ambiguous 
stimuli. The basic idea was to compare responses to stimuli 
near the two-choice category boundary with responses to 
stimuli remote from the boundary. The first value in the 
difference score was a weighted average of responses to the 

Two-Choice 8-P ldentificstion Two-Choice W-R Identification 

i i i I i i i i i 

e 90 Phoneticlane 
r \\•_ I I Musicien• 
e 8e \\ • I • •nex.•r. L•tener, 
t 70 

n 50 
t 

i 30 

t 20 
i 
o 10 

I I I I I I I I I I I I 

Voice Onset Time (ms) Stimulus Number 

FIG. 1. Identification functions from 
the two-alternative forced-choice lis- 
tening task. 
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FIG. 2. Middle-category responses 
from the three-choice identification 

task. Responses represent trials in 
which subjects judged stimuli to have 
an "ambiguous" or "indefinite" quali- 
ty. 

stimulus closest to the subject's two-choice category bound- 
ary and the two stimuli on either side of the boundary stimu- 
lus. Responses to the boundary stimulus received a weight of 
1.0, and responses to the two near-boundary stimuli received 
a weight of 0.5. The second value in the difference score was 
the percentage of middle-category responses to stimuli re- 
mote from the subject's two-choice category boundary, 
where "remote" was defined as two or more stimulus units 

from the category boundary. Mean and standard deviation 
difference scores for subjects in the three groups are shown 
in Table III. 

A two-way ANOVA calculated on the difference scores 
yielded a significant effect for Group [F(2,79)= 14.2, 
p<0.01], a nonsignificant effect for Stimulus Continuum 
[F (1,79) = 1.04, p n.s.], and a nonsignificant Group by 
Stimulus Continuum interaction [F (2,79) = 0.9, p n.s.]. 
Post hoc analyses showed that the group effect was signifi- 
cant for both [b]-[p] [F(2,39) = 5.7, p<0.01] and [w]- 
[r] [F(2,39)=4.1, p<0.05]. Further tests using New- 
man-Keuls multiple comparisons showed that, for both 
continua, the phonetically trained listeners performed better 
than the musicians and the inexperienced listeners, and that 
the musicians and inexperienced listeners did not differ on 
either contrast. 

Despite the significant group differences, it is important 
to note that there were several individual musicians and in- 

experienced listeners who performed quite well on the three- 
choice task. Based on informal visual examination of the 

data, approximately 30% of the musicians and inexper- 
ienced listeners produced functions on the three-choice task 
that were indistinguishable from those of the phonetically 
trained listeners. The converse of this was not true, however; 
that is, none of the phonetically trained listeners performed 
poorly on the three-choice task. 

III. DISCRIMINATION RESULTS 

One possible interpretation of the three-choice identifi- 
cation results is that phonetically trained listeners are more 
sensitive to intraphonemic differences than listeners without 
training in phonetics. However, it is also possible that the 
effect is related primarily to criterion differences between 
phonetically trained listeners and the other subjects. The 
ABX discrimination tests were designed to determine 
whether the groups differed in their sensitivity to small stim- 
ulus differences along the two continua. 

Discrimination results for the three groups are shown in 
Fig. 3. For the inexperienced listeners, data are shown for 
subjects testedprior to their participation in the introductory 
phonetics course. The data shown in the figure are d' mea- 
sures calculated from the ABX discrimination responses 
(Macmillan, Kaplan, and Creelman, 1977). As the figure 
shows, the same basic trends that were seen in the three- 
choice identification results are reflected in the d' discrimi- 

nation measures. For both speech-sound continua, discrimi- 
nation performance was best for the phonetically trained 
listeners, and little or no difference was seen between the 

TABLE III. Difference scores based on middle-category responses for the 
three groups of listeners for [ bi ]- [ phi ] and [ wei ] - [ rei ] continua (stan- 
dard deviations are shown in parentheses). The scores represent responses 
to boundary and near-boundary stimuli minus responses to stimuli remote 
from the subject's two-choice category boundary. 

B-P W-R 

Phoneticians 55.4 (22.7) 50.3 (13.2) 
Musicians 18.2 (20.9) 23.8 (23.6) 
Inexperienced listeners 10.2 (34.5) 24.9 (38.7) 
(before training) 
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FIG. 3. Discriminability measures 
from the ABX discrimination task. 

musicians and the inexperienced listeners. 
Statistical analysis consisted of separate Group by Stim- 

ulus Contrast ANOVAs for each continuum. Results for 

both continua showed a significant effect for Group {[b]- 
[p]: F (2,39) = 10.6, p<0.01; [w]-[r]: F (2,39) = 39.3, 
p < 0.01} and Stimulus Contrast {[b]-[p]: F (6,34) = 26.3, 
p <0.01; [wei]-[rei]: F (6,34) = 77.4, p <0.01}. For both 
continua, Newman-Keulspost hoe analyses showed that the 
phonetically trained listeners performed better than both 
groups of nonphonetically trained listeners, and that the mu- 
sicians and inexperienced listeners did not differ from one 
another. The Group by Stimulus Contrast interaction was 
significant only for the [w]-[r] continuum IF 
(68,12) = 4.2,p < 0.01 ]. Post hoe analyses indicated that the 
interaction was attributable to larger group differences near 
the peak in the discrimination function. 

It should also be noted that all of the listeners, including 
the phoneticians, showed the prominent peak at the two- 
choice labeling boundary that is typical of categorical per- 
ception. This contrasts with the findings of Carney et al. 
(1977), who noted that the performance of their listeners 
following discrimination training was more consistent with a 
noncategorical perception model. This discrepancy between 
their findings and ours is almost certainly related to the low 
stimulus-uncertainty procedure used in the Carney et al. 
study as compared with the high-uncertainty procedure 
used in the present study (see also Kewley-Port et al., 1988; 
Sachs and Grant, 1976). The noncategorical functions ob- 
tained by Carney et al. may also bc related in part to the 
specific training that their subjects received using the syn- 
thetic stimuli being tested. 

IV. EFFECTS OF PHONETICS TRAINING 

The performance of subjects before and after participa- 
tion in a 10-week introductory phonetics course is shown in 
Fig. 4 (three-choice identification, middle-category re- 
sponses) and Fig. 5 (d' measures calculated from the ABX 
discrimination responses). For both tasks, it can be seen that 
subjects' performance following the 10-week phonetics 

course was very similar to their performance prior to train- 
ing. For the three-choice identification data, a two-way re- 
peated-measures ANOVA was calculated for Stimulus Con- 
tinuum ([b]-[p] vs [w]-[r]) and Training using the 
difference scores described previously. The analysis pro- 
duced nonsignificant effects for both factors (Stimulus Con- 
tinuum: F (1,14) = 2.8, p n.s.; Training: F ( 1,14 = 0.7, p 
n.s.). For the d' measures, separate two-way ANOVAs 
showed significant effects for Stimulus Contrast ( [ b ]-[ p ]: F 
(6,84) =4.08, p<0.01; [w]-[r]: F (6,84) =44.9, 
p<0.001) but no effects for Training ([b]-[p]:F 
(1,14) = 0.2, p n.s.; [w]-[r]: F (1,14) = 0.9, p n.s.). 

v. DISCUSSION 

The main finding of this study is that phonetically 
trained listeners were better than either musicians or inex- 

perienced listeners at identifying speech sounds whose stim- 
ulus values were intermediate between two phonetic catego- 
ries. The important point to be made about this result is that 
the performance advantage for the phonetically trained lis- 
teners was obtained in the absence of specific training with the 
stimuli. The same pattern of performance differences among 
the groups was seen for an ABX discrimination task, sug- 
gesting that the group effect was not limited to any differ- 
ences that might have existed in decision criteria. It is impor- 
tant to note, however, that the two groups of listeners 
without phonetics training showed some ability to identify 
ambiguous stimuli. This finding suggests that the effect of 
long-term phonetics training was to enhance an ability that 
was already present in these subjects. In fact, as was noted 
previously, the three-choice labeling performance of some of 
the individual listeners in the nonphonetically trained 
groups was indistinguishable from that of the phonetically 
trained listeners. 

Comparison of the performance of the inexperienced lis- 
teners before and after participation in an introductory pho- 
netics course showed no improvement in either the absolute 
identification of ambiguous stimuli or the ability to discrimi- 
nate stimuli. This finding indicates quite clearly that the 
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FIG. 4. Middle-category responses 
from the three-choice identification 
task for subjects in the inexperienced 
listener group before and after their 
participation in an introductory pho- 
netics course. 

identification and discrimination abilities that were shown 

by the phonetically trained listeners did not emerge as a re- 
sult of relatively short-term training. It has long been known 
that very extensive training is required for subjects to per- 
form well on certain kinds of listening tasks. For example, 
Bryan and Harter's (1899) study of the acquisition of Morse 
code showed that subjects were far from asymptotic perfor- 
mance after 40 weeks of daily training, and Meyer (1899) 
showed that 24-28 weeks were required to reach asymptote 
on a musical pitch identification task. In reviewing this liter- 
ature, Watson (1980) concluded that the conditions that are 
associated with very long training intervals involve complex 
stimuli, listening tasks that require subjects to identify rather 
than detect or discriminate stimuli, and tasks in which the 
number of response categories is large. Narrow phonetic 
transcription obviously meets all of these criteria. Viewed in 

this light, it seems very likely that the 10 weeks of training in 
phonetic transcription left the introductory phonetics stu- 
dents well short of asymptotic performance on these kinds of 
tasks. 

One practical implication of the results from the pho- 
netically trained listeners concerns the widespread use of 
narrow phonetic transcriptions in evaluating speech disor- 
ders and in conducting research on speech disorders. The 
presence of the categorical perception phenomenon might be 
used to argue that many of the fine details that are recorded 
in a narrow phonetic transcription represent within-cate- 
gory variations that should not be discernible to a listener. 
An especially strong case might be made against the wide- 
spread practice of classifying speech sounds as "distorted." 
The present results suggest that experienced phoneticians 
and clinical speech pathologists can, in fact, make fine- 
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FIG. 5. Discriminability measures 
from the ABX discrimination task for 
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group before and after their participa- 
tion in an introductory phonetics 
course. 
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grained phonetic distinctions that represent acoustic varia- 
tions within a phonetic category. 

The results from the musically trained listeners suggest 
that the performance advantage that was seen for the pho- 
netically trained listeners is not related to any general audi- 
tory ability that might be common to musicians and phoneti- 
clans. In other words, in the absence of data from the 
musicians, it might have been argued that the phoneticians 
were simply more attentive listeners, or that they had devel- 
oped a more-or-less general-purpose analytical listening abi- 
lity. It seems a safe assumption, however, that highly trained 
musicians have learned to listen attentively to sound and 
have had extensive experience in making critical judgments 
about complex acoustic signals. The failure to find any dif- 
ference between the musicians and the untrained listeners 

suggests that the performance of the phonetically trained 
listeners can be attributed either to: ( 1 ) specific experience 
with speech sounds or (2) general experience with the kinds 
of absolute labeling tasks that are associated with phonetic 
transcription. 
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