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Native speakers of Japanese learning English generally have difficulty differentiating the
phonemes /r/ and /1/, even after years of experience with English. Previous research that
attempted to train Japanese listeners to distinguish this contrast using synthetic stimuli
reported little success, especially when transfer to natural tokens containing /r/ and /1/ was
tested. In the present study, a different training procedure that emphasized variability among
stimulus tokens was used. Japanese subjects were trained in a minimal pair identification
paradigm using multiple natural exemplars contrasting /r/ and /1/ from a variety of phonetic
environments as stimuli. A pretest—posttest design containing natural tokens was used to assess
the effects of training. Results from six subjects showed that the new procedure was more
robust than earlier training techniques. Small but reliable differences in performance were
obtained between pretest and posttest scores. The results demonstrate the importance of
stimulus variability and task-related factors in training nonnative speakers to perceive novel
phonetic contrasts that are not distinctive in their native language.

PACS numbers: 43.71.Gv, 43.71.Es, 43.71.An

INTRODUCTION

When listeners are presented with speech stimuli from
phonetic categories that are not used in their own language
they typically show performance that is not as good as a
native speaker of the language from which the phonemes
were selected (e.g., Miyawaki et al., 1975; Werker and Lo-
gan, 1985). This phenomenon has both practical and theo-
retical implications. In a practical sense, this means that an
individual learning a second language may experience diffi-
culty distinguishing certain phonetic contrasts in the second
language. From a theoretical viewpoint, the phenomenon
also poses several interesting questions: How did these lan-
guage-specific linguistic categories arise? How flexible is the
adult perceptual system with regard to novel phonetic cate-
gories? What conditions facilitate the development of novel
phonetic categories in adults? The work described in the
present paper focuses on several of these theoretical issues in
the context of training Japanese listeners to identify the Eng-
lish phonemes /r/ and /1/. In particular, we examine several
of the theoretical assumptions underlying previous efforts to
train listeners to distinguish nonnative phonetic contrasts
and consider some of the issues raised by this earlier work
(see also Pisoni et al., 1991).

A developmental account of the problems facing adult
second language learners is a useful starting point for consid-
ering the points raised above because of the potential paral-
lels between the acquisition of phonetic categories in the
child’s first language and acquisition of nonnative phonetic
categories while learning a second language in adulthood.
Werker (1989) has shown that within the first year of life the
infant begins to move from language-universal abilities to
the language-specific abilities that are characteristic of the
adult. Language-universal refers to how infants are able to
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discriminate virtually any phonetic contrast used in a lan-
guage, regardless of the environment in which they are
raised, while language-specific refers to the much more re-
stricted abilities of mature adults to discriminate or identify
stimuli from phonetic categories not used in their native lan-
guage. The transition from language-universal to language-
specific abilities appears to be a product of the interaction
between innate perceptual mechanisms and early linguistic
experience (Aslin and Pisoni, 1980). Early experience
serves to modify the child’s perceptual system so that only
those phonetic contrasts that denote differences in meaning
remain distinctive.

Jusczyk (1989) has recently suggested that attentional
mechanisms underlie the modification of phonetic catego-
ries during development. Based on the recent work of No-
sofsky (1986, 1987), Jusczyk has argued that attention to
the stimulus dimensions differentiating phonetic categories
can cause a change in the perceived similarity of stimuli
varying along the dimensions in question. Nosofsky (1986)
has shown that subjects presented with visual stimuli vary-
ing in several dimensions can selectively attend to a specific
dimension, thereby affecting the perceived similarity of the
stimuli. Stimuli varying along the attended dimension be-
came more distinct from each other while stimuli varying
along the unattended dimension became more similar to
each other. According to Nosofsky, selective attention
causes a “stretching” of the psychological distance along the
attended dimension and a “shrinking” of distance along the
unattended dimension. Jusczyk has taken Nosofsky’s work
on selective attention and applied it to how auditory dimen-
sions become differentially weighted during perceptual de-
velopment. The relative salience of dimensions that differen-
tiate phonetic categories is modified as a consequence of the
linguistic importance of the dimension to the formation of
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the categories during development. To the extent that Jusc-
zyk’s proposal is a plausible model of how adult phonetic
categories are formed, it suggests that if a novel-phonetic
contrast is to be learned by adults, selective attention must be
re-allocated to new acoustic-phonetic dimensions that were
previously unattended.

Much of the work involving adult cross-language
speech perception is based on findings obtained from experi-
ments investigating the phenomenon of categorical percep-
tion (e.g., Liberman etal., 1957), in which a listener’s ability
to discriminate a pair of stimuli appears to be limited to those
stimuli the individual classifies as belonging to separate cate-
gories in an identification task (Studdert-Kennedy et al.,
1970). Under certain conditions, however, within-category
discrimination is possible. Factors that facilitate the dis-
crimination of within-category stimuli have generally relied
on improving access to sensory memory (Pisoni, 1973; Pi-
soni and Lazarus, 1974), using minimal uncertainty proce-
dures (Carney et al., 1977), and extensive training of listen-
ers (Samuel, 1977).

Some of the same procedures used to demonstrate with-
in-category speech perception have also been utilized in
cross-language investigations. For example, Werker and her
colleagues (Werker and Tees, 1984; Werker and Logan,
1985) hypothesized that listeners could discriminate a non-
native speech contrast if they had access to information in
sensory memory. Werker employed a methodology devel-
oped by Pisoni (1973) in which the interval separating stim-
uli in an AX discrimination task was varied. She used natu-
ral CV stimuli from a place of articulation contrast occuring
in Hindi and found that native speakers of English could
discriminate these stimuli more accurately if the interval
between the stimuli was reduced.

Strange and Dittmann (1984) also employed a proce-
dure that had been used to demonstrate within-category per-
ception. They attempted to modify Japanese listeners’ per-
ception of /r/ and /1/ using a psychophysical procedure
‘developed by Carney et al. (1977). In this procedure, the
first stimulus in an AX pair is always the same for a block of
trials and only the second stimulus of the pair varies. Carney
et al. showed that after several hundred training trials using
this task, listeners could discriminate very small within-cate-
gory differences between stimuli at various locations along a
VOT (voice onset time) continuum. Strange and Dittmann
used the same procedure to try and produce long-term
changes in the phonological system of Japanese listeners.
They trained Japanese subjects to discriminate stimuli from
a synthesized “rock”-“lock” continuum for 14 to 18 ses-
sions. The effectiveness of the training procedure was evalu-
ated using a pretest—posttest design with natural speech to-
kens in which initial levels of performance were compared to
performance after discrimination training. Strange and Ditt-
mann found that although discrimination of the synthetic
stimuli improved during training, the effects did not genera-
lize to the natural speech stimuli used in the posttest. The
authors summarized their findings by stating, *...we cannot
conclude that this training experience generalized to percep-
tion of the phoneme contrast in real speech by a native AE
(American English) speaker.”
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Before describing the goals of the present investigation,
it is useful to consider what is known about the perception of
/t/ and /1/ by Japanese listeners. The difficulty that Japa-
nese listeners have with the /r/—/1/ contrast is well docu-
mented in the literature. Even after years of living in an Eng-
lish speaking environment, the performance of Japanese
listeners presented with synthesized stimuli contrasting /r/
and /1/ in identification and discrimination tasks differs
from native speakers of English when tested in the same
tasks (MacKain et al., 1981). The differences in perfor-
mance between inexperienced Japanese subjects and native
speakers of English are even larger; inexperienced Japanese
generally have more poorly defined category boundaries and
their discrimination functions are typically fiat and close to
chance performance (Miyawaki ef al., 1975; MacKain et al.,
1981; Mochizuki, 1981).

The problems that native speakers of Japanese have
with the /r/-/1/ contrast are not confined to synthesized
stimuli. Natural speech contrasting /r/ and /1/ is also poorly
perceived by Japanese listeners, whether it is produced by a
native English speaker or a native Japanese speaker (Goto,
1971; Sheldon and Strange, 1982). Several studies have
shown that the performance of Japanese subjects presented
with /r/ and /1/ is not uniform but instead is dependent on
the phonetic context in which /r/ and /1/ appear (Gillette,
1980; Mochizuki, 1981; Sheldon and Strange, 1982). In gen-
eral, identification performance is poorest for /r/ and /1/ in
initial positions in either singleton and consonant cluster en-
vironments and intervocalic positions, while performance is
much better for /r/ and /1/ in final position, in either single-
ton and cluster environments. According to Sheldon and
Strange (1982), while there is no obvious a priori phonologi-
cal explanation for these context effects, preliminary acous-
tic analyses of stimuli containing /r/ and /1/ suggests that
there are systematic acoustic differences among the different
phonetic environments (see also Dissosway-Huff er al.,
1982).

The overall goal of the present investigation was to de-
velop a set of procedures that would be more likely to result
in the learning of nonnative speech contrasts. We began by
considering the methodology used by Strange and Dittmann
(1984). Strange and Dittmann wanted to find out if subjects
could transfer what they had learned about /r/ and /1/ from
a low-level psychophysical discrimination task to other
kinds of testing situations and if training subjects with a
small number of synthetic stimuli containing /r/ and /1/ in
initial position would be sufficient to form phonetic catego-
ries for /r/ and /1/ across a variety of other phonetic envi-
ronments.

Strange and Dittmann’s (1984) results showed that
Japanese listeners failed to demonstrate a significant im-
provement in their ability to perceive /r/ and /1/ in a gener-
alization task with naturally produced real words. There are
several reasons why this may have happened. First, we con-
sider the AX training task used by Strange and Dittmann. A
fixed-standard AX discrimination task enables listeners to
make use of low-level, sensory-based information in the
speech signal. Unfortunately, training that emphasizes in-
formation contained in sensory memory has a high probabil-
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ity of failing to generalize to other conditions such as a mini-
mal pair identification task, unless some more permanent
memory code can be developed (Pisoni, 1973, 1975). Sec-
ond, the choice of stimuli used by Strange and Dittman as-
sumed that listeners would generalize what they learned
about /r/ and 71/ in initial position and apply it to /r/ and
/1/ in other positions. Although adult native speakers of
English may treat /r/ or /1/ similarly regardless of phonetic
environment, previous work (e.g., Mochizuki, 1981; Shel-
don and Strange, 1982) has shown that the performance of
Japanese listeners presented stimuli containing /r/ and /1/
varies systematically as a function of phonetic environment.
Asaconsequence, training that assumes such an equivalence
by presenting stimuli containing /r/ and /1/ from only one
environment may not generalize to other phonetic contexts
(cf. Jamieson and Morosan, 1986).

The choice of the training procedure and stimuli used in
the present experiment was designed to circumvent some of
the difficulties associated with Strange and Dittmann’s
study. As stated earlier, one goal of the present investigation
was to determine under what conditions a group of native
Japanese speakers could learn to identify the English pho-
nemes /r/ and /1/. Moreover, we wanted to develop a train-
ing procedure that would promote transfer of knowledge
acquired during training to novel stimuli that subjects had
not been exposed to before. The present experiment utilized
the same basic pretest—posttest design used by Strange and
Dittmann to assess the effects of training. However, several
changes were made in the training procedure.

First, a two-alternative forced-choice identification
(ID) task was used during training. Listeners trained in an
ID task are forced to develop and use phonetic memory
codes in short-term memory rather than rely on information
in sensory memory. An ID task also encourages classifica-
tion of stimuli into categories instead of enhancing the per-
ception of fine within-category acoustic differences that
would be obtained using an AX discrimination task (Jamie-
son and Morosan, 1986), such as that employed by Strange
and Dittmann. Furthermore, since an ID task was used dur-
ing the training phase and in subsequent posttest and gener-
alization phases of the experiment, transfer of the knowledge
gained during training to each successive phase would be
anticipated.

Second, the stimuli chosen for the present experiment
were minimal pairs of English words contrasting /r/ and /1/
in several different phonetic environments produced by five
different talkers. The motivation for selecting these stimuli
involved a consideration of the role of stimulus variability in
perceptual learning [or what Jamieson and Morosan (1986)
call acoustic context and uncertainty]. As pointed out ear-
lier, training that uses only a small number of stimuli varying
in word-initial position assumes an equivalence of /r/ and
/1/ across different phonetic contexts. Presenting stimuli
containing /r/ and /1/ from various phonetic contexts ex-
poses Japanese listeners to the full range of acoustic-phonet-
iccues that characterize /1/ and /1/ across different environ-
ments.

Natural speech tokens instead of synthesized speech
were also used for similar reasons. Given that the acoustic
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cues signaling specific phonetic categories in synthetic
speech may be considered impoverished compared to natu-
ral speech (Pisoni et al., 1985), subjects trained with syn-
thetic speech may be exposed to misleading or incomplete
information about the cues for the phonetic categories they
are expected to learn, a vital concern when attempting to
obtain stimulus generalization to novel tokens. The use of
multiple talkers was a further attempt to form robust pho-
netic categories by increasing stimulus variability during
learning. Different talkers produce widely varying acoustic
output due to differences in vocal tract size and shape, glottal
source function, dialect, and speaking rates. This additional
stimulus variability may be important for developing stable
and robust phonetic categories that show perceptual con-
stancy across different environments (cf. Kuhl, 1983).

Although we considered the possibility that variability
in talker and phonetic environment might pose initial diffi-
culties for the Japanese listeners, the potential long-term
benefits in terms of developing new phonetic categories
outweighed these concerns. Support for our assumption that
stimulus variability can benefit category learning comes
from a well-known study by Posner and Keele (1968). They
compared the performance of two groups of subjects in clas-
sifying visual stimuli. One group was trained on stimuli that
had a high degree of variability, while the other group was
trained on stimuli that had a low degree of variability.
Posner and Keele found that when subjects from the two
groups were presented with novel stimuli, the group that had
received the high-variability stimuli during training per-
formed much better than the group that had received low-
variability stimuli during training.'

Finally, in addition to assessing the effectiveness of
training in a pretest—posttest design, we also tested general-
ization by presenting subjects with novel words produced by
both old and new talkers. Recently, Mullennix et al. (1989)
found that talker variability has important perceptual conse-
quences for the speed and accuracy of processing spoken
words. In light of these findings, we were interested in assess-
ing whether subjects would generalize to novel stimuli and
the extent to which correct generalization would depend on
the specific characteristics of the talkers used during train-
ing. We assumed that the variability of the talkers used dur-
ing training would be sufficient to overcome talker-specific
learning. That is, after training, subjects should be able to
correctly identify novel words containing /r/ and /1/ pro-
duced by a novel talker. Such a test could be considered to be
the most stringent measure for assessing whether the train-
ing procedure provided the Japanese listeners with sufficient
information to form robust phonetic categories for /r/ and
/1/ that would generalize to other contexts.

I. METHOD
A. Subjects

The subjects were six native speakers of Japanese living
in the Bloomington, Indiana area. All were students at In-
diana University and all had lived in the U.S. for periods
ranging from 6 months to 3 years at the time of testing. All
the subjects reported that they considered their proficiency
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with spoken English to be less than their ability to deal with
written English. No subjects reported any history of a speech
or hearing disorder. Subjects were paid $5.00 for each ses-
sion.

B. Stimuli

A computerized database containing approximately
20000 words (Webster's Seventh Collegiate Dictionary,
1967) was searched to locate all minimal pairs contrasting
/t/ and /1/. A total of 207 minimal pairs were found. These
words contrasted /r/ and /1/ in word-initial and final posi-
tions, in singleton and cluster environments, and in intervo-
calic positions. Six talkers, four male and two female, record-
ed the words in an IAC sound-attenuated booth using an
Electro-Voice D054 microphone. Talkers were given no spe-
cial instructions concerning pronunciation of the words,
which were presented individually in random order on a
CRT monitor located inside the recording booth. The words
were low-pass filtered at 4.8 kHz and digitized at 10 kHz
using a 12-bit analog-to-digital converter. The digitized
waveform files were edited and then equated for rms ampli-
tude using a specialized signal processing package.

The stimuli were pretested with a separate group of na-
tive speakers of English to assess their intelligibility. An
identification task was used in which listeners typed their
response on a terminal after hearing each stimulus. The cri-
teria for including a word in the experiment was that it have
no more than a 15% error rate across all talkers and that no
errors were due to misperception of /r/ or /1/. After pretest-
ing, a set of 136 stimuli (68 minimal pairs—12 initial single-
ton pairs, 25 initial cluster pairs, 5 intervocalic pairs, 15 final
singleton pairs, and 11 final cluster pairs) from five talkers
was selected for use in the training phase of the experiment.
A set of 96 additional stimuli (38 initial singleton words, 29
initial cluster words, 1 intervocalic word, 17 final singleton
words, and 11 final cluster words) from a sixth talker (a
male talker) were selected for use in one generalization test.
A set of 98 additional stimuli (37 initial singleton words, 32
initial cluster words, 1 intervocalic word, 15 final singleton
words, and 13 final cluster words) from one of the talkers
used in the training set (Talker 4, a female talker) was select-
ed for use in a second generalization test.?

Finally, the 32 words used by Strange and Dittmann
(1984) in the pretest—posttest phase of their experiment
were recorded by a male talker not included in either the
training and generalization stimulus sets for use in the pre-
test and posttest phases of the present experiment. These
stimuli were processed in the same way as the other stimuli
used in the present experiment.

C. Procedure

The experimental design employed a pretest—posttest
procedure closely modeled after the procedure used by
Strange and Dittmann (1984). In this design, the effects of
training were assessed by comparing performance in a pre-
test and a posttest administered before and after a 3-week
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training period. Before training began, subjects were pre-
sented 16 minimal pairs contrasting /r/ and /1/, each pre-
sented twice (pretest phase). Subjects were required to iden-
tify the word presented from a minimal pair printed in an
answer booklet by marking the correct response. The same
test items were presented again after training (posttest
phase). The words used in the pretest and posttest were the
same as those used by Strange and Dittmann (1984). The
pretest—posttest procedure required approximately 20 min
to complete. The pretest was administered twice to three
subjects prior to training in order to assess the extent to
which mere exposure to the words used in the pretest might
produce improvements in performance in the posttest. A 2-
week period elapsed between the administration of the first
and second pretest during which the subjects did not partici-
pate in the experiment. _

The training phase also used a two-alternative identifi-
cation task. Subjects were presented with a word from a min-
imal pair contrasting in /r/ and /1/. They were required to
identify the stimulus presented from a minimal pair present- -
ed on a CRT screen by pressing a button on a response box.
Feedback was given during the training task. If the subject
made a correct response, the next trial began. If the subject
made an incorrect response, the minimal pair remained on
the CRT screen and a light on the response box correspond-
ing to the correct response was illuminated followed by a
second presentation of the stimulus, afterwhich the next trial
began. Stimuli from a set of 68 minimal pairs were each pre-
sented twice during a training session, yielding a total of 272
trials in each session. During each training session, stimuli
from only one talker were presented. Subjects cycled
through the set of five talkers used during training three
times for a total of 15 training sessions. Subjects were tested
individually during training. Each session lasted approxi-
mately 40 min.

After the posttest phase, three of the subjects were tested
again to assess the degree to which training generalized to
novel stimuli. The first test of generalization (TG1) consist-
ed of 96 novel words from minimal pairs contrasting /r/ and
/1/ produced by a new talker (i.e., a talker not used in either
the pretest—posttest phase or the training phase). A second
test of generalization (TG2) consisted of 98 novel words
from minimal pairs contrasting /r/ and /1/ produced by
Talker 4, who subjects had heard during training. The test
stimuli consisted of new words that the subjects had not
heard before. In both tests of generalization, the task was
identical to that used during training except that subjects did
not receive any feedback. The tests of generalization were
also administered individually.

Subjects were tested in a quiet sound-treated room con-
taining individual cubicles. Each cubicle was equipped with
a desk, a two-button response box, and a CRT monitor.
Stimuli were presented over matched and calibrated TDH—
39 headphones at 80 dB SPL. Presentation of stimuli and
collection of responses was under the control of a laboratory
computer (PDP-11/34). During training and tests of gener-
alization, both identification responses and latencies were
collected. Latencies were measured from the onset of the
stimulus presentation.
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il. RESULTS
A. Pretest-posttest

Results from the pretest—posttest phase of the experi-
ment will be described first. The subset of subjects who were
given the pretest twice prior to training showed no improve-
ment in performance from the first administration (mean
percentage of correct responses = 77.0%) to the second ad-
ministration (mean percentage of correct re-
sponses = 76.5%), t(2) = — 0.83. Thus mere repetition of
the test vocabulary provided no reliable improvement in
identification performance. No significant difference in pre-
test performance was found between the group of subjects
administered the pretest twice (mean pretest 1 and pretest
2 =76.8%) and the subjects administered the pretest only
once (mean = 80.2%), t(5) = 0.353. Thus, in all subse-
quent analyses, the data for the two groups were combined.

Overall, there was a significant increase in the percen-
tage of correct responses from the pretest (mean = 78.1%)
to the posttest (mean = 85.9%), F(1, 5) = 38.47, p < 0.005.
The overall pattern is also reflected in individual subject data
(see the Appendix); all listeners without exception showed
an improvement in performance from pretest and posttest.
We conclude from this result that subjects were, in fact, able
to transfer what they learned about /r/'and /1/ during train-
ing to the posttest stimuli.* This result demonstrates that
native speakers of Japanese can learn to reliably identify
English /r/ and /1/. Moreover, it contrasts with the null
results reported earlier by Strange and Dittmann (1984).

The percentage of correct responses for each of the four
phonetic environments in the pretest and posttest is plotted
in Fig. 1.* An analysis of the four phonetic environments
used in the pretest and posttest showed significantly better
performance for words contrasting /r/ and /1/ in final posi-
tion (mean percentage of correct responses = 96.9%) and
intervocalic position (mean = 83.1%) than for words con-
trasting /r/ and /1/ in initial position (singleton
[mean = 80.0%] and initial clusters [mean = 68.2%]),
F(3,15) = 6.32, p <0.01. Moreover, there was a significant
interaction between pretest—posttest performance and pho-
netic environments, F(3, 15) = 3.1, p <0.05. Performance
on words from initial clusters and intervocalic environments
improved markedly from the pretest to the posttest. In con-
trast, performance on words from the other two environ-
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FIG. 1. Mean percentage of correct responses in the pretest and posttest as a
function of phonetic environment.
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FIG. 2. Mean percentage of correct responses during training as a function
of week.

ments improved only slightly from the forctest to the post-
test, although it should be noted that even in the pretest,
performance was close to ceiling for words contrasting /r/
and /1/ in final singleton position. With minor exceptions,
these effects were consistently obtained across individual
subjects as well (see the Appendix).

B. Training
1. Identification performance

The results from the training phase -of the experiment
will be described next. An analysis of variance comparing
week (weeks 1-3), talker (talkers 1-5) and phonetic envi-
ronment (environments 1-5) was carried out; only statisti-
cally reliable (p < 0.05) main effects and interactions are re-
ported. Figure 2 shows the percentage of correct responses
as a function of week. A significant effect of week was ob-
tained, F(2, 8) = 14.85, p <0.01. Identification accuracy
improved significantly from week 1 to week 2, but the im-
provement from week 2 to week 3 was not statistically reli-
able. The overall improvement in identification accuracy
from week 1 to week 3 during training was mirrored in the
data from individual subjects (see the Appendix). In short,
although presented a highly variable stimulus set, a signifi-
cant change in subjects’ perceptual mechanisms occurred
during the course of training. '

Figure 3 shows the percentage of correct responses as a
function of the five talkers who produced the stimuli. An
examination of Fig. 3 indicates some variability in identifica-
tion performance among talkers. In the ANOVA, a signifi-
cant effect of talker was obtained, F(4, 16) =21.88,
p <0.0001, confirming the trends shown in Fig. 3. Overall,
talkers 4 and 5 were significantly more intelligible than
talkers 1-3. Individual subjects consistently identified stim-
uli produced by talkers 4 and 5 more accurately than stimuli
from talkers 1-3 (see the Appendix). Although all the stim-
uli were pretested with native speakers of English to ensure
high intelligibility, the intelligibility of different talkers var-
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FIG. 3. Mean percentage of correct responses during training as a function
of talker.

ied for the Japanese listeners. Preliminary acoustic analyses
of the stimuli revealed that subject’s identification perfor-
mance for individual talkers was positively correlated with
the duration of /r/ and /1/ in each token (Lively et al.,
1990). Further acoustic analysis of the tokens is currently
underway.

Figure 4 shows the percentage of correct responses as a
function of phonetic environment. For two of the environ-
ments, final singleton and final clusters, performance is close
to ceiling whereas performance in the remaining three envi-
ronments ranged from 70%—80% correct. The effect of pho-
netic environment was also significant, F(4, 16) = 16.96,
p <0.001. Performance during training was best for final sin-
gleton and final cluster positions. Performance was signifi-
cantly lower for initial singleton and initial cluster positions,
as well as for intervocalic positions. Individual subjects’ per-
formance on word-final singletons and clusters was.uniform-
ly high and close to ceiling. Identification accuracy for the
two word-initial positions and the intervocalic position was
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FIG. 4. Mean percentage of correct responses during training as a function
of phonetic environment.
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FIG. 5. Mean percentage of correct responses Quring training as a function
of talker and phonetic environment.

consistently lower than for either of the two word-final posi-
tions and varied widely across subjects. In short, the group
data parallel the performance of individual listeners (see the
Appendix). Thus the effect of different phonetic environ-
ments found in the pretest—posttest data was also obtained in
the training data. These results replicate previous work (Gil-
lette, 1980; Mochizuki, 1981; Sheldon and Strange, 1982)
that obtained consistent differences in identification across
phonetic environments.

Figure 5 shows the percentage of correct responses for
each talker as a function of phonetic environment. For final
singleton and final clusters, performance was uniformly
good for all talkers whereas in the word-initial and intervo-
calic environments, performance was consistently lower and
varied widely as a function of talker. The interaction
between talker and phonetic environment was significant,
F(16, 64) = 3.01, p <0.001. This result indicates that some
talkers were much better than others in producing intelligi-
ble /r/’s and /1/’s in word-initial and intervocalic environ-
ments that, in general, were poorly perceived. For word-
final singleton and cluster environments, where
performance was close to ceiling, talker variability apparent-
ly made little difference in performance.

2. Identification response times

Response times were also collected during the training
phase. An ANOVA comparing the mean response times for
correct responses across week (weeks 1-3), talker (talkers
1-5), and phonetic environment (environments 1-5) was
carried out. A significant effect of talker was obtained, F(4,
16) = 4.14, p<0.05. Significantly faster response times
were observed for Talker 1 and Talker S compared to Talker
3. There was no correlation between the mean latency for a
talker and the identification data for that talker that can
account for the pattern of response times. However, a sys-
tematic effect was found when the data were examined by
week and phonetic environment, F(8, 32) = 2.44, p <0.05.
Figure 6 shows the mean response times for each week as a
function of phonetic environment. These response times are
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for correct responses only. For those environments in which
accuracy was relatively high at the outset of training; i.e.,
final singletons and final clusters, response times became
faster each successive week, whereas for those environments
in which accuracy was initially low, response times became
much slower in week 2 than in week 1 but then reversed in
week 3. Thus the changes in identification performance that
occurred from week to week were paralleled by changes in
the pattern of response latencies. Moreover, the pattern of
response times from week to week varied systematically de-
pending on whether the contrasts were from phonetic envi-
ronments in which identification accuracy was initially high
or from environments in which identification accuracy was
initially low. This relationship between latencies and identi-
fication accuracy suggests that as subjects became more fa-
miliar with the cues for /r/ and /1/, the time required to
identify the critical segment in each token was reduced. For
word-initial singletons and clusters, an extra week of train-
ing was required before a significant reduction in response
times occurred. Presumably, this was due to the difficulty
subjects had in identifying the appropriate acoustic cues for
/t/ and /1/ in word-initial and intervocalic environments.

C. Generalization

The results of the two generalization tests will be de-
scribed next. RecallThat TG1 consisted of novel words pro-
duced by a novel talker and TG2 consisted of novel words
produced by talker 4, an *“‘old” talker used during training.
An ANOVA comparing generalization test (TG1-TG2)
and phonetic environment for the three subjects who were in
both generalization tests yielded a nonsignificant trend for
.test (p = 0.09). Performance in TG2 (mean percentage of
correct responses = 83.7% ) was marginally better than per-
formance in TG1 (mean = 79.5%). Subjects were more ac-
curate in their identification of /r/ and /1/ when novel words
were produced by an old talker they had heard during train-
ing than when novel words were produced by a new talker.
Individual subject data were consistent with the group data
(see the Appendix).
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lll. DISCUSSION

The results of the present experiment demonstrate that
laboratory training procedures can be used to modify Japa-
nese listeners’ perception of /r/ and /1/ in isolated English
words. Compared to performance before training began,
subjects’ overall identification accuracy showed a signifi-
cant, albeit small, improvement after training.> Moreover,
subjects’ performance depended on the phonetic context in
which /r/ and /1/ were located. For word-final singleton
and consonant cluster environments, performance was close
to asymptotic levels even before training began. For word-
initial singleton and cluster environments, and for intervoca-
lic environments, performance improved after training rela-
tive to the levels obtained in the pretest, although these
environments continued to be more poorly perceived than
final positions.® -

Phonetic context was also found to systematically affect
response times. During training, subjects showed faster re-
sponse times in each successive week for those phonetic envi-
ronments in which identification performance was initially
good. In contrast, for those phonetic environments in which
identification performance was initially poor, response times
showed an inverted U-shaped function. Response times were
relatively fast in the first week, slower in the second week,
and then faster again in the third week, suggesting that sub-
jects required more exposure to the stimuli from difficult
environments before the appropriate acoustic cues could be
learned.

Identification of /r/ and /1/ was also found to depend
on talker. During training, stimuli from some talkers were
consistently identified more accurately than others. This ef-
fect was also found in the generalization tests. Subjects’ per-
formance in identifying /r/ and /1/ in novel words depended
upon whether the talker had been heard before or not. Over-
all, these results suggest that, for the training of a nonnative
phonetic contrast to be robust, the stimuli must be sufficient-
ly variable and the training task must closely correspond to
the task used in the testing phases of the experiment.’
(These results have recently been replicated and extended in
Lively et al., 1991.)

The differences in identification performance for /1/
and /1/ across different phonetic environments found in the
present experiment have been reported previously in the li-
terature. Such a finding suggests the existence of systematic
differences in the acoustic characteristics of /r/ and /V/
across phonetic contexts (Lehiste, 1964). Sheldon and
Strange (1982) suggested that the temporal and spectral
characteristics of /r/ and /1/ in initial environments, espe-
cially in initial consonant clusters, may differ from /r/ and
/1/ in final positions. Specifically, they claim that when /1/
and /1/ “‘are coarticulated with stop consonants in prevoca-
lic clusters [ where performance is worst], their steady-state
loci are often not reached or maintained.” In final position,
however, the acoustic characteristics of /r/ and /1/ tend to
influence the formant structure of the preceding vowel, pro-
viding additional information about the identity of the liquid
in final position. Thus, in the context of initial clusters,
acoustic information differentiating /r/ and /1/ may be re-
duced, whereas, in final position, acoustic information dif-
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ferentiating /r/ and /1/ may actually be enhanced. Accord-
ing to Sheldon and Strange, these two contexts form the
endpoints of a continuum and the *““availability and dura-
tion” of acoustic features cuing /r/ and /1/ in other phonetic
contexts lie between these two extremes.

Some support for Sheldon and Strange’s hypothesis was
obtained in a study carried out in our laboratory by Dissos-
way-Huff et al. (1982) who found that the duration of /r/
and /1/ in final position was longer than in other phonetic
environments. As noted earlier, we have measured the dura-
tions of the stimuli used in the present experiment and found
a pattern similar to that described in these earlier studies.
Further acoustic analyses of the stimuli used in the present
experiment are currently underway and will reported sepa-
rately (Lively et al., 1990).

In a related study, Henly and Sheldon (1986) demon-
strated that the phonological system of a language also can
play a major role in determining the pattern of performance
obtained across different phonetic environments. They
found that for native speakers of Cantonese, identification of
/r/ and /1/ in final singleton position and in initial conso-
nant clusters was more difficult than identification of /r/
and /I/ in initial singleton position and intervocalic position.
Henly and Sheldon argued that differences between the pho-
nological systems of Cantonese and Japanese were responsi-
ble for the differences in performance observed between the
two groups of listeners. In each case, the phonology of the
listeners’ native language acts to filter the acoustic charac-
teristics of English /r/ and /1/. The effect of the filtering
depends on the existence and/or distribution of /r/- or /1/-
like phonemic categories in the listener’s native language.

The consistent finding that phonetic context affects the
perception of /r/ and /1/ by Japanese listeners suggests that
for these listeners, /r/ and /1/ do not exist as abstract phone-
mic categories but instead may function as context-sensitive
perceptual units. Indeed, we believe that one of the major
reasons for the success of the present experiment was the use
of training stimuli containing /r/ and /1/ in diverse phonetic
contexts. In order for Japanese listeners to learn to identify
/r/ and /1/ in different contexts, it appears that they must be
exposed to stimuli containing /r/ and /1/ in these different
contexts. As the results of Strange and Dittmann (1984)
indicated, training on only one context is not likely to result
in transfer to other contexts. With regard to developing a
theory of phonological change in second language learning,
this result implies that listeners may not necessarily proceed
directly from the phonemic categories of their native lan-
guage to the phonemic categories of the new language but
instead may rely on intermediate, context-sensitive phonetic
categories when initially learning a new phonetic contrast.

In the present experiment, we also found reliable effects
associated with the use of different talkers. The use of multi-
ple talkers was designed to increase the stimulus variability
that subjects were exposed to during the training phase of the
experiment. Our goal was to provide enough talker variabil-
ity to enable the Japanese listeners to overcome idiosyncra-
sies in the realization of the acoustic cues for /r/ and /1/ that
might be present in the stimuli produced by only one talker.
We did not anticipate the degree to which subjects would
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become sensitive to the different talkers used during train-
ing, nor did we anticipate the extent to which generalization
performance would depend on the relationship between the
talkers used during training and the talkers used during gen-
eralization testing. To the best of our knowledge, there has
been only one previous instance in the cross-language speech
perception literature where the issue of talker variability in
the perceptual learning of nonnative speech contrasts was
even mentioned. In his 1971 paper, Goto reported that Japa-
nese listeners’ familiarity with an English talker was directly
related to their perception of /r/ and /1/. For those talkers
that the listeners had heard before, performance was better.

Recently, Mullennix et al. (1989) reported that talker
variability can affect the perception of words by native Eng-
lish listeners. Subjects in their experiments were presented
with isolated words under two conditions. In one condition,
subjects were presented stimuli produced by a single talker.
In the other condition, subjects were presented stimuli pro-
duced by multiple talkers that varied from trial to trial. Mul-
lennix et al. found that in both naming and perceptual identi-
fication tasks, listeners assigned to the multiple talker
condition were slower and less accurate than listeners as-
signed to the single talker condition. These results suggested
the operation of a process in which talker variability is nor-
malized in order for the physical stimulus to be mapped on to
a more abstract phonetic representation. Mullennix et al.’s
results demonstrated that this process operates at some cost
to the perceptual system.

The results of the present investigation also suggest that
nonnative listeners encode detailed talker-specific informa-
tion and apparently store this information in long-term
memory. Evidence for this effect was found not only in train-
ing but also in the generalization phase of the experiment in
which listener’s performance in identifying novel stimuli de-
pended on whether the stimuli were produced by a talker
they had heard before. If the novel stimuli were produced by
an “old” talker, performance was better than if the novel
stimuli were produced by a “new” talker. Goldinger er al.
(in press) observed similar effects with native English listen-
ers using a serial-ordered recall task. They found that al-
though listeners typically recall lists of spoken words pro-
duced by a single talker more accurately than lists produced
by multiple talkers (Martin et al., 1989), the situation can be
reversed if subjects are given sufficient time between succes-
sive list items to elaborate on these additional distinctive
cues. Their results indicate that listeners encode talker-spe-
cific information as an integral component of the acoustic-
phonetic representations of words in long-term memory (see
also Mullennix and Pisoni, 1990).

The results of the present experiment are also consistent
with recent accounts of the role of selective attention in per-
ceptual learning. As noted earlier, Nosofsky (1986, 1987)
has shown that selective attention plays an important role in
the identification and categorization of multidimensional vi-
sual stimuli. Nosofsky’s work demonstrated that selective
attention to one stimulus dimension serves to maximize
within-category similarity among exemplars sharing that di-
mension and minimize between-category similarity. No-
sofsky has suggested that the role of attention in perceptual
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learning may be described as selectively distorting the psy-
chological space corresponding to particular dimensions
comprising the perceptual object in order to facilitate cate-
gorization. In the context of speech perception, the prior
linguistic experience of listeners can be thought of as the
means by which attention is allocated to specific acoustic-
phonetic dimensions. For example, Terbeek (1977) showed
that the distance between vowels in multidimensional psy-
chological space depended on a listener’s linguistic back-
ground. The perceptual distance between a pair of physically
similar vowels was judged to be much larger if the members
of the pair contrasted phonologically in the subject’s native
language. Similar findings on the role of linguistic experi-
ence in speech perception have been reported in cross-lan-
guage investigations by Abramson and Lisker (1970), and
Stevens et al. (1969), among others.

Jusczyk’s (1989) recent elaboration of the role of selec-
tive attention in the development of phonetic categories in
infancy has obvious parallels in adult cross-language speech
perception work. Infants acquiring a first language must
learn to weigh the acoustic cues in the speech they hear ac-
cording to the salience of the cues in their linguistic environ-
ment. According to Jusczyk, the transition from the lan-
guage-universal abilities of early infancy to the
language-specific abilities of later infancy can be viewed as
the allocation of selective attention to those acoustic cues
that are relevant or appropriate to the specific language of
the infant’s environment (see also Strange, 1986; Werker,
1990). Similarly, adults who are acquiring a second lan-
guage that contains a nonnative contrast must also learn to
attend selectively to the acoustic dimensions that cue specif-
ic phonetic categories in the new language.

However, there are also important differences between
infants and adults. One problem facing adults learning a
nonnative phonetic contrast is that they have a pre-existing
phonological system that can interfere with the allocation of
attention to the novel phonetic categories. In the field of
second language acquisition, this effect is known as *‘phono-
logical filtering” (Flege, 1988). A classic example of this is
the difficulty that Japanese listeners have with English /r/
and /1/. Since Japanese phonology contains a single liquid
that has acoustic properties that make it similar to both /r/
and /1/, Japanese listeners must learn to allocate their atten-
tion to the acoustic cues that differentiate /r/ and /1/ in
English. Phonological interference does not always occur
when listeners are presented stimuli from a nonnative pho-
netic category, however. ’

Recently, Best et al. (1988) have proposed that the per-
formance of subjects presented with nonnative speech
sounds depends on the similarity of the nonnative sounds to
the listeners own phonemic categories. Nonnative stimuli
that are similar to native categories are assimilated to the
native phonemic categories, causing poor performance in
perceptual tasks. In contrast, nonnative stimuli that are dis-
tinct from native phonemic categories and thus not assimila-
ble may be easily perceived. Evidence for this claim comes
from work done by Best et a/. in which they presented Zulu
click stimuli to adult native speakers of English and infants
raised in an English-speaking environment. They found that

882 J. Acoust. Soc. Am., Vol. 89, No. 2, February 1991

both adults and infants were able to reliably discriminate the
clicks, despite the fact that these speech sounds are not used
phonemically in English. Best et al. suggested that in those
cases where stimuli from a nonnative speech category are not
assimilated to a native phonemic category, such as when
English listeners are presented Zulu clicks, psychophysical
differences determine the accuracy of perception. However,
the experience provided by exposure to allophonic variants
of nonnative speech sounds within the native language of the
listener may also determine how accurately nonnative
speech sounds are perceived.

Since attention is intimately involved in the formation of
phonetic categories it is useful to consider how attention can
be most effectively modified, especially with regard to adults
learning a nonnative contrast. In the present investigation
several methodological factors were responsible for our suc-
cess in training Japanese listeners to perceive nonnative pho-
netic categories. These factors included: (1) using a minimal
pair 1D task during training, (2) providing immediate feed-
back during training, (3) using the same ID task during
testing and training, and (4) employing natural stimuli pro-
duced by several talkers that contained /r/ and /1/ in several
phonetic contexts. Each of these factors will be considered
below.

The first three factors can be grouped together as task-
related variables. Since the ultimate goal of training listeners
is to create novel phonetic categories, the training procedure
should be designed to help subjects focus their attention on
the critical attributes of the stimuli yet at the same time per-
mit them to build up stable representations that allow for
some stimulus variability. Basically, only two types of tasks
are available: identification tasks and discrimination tasks.
Jamieson and Morosan (1986) compared both types of tasks
and concluded that training using an identification task was
more likely to result in an improvement in the perception of
nonnative phonetic categories than training using a discrimi-
nation task. Their reasoning was as follows: Identification
tasks with immediate feedback during training require lis-
teners to group stimuli from the same perceptual category
together. In contrast, discrimination tasks tend to promote
an increase in sensitivity to small within-category differ-
ences. Possible exceptions to this generalization are dis-
crimination tasks in which listeners must ignore irrelevant
stimulus variation while focusing on phonetic variation. For
example, in the category-change procedure (Kuhl, 1983;
Werker et al., 1981), listeners are required to treat exem-
plars varying along a nonlinguistic dimension as belonging
to the same phonetic category. Nonlinguistic dimensions in-
clude within-talker variability [e.g., multiple natural exem-
plars from the same talker (Werker et al., 1981)] and
between-talker variability [e.g., synthetic stimuli modeled
after adult male, adult female, and children’s voices (Kuhl,
1983)]. To the best of our knowledge, however, this type of
discrimination procedure has not been applied to the forma-
tion of nonnative phonemic categories in laboratory training
experiments. Immediate feedback during training is also im-
portant because it focuses subjects’ attention on the criterial
acoustic cues in a consistent manner from trial to trial (see
Pisoni, 1977). The final task-related factor, the use of the
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same task during training and testing, emphasizes the im-
portance of maintaining consistent mapping (Shiffrin and
Schneider, 1977) between stimuli and responses across dif-
ferent phases of the experiment.

The modification of attention is also promoted by stimu-
lus variability. In order for attention to be directed to the
criterial acoustic cues across the range of stimuli possible for
each category, the listener must be exposed to a set of stimuli
with sufficient variability. Exposure to a broad range of stim-
uli is also necessary for the listener to learn about which
acoustic cues are irrelevant to the categorization task. Thus
the role of stimulus variability is to provide a representative
sample of possible exemplars so that changes in the relative
weightings of different acoustic cues appropriate to the novel
categories can take place. In the present experiment, the use
of stimuli from different phonetic environments produced
by several different talkers provided a large number of differ-
ent contexts in which the acoustic cues for /r/ and /1/ could
be realized. The end result of providing listeners with stimu-
lus variability is the formation of robust phonetic representa-
tions that sample a range of the stimulus variability possible
in everyday settings (see Jamieson and Morosan, 1989).

The combination of task and stimuli used in the present
experiment succeeded because of its similarity to real-world
settings where listeners are typically faced with nonnative
speech contrasts from a variety of phonetic contexts pro-
duced by many different talkers.® Since previous research
has shown that even difficult-to-perceive categories can be
learned over a long period of time if the listener is in an
environment where the language is used on a regular basis
(McKain et al., 1981), the goal of a laboratory training task
should be to simulate this experience in a concentrated form.
Therefore, a useful training procedure must provide listeners
the opportunity to develop representations that are robust
with respect to the range of talkers and phonetic contexts
that they will encounter in their everyday life. Using an ID
task to present a large ensemble of stimuli produced by dif-
ferent talkers across a wide variety of phonetic contexts
forces listeners to develop representations in LTM that will
accommodate such a range of variation.

Aside from the specific characteristics of the method
used to modify attention in the context of learning a nonna-
tive contrast, the time necessary to develop usable nonnative
phonetic categories is also an important consideration. For
the Japanese subjects used in the present experiment, over
2500 identification trials were necessary to demonstrate a
significant improvement in their identification performance.
Thus we can conclude that learning to selectively attend to
the relevant dimensions distinguishing /r/ and /1/ requires
substantial practice before the mapping between category
labels and stimulus input becomes an automatic process
(Shiffrin, 1988).

Infuture work, we plan to address a number of the issues
raised in the present experiment. First, the contribution of
talker variability to the development of robust phonetic cate-
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gories warrants further examination. It may be the case that
using either a larger or smaller number of talkers during
training may be more effective in facilitating the formation
of phonetic categories for /1/ and /1/ in Japanese listeners.
Another factor related to the effect of talker variability is
determining what constitutes an intelligible talker. Whether
listeners benefit more from training with “good” talkers or
training with “bad” talkers is an open question. It may be the
case that although training proceeds at a faster rate with
good talkers, transfer to bad talkers is impaired if only good
talkers are used during training. Second, additional work
needs to be carried out to further assess the role of phonetic
context. For example, eliminating those stimuli that are
identified at asymptotic levels may-be one way to make train-
ing more efficient (Atkinson, 1972). Finally, an additional
direction for future research is to train subjects until they
reach asymptotic levels of performance. Research along
these lines would help answer questions regarding the time
course of learning a phonetic contrast and the degree to
which generalization performance would benefit from such
training procedures.

In conclusion, the results of the present experiment
demonstrate that the perception of /r/ and /1/ by Japanese
listeners can be improved using a simple laboratory training
task that requires identification of an item from a minimal
pair of English words. However, performance was found to
depend on the phonetic environment in which the contrast
was located and the talkers used during training. The results
of two generalization tests showed that listeners apparently
learned characteristics of /r/ and /1/ that were not only con-
ditioned by their phonetic environment but were also specif-
ic to the talker who produced the items during training. The
present investigation raises many interesting and potentially
important questions about the nature of stimulus variability
in perceptual learning and its role in training nonnative lis-
teners to perceive phonetic contrasts that are not distinctive
in their language. Further work is currently underway in our
laboratory to address these important issues.

ACKNOWLEDGMENTS

This research was supported, in part, by NIH Research
Grant DC-00111-13 to Indiana University in Bloomington,
IN, and, in part, by a Marie Z. Sinnott Fellowship from
Indiana University to the first author. For their assistance in
obtaining subjects, the authors thank Natsuko Tsujimura
and N. John Castellan. The authors thank Pat Kuhl, Wini-
fred Strange, and an anonymous reviewer for comments.

APPENDIX

The Appendix contains individual subject data from the
pretest—posttest (Table A1), training (Tables A2, A3, Ad),
and generalization phases (Table A5) of the experiment.
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TABLE Al. Pretest and Posttest performance (percent correct) as a function of phonetic context for individual subjects.

P Subjects
: Phonetic context Test YY IS MF SK HA NY Mean
E cr/l v... Pre 18.7 43.7 81.2 78.1 56.2 71.8 58.3
Post 62.5 56.3 100.0 87.5 75.0 87.5 78.1
t/1ve Pre 75.0 75.0 100.0 87.5 - 65.6 75.0 79.7
Post 81.3 81.3 100.0 100.0 56.3 62.5 80.2
v/l v Pre 93.8 75.0 100.0 90.6 53.1 59.4 78.6
Post 87.5 87.5 93.8 100.0 87.5 68.8 87.5
v/l Pre 100.0 93.8 100.0 96.9 93.8 90.6 95.8
Post 100.0 93.8 100.0 100.0 93.8 100.0 97.9
Mean Pre 719 719 95.3 88.3 67.2 74.2 78.1
Post 82.8 79.7 98.4 96.9 78.1 79.7 85.9

TABLE A3. Training performance (percent correct) as a function of talker

TABLE A2. Training performance (percent correct) as a function of week for individual subjects.

for individual subjects.

. Subjects
Subjects

Talker YY 18 MF SK HA NY ~ Mean
Week YY 1S MF SK HA NY Mean

80.9 75.9 88.7 86.5 729 73.7 79.8
78.4 73.5 87.5 92.6 727 73.4 79.7
79.1 76.1 91.3 93.5 73.0 78.4 81.9
86.9 78.7 96.9 97.6 80.4 84.7 87.5
81.2 78.5 96.1 94.2 71.8 82.1 85.0

Mean 81.3 76.5 92.1 929 75.4 78.5 82.8

1 71.5 74.5 88.7 88.8 74.5 77.3 80.2
2 82.6 75.6 94.2 94.1 73.9 71.9 83.1
3 83.9 79.6 93.3 95.7 71.7 80.2 85.1

Mean 813 765 921 929 754 785  82.8

NP N e

TABLE A4. Training performance {percent correct) as a function of phonetic environment for individual subjects.

Subjects
Phonetic context YY IS MF SK HA NY Mean .
ct/v.. 60.5 58.3 83.9 86.9 573 64.9 68.6
t/1ve 75.4 75.2 95.3 93.9 62.4 724 79.1
vV 7.7 610 86.0 89.3 60.7 62.7 739
evisle 95.3 85.6 96.8 95.8 97.4 94.9 94.3
v/l 917 96.6 98.4 98.4 99.0 97.5 97.9
Mean 81.3 76.5 92.1 92.9 75.4 78.5 82.8
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TABLE AS. Generalization performance (percent correct) for individual
subjects. (Note: TG1 refers to novel stimuli produced by a novel talker. TG2
refers to new stimuli produced by Talker 4 whom subjects heard during
training. )

Subjects
Test SK HA NY Mean
TGl 90.6 719 76.0 79.5
TG2 94.9 75.5 80.6 83.7

' The role of stimulus variability in the perceptual learning of /r/ and /1/
was acknowledged by Strange and Dittmann (1984) themselves when
they suggested that future work should “include training of the contrast
with more than one set of stimuli and in more than one phonetic context.”

?Stimulus selection was motivated by our decision to provide as many stim-
uli from different phonetic environments as practical in both the training
and generalization phases of the experiment. One consequence of this deci-
sion was that the number of stimuli from different phonetic contexts dif-
fered, providing listeners with varying amounts of exposure to /r/ and /1/
in different contexts. A priori, one might expect that the unequal distribu-
tion of stimuli according to context would influence training more than
any of the other phases due to the much larger number of stimuli presented
during the training phase. In turn, performance in the posttest and gener-
alization phases might be expected to vary in relation to the distribution of
stimuli used in training.

* For purposes of comparison, Strange and Dittmann ( 1984) obtained the
following: In the pretest, overall performance for /r/ and /1/ was 69%
while performance for /r/ and /1/ in initial position was 64.1%. In the
posttest, performance for /r/ and /1/ in initial position was 69.5%
(Strange and Dittmann did not give a value for the overall posttest perfor-
mance).

“Since we used the same pretest and posttest words used by Strange and
Dittmann (1984), our analysis of the pretest and posttest data was neces-
sarily limited to the same four phonetic environments they examined.

*The overall improvement in subjects’ performance after training was re-
flected in the performance of individual subjects. Although subjects varied
widely in their initial level of performance, the pattern of responses was
consistent from subject to subject in all phases of the experiment, both as a
function of talker and phonetic environment, indicating that the group
data were representative of each subject's performance. The subjects used
in the present experiment were also representative of the population of
Japanese listeners living in the U.S. compared to the initial level of [D
performance reported in other studies in which Japanese listeners were
tested. In the present experiment, overall pretest identification accuracy
was 78.1%. This compares favorably with Mochizuki (1981), 81.8%;
Sheldon and Strange (1982), “good” listeners 89%, *poor” listeners 74%;
and Strange and Dittmann (1984), 69%. Thus we would expect that the
results obtained using the methodology employed in the present experi-
ment would likely generalize to other groups of Japanese listeners.

¢ An examination of posttest performance as a function of the proportion of
training stimuli from different phonetic contexts indicates that although
the largest improvement in identification accuracy (20%) occurred in the
most represented context in training, word-initial clusters, the second lar-
gestimprovement (10%) occurred in the least represented context, inter-
vocalic position. Thus the frequency with which stimuli from a particular
phonetic context are presented in training does not have a proportional
effect on posttest performance. However, this issue is also complicated by
the fact that individual contexts vary widely in the initial level of perfor-
mance as measured in the pretest, that some contexts may be intrinsically
more difficult to learn, and that increments in identification accuracy may
be nonlinear as a function of training when performance approaches
asymptote. Further work is required to clarify these issues.

7 A reviewer raised the possibility that the improvement between pretest
and posttest could have been due to mere exposure to the training task
rather than subjects learning something about the stimuli. We discount
this possibility on the following grounds. In our laboratory, Schwab et al.
(1985) carried out a study in which they assessed the effects of training on
the perception of low-quality synthetic speech using a pretest—posttest de-
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sign similar to the one employed in the present experiment. They com-
pared performance in three groups of subjects: (1) subjects trained with
synthetic speech, (2) subjects trained with the same procedure using natu-
ral speech, and (3) subjects that received no training. Schwab er al. were
concerned that subjects might simply learn to do the experimental tasks
better without necessarily learning anything about the stimuli. Their re-
sults showed that in the posttest, only the subjects that were specifically
trained with synthetic speech showed any improvement. No differences
were observed for the other two groups. Thus mere exposure to the train-
ing tasks and experimental procedures did not result in any improvement
in performance.

®The success of the methodology employed in the present experiment sug-
gests that a similar methodology could have practical applications in sec-
ond language learning, where an important goal is to develop perceptual
skills that are useful in conversational settings. However, there are several
issues that need to be resolved before the procedure used here can be rec-
ommended unequivocally for use in second language learning. For exam-
ple, the words used in our task were prodused in citation form rather than
in fluent connected speech. In citation form, the acoustic cues for /r/ and
/1/ are more likely to be fully realized whereas in connected speech of the
type found in conversational settings, the acoustic cues are likely to be
imperfectly realized because of the operation of phonological rules.
Viewed this way, identifying words presented in conversational settings
would be a more difficult task than identifying words in isolation (unless
the words were excised from a sentence). There is, however, at least one
advantage to identifying words presented in conversational settings, name-
ly, the contribution of semantic context. Semantic context is useful for
resolving lexical ambiguity and for determining the identity of ambiguous
utterances. Thus it remains an empirical question as to the best procedure
for training listeners to perceive a nonnative phonetic category.
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