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Training intraphonemic discrimination of /r/-/1/

WINIFRED STRANGE and LINDA POLKA
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and
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To assess the extent to which adults can discriminate intraphonemic differences in place-of-
articulation, we gave 4 subjects extensive training on a synthetic rock-lock series, using a
same-different discrimination task. Transfer of training was evaluated using oddity discrimination
tests of the training series and an acoustically dissimilar rake-lake series. Performance during training
showed gradual improvement in intraphonemic perception, with asymptotic performance well below
100% accuracy. Oddity discrimination improved for the rock-lock stimuli, but not for the rake-lake
series, suggesting that learning was specific to the acoustic parameters of the training stimuli. Dis-
tinctions between auditory, phonetic, and phonemic modes of speech perception are discussed.

Interest in the extent to which adult speakers of a lan-
guage can discriminate speech sounds that fall within a
single (native) phoneme category arises from two research
traditions. Information-processing theorists and psycho-
acousticians, concerned with providing explanations of
the categorical perception phenomenon, have used train-
ing studies of intraphonemic discrimination to argue
against models of speech perception that posit a special-
ized linguistic mode of perception (Carney, Widin, & Vie-
meister, 1977; Samuel, 1977). From another tradition,
researchers concerned primarily with language learning
have shown that adult foreign language learners have
difficulties in perception (as well as production) of non-
native phoneme contrasts that often persist even after ex-
tensive conversational instruction (Flege, 1984; Goto,
1971; MacKain, Best, & Strange, 1981). Training studies
of intraphonemic discrimination using synthetic speech
stimuli thus offer an experimental approach to the modifi-
cation of speech perception that could have practical as
well as theoretical importance.

Almost all training studies to date (Carney et al., 1977;
Edman, 1981, Experiments 1 and 3; Pisoni, Aslin, Perey,
& Hennessy, 1982; Samuel, 1977) have investigated the
voice-onset-time (VOT) dimension. In general, these
studies have shown that American English (AE) speakers
learn to discriminate small (intraphonemic) differences in
VOT when trained with tasks that reduce stimulus uncer-
tainty and memory constraints. These studies also have
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reported nearly complete transfer of discrimination train-
ing to new synthetic stimuli that varied identically in VOT
(Edman, 1981, Experiment 3), and to perceptual tasks that
more closely approximate the memorial demands and
stimulus uncertainty found in speech communication (Car-
ney et al., 1977; McClasky, Pisoni, & Carroll, 1983).

Edman (1981, Experiment 2) investigated intrapho-
nemic discrimination of acoustic dimensions underlying
place-of-articulation contrasts among stop consonants.
Although most subjects demonstrated improvement in in-
traphonemic discrimination with training, the change ap-
peared to be more gradual than for VOT, subjects were
more variable, and transfer of training to a new series
was inconsistent. Edman speculated that intraphonemic
discrimination was more difficult because the acoustic fea-
tures differentiating place-of-articulation (differences in
the rapidly changing upper spectral prominences) were
less ‘‘accessible’’ than were VOT parameters.

In the present study, subjects were trained on intrapho-
nemic discrimination of a synthetic series underlying the
contrast between the American English liquids, /r/ and
/1/. This contrast can be considered a place-of-articulation
distinction, although the differences in articulatory ges-
tures and resulting acoustic parameters are complex. Ex-
ploring possible ways to modify the perception of liquids
is of practical interest because many second-language
learners of English (e.g., Japanese, Korean, and others)
find these speech sounds notoriously difficult to master.

In a recent study (Strange & Dittmann, 1984), native
Japanese adults learning English were given extensive
training with a rock-lock series, using an all-step
same-different discrimination procedure (Carney et al.,
1977). All 8 subjects showed gradual improvement, and
7 of the 8 subjects showed significant transfer of training
to identification and/or oddity discrimination tests using
the training stimuli. However, transfer to an acoustically
dissimilar rake-lake synthetic series was inconsistent and
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there was little or no posttraining improvement in per-
formance on natural speech /r/-/l/ minimal pairs.

In the present study, native English speakers were given
discrimination training on the rock-lock series, using the
same design and procedures employed with the Japanese
subjects. Three questions were of interest: (1) To what
extent does intraphonemic discrimination improve on the
rock-lock series? (2) Given comparable amounts of train-
ing, is the level of final performance for native English
speakers higher than that of native Japanese speakers?
(3) Does training lead to improvement in performance on
more demanding discrimination tests of the training
stimuli, and does it transfer to tests of the rake-lake series?

METHOD

Subjects

Six female college students at the University of Minnesota were par-
ticipants. Four were assigned to the experimental group and received
training and 2 served as control subjects. All 6 subjects were mono-
lingual, native AE speakers and reported having no hearing problems.

Stimulus Materials

Two sets of synthetic stimulus materials were used in pre- and post-
training categorical perception tests: (1) a 10-step rock-lock series, simulat-
ing an adult male’s productions, and (2) a 10-step rake-lake series, simulat-
ing an adult female’s productions. Each series had been utilized in previous
studies and is described in detail in Strange and Dittmann (1984).

For use in the training task, the 10 stimuli of the rock-lock series
were filtered at 4750 Hz and converted to digital waveform files (10K/sec
sampling rate with 12-bit resolution), using a PDP-8E laboratory com-
puter. Software programs controlled the reconversion of these files to
analog signals that were filtered at 4750 Hz and presented via TDH-39
earphones to the subject seated in a one-person IAC acoustic chamber.

Procedures

Pre- and posttraining tests. Identification and three-step oddity discrim-
ination tests were performed using the traditional categorical perception
procedures (see Strange & Dittmann, 1984). Stimuli were presented bi-
naurally via earphones (TDH-39) at 70 dB SPL; all subjects were first
tested on the rock-lock series, then on the rake-lake series. Posttests
were simply a repetition of pretest procedures, given after the 4 ex-
perimental subjects had completed training. For the 2 control subjects,
this constituted a retest, completed approximately 3 weeks after initial
testing.

Training. Stimuli were presented binaurally over earphones (TDH-
39) at 70 db SPL in pairs with a 1-sec ISI. The first stimulus of the
pair was the standard and was fixed for a given block of trials; a block
consisted of 18 trials, 9 ‘‘same’’ and 9 “‘different.”’ On ‘‘different”’
trials, the standard was paired once with each of the nine remaining
stimuli of the series; on ‘‘same’’ trials, the standard was repeated. The
sequence of ‘‘same’’ and *‘different’” trials was randomly selected by
the computer for each block. Subjects responded by pressing response
buttons marked ‘‘S”’ and ‘‘D,”’ and immediate feedback was given af-
ter each response.

All experimental subjects completed training with two standards:
Stimulus 8 (categorized as /1/) and Stimulus 3 (for 2 subjects) or Stimu-
lus 4 (for 2 subjects). Both Stimulus 3 and Stimulus 4 were categorized
consistently as /r/. The first session for each subject, which consisted
of five consecutive blocks with each of the two standards, was consi-
dered task familiarization, and results were not analyzed further. Each
subject then completed 15 training sessions, taking place on separate
days over the course of about 3 weeks. A training session consisted of
six (for 2 subjects) or seven (for 2 subjects) consecutive blocks of 18
trials with each standard. The first block of trials with each standard
was used as a warm-up and was not included in the data for the session.
The order of standards was alternated from session to session for each
subject and was counterbalanced across subjects.

RESULTS

All-Step Discrimination

Although subjects’ initial discrimination was quite good,
all 4 subjects showed some improvement over sessions
on the all-step discrimination task. Averaging performance
across the two standards in the two initial sessions (Ses-
sions 1-2), the mean number of errors/block was 3.8 (out
of 18), or 79% correct responses; subjects ranged from
77%-83 % correct discrimination. By Sessions 14-15, the
average error rate fell to 2.6 errors/block, or 86% cor-
rect responding. The false-alarm rate (errors on ‘‘same’’
trials) averaged 1.3 errors/block in the initial sessions and
fell to 0.8 in Sessions 14-15. In general, then, training
with this task resulted in an average improvement of about
7%, but performance leveled off at about 86 % accuracy,
ranging across the 4 subjects from 81% to 91%.

Asymptotic performance by the American group was
similar to that of Japanese learners of English (Strange
& Dittmann, 1984). Although performance in initial ses-
sions for the 8 Japanese subjects averaged below that for
the Americans (5.1 errors/block, or 71 % accuracy), their
final performance was almost the same as the Americans’
(2.9 errors/block, or 84 % accuracy). Individual Japanese
subjects ranged from 79% to 89 % correct discrimination
in the final two sessions. We can conclude, then, that 15
to 18 training sessions with the all-step discrimination task
were sufficient to eradicate the initial differential effect
of linguistic experience on all-step discrimination of the
training stimuli.

To illustrate specific improvement in intraphonemic dis-
crimination, Figure 1 presents individual psychophysical
functions. Percentages of correct ‘different’’ responses
(hits) are given for each comparison stimulus paired with
the R standard to the left and the L standard to the right.
Percentages of false alarms are shown by the squares plot-
ted above the standard stimulus. Performance on Sessions
1-3 and Sessions 13-15 are superimposed.

In initial training sessions (dashed functions), interpho-
nemic discrimination (i.e., comparison stimuli from across
the phoneme boundary indicated by the vertical dashed
line) was nearly perfect for all subjects. Except for Sub-
ject 1 on the R standard, above-chance intraphonemic dis-
crimination at the beginning of training was primarily ob-
served on comparisons involving the acoustically
intermediate stimuli, 5, 6, and 7.

Improvement with further training in intraphonemic dis-
crimination, reflected by differences between functions
for initial and final sessions (solid functions), varied con-
siderably across subjects and standards. Subject 3 showed
the greatest overall improvement; Subject 2 also improved
from initial to final sessions with both standards. Subject 4
showed little improvement in final performance with the
R standard; Subject 1 showed no improvement on L stan-
dard comparisons. Remaining errors were primarily on
intraphonemic comparison stimuli toward the endpoints
of the series, that is, away from the phoneme boundary
from the standard.
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Figure 1. Psychophysical functions for individual subjects on R standard blocks (left) and L standard blocks
(right) during initial three training sessions (open circles) and final three sessions (closed circles).

Identification and Oddity Discrimination

Regarding questions of transfer of training to new tasks,
we looked first at pre- versus posttraining performance
with the rock-lock stimuli. Identification boundaries did
not shift appreciably as a function of training, and the
steepness of the crossover between categories did not
change. Training did have an appreciable effect on od-
dity discrimination; increases in discrimination accuracy
were greatest for comparison pairs that represented ctoss-
category comparisons for subjects. In addition, there was

improvement by all 4 subjects in discrimination of Stimuli
1-4. Analyses of each individual’s overall performance
on pre- versus posttests showed significant improvement
in discrimination accuracy for Subject 2 (32 = 9.41,
p < .01), Subject 3 (5 = 5.44,p < .05), and Subject 4
(¢ = 6.64, p < .01). This improvement in oddity dis-
crimination on the rock-lock series can be attributed
directly to the subjects’ training experience.

With regard to transfer of training to oddity discrimi-
nation of the rake-lake series, 3 of the 4 subjects showed
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no improvement from pretest to posttest. Only Subject 3
showed a significant increase in discrimination accuracy
(¢ = 7.31, p < .01). Posttraining discrimination levels
for the experimental subjects as a group (66 %) were some-
what better on the average than control subjects’ (62%).
However, they were not better than control subjects’ ini-
tial discrimination test results (68 % correct), which were
higher than their own retest performance.

DISCUSSION

The results of this study indicate that adult English speakers are capable
of discriminating, in a complex acoustic series, intraphonemic differ-
ences that underlie the distinction between AE prevocalic /r/ and /1/.
With 15 training sessions, involving over 3 thousand trials, intrapho-
nemic discrimination improved, especially for comparison pairs adja-
cent to the subjects’ identification boundaries. However, asymptotic levels
of performance were well below 100%. Improvement in discrimina-
tion of the rock-lock stimuli transferred to the more difficult oddity dis-
crimination paradigm for 3 of the 4 subjects. However, there was little
generalization to the rake-lake series, which varied the same phonetic
parameters but was acoustically dissimilar to the training series.

These results support the contention of Edman (1981) that the acoustic-
phonetic parameters differentiating place-of-articulation contrasts are some-
how *‘less accessible’’ to subjects who are trying to make nonphonemic
discriminations. This conclusion is also supported by the work of Werker
and Tees (1983, 1984) who found that, although limited training (25 trials)
enabled English-speaking subjects to discriminate a Hindi voicing dis-
tinction (voiceless aspirated vs. breathy voice /tt/-/d"), more extensive
laboratory training (500 trials) and/or 1 year of Hindi language training
did not lead to accurate discrimination of a Hindi place-of-articulation
distinction (retroflex vs. dental /t/-/t/). Thus, we must be careful in gener-
alizing results of training studies with particular acoustic-phonetic con-
trasts to the overall question of the ease with which phonetic perception
may be modified in the laboratory or the language classroom.

The present data illustrate that the type of task employed in testing dis-
crimination influences to a large extent the level of intraphonemic dis-
crimination. This has been interpreted as reflecting different task-induced
levels or modes of perceptual processing of speech stimuli (Fujisaki &
Kawashima, 1969; Pisoni, 1973). Werker and Tees (1984) have most
recently distinguished three modes or factors in perceptual processing:
a phonemic or phonological mode (previously called phonetic), in which
subjects respond in accordance with language-specific (learned) categories;
an auditory mode in which performance is based on briefly available sen-
sory information, and a third mode, which they label phonetic, wherein
discrimination is based on ‘‘natural phonetic boundaries’’ (i.e., phoneti-
cally relevant acoustic parameters that are functional (phonemic) in some
languages, but not in the subjects’ native language.)

In our study, performance on the all-step task even at the outset reflected
subjects’ ability to make intraphonemic discriminations. Thus, we can
hypothesize that they were operating in either a phonetic or auditory mode.
By the end of training, American and Japanese subjects (Strange & Ditt-
mann, 1984) were performing at about the same level. Thus, the effect
of phonological experience was no longer influencing performance on
this task. However, for both groups, discrimination of intraphonemic com-
parisons adjacent to the phonetic boundary (i.e., the acoustically inter-
mediate stimuli) tended to be better than for intraphonemic comparisons
on the opposite side of the standard from the boundary (i.e., the acoustic
extremes of the series). In other words, there appeared to be a *‘phonetic
boundary effect’’ for both sets of subjects, only one of which had exten-
sive experience with the contrast as a phonological distinction.

We suggest that the American (and perhaps even the Japanese) sub-
jects may have been performing on the basis of discrimination of three
‘‘phonetic’’ categories: clear case /1/, clear case /1/, and an intermedi-
ate phonetic category. With acoustic synthesis, it is not possible to re-
late the intermediate variants of the stimulus series to articulatory gestures
involved in liquid production. However, the intermediate stimuli can
be heard as a nonlabialized /w/ or a distorted /r/. Acoustic analysis of
approximant consonants of other languages might shed light on whether

there are ‘‘natural’’ phonetic boundaries along this acoustic continuum
other than the one used in English.

Transfer to the oddity test, with its increased memory demands and
stimulus uncertainty, argues for an interpretation that subjects were oper-
ating at the phonetic level. However, the overall lack of transfer to the
rake-lake series argues against such an interpretation. Further studies
designed specifically to differentiate these modes of perception must
be accomplished before a definitive answer can be given (see Werker
& Logan, 1985).

We can conclude on the basis of this study that adults are capable
of making intraphonemic discriminations and that training with feed-
back enhances performance on the particular stimuli being used. Fur-
thermore, we can conclude, in agreement with other researchers (Aslin,
Pisoni, & Jusczyk, 1983; Werker & Tees, 1984) that differential lin-
guistic experience does not lead to any permanent sensory-neural change
in the ability to discriminate phonetically relevant acoustic parameters.
Rather, linguistic experience shapes subjects’ access to those discrimi-
nation abilities in distinguishing phonetic categories. The extent to which
a person, having learned a particular phonological system, can learn
to make functional use of nonnative phonetic contrasts remains a com-
plex question. It appears that all types of contrasts are not equivalent
in terms of the ease with which modification in adulthood can occur.
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