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In ecarlier experiments (Griffith,
1958 Liberman, Harris, Hoflman, &
Grifith, 1957) with synthetic stop
consonants it was found that dis-
crimination of a constant acoustic
difference was more acute across
phoneme boundaries (between /b/
and /d/ and between /d/ and /g/)
than in the middle of the phoneme
categories. Indeed, the discrimina-
tion was relatively so good across the
boundaries and so poor within the
‘categories as to suggest that Ss-could
only respond to these sounds cate-
gorically (i.e., as phonemes) and could
hear no other differences among them.
It was possible to test this suggestion
quantitatively by determining whether
the discriminability of the sounds
was predictable from the frequency
with which they had been identified
as belonging in one or another phoneme
class. In general, the locations of
the peaks and valleys of the discrimi-
nation functions were well accounted
for on this basis. The level of dis-
crimination, on the other hand, was
on the whole somewhat higher
than predicted, but not by a very
great amount. Thus, differential
sensitivity was in this case only
slightly better than absolute identifi-
cation. Such a result must appear
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unusual when it is remembered that in
the typical psychophysical experiment
the number of discriminably different
stimuli is found to be many times
greater than the number which can
be labeled or identified absolutely
(sce Chapanis, 1956; Garner, 1953;
Miller, 1956; Pollack, 1952, 1953).

The outcome of the experiment with
the synthetic stop consonants can
be interpreted in either of two ways.
On the one hand it is possible that
the peaks'and valleys in the discrimi-
nation function are given innately.
Alternatively, it can be assumed that
two sounds which a listener must
normally respond to in the same way
come, by some learning process, to
be less discriminable than two equally
different sounds to which he must
typically attach different phoneme
labels.

If it is assumed that the discrimina-
tion functions have been radically
modified by learning, there remains
a further question concerning the
dircction of the effect. One possi-
bility is that the innately given
discrimination was originally as poor
as that obtained for the least dis-
criminable pair of stimuli, and that
discriminations in the vicinity of
phoneme boundaries have been sharp-
ened by something like the process
of acquired distinctiveness. The con-
trary possibility is that in its virgin
state discrimination was everywhere
as good as that at the peaks of the

functions, and that long experience

in responding similarly to stimuli

379
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within the same phoneme category
has, through acquired similarity, sig-
nificantly reduced the discriminability
of those sounds. It is also possible,
of course, that the original discrimina-
tion lay between the two extremes.
In that case the results would be
taken to represent the operation of
both processes: acquired distinctive-
ness near phoneme boundaries and
acquired similarity within the phoneme
category.

The experiment to be reported was
designed to investigate the relation
between phoneme labeling and dis-
crimination in the case of an acoustic
and linguistic distinction different
from the ones studied earlier, and,
hopefully, to throw some light on the
issues discussed above. The phonemes
to be used are the voiced and voiceless
alveolar stops /d, t/. o

One reason for investigating /d,t/
is that Liberman, -Delattre, and
Cooper (1958) have shown that many
Ss can congsistently identify as /d/ or
/t/ synthetic patterns that differ by
only small amounts of the appropriate
acoustic cue. We may, then, expect
to find with this phonemic distinction,
as we have earlier found with /b,d,g/
(Liberman et al., 1957; Griffith,
1958), that the discrimination func-
tion has a sharp peak at the phoneme
boundary.

A second reason for selecting /d,t/
is that the discrimination of these
phonemes can be made to depend on
a very simple acoustic variable—the
relative displacement in time of
onset between the first and second
formants4 It is possible to study
discrimination of this simple time

‘A “formant” is a relatively high con-
centration of acoustic energy within a re-
stricted region of the frequency spectrum.
The formants are numbered according to their
positions on the frequency scale, the lowest
formant being called the “first,” the next
higher the “second,” and so on.

cue in nonspeech contexts, thus
providing a baseline control in terms
of wlhiich one might infer whether the
cffects obtained with the speech
sounds are the results of learning,
and, if so, whether they represent
acquired distinctiveness, acquired sim-
ilarity, or both. A variety of different
nonspeech controls is, in this case,
possible and necessary. One such
control has been undertaken with
this experiment.

~ MgeTtnop

Apparatus.—All the stimuli of this experi-
ment were gencrated by using the Pattern
Playback to convert hand-painted spectro-
grams into sonnd. The Pattern Playback
and the techniques for using it are described
in earlicr papers (Cooper, 1950, 1953; Cooper,
Liberman, & Borst, 1951).

"Stimuli.~~The spectrograms used to pro-
duce the stimuli are shown in Fig. 1. In
the top row are patterns that are heard by
most Ss as /do/ or /to/ when converted into
sound by the Pattern Playback. These will
be referred to as the “speech” stimuli. As
the figure shows, the stimulus variable which
distinguishes these patterns is the delay in
the onset of the first formant relative to the
second and third formants. (This variable
had been found in an earlier study by Libet-
man et al. (1958) to be sufficient for the
perceived distinction between /d/ and /t/.)
The delays vary in 10-msec. steps, from
0-msec. delay, as in the pattern at the extreme
left, to 60-msec. delay, as shown at the right.
The other characteristics of the pattern are
those appropriate to an alveolar stop con-
sonant in initial position before the vowel
/o/. For convenience, these stimuli will be
referred to by number, from 0 through 60,
as indicated in Fig. 1.

One of the purposes of this study was to
compare the discriminability of the synthetic
speech sounds described above with those of
a control set which were as much like them
as possible, and yet not perceived as speech.
The stimuli that were used for this purpose
are shown in the bottom row of Fig. 1. These
patterns, which will be referred to as the
“control” stimuli, were made simply by
turning the speech spectrograms upside down
before running them through the Pattern
Playback. The stimuli that are produced by
this maneuver differ from each other in
exactly the same way that the speech stimuli
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F16. 1. Spectrographic patterus which were converted to sound by the
Pattern Playback to form the stimuli of .the experiment.

differ—namely, by the relative time of onset
of the formants—and, like the speech stimuli,
they can be discriminated only on that basis.
As can be seen from an inspection of the
control patterns, one rather small change
was made in addition to the frequency

inversion. The relatively “thin” formant .

which is at the top of the pattern (Formant 3)
in the speech stimuli and at the bottom
(Formant 1) in the control, was altered in the
control so as to have a falling -transition in
place of the rising trausition that would
have resulted from the simple inversion.
This was to provide a further precaution
against the possibility that the control stimuli
would resemble spcech. An. additional
difference between the speech and control
stimuli is in the relative intensities of the
three formants. In the speech stimuli the
first and second formants were of essentially
equal intensity, while the thin third formant
was approximately § db. less intense. In
the control stimuli the first and second
formants have become the second and third
and are, again, of equal intensity; however,
the relatively thin formant, which has become
the first formant, is now only 3 db. below the
other two. -~

Careful listening to the control stimuli
revealed that they did not sound at all like
speech. Certainly, no phonemic distinction
was conveyed by the stimulus variable.

All the patterns of Fig. 1 were converted
into sound and recorded on magnetic tape.

By copying, cutting, and splicing the mag-
netic tape, the various arrangements described
below were prepared.

Stimulus presentation~—The purpose of
this experiment made it necessary that we
measure the discriminability of both the
speech and control stimuli, and that we find
the location and shape of the phoneme
“boundary. Discriminability of the speech
and control stimuli was measured by the
ABX technique. The Ss were told that A
and B would always be different, and that
X would be identical with the one or the
other. They were asked to judge, on whatever
basis they could, whether X was like A or like
B, and to guess if necessary.

The speech and control stimuli were
grouped separately for ABX presgntation.
being arranged in magnetic tape sections tha't
consisted of speech stimuli or control stimuli,
but never both in the same tape section. The
procedures for making the speech tapes and
the control tapes were identical and are
described below. This description has been
written as if it were for only one of the two
sets of stimuli (speech or control).

The various triads were made by pairing
each stimulus with another stimulus having
an onset delay that differed in the amount
of 10, 20, or 30 msec. These pairs formed
1-, 2-, and 3-step intervals, respectively.
Thus, for the 1-step intervals, Stimulus 0
was paired with Stimulus 10, Stimutus 10
with Stimulus 20, etc. The 2-step intervals
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were formed by pairing Stimulus 0 with
Stimulus 20, Stimulus 10 with Stimulus 30,
etc. The 3-step intervals were made in
similar fashion. Since there were seven
stimuli (in each of the speech and control
sets), there were 6, S, and 4 comparisons in
the 1., 2-, and 3-step series, respectively.
Each stimulus comparison was arranged into
four ABX (ABA, ABB, BAB, BAA) per-
mutations for a total of 60 ABX triads (1§
stimulus comparisons times 4 ABX per-
mutations). Recorded copies of the 60
triads were made and distributed among
8 tape sections of 15 triads each. The 15
trinds were ordered randomly with the
restriction that one and only one of the four
ABX permutations be represented in each
tape sectior.. The tape sections were pre-
pared with 0.5 sec. between members of the
stimulus triad and 4.0-sec. separation between
triads. .

In order to ascertain for each S the position
and shape of the boundary between the “d*
and “t” phonemes, each S was presented
the same speech tapes that were used to
measure discrimination, but in this case S
was asked to identify each member of the
triad as /d/ or /t/ and to guess if necessary.
This aspect of the procedure will be referred
to as "phoneme Jabeling.” ¢

Subjects.—The Ss were summer students
at Columbia University. All were paid
volunteers, and had no knowledge of the
purpose of the experiment.

In order to determine whether discrimina-
tion is relatively sharper at the phoneme
boundary, it is, of course, necessary that S
assign the phoneme labels with a high degree
of consistency, and that the region of un-
certainty between /d/ and. /t/ be narrow.
We theréfore preselected our Ss. Twenty Ss
were each presented four speech tapes with
phoneme labeling instructions, The 11 Ss
whose judgments provided the sharpest
phoneme boundaries were selected for the
experiment.  The difference between these
11 Ss and the 9 who were rejected was not
very great. The judgments obtained during
the sclection scssion were not included in
the data of the experiment.

The 11 Ss served subsequently for ap-
proximately 30 min. per day, 5 days a week,

for a total of 20 sessions. In Scssions 1 and 2 -

only labeling tapes were presented. Speech
and control ABX tapes were introduced in

3 [a the earlier study of /b,d,g/ (Liberman
et al., 1957) the speech stimuli were presented
separately for phoneme labeling, and not in
triads as in the present experiment.

Session 3. In each of the remaining sessions,
Ss heard at least one tape of each type.

In these 20 sessions, 4 speech ABX tapes
were presented 6 times, and 4 were presented
§ times, thus providing 44 judgments of each
comparison. Each of the 8 control tapes was
presented 5 times, making a total of 40
judgments for each stimulus comparison.

Six of the tapes were presented for phoneme
labeling four times, while two were presented

‘three times. Because of the way the stimulus

comparisons are arranged, the individual
stimuli are not presented with equal fre-
quency. The number of phoneme labeling
judgments obtained from each S for the
various stimuli was as follows: Stimulus 0,
135; Stimulus 10, 180; Stimulus 20, 225;
Stimulus 30, 270; Stimulus 40, 225; Stimulus
50, 180; Stimulus 60, 135.

Results will also be presented for two Ss
who were run in a preliminary experiment
conducted at the Utiversity of Connecticut.
The procedure for these Ss was the same as
for the larger group, except that the number
of ABX judgments was approximately 50%
greater and the number of phoneme labeling
judgments about 50% less than with the
arger group.

‘REsuLTS

In Fig. 2 are plotted the responses
that were obtained when the triads
of synthetic speech stimuli were
presented for phoneme labeling, i.e.,
for identification as /d/ or /t/. Each
function represents the data for one
S, and is based on responses to all
presentations of the stimuli. The
values on the abscissa, which repre-
sent amount of first-formant cutback
in milliseconds, are progressively dis-
placed (by 10 msec. of cutback)
for each function in order that all the
data may be shown on a single graph.
A reference for the displacement of
the abscissa is provided by the
circled points, which indicate the
percentage of /do/ responses for
Stimulus 20.

The phoneme labeling curves are
quite similar, both in position and in
form. All the functions but one pass
through the 509, point somewhere
between Stimulus 20 and Stimulus 30;

D NI gy B
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Fi16. 2. Respanse functions for each of the 13 Ss, showing how phoneme labels were assigned
to the stimuli.  The circled points represent, for cach S, the percentage of /fdu/ respouses to
the stimulus that had 20 msec. of cutback. So that the functions might be better separated
for the eye, each one has been started just beyond the point that would represent the results
at 0 msec. of cutback. The /do/ responses at that point (100 for 10 Ss, 999 for 2 Ss, and
96% for 1.5) can, however, be inferred from the graphs.

the remaining function crosses the
midpoint between Stimulus 30 and
Stimulus 40. For all Ss the phoneme
boundary between /d/ and /t/ is
quite sharp; in every case a change of
10 msec. in the first-formant cutback
is sufficient to shift the respouses
from 75% /d/ to 759, /t/, and there
are no large inversions in the responses.

One purpose of this experiment was
to determine whether or not dis-
crimination is better at the phoneme
boundary than in the middle of the
phoneme category. ‘This question is
answered by the graphs for individual
Ssin Fig. 3. These are based on data
that were obtained when the stimuli
were presented in ABX triads and Ss
were asked to judge whether X was
identical with A or with B. The
data of Subject BR may be used to
illustrate the results. The labeling
data of Fig. 2 show that for this S
the /d/ responses shifted from 977
at Stimulus 20 to 189, at Stimulus 30,
so that the phoneme boundary may

be said to lie between these two
stimuli.. The upper lelt-hand graph
of Fig. 3 (solid lines) shows the
discrimination results for this S when
the stimuli being compared differed
by one step (10 msec.) on the stimulus
scale. 1t can be scen that there is a
peak in the discrimination function
at the point which represents the
comparison of Stimulus 20 and Stimu-
lus 30, the two stimuli which straddle
the phoneme boundary. In the 2-step
case Stimulus 10 and Stimulus 30
fall on opposite sides of the phoneme
boundary, as do Stimulus 20 and
Stimulus 40, and it can be seen that
discrimination is, indeed, better in
these cases than in others. For the
3-step situation all stimulus pairs
except Stimulus 30 and Stimulus 60
cross the phoneme boundary, and
discrimination is at a high level; the
3-step pair in which the stimuli (30
and 60) lie on the same side of the
boundary is scen to be considerably
less discriminable,
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FiG. 3. Expected and obtained discrimina-
tion functions for the 1-, 2-, and 3-step
differences among the synthetic speech
stimuli. .

The eflects observed in the case
of BR were obtained to a very large
extent with all Ss. In general,
discrimination was better for a given
stimulus difference when the two
stimuli lay on opposite sides of a
phoneme boundary than when the
stimuli were within the same phoneme
category. This effect is very apparent
for the 2- and 3-step data, though
perhaps not quite so obvions for the
1-step comparison.

In order to quantify the effect just
described it is useful to compare the
discrimination functions of Fig. 3

with those that would be predicted
from the extreme assumption that S’s
perception is completely categorical,
i.e., that he can hear these sounds
only as phonemes and can discrimi-
nate no other ditferences among them.
It follows that one ought to be able
to predict how often S will correctly
discriminate any two stimuli by
taking account of the frequency with
which he attached one or another of
the phoneme labels to each of them.
The present procedure for deriving
the discrimination functions is the
same as that developed earlier (Liber-
man et al., 1957), but the calculations
have been changed and simplified.

An example will make the method of
calculation clear. Suppose that the pre-
sented triad of stimuli is Stimulus 0-Stimulus
20-Stimulus 0. When these stimuli are
presented with phoneme labeling instructions,
S is asked to identily each one as /d/ or /t/.
Neglecting for the moment how Ss actually
labeled these stimuli and considering only
how they might have done so, we see that
there are cight possible sequences of phoneme
labels for any triad. For the purpose of
predicting how S would respoad in the ABX
test of discrimination, these eight sequences
can be divided into three classes. One class,

* which consists of two sequences (/d/ /t/ /d/

and /t/ /d/ /t/}), would lead S to the correct
response, “A.” A second class, consisting
of two sequences (/d/ /t/ [t/ and /t/ /d/
/d/), would lead S to the incorrect response,
“B." Ther ining four seq es (/t/ /t/
2/, /4] (47 14/, £/ 14/ /17, and 1) J1/ fd))
would leave S no alternative but to guess,
and he would, then, presumably respond “A”
half the time and “B" half the time (prob-
ability of being correct = .5). Now suppose
the triad (Stimulus 0-Stimulus 20-Stimul

0) is presented to S four times for phoneme

* The simpler method can be used when the
stimuli are presented in the same triads for
labeling and discrimination. It yields the
same result as the earlier method provided the
various triad contexts have had no effect on
Ss’ assignment of phoneme labels. For the
data of several Ss, discrimination functions
were calculated according to the earlier
method and were found to be almost identical
with those produced by the simpler method.

-,
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labtling, and - suppose, further, that he
responds thrce times with the sequence
/d/ /d/ /d/ and once with /d/ /t/ /d/. The
sequence /d/ /d/ /d/ would produce a .5
probability of being correct in the ABX
discrimination; the sequence /d/ /t/ /d/
would produce a probability of 1.0. Multi-

- plying the probability of .5 by the three

sequences which are calculated to yield it,
and adding this to a probability of 1.0 times
the one sequence that would yield it, gives
2.5. Dividing this quantity by four, which
is the number of presentations, one obtains
.63 as the average predicted percent correct
in the ABX discrimination of Stimulus 0 and
Stimulus 20. Since the comparison of Stimu-
lus 0 and Stimulus 20 will be made not ouly
in the ABA order of the example taken here,
but also the orders ABB, BAB, and BAA,
the predicted percentage correct for the
discrimination of these two stimuli is the
average of the predictions obtained from all
four ABX permutations.

The discrimination functions that

"are predicted from the assuntption

of completely categorical perception
are shown in Fig. 3 by the dotted
lines. A comparison with the ob-
tained functions shows that on the
whole the fit is a good one. For the
1- and 2-step data there appears to be
no systematic displacement of the
predicted and obtained curves; the
differences occur equally in both
directions. In the 3-step case the
average of the obtained discrimina-
tions is higher on the whole than
predicted, but the diflerence is very
small.

To the extent that the obtained
discrimination data fit the predicted,
it can be said that the peaks in the
obtained functions do, indeed, lie at
the phoneme boundaries, a conclusion
that otherwise could have been tested
only roughly and by point-for-point
comparison of the discrimination and
labeling data of Fig. 2. Moreover,
and more generally, the close ft
supports the conclusion that in per-
ceiving these speech®sounds the lis-
teners were able to extract no informa-

tion beyond that which was given by
the phoneme categories.
- One asks about discrimination func-
tions like those of Fig. 3 whether they
reflect the effects of learning on per-
ception. The discriminability of the
“control” stimuli was measured to
provide evidence on this point. These
stimuli contained essentially the same
stimulus variations as the synthetic
speech patterns, but were otherwise
sufficiently altered as not to be clearly
perceptible as speech.

In Fig. 4 are the discrimination
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Fic. 4. Discrimination functions for the
1-, 2., and 3-step differencés among the
nonspeech control stimuli. The discrimina-
tion functions that were obtained with the
synthetic speech stimuli (and shown in
Fig. 3 as “‘obtained” data) are reproduced
here to facilitate comparison.
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data obtained with the control stimuli.
For purposes of easy comparison, the
data obtained with the synthetic
speech (and already shown in Fig. 3)
are reproduced. Looking first at the
control functions alone, one sces that
there are no large or regularly oc-
curring peaks at stimulus- values
corresponding to the position of thes
phoneme boundary or at any other
points on the stimulus continuum.
Comparison of the speech and control
functions shows that the peaks of the
speech discrimination functions for all
Ss tend in general to lie above the
control functions. For the 1-step
data this is not obviously true for all
cases, but for the 2--and 3-step func:
tions the speech discrimination is
clearly superior: to the control .dis-
crimination, "and by a very * wide
margin. -~ ' : .

Assuming the control to be a fair
one, we conclude that the speech
discrimination data reflect the effects-
of a large amount of learning. Inas-
much as the peaks of the speech
discrimination lie above the control,
we interpret the learning effect as
acquired distinctiveness. .

Acquired similarity would presum
ably occur, il at all, within the
phoneme categories, where it would
be reflectell as a reduction in the
level of speech discrimination below
that of the control. One sces in Fig. 4
that the control data do not, in
general, rise very far above the
chance (509;) level. Thus, there is
in this experiment no margin within
which acquired similarity might have
become manifest.

Discussion

_To determine whether the increased
discrimination at the phoneme boundary
is an effect of learning on perception,
and, if so, whether it represents acquired
distinctiveness, acquired similarity, or

both, we compared the discriminability
of the speech stimuli with a set of non-
speech controls. Ideally, these control
stimuli should have been identical with
the speech stimuli, and yet not perceived
as speech. In practice, such controls
can only be approximated, since the
acoustic pattern in which the relevant
physical variable is imbedded must
necessarily be somewhat diferent if,
in the one case, the stimulus is to be
perceived as a speech sound and in the
other not. The control stimuli used in
this experiment represent only an ap-
proximation to the ideal. They are not
the only possible -approximation, nor
are. they necessarily the best.

It can be counted an advantage of the
control stimuli used here that the
physical . differcnces which cued the
distinction between /do/ and /to/ .in
the speech stimuli (i.e., the relative
difference in time of onset of first and
second formants) were in one sense
perfectly preserved, and that they con-
stituted in the control, as they had in
the speech serics, the only acoustic
differences aicong the stimuli. The
control stimuli were appropriate, too,
in that many of the constant acoustic
features of the speech stimuli, such as
formant width, the complex nature of
formant onset, etc., were closely dupli-
cated. Many of these features of the
rather complicated stimulus pattern
might well affect the discrimination of
onset time, and make it quite different
from what it would be with the most
nearly comparable simple stimuli.

In several other respects, however, the
control stimuli were less than perfect.
First, it should be noted that the fre-
quency level of the middie formant was
different in the control stimuli from
what it was in the speech. More signifi-
cant, perhaps, is the fact that in the
control stimuli the formant whose time
of onset varied was at a higher frequency
than the other two formants, while in
the speech stimuli it lay at a lower
frequency than the other formants.
This may be important since masking
effects are greater from low frequencies
to high, and it is possible, therefore,
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that the variations in formant onset were
to some extent masked out in the control.

The point was made above that since
the stimulus variations to be discrim-
inated (the differences in onset-time)
were imbedded in a complex pattern
in the speech stimuli, it was appropriate
that they be similarly imbedded in the
control. It is nevertheless pertinent to
inquire about the discriminability of
essentially the same stimulus variable
in a much simpler context—where the
discrimination data might be considered
to provide a psychophysical baseline—
and to compare the results of such a
study with those obtained here. A
recent experiment by Hirsh (1959), in
which Ss judged which of two pure tones
(of different frequency) started frst, is
relevant to this point.

One finds in Hirsh's results no indica-
tion of the sharp peaks so clearly evident
in the discrimination functions of the
present experiment. It is also of interest
that the discrimination of onset time
was better in the speech patterns than
in Hirsh's stimuli. For speech stimuli
that straddle phoneme boundaries (those
that were predicted from the phoneme
labeling results to yield the best dis-
crimination), the difference in time of
onset required to give 75%, correct
judgments was slightly less than 12
msec. The 75% point in Hirsh's experi-
ment was about 17 msec. This differ-
ence appears the more significant when
one takes into account that the stimulus
variable was in a much simpler acoustic
context in Hirsh’s experiment, and that
his Ss were permitted to hear each
stimulus pair as many times as they
wished before making a judgment, while
our Ss had to respond after each presen-
tation. These comparisons support the
assumption that the discrimination peak
at the phoneme boundary is a result
of learning.

If we put aside the results of the
control, we are left with speech discrimi-
nation data that fit very closely a set
of curves derived on the extreme assump-
tion that Ss’' discriminations were com-
pletely determined and limited by the
phoneme labels they attached to the

sounds. Such a result contrasts with
the usual psychophysical finding, which
i that many more stimuli can be dis-
criminated than can be identified or
fabeled absolutely. It is difficult to
conceive that discrimination and labeling
would be equivalent, as they proved to
be in this experiment, except on the
assumption that the discrimination proc-
esses have been radically altered by long
practice in attaching phoneme labels.?

SUMMARY

An experiment was designed (a) to measure
the discriminability of certain acoustic differ-
ences when they are cues for the perceived
distinction between phonemes and when they -
lie entirely within a single phoneme category,
and (b) to compare such discrimination data
with those obtained when essentially the
same acoustic differences occur in sounds
that are not perceived as speech.

The speech sounds were synthetic approxi-
marions to  the syllables /do/ and /to/,
which differed only in the relative time of
onset of first and second formants, this
feature having previously been found to be
sufficient to cue the distinction between
/d/ and /t/ phonemes. To find the Jocation
of the phoneme boundary on the scale of
relative onsct-tisnes, the various stimuli were
presented in several random orders, with
ipstructions to identily each sound as /do/ or
/to/. To measure discrimination, the stimuli
were presented in ABX fashion, and Ss were
instructed to use whatever differences or
similarities thev could hear as a basis for
deciding whether the third stimulus (X) was
identical with the first (A) or the second (B).

It was found that discrimination was
considerably better across a phoneme bound-
ary than in the middle of a phoneme category.
Indeed, this effect was so marked as to justify
the assumption that the perception of these
stimuli is essentially categorical—that is,
that S can hear no differences among the
stimuli beyond those that are revealed by
the phoneme labels he applies to them. On
that extreme assumption it was possible to
use the frequencies with which the various
stimuli were labeled /d/ or /t/ as a basis for
predicting very accurately how well the
stimuli could be discriminated.

A set of control stimuli—patterns of

?For a disc of the mechanism which
possibly underlies these learning effects, see
Liberman (1957), pp. 121-123.
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sound differing from each other in essentially
the same way that the speech stimuli differed
—was produced by inverting the speech
patterns on the frequency scale. The dis-
crimination data obtained with these inverted
controls revealed no increase in discrimina-
bility at stimulus values in the region cor-
responding to the location of the phoneme
boundary, and, in general, the discriminability
ol the control stimuli was much poorer than
that of the speech. To the extent that the
inverted stimuli are an appropriate control,
it may be concluded that the sharpening of
discrimination at the phoneme boundary
is an effect of learning and, more specifically,
that it represents a considerable amount of
acquired distinctiveness.
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