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Recognition thresholds for a speech continuum
following selective adaptation

LAURA B. HARRIS and RICHARD E. PASTORE
State University ofNew York at Binghamton, Binghamton, New York

The effect of selective adaptation by end-point stimuli on a synthetic /bi·di! continuum was
investigated in terms of the change in masked recognition thresholds for stimuli within the con
tinuum. Adaptation with either /bil or ldi!produced typical shifts in the identification boundary,
whileadaptation only with /bil produced shifts in the ABX discrimination peak. Both adaptors
also produced significant decreases in the recognition threshold of all stimuli within the non
adapted category and, for the ldi! adaptor, reduced thresholds also for the adapted category.
These results cannot be explained by assuming the action of only a simple, single factor such
as fatigue, stimulus contrast, or response contrast.

The research described in this paper was under
taken to help assess the nature of selective adaptation
for synthetic speech stimuli. In a selective-adaptation
procedure, a single stimulus (adaptor), selected from
a continuum of stimuli varying along a specific di
mension, is presented repeatedly to an observer just
prior to the presentation of continuum members for
identification or discrimination. Use of such an
adaptor with synthetic speech continua has been
found to temporarily, but significantly, alter an ob
server's perception of stimuli from the continuum
(Eimas & Corbit, 1973). Two tasks are typically em
ployed with this paradigm: an identification task to
establish the category boundary and a discrimination
task to determine the discriminability of pairs of
stimuli with constant physical differences drawn
from within and across categories. The following
study represents a somewhat atypical approach to
the investigation of selective adaptation effects with
a synthetic speech place continuum; in addition to
the typical identification and discrimination tasks,
it employs a method-of-adjustment psychophysical
task to estimate the recognition threshold for inten
sity of each stimulus both before and after adapta
tion.

The method of limits, another psychophysical
task, previously has been employed to investigate
adaptation in the visual system. Visual-motion after
effects have been conjectured to be the result of adap
tation of direction-sensitive cells. Research suggests
that the threshold for these cells is elevated as a func-
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tion of the degree of adaptation (Sekuler & Ganz,
1963; Weisstein, 1969). An analogous mapping of
the effects of standard selective adaptation on the
recognition of each stimulus in a speech continuum
might provide some critical information concerning
the nature of the adaptation phenomenon for speech
stimuli. For instance, a systematic increase or de
crease in threshold limited roughly to identification
categories would imply a differential alteration of
separate mechanisms, whereas no effect on threshold
would imply far more limited effects of adaptation.

The rationale for measuring ahsolute thresholds
in an adaptation situation is relatively more straight
forward than the actual measurement of the thresh
olds. The measurement of thresholds requires the
repeated presentation of a stimulus which, in turn,
can lead to additional adaptation. With an approx
imation to asymptotic adaptation, this additional
adaptation due to the measurement procedure prob
ably is most critical primarily when measuring thresh
olds for stimuli relatively remote from the adaptor.
Therefore, in measuring the threshold, we need to
employ a psychophysical procedure that will minimize
the number of stimulus presentations. With a method
of adjustment, we can estimate the threshold while
repeating a stimulus no more often than typical of
a standard identification or ABX discrimination
task; that would not be the case with a method of
constant stimuli or with an adaptive psychophysical
procedure. However, in order to protect against the
errors inherent in this procedure, we must examine
both interobserver trends in thresholds and the intra
observer repeated measurements both within and
across the ascending and descending trials. Also, we
shall variably bias the starting attenuation of each
trial. While such threshold data alone may not be
strong, direct evidence for or against a given explana
tion of selective adaptation, the results, when viewed
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in conjunction with other published reports, should
further clarify the nature of selectiveadaptation.

METHOD

Subjects (Observers)
A within-subjects design was employed. Three females and

one male participated in this experiment. All observers were under
graduates at SUNY -Binghamton with no known hearing deficits.
All observers received extensive practice with the given stimuli,
with the adaptation procedures, and with the method of adjust
ment prior to the collection of data. All observers received an
hourly wage.

Stimuli
The stimuli consisted of synthetic CV syllables produced at

Haskins Laboratories with an OVE parallel synthesizer and ini
tially recorded on tape. The stimulus parameters were based upon
those used by Miller and Eimas (1976) and Sawusch and Pisoni
(1978). An Iii vowel context was used with a nine-syllable fb/
Idl continuum. The vowel portion of each syllable was 250 msec
in duration preceded by a 5O-msec transition. Table 1 provides a
description of the various parameters manipulated and the values
used for these stimuli. Stimulus value 0 was the most Ibi/-like
stimulus, while stimulus value 7 was the most ldi/-like stimulus.

Procedure
All stimuli were digitized (12 bit x 20 kHz sampling), stored,

randomly ordered, resynthesized, and presented to subjects by
a North Star Horizon microprocessor. All stimuli were low-pass
filtered at 4 kHz and were presented in a continuous, broadband,
6O-dBA white noise. Observers listened to binaurally presented
stimuli over TDH-39(300) headphones in a commercial. sound
attenuated booth.

BueliDe Conditions
An initial set of standard categorical perception conditions

was run to establish that the unadapted observers were perceiving
the members of the stimulus continuum in a categorical manner
and to provide unadapted identification and discrimination "base
lines" for comparison with results obtained following adaptation.
There were five separate blocks of identification trials, each con
sisting of five randomized sequences of continuum members pre
sented with a 2-sec interstimulus interval, thus providing 25 iden-

Table I
Frequency Parameters for Stimuli /hil-/di/

Stimulus Value Fl F2 F3

Starting Frequencies

0 200 1467 2181
1 200 1543 2345
2 200 1623 2520
3 200 1695 2690
4 200 1770 2870
5 200 1848 3019
6 200 1916 3199
7 200 2001 3365
8· 200 2075 3540

Ending Frequencies
361 2313 3019

Note-Fundamental frequency fell linearly from 154-115 Hz;
all stimuli had an initial burst ofnoise of 24 dB; Stimulus Value
o was the most fbi/-like stimulus, and Stimulus Value 7 was the
most /di/-like stimulus. "Stimulus Value 8 was not used
following pilot work that indicated subjects did not perceive
this stimulus as /di/.

tification responses per stimulus. Each block of trials was ap
proximately 2 min in duration. The identification task also was
conducted at the start of every session as a "warm-up" for the
observers and as a check against practice effects; no practice ef
fects were evident during the course of the study.

The second categorical perception task was a random ABX
discrimination procedure. Each ABX trial was 4.9 sec in duration:
3Do-msec stimuli, l-sec interstimulus intervals, and a 2-sec re
sponse interval. Members of each discrimination pair were two
step sizes apart. A step size is defined as the distance between two
adjacent stimuli along the continuum (see Table I). The discrim
ination baseline data for each subject consisted of six blocks of
trials of randomized sequences of test triad positions (ABA, ABB,
BAB, and BAA) for each discrimination pair for a total of 24
responses per stimulus pair.

Following the above identification and discrimination condi
tions, unadapted masked recognition thresholds were determined
for all members of the stimulus continuum using both an ascend
ing and a descending method of adjustment. With the ascending
series, observers were required to increase the intensity of the re
peatedly presented stimulus from a just-detectable intensity to
an intensity at which the observers could identify the stimulus.
In an attempt to guard against errors of anticipation, the observers
were instructed to be as accurate as possible and to label the stim
ulus as soon as they could identify it. With the descending method
of adjustment, the observers were asked to decrease the intensity
of an easily identifiable stimulus until that stimulus could no longer
be heard as an identifiable CV syllable. Each observer generated
10 recognition thresholds for each stimulus for both the ascending
and descending method-of-adjustment tasks. These thresholds
were averaged to obtain an average unadapted recognition thresh
old for each stimulus.

Experimental Conditions
Following completion of the above conditions, the standard

categorical perception conditions (identification and discrimina
tion tasks as described above) were run following adaptation to
determine if the adaptation procedure did affect observers' iden
tification and discrimination functions. The adaptation trial con
sisted of 184 adaptor repetitions presented at 5Do-msec intervals,
a 2-sec delay, and then a test series. Both the fbi! and I diI adaptors
were employed, providing a total of 10 identification responses
per stimulus and 12 responses per discrimination pair for each
adaptor condition.

Following completion of the adapted labeling and discrimina
tion conditions, postadaptation recognition thresholds were mea
sured using the ascending and descending method of adjustment
tasks. Each threshold determination was preceded by an adapting
sequence of 184 stimuli. The fbi! adaptation condition was con
ducted flrst. Ten ascending recognition thresholds were obtained
for each stimulus. Upon completion of the ascending method of
adjustment for all stimuli, 10 descending recognition thresholds
were obtained for each stimulus. In sessions following comple
tion of the fbil condition, the same thresholds were obtained fol
lowing / dil adaptation.

RESULTS

The labeling data (percent fbi/ identification)
under the no-adaptor, the fbi/-adaptor, and f dif
adaptor conditions for each of the four subjects are
shown in Table 2. For ail subjects, I adaptation by
endpoint stimuli produced significant shifts in the
general location of the category boundary toward
the end of the continuum containing the adapting
stimulus. Although not shown, the peaks in discrim
inability for the unadapted condition corresponded
in location to the category boundary for each ob-
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Table 2
Percent of "bi" Label as a Function of Subject, Stimulus, and Adaptor

Observer 1 Observer 2 Observer 3 Observer 4

Adaptor Adaptor Adaptor Adaptor

Stimulus None bi di None bi di None bi di None bi di

0 100 100 100 100 100 100 100 100 100 100 100 100
1 100 100 100 100 100 100 100 90 100 93 80 100
2 95 30 100 100 90 90 100 80 100 93 40 100
3 73 40 100 100 40 100 98 80 100 80 50 100
4 48 10 80 88 0 100 53 70 80 40 0 100
5 0 0 10 0 0 60 8 10 30 0 0 30
6 0 0 10 0 0 0 8 0 20 0 0 30
7 0 0 0 0 0 0 0 0 0 0 0 0
8 0 0 10 0 0 0 0 0 0 0 0 0

server, with significantly decreased discriminability
within categories. The locations of these unadapted
identification boundaries and discrimination peaks
were similar to those typically claimed to demon
strate categorical perception. Adaptation with the
/bi! stimulus (but not with the /di/ stimulus) pro
duced shifts in the discrimination peak correspond
ing in location to the shifted category boundary for
the same condition."

The recognition thresholds obtained both prior to
and after adaptation with both fbi! and / di/ adaptors
for the observers are shown in Table 3. The recog
nition thresholds obtained under each condition are
the result of averaging the ascending and descending
method of limits data for the observer under that
given condition. The within-observer differences in
mean thresholds across the ascending and descending
series for each condition was never greater than
5.9 dB and, for the vast majority of the stimulus con
ditions, the data were all within ± 1 dB. In addition
to the high intrasubject reliability, the trends in the
data across subjects were quite similar.

The data in Table 3 indicate that, in the unadapted
condition, the recognition thresholds for Observers 1
and 2 appear to rise slightly as one progresses from

stimulus value 0 to stimulus value 7 along the con
tinuum, while the remaining two observers produced
essentially flat threshold functions. For the /bi/
adaptor condition, the thresholds for all stimuli la
beled "di" [and some stimuli labeled "bi" (Observer
3 only)] following adaptations are lower than the
threshold observed in the unadapted condition. For
the /di/ adaptor condition (which was run after the
/bi/ threshold condition), all postadaptation thresh
olds for all stimuli are lower than the baseline thresh
olds. Both of these trends were significant. Separate
analyses of variance by observer revealed significant
differences among adaptor conditions and, for three
of the four observers (Observers 1, 2, and 4), signif
icant differences among stimuli. An analysis of vari
ance of thresholds averaged across subjects indicated
significant differences due to adaptor condition
[F(2,72) =47.44 (p < .01)] and due to stimulus value
[F(7,72) = 4.31 (p < .025)] but no significant inter
action.

DISCUSSION

The effects of adaptation on the recognition thresh
olds of the stimuli employed suggest that the selective

Table 3
Masked Thresholds (in Decibels SPL) Following Adaptation for Each Subject, Stimulus, and Adaptor

Observer 1 Observer 2 Observer 3 Observer 4

Adaptor Adaptor Adaptor Adaptor

Stimulus None bi di None bi di None bi di None bi di

0 37.6 36.5 34.4 35.5 35.3 33.9 37.7 39.1 34.6 38.8 40.5 37.3
1 38.2 38.4 34.1 36.5 36.9 34.6 39.3 40.9 35.5 41.4 42.0 36.7
2 40.5 37.7 36.6 37.3 37.3 34.1 40.8 41.5 36.3 43.9 40.1 36.3
3 41.1 37.9 36.4 37.1 38.9 34.9 41.2 41.1 35.4 44.5 38.9 37.7
4 42.9 37.7 37.8 40.9 39.0 34.8 43.0 42.5 37.0 45.7 38.9 37.9
5 42.4 37.1 37.6 43.3 40.3 36.5 42.4 41.3 38.6 42.8 36.3 39.4
6 41.4 38.9 38.8 44.2 40.3 37.4 41.7 40.1 38.8 41.7 36.2 39.1
7 43.1 38.4 36.4 46.3 39.3 37.3 39.8 38.5 37.2 40.1 36.2 36.6
8 43.7 38.9 37.8 47.5 37.1 37.5 37.8 37.3 35.0 38.8 35.9 35.3

Note-Data are averaged across 10 ascending and 10 descending estimates per subject and condition.
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adaptation procedure functions to lower thresholds
for most, if not all, the members of the continuum,
indicating that our observers have become more sen
sitive to the parameters of the stimulus continuum.
These findings are not consistent with the predictions
made by the major classes of current selective adap
tation models. If selective adaptation involved sig
nificant fatigue effects, whether in general at a periph
erallevel (Simon & Studdert-Kennedy, 1978) or spe
cific to a feature detector (Eimas & Corbit, 1973),
then we would expect to find a decreased sensitivity
(at least for stimuli near the adaptor) and thus an
elevation in threshold. Instead, we found either min
imal change in threshold near the adaptor and a sig
nificantly reduced threshold for other stimuli (fol
lowing adaptation with /bi/) or overall decreased
thresholds (following adaptation with /di/) for the
stimuli within the labeling category of the adaptor.
Response contrast explanations are based upon
changes in the decision criteria and, in signal detec
tion terminology, involve only changes in (J (Diehl,
Elman, & McCusker, 1978). If selective adaptation
effects were due to only a type of response contrast,
we would not expect to find any change in sensitivity
following adaptation and, clearly, not an overall im
provement in sensitivity as exhibited by significantly
decreased thresholds. If selectiveadaptation was due
to the establishment of a stimulus reference or anchor
at the adaptor (Pastore, 1981), we would expect to
find improved sensitivity (and thus a lowering of
threshold), primarily for stimuli near the adaptors.
Instead, we found significantly lower thresholds for
the nonadapted category. Thus, response contrast,
fatigue, and even stimulus contrast, acting alone,
cannot be easily reconciled with our results.

Although our results would seemto be inconsistent
with these current notions concerning the nature of
selective adaptation, we can offer several untested
hypotheses concerning the relationship between our
threshold results and the results for identification
and discrimination conditions in our study (and more
typical of the selective adaptation literature) which
might allow for the validity of those current notions.
It may be that the perceptual and decision processes
that determine recognition threshold performance
are not the same as those which determine identifi
cation and discrimination performance. This sep
arate process hypothesis must assume significant or
thogonality among these underlying processes to ac
count for the given pattern of obtained results.

A weak version of this hypothesis is based upon
the idea that selective adaptation effects are not due
to a single process, but rather are the result of several
processes; this multiple-cause notion has been pro
posed by a number of researchers, including Diehl
et al. (1978). As noted by Simonand Studdert-Kennedy
(1978), the various processes may contribute, to dif-

ferent degrees, to measured performance, depending
upon the given experimental paradigm and con
tinuum. Thus, the weighted importance of the vari
ous processes may be quite different for labeling and
recognition thresholds; this conjecture, however, is
at the expenseof parsimony.

A specific version of the weak hypothesis is based
upon the notion that most processingof natural speech
stimuli is in the context of a high degree of vari
ability among the different stimuli which typically
all represent a single speech category. Most speech
tasks therefore represent high uncertainty situations.
With a synthetic CV continuum based upon a single
vowel, the variability among stimuli is significantly
reduced. The adapting stimulus then provides the sub
ject with information concerning the exact nature of
the vowel for all stimuli plus the nature of the spe
cific initial consonant defined by the adaptor. Thus,
selective adaptation reduces uncertainty about the
parameters of a specific consonant and about the
parameters of the voweldefining the continuum. The
vowel typically is more intense than the initial con
sonant; in a masked recognition threshold task, the
reduced uncertainty about the parameters of the
vowel probably are most important in extracting the
CV syllable embedded in the noise. The reduced un
certainty concerning the vowel should apply to the
whole stimulus continuum. The labeling and discrim
ination tasks both involve comparison based primar
ily upon the consonant portion of the stimuli; the
vowel is constant and there is minimal background
noise. With uncertainty in the labeling and discrim
ination tasks limited largely to the consonant, the
major effect of the adapting procedure could be to
reduce uncertainty concerning the adapting conso
nant. This would reduce stimulus uncertainty for
the portion of the continuum which includes the
adaptor, but not for the remainder of the continuum.
This stimulus uncertainty model is basically a stim
ulus contrast explanation which assumes that the
recognition threshold may not be tapping exactly the
same underlying processes as the more standard la
beling and discrimination tasks. The notion of stim
ulus uncertainty effects is not new (e.g., Cole & Scott,
1974; Pastore & Sorkin, 1971; Tanner, 1958). The
specific uncertainty hypothesis might be tested by
adapting with C-Vl, then measuring recognition
thresholds with C-V2; we would expect no adapta
tion effects on the recognition thresholds. However,
we shall leave the evaluation of these and other pos
sible hypotheses to the future.
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NOTES

I. The labeling function for Observer 3 with the /bi/ adaptor
exhibited an overall shift in the labeling function toward the /bi/
adaptor. If the 50.,. labeling boundary is estimated by inter
polating only between two points that bridge 50.,., the labeling
boundary for the /bi/ adaptor is 4.3, which is shifted toward /di/
relative to the 4.1 unadapted labeling boundary. If the labeling
boundary is estimated from a least squares fit of the z-transform
of the labeling probabilities between 0.01 and 0.99, the adapted
and unadapted boundaries are 3.6 and 4.4, respectively, and thus
exhibit the expected adaptation effect. While the former boundary
estimation method is typical of the categorical literature, the latter
is typical of the psychophysical literature and has greater statis
tical reliability.

2. These data may be obtained by writing the second author.
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