
Perception & Psychophysics
1983,34 (5),499·502

Speechperception and psychophysics:
Theoryandexperiment

DOMINIC W. MASSARO and JOSEPH M. HARY
University ofCalifornia, Santo Cruz, California

Macmillan's comments are welcome and give us
the opportunity to elaborate on some important
points concerning the issue of categorical perception.
In this reply, we argue that our interpretation of the
Hary and Massaro (1982) results is not paradoxical
if the important differences between a theory of per­
ception and the results used to support the theory are
respected. Next, we clarify the goals of the Hary and
Massaro study and contrast the traditional categor­
ical account against Macmillan's psychophysical ac­
count. Athough we conclude, as did Hary and Massaro
(1982) and Macmillan (1983), that perception of the
pluck/bow continuum is probably continuous and
not categorical, our main point is that this hypothesis
cannot be adequately tested using the identification­
discrimination task.

Distinguishing BetweenTheoryand Results
It is important to distinguish between a theory of

perception and the results used to support the theory.
As defined by Studdert-Kennedy, Liberman, Harris,
and Cooper (1970), categorical perception is "a
mode by which stimuli are responded to, and can
only be responded to, in absolute terms" (p. 234).
According to this theory, the perceptual system limits
the listener to categorical information about certain
speech events. If the theory of categorical perception
is correct, then discrimination of certain speech
sounds should be limited by identification (Liberman,
Harris, Hoffman, & Griffith, 1957). In this case,
categorical-perception theory predicts the observable
result that two different speech sounds can be dis­
criminated only to the extent that they are identified
differently. Thus, the theory predicts that identifica­
tion performance can predict discrimination perfor­
mance and results consistent with this prediction are
usually taken as evidence for the theory of categor­
ical perception (e.g., Healy & Repp, 1982; Liberman
et al., 1957;Studdert-Kennedy et al., 1970).

One fallacy involved in this research endeavor is
that empirical agreement with a theory's predictions
does not verify the theory; it only fails to falsify the
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theory (Popper, 1959). What the advocates of cate­
gorical perception failed to demonstrate was that the
same results falsified alternative theories. The ob­
vious alternative theory is that of continuous per­
ception in which listener's have continuous, not just
categorical, information about a stimulus event. A
necessary question of the research should have been:
Can continuous perception also predict a direct re­
lationship betweenidentification and discrimination?
If it could not, the results would have been highly
informative with respect to the issue of categorical
versus continuous perception. If continuous percep­
tion can also predict such a relationship, however,
the results are completely uninformative.

It turns out that continuous perception can also
predict a direct relationship between identification
and discrimination. Macmillan, Kaplan, and Creelman
(1977) expanded on the ideas of Durlach and Braida
(1969) and showed that exactly such a direct relation­
ship is possible, even if the underlying information
is continuous. The underlying information was de­
fined in terms of Thurstone's theory of comparative
judgment and signal detection theory. Given this ob­
servation, however, Macmillan et al. (1977) did not
question the value of the identification-discrimination
task; they simply redefmed the two contrasting modes
of perception.

Macmillan et al. (1977) defined categorical per­
ception as equivalent discrimination and identifica­
tion performance (when analyzed in d' values) and
continuous perception as significantly better perfor­
mance in discrimination than in identification. Un­
fortunately, this definition reduces an important
theoretical question to an empirical observation. Al­
though the authors distinguished between two pos­
sible empirical results, they provided no insights into
the implications of these results for theory. In their
reanalysis of the Cutting and Rosner (1974) experi­
ments, a nonspeech continuum (Pluck/bow) gave
nearly categorical results and a speech continuum
(chop/shop) gave continuous results. However, the
authors made no attempt to explain these surprising
differences and they did not question whether their
new analysis was more meaningful than the old. We
believethat the differences between the two continua
simply reflect the fact that the chop/shop continuum
did not have verygood instancesof the two categories,
even at extremes of the continuum. No instance along
this continuum was identified as a given category
more than 90010 of the time. In general, poor identi­
fication performance relative to discrimination will
be observed whenever the continuum does not con­
tain good instances of the categories being identified.

What is ironic is that Macmillan et al. did not use
their observations to question the original conclu-
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sions of advocates of categorical perception. They
simply reduced categorical perception to an empir­
ical result in which the perceived spacing of signals
along a dimension is observed to be the same for
identification and for discrimination. However, what
their paper implied, although they failed to acknowl­
edge it, was that the observed relationship between
identification and discrimination was no longer diag­
nostic of the original theories of categorical and con­
tinuous perception.

Goals of the nary and Massaro (1982)Study
Hary and Massaro (1982) challenged the relevance

of the identification-discrimination task to the theory
of categorical perception with the following demon­
stration. They began with a "standard" rise-time
continuum which gave "continuous," rather than
"categorical," results (Rosen & Howell, 1981). When
these same sounds were embedded in a "bipolar"
continuum, the identification-discrimination results
differed significantly from those with the standard
continuum and conformed to prototypical categorical­
perception results (Studdert-Kennedy et al. 1970).
The identification function had a relatively sharp
boundary with a corresponding peak in discrimina­
tion performance near this boundary. Thus, the same
sounds gave continuous results in one situation and
categorical results in another.

There are two general interpretations that might
be reached given the Hary and Massaro (1982) re­
sults. First, the fundamental processesgoverning the
perception of a sound might depend on the nature
of other sounds used in the experiment. Second, the
form of the identification-discrimination results can­
not be taken as diagnostic of whether perception is
categorical or continuous. Given the lack of evidence
or theory for the first alternative and its unparsimo­
nious nature, the second is the more reasonable con­
clusion. It is all the more reasonable because, at the
theoretical level, continuous models of perception
can predict categorical results. The experiment repre­
sents a demonstration of the nondiagnosticity of the
relationship between identification and discrimina­
tion performance.

Although many researchers may persist in looking
at the relationship between identification and dis­
crimination, we believe that the current use of this
paradigm is without merit. The primary reason is
that it is not being used to distinguish among alter­
native theories of performance. Furthermore, one
should not necessarily expect a relationship between
identification and discrimination, even though theories
of both categorical and continuous perception can
be formulated to predict such a relationship, and a
relationship is often found. Bydefinition, categoriza­
tion behavior requires that the perceiver identify dis­
criminable events as members of the same category.
Thus, the relative probabilities of identification can

not be taken as an index of relative discriminability,
and discrimination will usually be better than that
predicted from identification, as is usually found
(Macmillan, 1983;Miller, 1956).

Hary and Massaro (1982) discussed two possible
explanations of the observed differences between the
standard and bipolar continua. The bipolar con­
tinuum might have contained a perceptual discon­
tinuity at the change from negative to positive rise
times. A perceived change in the direction of the rise
time would be much more discriminable than the
quantitative changes within either the negative or the
positive rise times (Massaro & Oden, 1980). This per­
ceptual attribute would give good discrimination be­
tween instances on opposite poles of the perceptual
discontinuity in the bipolar continuum.

The second explanation had to do with category
labels mediating discrimination in the same-different
task, but not as assumed by the dual coding model
(Fujisaki & Kawashima, Note 1). According to their
model, the listener first compares the items at a cate­
goricallevel. If a decision cannot be made at this level,
the items are compared at an auditory level. It seems
more reasonable to assume that the auditory distinc­
tion between the sounds is primary and the category
labels playa role only if the subject fails to discrim­
inate the sounds at an auditory level. If two sounds
are not discriminated at the auditory level, the sub­
ject may still respond different when the sounds are
given different category labels. On the other hand,
if the sounds are not discriminated at the auditory
level and are given the same category label, subjects
would tend to respond same. Hence, the same two
sounds would be discriminated differently as a func­
tion of how the sounds were categorized. Differences
between the discrimination results for the two con­
tinua might be somewhat due to corresponding dif­
ferences in categorization.

MacmUlan's Psychophysical Account
Macmillan proposes three well-founded psycho- .

physical principles to account for the Hary and
Massaro (1982) identification/discrimination results:
Weber's law, range effects,and anchor effects. Weber's
law predicts equal discriminability for logarithmi­
cally spaced stimuli, discriminability decreases with
increases in the range of stimuli used in the task, and
discriminability improves near anchors (easily mem­
orized stimuli). Given these three mechanisms,
Macmillan generated predicted results for the dis­
crimination results for the standard and bipolar con­
tinua. He concluded that the predictions "provide
a good qualitative description of the data" (p, 496).

We are not impressed with this psychophysical ac­
count of the results. The assumption that the O-msec
stimulus is an anchor in this task is post hoc and ar­
bitrary. If anything, the performance indicates that
the 15-and 45-msecstimuli are the best discriminated



in the task. This would put the hypothetical anchor
at a positive rise time rather than at the zero rise time.
In addition, there are three points on the discrimina­
tion curves that occur in both the standard and bi­
polar continua, and in all cases the psychophysical
theory makes the wrong prediction concerning the
direction of the differences between each pair of
points.

Macmillan's (1983) selective test of the continuous
psychophysical account represents the same con­
firmation bias of previous advocates of categorical
perception. To evaluate the quantitative description
given by the psychophysical model and to contrast
it with the description given by categorical percep­
tion, we computed the root mean squared deviation
(RMSD) between predicted and observed percentage­
correct values. The d' values given in Figure 2c of
Macmillan's paper were translated into hit and false­
alarm probabilities to match the observed hit and
false-alarm probabilities as much as possible. The
predicted percentage-correct values were computed
from these probabilities. Macmillan's psychophysical
account gave RMSD values of .060 and .066 for the
bipolar and standard continua, respectively. The
categorical model gave RMSD values of .059 and
.092 for the bipolar and standard continua, respec­
tively. Given that Macmillan's psychophysical ac­
count is not significantly better than the account
given by the theory of categorical perception, there
is no basis to accept a continuous over a categorical
description of the results. The identification/discrim­
ination task cannot discriminate between these two
models.

Contrary to the implication of Macmillan's (1983)
discussion of the same-different task, the differ­
encing model that he proposes is not necessarily the
most accurate description of a subject's performance
in the task. As in so many cases of decision making,
the most optimal strategy seldom captures psycho­
logical reality (Lopes, 1981). The decision process
that is used is an empirical question, and there are
no definitive data for pluck/bow discrimination.
Creelman and Macmillan (1979) observed that the
differencing model was a reasonable description of
auditory frequency discrimination, but not of phase
discrimination. Performance in the same-different
task was about two times greater than the predictions
of the differencing model. As suggested by Creelman
and Macmillan (1979), subjects might regard the pair
of signals as a single event and base their decision
on the absolute change between the two signals. This
strategy, among others, would lead to two normal
equal-variance distributions for "same" and "differ­
ent" trials, making it appropriate to analyze the same­
different task by subtracting z scores. Even though
we cannot agree on the appropriate method of cal­
culating d', it is noteworthy that the two different
methods lead to essentiallyidentical conclusions.
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Conclusion
The original interpretation of the results by Hary

and Massaro is still valid. The standard continuum
gave results that would be interpreted as reflecting
continuous perception, whereas the bipolar con­
tinuum gave results that would be interpreted as re­
flecting categorical perception. Given that some of
the same stimuli were present in both conditions, the
categorical results cannot mean that the stimuli could
not be perceived continuously. The standard con­
tinuum with these stimuli gave results that normally
support the idea that the stimuli are perceived con­
tinuously rather than categorically. The results dic­
tate that we must reject the identification-discrim­
ination paradigm as an index of whether perception
is categorical or continuous. Other techniques, such
as those used by Massaro and Cohen (1983), must
be used to assessthe nature of the process.

In closing, we can ask whether our main conclu­
sion is paradoxical, as suggested by Macmillan (1983).
The conclusion, also stated in the title of the Hary
and Massaro (1982) paper, is that categorical results
in the identification-discrimination task do not neces­
sarily imply that perception is categorical. Our con­
clusion is paradoxical only if the theoretical explana­
tion is equated with the empirical result, an unrea­
sonable scientific strategy. We hope that the impor­
tant differences between results and theory are re­
spected, and conclude that the identification/
discrimination paradigm cannot distinguish between
categorical and continuous theories of perception.
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