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or B. Observers were instructed to indicate whether X was
ABSTRACT equal to A or B. This judgment was supposedly based
on auditory discrimination in that observers were instructed to

Categorical perception, or the perceived equality of instancgge whatever auditory differences they could perceive.
within a phoneme category, has been a central concept in the

expenn:_enta:ltand tt)heforetlé:al |?vetst|_gat|on ¢ th ;petec?he experiment was designed to test the hypothesis that
perception. 11 -can Dbeflound as 1act In Most INroductolye. o5 can discriminate the syllables only to the extent that
textbooks in perception, cognition, linguistics and cognltlv?he can recognize them as different phoneme categories. The

science.  This paper analyzes_the reasons for the PErsIS hypothesis was quantified in order to predict discrimination
endurance of this concept. A variety of empirical and theoretlcg

h findi d ibed in order to inf d hopeful erformance from  the identification judgments. The
research findings are described In order o intform and NOPEIT 45 concluded that discrimination performance was fairly
to provide a more critical look at this pervasive concept. Giv

the demi f cat ical tion. it i to shift ell predicted by identification. This rough correspondence
€ demise ot categorical perception, 1t 1S necessary 1o Shilt Qliky, een jdentification and discrimination has provided the
theoretical focus to how multiple sources of continuou

. . . ?najor source of support for CP.
information are processed to support the perception of spoken

language. 2. RESEARCH STRATEGY

1. SETTING THE STAGE

Research in the study of CP has remained oblivious to the
I am a glutton for punishment. What sane person would try taluable scientific strategies of Karl Popper [3] and John Platt
denigrate a sacred belief held by so many respected research@k? To provide a proper assessment of any theory, it is
I should heed Leo Tolstoy’s insight into the persistence afecessary to determine how closely the predicted performance
incorrect ideas throughout history. “I know that most menmatches what is observed and to compare the accuracy of this
including those at ease with problems of the greateprediction with other the predictions of other theories. When
complexity, can seldom accept even the simplest antlis strategy is followed, one immediately notices just how
most obvious truth if it be such to oblige them to admit theoorly the categorical describes the results. The problem is that
falsity of conclusions which they have delighted in explainingbserved discrimination is almost always better than
to colleagues, which they have proudly taught to others, anklat predicted by identification. For some reason, however, this
which they have woven, thread by thread, into the fabric of thediscrepancy has never been a deterrent for advocates of CP nor
lives.” Our human nature also biases us to seek explanatidmss it been a central result for any alternative view.
that provide easy solutions rather than those that are necessarily

consistent with the observed facts. Another important barrier to advocates of CP is to insure that
discrimination performance is not simply mediated by implicit
The sacred idea | am criticizing is categorical perception (CRyentification. That is, we always face the possibility that
or the perceived equality of instances within a category. The GRarticipants are making their discrimination judgments on the
of phonemes has been a central concept in the experimental #adis of identification rather than on their auditory
theoretical investigation of speech perception and has ald@crimination. Some tasks are more conducive to such a
spilled over into other domains such as face processing [1]. Gfediated identification process than others.
was operationalized in terms of discrimination performance

being limited by ident.ification performance- Over 40 Years ad@nvestigators of CP have been wedded to a verification strategy
researchers at Haskins Laboratories [2] used synthetic speg¢herms of simply looking for results that agree with their initial
to generate a series of 14 consonant-vowel syllables going framyition. with hindsight, we can observe that a quantitative test
/be/ to /de/ to /ge/ (fe/ as in gate). The onset frequency of the any alternative theory would have described the results
second formant transition of the initial consonant was chang@qlwa“y well. The inattention to alternative theories was
in equal steps to produce the continuum.  In th@artcularly detrimental to advocates of CP, because they failed
identification task, observers identified random presentations gf |earn that theories such as TSD and FLMP (grounded in
the sounds as /b/, /d/, or /g/. The discrimination task used thgntinuous information) also predict an orderly relationship

ABX paradigm.  Three stimuli were presented in the ord&getween identification and discrimination. Thus, good scientific
ABX; A and B always differed and X was identical to either A



practice would have nipped CP in the bud, and scientists wouldtegory. As an example, consider an auditory /ba/ to /da/
have had more time to spend with their families. continuum. The F2 and F3 transitions are varied in linear steps

. — e between the two endpoints of the continuum. The syllable /ba/
Not only did scientists see CP where it didn't exist, they alsg characterized by rising transitions and /da/ by falling

refused to accept negative findings. Consider a very simpig,sitions. Subjects might discriminate a rising from a falling
dem_onstranon by Barclay [3]. _U;lng a three - categoryansition more easily than discriminating two rising or two
continuum from B to D to G, he limited his observers o thgying transitions even though the frequency difference is
response alterr_1at|ves B and G. If the percept_lon Qf D WaSentical in the two cases. Direction of pitch change is more
indeed categorical, the responses to instances in this categ@iyriminable than the exact magnitude of change. This weak
should have been random. However, they were insteqgn, of cp would be due to a fundamental characteristic of

systematically related to their stimulus properties. This study yiiory processing and would not be a result of having speech
was only one of many falsifications, but the belief in CP did ncgategories. Thus similar results would be found in humans,

diminish. chinchillas, and monkeys and for nomsph analogs. However
it is important to note that discrimination between
3. OUTCOME VERSUS PROCESS instances within a category is still possible. In this regard, the
putative CP found with non-spch is no moreonivincing then
Even though the concept of CP has been controversidle results found in the spch domain. Altough this weak
almost from its beginning, it has survived this controversy arfdrm of CP might exist for a few distinctions, the majority of
can befound as fact in most introductory textbooks ispeech distinctions do not have this property [7].
perception, cognition, linguistics, and cognitive science. |
believe that one of the main contributions to this lasting 5. CATEGORICAL PARTITION

influence is that students of speech perception have equated the

necessary outcome of speech perception with the processes, . ynderstand why categorization behavior continues to
thatled up to that outcome. No one denies the fact thgt interpreted as evidence for CP. It is only natural that
speech perception requires categorical decisions.  When g.iin0us perception should lead to sharp category boundaries
mother points to a toy and asks her daughter to bring the balj, o 5 stimulus continuum [8]. Given a stimulus continuum
the daughter must decide between the ball and a nearby dlby s perceived continuously, we can defirgs an index of
There must be no ambiguity in her response. the degree to which the information represents a particular
category I. An optimal decision rule for making a discrete
On the other hand, there is no reason why the child hagigment would set a criterion value and classify the pattern as
only categorical information about the message. Within th@e categoryl for any value greater than this value. Given this
framework of the fuzzy logical model of perception (FLMP)decision rule, the probability of ah categorization would
we have argued that speech perception is influenced by multipljgpear as a step-like function across the stimulus
sources of information [6]. The use of multiple sources ofontinuum. That is, with a fixed criterion value and no
information in perception necessitates the fact that the SOUrq%iab”ity’ the decision operation changes the continuous
information are continuous rather than categorical. If a sourggnction given by the perceptual operation into a step
of information (such as an acoustic feature of speech) fgnction. Although based on continuous perception, this
perceived categorically, it is difficult to conceptualize how thafunction is identical to the idealized form of CP in a speech
feature would be integrated productively with other sources @fentification task It follows that a step function for
information such as visible speech ongliistic context. jdentification isnot evidence for CP because it can also occur
Sentential context, for example, would either agree or disagrgfen continuous information. Categorical decisions made on
with the categorization of the speechput. If the sentence the basis of continuous information can produce identification
context agrees with the speechpit, it canprovide no functions with sharp boundaries, and therefore cannot be taken
additional information. If the sentence context disagrees wilfy represent CP. Strictly speaking, of course, CP was
the categorization of the speecipit, however, the perceiver is considered present only if discrimination behavior did not
faced with a conflicting situation in which the context antexceed that predicted from categorization. However,
acoustic input are inconsistent with one another. It is importaahe should not have beenimpressed that discrimination
to note that these logical arguments are not the only reasons fhafformance did not exceed that predicted by categorization if
we reject CP. the discrimination task resembled something more akin to

categorization than discrimination.
4. MIMICKING CP
6. CONTINUOUS MEASURES

It is easy to create a situation to produce CP even though these

results are not representative of speech perception Mafe have accumulated, as have other investigators, a variety of
generally. Although sgech perception is contious, there may sources of evidence against the concept of categorical speech
be a few speech contrasts that qualify for a weak form @ferception. One approach to the question of categorical speech
CP. This weak form of CP would be reflected in somewhajerception is the use of continuous rather than discrete
better discrimination between instances fronperceptual judgments. Relative to discrete
different categories than between instances within the saqi@igments, continuous judgments provide a more direct



measure of the listener's perceptual experience. For exampbeototypical CP. That is, discrimination is predicted to be more
scientists have found that a binary response proved insensitagcurate between categories than within  categories. In
to the manipulation of anindependent variable whereatemonstrating its viability, the PME faces the same barriers that
confidence ratings revealed significant effects of this variabléave been difficult to eliminate in CP research. In standard CP
In these tasks, subjects were asked to rate the degree to whigsearch, it is necessary to show how discrimination is directly
they felt that the speech stimulus represented one alternativepoedicted by identification performance. In the PME
the other, rather than simply indicating which alternative wasamework, it is also necessary to show how discrimination is
presented. Categorical and continuous models ofedp directly predicted by a measure of category goodness. We can
perception can be formalized and evaluated against tleepect category goodness to be related to
distribution of repeated rating responsesetwh test stimulus identification performance. Good category instances will tend to
along a synthetic gmch contiuum [9]. Categorical and be identified equivalently, whereas poor instances will likely be
continuous models of spch perception make different identified as instances of different categories. Lotto et al. [11]
predictions about the distribution of repeated rating judgmentbserved that category goodness ratings are context sensitive in
to a given stimulus along some esgh contiuum. The the same manner than identification is. To control for this
results of both synthetic auditory and synthetic visual speedhfluence, they obtained the category goodness ratings in the
studies provide conclusive evidence that there is continuosame presentation context as the identification judgments. They
information available in speech perception. In agreement wifound that there was a direct correspondence between the
these observations, bimodal speech is also perceivgdodness ratings and the identification judgments. This
continuously rather than categorically [8]. correspondence is consistent with theories of continuous
perception.
7. REINVENTING CP
8. IMPLICATIONS FOR INQUIRY

Categorical perception continues to be reinvented in
new disguises. Researchers could short-circuit the stalenessNotwithstanding the three decades of misinterpreting the

CP by relabeling it (perhaps categoricaly). relationship between identification and discrimination of
auditory speech, we mustconclude that it is perceived
7.1 Perceptua| Equiva|ence continuously and not categorically [8]. Our research reveals that

visible and bimodal speech are also perceived

There was a short bout of enthusiam with so-called perceptt?aﬂm'nuousw' This observation pulls the carpet from

equivalence. Consider an experiment in which the silent closufffder current views of language acquisition that attribute to

duration and the vocalic formanttransition onsets werk'€ infant and child discrete speech categories [13,14]. Most
importantly, the case for the specialization of speech

independently varied to cue the distinction between the word® )
slit andsplit [10]. Silence between the noise of the initial /s/ and® weakened considerably because of the central role that the

the onset of the vocalic portion of the word is a cue for /pﬁssumption of CP has played [15]. Finally, several neural

Rising formant contours at the onset of the vocalic portion getwork theories such as single-layer perceptrons, recurrent
also a cue for /p/. Conversely, little or no silence and ﬂeﬂetwork models, and interactive activation have been developed

formants are cues faiit rather tharsplit. Different values of to predict CP: its nonexistence poses great problems for these

silence and formant contours can be chosen to produce diﬁergﬂ?dels'

stimuli that are identified equivalently in a labeling task. A 9. THE FUZZY LOGICAL MODEL

speech stimulus with a silence of 72 ms and with rising formant

contours was identified aplit about 82 percent of the Given the demise of CP, we are now faced with a

time. The same identification proportion was found foreesp more challenging situation in that we must address how

stimulus with a silence of 104 ms and with flat formanmultiple continuous sources of information are evaluated and

contours. According to proponents of perceptual equivalencétegrated to achieve a percept with continuous information.

these two speech stimuli are perceptually equivalent areith Kluender, a talented and productive researcher, who has

difficult to discriminate from one another. However, we knowstudied speech perception from almost all possible perspectives,

that these two items are easy to discriminate from one anotheisummarized his understanding in the following manner [16].
There are no auditory discontinuities in speech; each distinction

7.2 Perceptual I\/Iagnets has multiple stimulus attributes; and experience is critical.
These conclusions are the bedrock of the FLMP.

More recently, the perceptual-magnet effect (PME) has had a
tremendous impact on the field, and has generated a great deal
of research [8]. The critical idea is that the discriminability of a
speech segment is inversely related to its category
goodness. Ideal instances of a category are supposedly very
difficult to distinguish from one another relative to poor
instances of the category. If we understand that poor instances
of one category will often tend to be at the boundary between
two categories, then the PME is more or less a reformulation of



