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Over the last dozen years, there has been much speculation
concerning the possibility of auditory underpinnings to the structure of
phonemic categories. Support for this hypothesis is usually drawn from
- swdies of categorical perception, a mode of perception in which it was
originally supposed that sounds can only be discriminated from one
snother to the extent to which they are labelled differently. This is
meant to contrast with the more common situation, often called
+ "continuous perception”, in which the ability to discriminate far
outstrips the ability to label differentially (Miller, 1956). Practically
. speaking, & continuum is,said to be categorically perceived when there
is: (1) a sharp categorization function, (2) a peak in the diserimination
- function at the category boundary and (3) near-chance discrimination
performance within categories (Studdert-Kennedy, Liberman, Harris,
and Cooper, 1970). Categorical perception was initially thought to be
-}:onflned to speech sounds, and to arise from a reference to some
aspect of the articulatory process (Liberman, Cooper, Shankweiler, and
Studdert-Kennedy, 1967). Since then, the phenomena of categorical
perception have been obtained with a number of nonspeech auditory
continua, and even with visual stimuli (e.g., Pastore, Ahroon, Baffuto,
Friedman, Puleo, and Fink, 1977). These studies gave rise to the idea
that "categorical perception" need not rely on the use of categories at
all; but could arise simply from a non-uniform discriminability across
the stimulus continuum. Few would argue against such a possibility.
More controversial are the “notions, put forward most concisely by
Stevens (1981), that these auditory sensitivities are responsible for the
Categorical perception of speech sounds, and are the basis for all
Pho‘nemlc categories,

:‘-‘" There is relatively little evidence supporting this point of view.
teeur.rit:uns ourselves only to studies with adult human  listeners, all of
“o«‘i:l concern the voicing distinction in initial homorganic |:m:|5‘|vej
“9%7)' Both Miller, Wier, Pastore, Kelly, and Dooling (1976) and Pisoni
that hhave demogstrated categorical pel:cgplion of nonspeech continua
signal al:e acoustic _characterlstlcs reminiscent of those which can
B it the voicing distinction in plosives, Pisoni's work has attracted

iucorpomme scrutiny because he claimed that the acoustic contrast
Py Tated in his continuum is the primary acoustic contrast
. oyed by listeners in perceiving the voice-onset-time (VOT)

-
+ Thi.
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FIGURE 1, Mean results from a
task requiring the judgement of
the relative order of onset of
two tones. Points to the right
of 0 on the abscissa indicate
that the higher tone led the
lower. Points to the left of 0
indicate that the lower tone led
the higher. The ordinate
indicates the percentagé of
times the subject reported that
the high tone led the low. The
smooth curve is fit by eye to
the original data points.
Redrawn from Figure 4 of Hirsh
(1959) including only those
points that deal with two-tone
stimulus complexes.

The accuracy of the subjects'
increasing separation of onset ~ times,
summarized this result by choosing

misinterpreted  since  its  firg

been marshalled in support of both
the adequacy of auditory processes
perception of VOT continua.

Hirsh's (1959) primary
interest  was in the ability of
listeners to determine the order
of occurrence of two sounds as
a function of the temporal
disparity between their onsets,
A variety of different sounds
were used, but we need only
concern ourselves with the
results with two pure tones, as
these are most comparable to
Pisoni's (1977)  stimuli. The
experimental paradigm was
simple. A particular  stimulus
consisted of two sinusoids of
different frequencies, with a
range of relative onset times
varying from -60 to +60 ms (i.e,,
the low frequency tone starting
60 ms before the high frequency
tone to the high starting before
the low by 60 ms). The two
sinusoids terminated
simultaneously and were about
500 ms long. Five subjects
listened to the stimulus complex
played repetitively until they
could decide which of the two
tones came first, the lower or
the higher. Figure 1 shows the
results, averaged over the five
listeners and the five possible
frequency pairs.

responses improves smoothly with

Hirsh, as is commonly done,

the point at which the subjects

were performing at a level of 75% correct, concluding that a little less
than 20 ms was needed to resolve the order of events. Note also that

“fflat

e
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re is no constant error: when the onsets of the two stimuli are
[h;ulmneous‘ subjects say the high tone leads the low as often as
i'l.,e\‘ say the low leads the high.

The first suggestion that the discriminability of Hirsh's stimuli
might be non-uniform was advanced by Mxll_er et al. (1976) who
supposed that distinct percepts occur as one increases the separation
of the two onsets: "Thus, as the amount by which the high tone
precedES the low is increased, perceptual boundaries or thresholds ar.e
crossed corresponding to the perceptual effects of nunsm'!ulxaneu),
Gestalt sequence with obvious ordering, and ordered onsets of two
distinct  percepts... one would expect to r'fmd perturban::ns in the
Weber fraction at the perceptual boundaries. Hirsh did not perform a
discrimination  experiment but  such perturbations  should evmenc‘e
themselves in the labelling function. A_s noted above, however, Hirsh's
data shows a smooth increase in subject performance with increasing
onset separation, and no evidence of discontinuities.

Pisoni (1977) rook Miller et al.'s suggestion and performed both
|abelling and discrimination experiments with a continuum closely
modeled on Hirsh's stimuli, with some slight differences. Pisoni used a
single two-tone complex with components at 500 and 1500 Hz. Th.‘"
relative onset tmes varied from -50 to +§0 ms. For the labelling
experiment, subjects were first trained with feedback to respond
appropriately to the endpoint stimuli, -50 and +50 ms. After 320 trials
in a random order, the -30 and +30 ms stimuli were introduced for a
further 160 trials with feedback. During the identification experiment
proper, all 11 stimuli were presented in a random order (15
presentations per stimulus) without feedback. Pisoni presented the
results for each of the eight subjects individually. For six o_f the
eight, the category boundary occurred not at 0 ms, as it did for
Hirsh's subjects, but in the region where the high tone led the low by
15 to 25 ms. In order to compare the results from the two studies in
more detail, we took the average results from both Hirsh t|959_l and
Pisoni (1977) and fitted cumulative normal curves to them using a
maximum-likelihood technique (Bock and Jones, 1968, also knuw_n n:s
probit analysis). The estimated category boundary was 0 ms for ngsh‘s
study and 13.6 for Pisoni's. Also, the slope of the curve .f:t to lesths
results was about 1.7 times shallower than the slope fit to Pisoni's
indicating that Hirsh's subjects were rather less sensitive to changes
in relative tone-onset-time than Pisoni's were. This is also reflected in
the fact that Hirsh's subjects never did better than a 95% correct
labelling of the order of the tones, even when there was 60 ms
between the two onsets, while Pisoni's subjects averaged about 99%
correct for onset asynchronies of +50 ms.

There are a number of differences between Hirsh's and Pisoni’s
studies which may be responsible for the discrepancy in the obtained
category boundary. The three minor differences in the stimuli do _nut
seem to account for the differences in results. Firstly, althpugh Pisoni
used other frequencies for his two tones than Hirsh did, Hirsh used a
variety of frequency pairs (250-300 Hz, 250-1200 Hz, 250-4800 Hz,
1000-2000 Hz and 1000-4800 Hz) and obtained nearly the same results
in all cases. Secondly, Hirsh's tones were typically at nearly the same
intensity level?, whereas Pisoni's 1500 Hz tone was tg dB lower in
intensity than the 500 Hz tone. Pisoni, however, varied the upper
frequency tone over a 24 dB range (-12 dB to +12 dB re the level of
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the lower tone) and found no differences in the category I;mum:lz;u-,eg
obtained in labelling. Finally, Hirsh's stimuli had a base durati

0 X on of
500 ms, whereas Pisoni's were 230 ms. Perhaps categorv boundarieg on
tone-onset-time continua shorten with increasing base duratjgp

Pastore, Harris, and Kaplan (1982), however, found category houndarie,
to increase with increasing stimulus duration.

Having ruied out stimulus differences, then, the most likely
cause of the discrepancy is the task set the subjects. Differences jp
Instructions to the subjects may have caused them to attend to
different aspects of the stimulus complex. Hirsh asked his to ldentify
which of the two tones came first - instructions that favour 3
category boundary at simultaneity. Pisoni trained his subjects to
respond differentially to exemplars of each category on the continuum
and gave no verbal labels to the important stimulus characteristics,
One other factor may be important. Pisoni gave feedback in initial
training with stimuli at relatively extreme positions on the continuum,
Hirsh (1959) makes no explicit statement about whether feedback was
used or not, but informs us (Hirsh, personal communication) that
feedback was never given. Had feedback been given on each trial, this
might have encouraged the subjects to place their boundary at a value
near 0 ms in order to maximize their performance.

A few other stwudies have investigated the labelling of
tone-onset-time continua. Pisoni (1980) used the same continuum as
previously in an adaptation study. Only the baseline results li.e., an
ordinary labelling experiment) need concern us here. Four such
experiments were run. The obtained boundary (averaged over subjects)
varied from 8,3 to 17,9 ms, for an overall mean of 13 ms, nearly
identical to the value we calculated previously for the 1977 study.

Summerfield (1982) also  explored the perception  of
tone-onset-time continua. Four frequency pairs were possible with 2500
Hz always as the upper frequency tone. The lower frequency tone was
at 200, 300, 400, or 500 Hz. The relative levels of the tone were set
to match the relative levels of the formants in a set of analogous
voice-onset-time stimuli, and so varied with the frequency of the
lower tone in the pair. The level of the upper tone was therefore -8,
-5, 0 and, +4 dB relative to the level of the lower tone for the
frequencies of 200 to 500 Hz, respectively, In Experiment |,
Summerfield used an adaptive technique to estimate the category
boundary and found the four-subject mean to decrease monotonically
from 20.6 ms to 11.7 ms with increases in the frequency of the lower
tone. In a more typical labelling experiment, in which all the stimuli
occurred equally often, there was no significant change of the
category boundary with frequency of the lower tone. The mean
boundary (over subjects and conditions) was 21.5 ms. This is quite
different from the 13 or so ms Pisoni has consistently found, and very
different from Hirsh's boundary of 0 ms. In this latter experiment
however, no negative tone-onset-times occurred, only values between 0
and +60 ms. As is well known (Parducci 1965), the range of values
used in labelling experiments is an important determinant of the
category boundary obtained for both nonspeech and speech (see Howell
and Rosen, 1984, for a review) so it is perhaps not surprising that
Summerfield found a longer category boundary in this case. If range
effects were important, his own adaptive studies, which used @
continuum extending down to values of -20 ms, would be expected 10
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how shorter category boundaries. Consistent with this ﬁrednccnogg t::
b : e as 14,9 ms lignoring the influence

. category boundary was o8 J ; . e
mea:em-\ éwm the lower tone). It also seems likely that Summe;he:di

c i E w
"egrumlum. to label the stimuli as to wh‘tl'.:her the “Dnse!s of the ;e
i oﬁenl tones were "simultaneous" or "successive wol_xld encourag
:‘{,’g}:mh to place their category boundary at a positive relative

onset-time.

It is important to resolve these serious dlf[eret:!ces. espesl::::}‘-
in the light of common misinterpretations of what Hirsh's data ac 3
i There are many comments in the literature (one pf them ours
f;:r.xmply -or state that Hirsh's data shnwmsume ev:dg:ce [L:-as]:
i tinuity in discriminability near ms. ?s
::iss‘l::ttrpretérnon has to do with the nature oftavaprs,\c::g;:;!l;
function. Hirsh found performance in his experiments (:ed gm i)
o e e e Tow urvesc potuc (U el ta
followed tradition in choosing T
his data. He could just as well have picke b T g
;:r::‘n(ar;zems as the crucial time, or, perhaps mogrg%apprnpnaat:;);t f;(r)
linguistic use (to ensure more reliable reception), giving
ms. None of these choices is preordained.

i i ily appreciated when
The fallacy in reasoning may be more eas
applied to a simple psychophysical continuum. Suppose sub?];ct:B wsePrle'
presented with a continuum of sounds varysr!lgl l;gmo 69'5(:?[“ Fhagils
1 dB steps and asked to label them as "lou B .
ir?m! they haz a category boundary at 65 dB and, bz mtfrpolauon. ;r;::
a stimulus of 66.5 dB was necessary for the label qual lou occur 7 o
of the time. If we consider all stimuli above EZBdBI ads ‘louqm,%wecorrn:gct
ay that presenting a sound at 66.5 e 0
Blesr"for-:naym:e. Sop!ar so good. But would we then want to argue that
rhe pair of stimuli 65 and 67 dB were inherently more.dlscrimmaple
than the pair 68 and 70 dB because they straddled this (arbitrarily
defined) 75% point?

i from Hirsh's
By the same token, there Is no reason to suppose dix
labelling yfuncuun alone that d‘m:rlminat:»illt'yI bethwee"ha;g“e-wu:s:::“::?:
stimuli will be better around 17 ms. On the other :
preclude such @ possibility. This requires a somewhat mpre complicated
analysis.

i i Iling
n predict a discrimination function from Hirsh's labe t

data urmir“sm:e simple and fairly reasqnable assumptlonst; lU’i::nagl
Thurstonian Case V analysis {(assuming a um_-dimensl.onai psyc :og o
continuum where stimulus densities are Gaussian distributed u;ud vt;:!“
variance; see Torgerson, 1958, for detml:) we take thanormu” l:“ ke
of the proportion of "high pr d _Iow Judg (Figure il B
scale values for each of the stimuli. In order to predict pe thor
in a discrimination task for, say, two-step comparisons (USI-:I y-s:ep
most informative with stimulus spacings commonly used, as tl re: en
comparisons often show ceiling effects near perfect perlorn;an(;h e
one-step comparisons often show floor effects at Ch“ce'kinethe
values between the appropriate stimuli are computed by ta gtheue
difference between the scale values3, We can then convert T
values into the proportion correct that might be expectedd ’nia“ed s
task using a method based -on signal detection theory evc:' u][)(a hmy
Macmillan, Kaplan, and Creelman (1977) and the tables o plan,
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Creelman (1978). Since this transformation

Incre
It will preserve any peaks in the d' function SUE?ES
I8 not crucial whether we examine d' or p‘rDDor“gr
F n

Use the latter for a later comparis i
parison to Pisoni's
re 2 shows the final outcome. 3 Ui

. As we argued from the
labelling function, there s pgo
4 increased sensitivity around

-

E' N i tone-onset-times. of 20 ms., QOp
E \ the other hqnd, discriminability
A | / \\ 4 15 not uniform across the
Tg“!‘ : s ] continuum. The discrimination
g / function is significantly peaked,
& with best discrimination nea,’-

simultaneity, O ms. Under the
assumptions we have made,
performance is simply a'
monotonic transformation of the
flrirwa[uve of the labelling curve,
erefore, the peak is

ESULIIIE:EMZ; 5?12|xl‘dlscnmma'|mn reflection of the fact that th:
fesuee, i uli varying in labelling function is steepest at

tone-onset-time its centre and flattens toward:
predicted from Hirsh's (1959) its edges, as is clearl o
data of Figure I. Figure ].' e

o
(r—F -

W, 0 s
Separation of Onset Times (ms}

i im‘Thris remr.li( might be expected if Weber's Law described the
rimination of relative onset time. Remember
L L . that we have d
predictions for discrimination based i il
S on a fixed 20 ms diff
between sumuli; if the differenc i et
; e hmen for different values of relati
S.rrl;:l ‘;;mio‘::sh:;xonti?nel bw' the magnitude of the relative u;;‘::
n Veber's Law applied), then the
constant 20
;n: e::hapge shquld lead to best performance a; the shortest relative
incsr times (lfe. s;multa_:sellyl, which decreased monotonically with
:hateat;leng rglgll\lrelo;:slel time, just as we have found. This also implies
original labelling function of Figure 1 sho
! ! t uld be more linear
:;:::; :.mlog:fntgmnc_dlransfurm;uon of the relative-onset-time axis. We
onsideration ms relative onset time \
cannot be log-transformed. Takin i b
. advantage of th
Hirsh's results around 0 m y ; g o il
s, we average the absolute values
\ : of the
?io"l.’;nsalfdewal::s corresponding to performance at each of the six onset
i r]:m »hto 60 ms, (In other words, we average the performance
s with that of 10 ms, -20 ms with that of 20 ms, and so on.)

These values are plotted a i
s a func &
time in Figure 3. tion of linear and log relative onset

With the linear scalin i
i g on the left of Figure 3, we see the
;uurvatu;g hcuf_ the f_uncnon already displayed in Figure I.“ a decreasing
logl:ithn'i:c lsllcrleau:g onset time. When the stimuli are plotted on a
ale, however, the slope of the curve s i
2 eems to remain
'?I?Pr:jll:l'“t out to the longest‘ relative onset times measured. This is
support for the notion that Weber's Law holds for these

stimuli, and that no i i i
2% ms.' speqlg] acuity exists for relative onset times near
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Propartion Correc

W £ 5 1 ¥ 80
Separahon of Onset Times (ms

FIGURE 3, Linear and
logarithmic scaling of Hirsh's
(1959) data {seen in Figure 1),
averaged over positive and
negative relative onset times, as
a function of the absolute value
of the relative onset times, The
value for a separation of 0 ms
is not used because it cannot be
logarithmically scaled. The
smooth curve on the left is fit
by eye to the data points; that
on the right is a least-squares
straight-line fit.
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Pisoni (1977) found

quite a different result when he
presented his stimuli n a
standard ABX two-step (20 ms)
paradigm. Although he also
found a primary peak in the
discrimination function, it

occurred at a value of 10 to 20
ms. This correspondence between
the peak of the discrimination
function and the category
boundary obtained in a labelling
experiment was taken as
evidence that the
tone-onset-tme continuum was
categorically percewed‘l. Pisoni's
data is quite convincing on this
point, and it was therefore
argued that both the labelling
boundary and the discrimination
peak were due to auditory
processes. This claim was
strengthened by the
demonstration that the subjects’
discrimination performance Wwas
not a result of their using the
previously-learned labels;

subjects with no previous experience of identifying the stimuli showed
the same pattern of discrimination, Contrary to many claims, however,
this result is not compatible with Hirsh's (1959) findings.

Hirsh's results have,
misinterpretation by workers in
cited, soon after they appeared,

however, a long history of
speech perception, They were first
in

a study by Liberman, Harris,

Kinney and Lane (1961) who considered Hirsh's stimuli to incorporate a
similar ascoustic contrast to their own VOT stimuli. Before we can

address that issue, however, we will

detail,

need to describe that study in

Liberman et al. (1961) demonstrated categorical perception for a

/do/ to /to/ continuum in which

onset of the first formant (FI)

relative to the upper formants was progressively delayed from 0 to 60
ms in 10 ms steps. A nonspeech control condition was also included in
which the Pattern Playback schematic spectrograms were turned upside

down and further modified before use.

These were not heard as speech

and resulted in a continuum in which the third and highest formant

had its onset delayed relative to

the two lower formants. Strictly

speaking, it was not possible to say anything about the categoricalness
of the perception of the nonspeech stimuli as they were not presented
for labelling, only in the ABX discrimination paradigm. Discrimination

performance for these stimuli

the speech stimuli, however, and

was much inferior to that obtained for
it was concluded that (assuming the

control to be fair) the performance obtained with speech could be
interpreted as an example of distinctiveness acquired through learning.
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N et al. also compared their results to those obtaineg

8¢ stimuli they considered another nonspeech control for
sumuli, Two claims were made: first, that the overaj
exhibited by Hirsh's subjects judging the nonspeech
was inferior to Liberman et al.'s subjects  judging the

N continuum, and second, that the speech discrimination functiong
iF¢ peaked, unlike the discrimination functions from nonspeech.

Liberman et al.'s primary error is a misinterpretation of the
nature of Hirsh's experiment. They seem to comsider Hirsh's results as
a discrimination tunction, instead of the labelling function it 1s. Thus,
Hirsh's finding of 75% correct performance with relative onset times of
about 17 ms is compared to their own finding of 75% correct
performance in an ABX task with less than 12 ms difference in time
of onset on the Fl-cutback continuum. Only the speech labelling
functions of Liberman et al. can be directly compared to Hirsh's
results. This comparison, when made, leads to much stronger support,
in fact, for Liberman et al.'s assertion of acquired distinctiveness for
the speech sounds. They state ".... in every case a change of 10 msec
in the first-formant cutback is sufficient to shift the responses from
75% /d/ to 75% /t/..." while Hirsh's data show that a change of about
35 ms in relative onset time is necessary to shift the responses from
75% "low leads high" to 75% "high leads low",

Our analysis summarized in Figure 2 is needed to address
Liberman et al.'s second claim: "One finds in Hirsh's  results no
indication of the sharp peaks so clearly evident in the discrimination
functions of the present experiment". This is equivalent to looking for
sharp peaks in the speech labelling functions! The discrimination

function we have predicted from Hirsh's data does, in fact, show a
clear peak.

On the other hand, here we can confirm again Liberman et
al.'s assertion that performance with the speech continuum is far
superior to that obtained with nonspeech. For a 20 ms difference in
relative onset time, we predict that Hirsh's subjects would obtain, at
best, 61% correct in an ABX discrimination task. Liberman et al.'s

subjects, as noted above, did about 75% correct with differences of
slightly less than 12 ms,

This reanalysis of Hirsh's data in no way impugns the
substance of what Liberman et al. (1961) were saying. As we have
noted, performance with the speech stimuli is much better than that
obtained for the nonspeech stimuli. Furthermore, even though Hirsh's
data  may, contrary to Liberman et al.'s assertions, contain
discrimination peaks, they are not in the same place as the peaks for
the speech continuum (about 20 to 30 ms),

If however, we take Pisoni's (1977) results as a nonspeech
control condition, few of these points hold. Taking only the data from
the 5 best subjects of 8 (Liberman et al. used the best Ll of 20), the
labelling functions seem to be as sharp as, and their discrimination
abilities at least roughly equivalent to Liberman et al.'s subjects. Also,
there is a significant peak in the discrimination function at a value
not too far from the one obtained with speech,
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: ' there is the problem of the

figdy quesuona"Sr}el:'!;tal{nj.gss;lrsrhldmgs and the more rece_nfl z‘n):f
discrepbecy hei\\e?gBOJ and Summerfield (1982). Second, even )| i
e il upheld, their theoretical undf‘rpmmngs’ are En d;hé
La:erlresul[‘s ar:medp explllcable on the basis of*a lJmltdt;onCt:on be
i sef' the order of events since the fabelling fun ki
i ldemi-) tric. Pisoni and Summerfield's asymmetric labe uegs
o sl swm}:r:lem x:: more to it than that, although Pisoni arlgtmn
funci'[ml?!s\ ":;1‘:{\ n‘ is su-c'n a limitation that uhndegllisr”:?;:u:’:e [E:znon’
BRI i ] k in the disc
Ofp[hhc Cﬂligutl;]_\‘e ténazgda::‘ne d:r‘(jml[tii“ef::ct similar dhlsc;lmir';ai;lnunqrspea[l;!s”;n]
10 3 ; jow tone led the ig . :
el opetnien IS o subjects {Experiment 11}, \me.n
e hﬂa\:a evif]???m;ugt{malnn?ejzconda]ry discrimination peal\k i: t:hr:z
gveragEQ,- dr|U Shn it is considerably smaller than the pea[ g e
e ough high tone leads the low. Furthermore, Odid s
it ey ool [refurmed at levels above chance (one "subjeclt A high':
e :h:: ?:vamciag discrimination peaks in llthe low lea
D:?i'ons vfhloie all show peaks in the "high leads low" region.
r ¥

i ined
Third, there is the problem of the varlzb;lsuty [;:r [;I;e fahl;:ll:ng
. i i dern studies.
jes even in the mo e
plobni islm‘:ir:i::mined by a natural auditory 9roper[y,tht:e i
iua':[dlo:-].gs should be invariant over mampulanons[ 3[2.5 A
lml.u'lul? presented. Our interpretation of Summerfie
stim i

suggests this 1s not the case.

- amon

Only empirical studies can resolve thgse :S;“e!’v’vi:‘m:a:;niculaf
these would be a replication rur I::ris:gs {ilns.‘sin,aclslounsy to the subject,
emphasis on “‘;ﬂnﬁﬁc‘DS;C"“;“Y;“' investigations are des“ael:li]ml:
SeERES mures the discriminability of changes In wne-donsb the
ardgy wn as-:s::linuum. and how these changes are a”“‘ecumgunent
?rcew::nc[yennd amplitude relationships between 'th: hzlwvz been made
ton?zs of the complex, Initial forays in thiis cizeckic

by Pastore et al. (1982).

i i rder
These studies would be well worthwhnleheven gept;gl:or:rl SDiCB
asi for the per

i ificati es not form the basis i
.u:es':lm(c:::éon AgoHirsh originally pointed out, deterrdru:)i:lg ;ch:;ﬂon B
auditor e;fents is still an important aspect o; au \undirstanding ol

seneraly with wide-ranging implications or
perceptlion of music and speech.

FOOTNOTES

i ion of
. Cutting and Rosner's (1974) study of the categor!c_:le p:;:ﬁﬁ:‘a o
n;.\nspeecl'n3 "pluck"/"bow" and voiceless ﬂffflca[efﬁ'lc:;l ity consiéerEd
i i i time, w
based on variations in Trise il
Iol'ff]l::‘hnl;t‘;] w?;e this regard. Unfurmnalely._ their l;esmatsreview.
withstood replication. See Rosen and Howell (in press) for

i mplex
2, Hirsh (1959), at least for the condition wnere h(oh: sscuaT:h:i c:sc;!pthe
contained tones at 250 and 1200 Hz, used t eaop i denle 8N
tones to be equal in loudness at a level of bp o loige gl
tones in the other four two-tone conditions to ﬁes L
level, the intensity difference between the two to
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fand  often  smaller) E Z 7]
5 than 2 dB (Fletcher and M
; d uj
dition Hirsh varied the level of the 250 H: tone, sctlmn,sqn
Dhnna.’_ and found resules "... not very difterent lrumé' W
ness  case. Note though, that in Pisoni's main ity

| exper
I frequency tone was the more intense. ST

n.:“;fsc?::m:f::: a Ilnk-_ odd in that we are making the ASSUMptign
i i ('re-ils p‘rt-dlctable frcm_ identification or, in Macmillap
cmegnr'ma]lr ercm& m?’ns (1977)  definition, that the continuum g4
i (lﬁ??ﬁ g \;ea hl-l is legitimate here because Pynn, Braida, and
it ran[.;c d} ‘0 t..n in experiments where the signals span
i 'are- alcrnlmna(lon distances  inferred from identification
R S 2 Cust.. to those estimated directly. That Hirsh's (1959)
A m:n sll.g;]zifs only spuén absmail range 1s attested to by the faer
never do better than about 959 2
extremes of the range, even though only two ca(eg\'.mrlzsjn arceoj;;evcotlvtflrj i

4. B i b i

o J:;}Jm per;adwlv;‘eéha:rrc:'::c phesk Inl; ;lhe obtained discrimination function
the labelling function using th

Pl : e S0=

Haskins formula". This formula can also be applied to Hirsh's 1;@1”3

data, which then predicts a di
s¢ i
Ji wa ot ek e rimination function peaked at 0 ms,
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