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IS THERE A NATURAL SENSITIVITY AT 20 MS IN RELATIVE 
TONE-ONSET-TIME CONTINUA? A REANALYSIS OF HIRSH'S (1959) 

DATA*  

Peter Howell 

Department ofof Phonetics and 	 Department of Psychology 

DSLtienga%Cti sties University College London 
University College London Gower St, 
4 Stephenson Way, 	 London, WC IE 6BT, 
London, NW! 2HE, U.K. 

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 
studies of categorical perception, a mode of perception in which it was 
originally supposed that sounds can only be discriminated from one 
another 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, 19561. Practically 
speaking, a continuum is„said to be categorically perceived when there 

(1) a sharp categorizbtion function. 121 a peak in the discrimination 
function at the category boundary and (31 near-chance discrimination 
performance within categories (Studdert-Kennedy, Liberman, Harris, 
and Cooper. 19701. Categorical perception was initially thought to be 
:confined to speech sounds, and to arise from a reference to some 
aspect of the articulatory process (Liberman, Cooper, Shank welder, and 
Studdert-Kennedy, 19671. Since then, the phenomena of categorical 
perception have been obtained with a number of nonspeech auditory 
continua, and even with visual stimuli 1e.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 discriminabIllty 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 
ephaatengeomriiccaclatpeegr:rieepst.ion of speech sounds, and are the basis for all 

• There is relatively little evidence supporting this point of view. 
Restricting ourselves only to studies with adult human listeners, all of 
these, concern the voicing distinction in initial homorganic plosive 
!kW. Both Miller, Wier, Pastore, Kelly, and Dooling (1976) and Pisani 
;1,7.7: have demonstrated categorical perception of nonspeech continua 
that have acoustic characteristics reminiscent of those which can 
Signal the voicing distinction in plosives. Pisoni's work has attracted 

more scrutiny because he claimed that the acoustic contrast 
____:hoitsPoti,:tredi, . in his continuum is the primary 
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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 percentage 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. 
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Wit 1101 uddrres Ihisl issue here. Our curt eni runners Will 
Illy. 01 i, natural audttrim sensitivity at a. perhaps. not 

PPedIclutiti point. vet morn oddly. It in widely supposed 
-Paull n Ionnununl with what Hirsh 11959) turd in a set of 
MIAOW More wide-ranging experiments. In f act, Hirsh's 

Ste quite different from P.soni's in a number or ways. We shalt 
th01 Hirsh's study hos been misinterpreted since its first 

Pvesrtmc., and, ironically, has been marshalled in support of both 
Ides of a contrnversi concerning, the adequae2 of auditor) processes 

OS a basis for the categorical perception of VOT continua. 

Hirsh's 	11959) 	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 
the low frequency tone starting s. 
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. 

The accuracy of the subjects' responses improves smoothly with 
Increasing separation of onset times. Hirsh, as is commonly done, 
summarized this result by choosing 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  
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there is no constant error: when thy onsets of the two Stimuli are 
simultaneous, subjects say the high tone leads the low as often as 
'they say the low leads the high, 

The first suggestion that the discriminability of Hirsies stimuli 
might be non-uniform was advanced by Miller et al. 119761 who 
supposed that distinct percepts occur as one increases the separation 
of the two onsets: "Thus, as the amount by which the high cone  
precedes the low is increased, perceptual boundaries or thresholds are 
crossed corresponding to the perceptual effects of nonsimeltaneity, 
Gestalt sequence with obvious ordering, and ordered onsets of two 
distinct percepts... one would expect to find perturbations in the 
Weber fraction at the perceptual boundaries.' Hirsh did not perform a 
discrimination experiment but such perturbations should  evidence 
themselves in the labelling function. As noted above, however, Hirsh's 
data shows a smooth increase in subject performance with increasing 
onset separation, and no evidence of discontinuities. 

Pisoni (19771 took Miller et al.'s suggestion and performed both 
label ling 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. Their 
relative onset times varied from -50 to .50 ms. For the label ling 
experiment, subjects were first trained with feedback to respond 
appropriately to the endpoint stimuli. -50 and .50 mu. 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 ex periment 
proper, all I stimuli were presented in a random order (15 
presentations per stimulus) without feedback. Pisani presented the 
results for each of the eight subjects Individually. For six of 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 (1959) and 
Pisoni (19771 and fitted cumulative normal curves to them using a 
maximum-likelihood technique (Bock and Jones. 1968, also known as 
probit analysis). The estimated category boundary was 0 ms for Hirsh's 
study and 13,6 for PIS0111.5. Also, the slope of the curve fit to Hirsh's 
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 Pisonrs 
studies which may be responsible for the discrepancy in the obtained 
category boundary. The three minor differences In the stimuli do not 
seem to account for the di fferences In results. Firstly, although Pisani 
used other frequencies for his two tones than Hirsh did, Hirsh used a 
variety of frequency pairs 1250-300 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 level2, whereas Pi sonf's 1500 Hz tone was 12 dB lower in 
Intensity than the 500 Hz tone. Pisoni, however, varied the upper 
frequency tone over a 24 dB range 1-12 dB to .12 dB re the level Of 
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the lower tone) and found no differences in the category boundaries 
obtained in labelling. Finally. Hirsh's stimuli had a base duration of 
500 ins. whereas Pisoni's were 230 ms. Perhaps category boundaries  on  
tone-onset-time continua shorten with Increasing base duration, 
Pastore. Harris, and Kaplan (19821, however, found category boundaries 
to increase  with increasing stimulus duration. 

Having ruled out stimulus differences, then, the most likely 
cause of the discrepancy is the task set the subjects. Differences to 
instructions to the subjects may have caused them to attend to  
different aspects of the stimulus complex. Hirsh asked his to identify 
which of the two tones came ftrst - instructions that Naomi a  
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 continumn. 
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 studies 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 (i.e., an 
ordinary labelling experiment) need concern us here. Four such 
experiments were run. The obtained boundary (averaged over subjects) 
varied from B.3 to 17.9 ms, for an overall mean of 13 ma, nearly 
identical to the value we calculated previously for the 1977 study, 

Summerfield 	(19821 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 net of analogous 
volCe-onset-time stimuli, and so varied with the frequency of the 
lower torte 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 1, 
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. an 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 tower tone. The mean 
boundary (over subjects and conditions) was 21.5 ms. This is quite 
different from the 13 or so ms Pisani 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 19631, 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 Rotten. 1984, for a review) no it Is perhaps not surprising that 
Summerfield found a longer category boundary in this case. ff range 
effects were important, his own adaptive studies, which used a 
continuum extending down to values of -20 ms, would be expected to  
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show shorter category boundaries. Consistent with this prediction, the 
mean category boundary was 14.0 ms (ignoring the influence of the 
frequency of the lower tonel. It also seems likely that Summerfield's 
instructions to label the stimuli as to whether the onsets of the two 

component tones were "simultaneous" or "successive" would encourage 

subjects to place their category boundary at a positive relative 

onset-lime. 

t is Important to resolve these serious differences, especially 
in the light of common misinterpretations of what Hirsh's data actually 
show. There are mans comments in the literature lone of them ours) 
that imply or state that Fltrsh's data show some evidence for 

discontinuity 	in 	discriminability 	near 	20 	Ins. 	This 	basic 

misteterpretation has to do with the nature of a psychometric 
function. Hirsh found performance In his experiments to vary smoothly 
with increasing onset separations, and, as we pointed out above, 
followed tradition ie choosing the 75% correct point 117 ms) to 
summarize his data. He could just as well have picked 60%, giving 

about 5 ms as the crucial time, or, perhaps more appropriately for 
linguistic use (to ensure more reliable reception(, 90% giving about 30 
ms. None of these choices Is preordained. 

The fallacy in reasoning may be more easily appreciated when 
applied to a simple psychophysical continuum. Suppose subjects were 
presented with a continuum of sounds varying from 60 to 70 dB SPL 
in 1 dB steps and asked to label them as "loud" or "soft". We might 
find they had a category boundary at 65 dB and, by interpolation, that 
a stimulus of 66.5 dli was necessary for the label "loud" to occur 75% 
of the time. If we consider all stimuli above 65 dB as "loud", we might 
also say that presenting a sound at 66.5 dB led to 75% correct 
performance. So far so good. But would we then want to argue that 
the pair of stimuli 65 and 67 dB were inherently more disci-minable 
than the pair 68 and 70 dB because they straddled this (arbitrarily 
defined) 75% point? 

By the same token, there is no reason to suppose from Hirsh's 
labelling function alone that diacriminability between tone-onset-time 
stimuli will be better around 17 ms. On the other hand, we do not 
preclude eaciusde such a possibility. This requires a somewhat more complicated a   

We can predict a discrimination function from Hirsh's labelling 
data under some simple and fairly reasonable assumptions. Using 
Thorstonian Case V analysis (assuming a uni-dimensional psychological 
continuum where stimulus densities are Gaussian distributed with equal 
variance; see Torgerson, 1956, for details) we take the normal deviates 
of the proportion of "high precedes low" judgements (Figure 1) as the 
scale values for each of the stimuli. In order to predict performance 
in a discrimination task for, say, two-step comparisons (usually the 
most informative with stimulus spacings commonly used, as three-step 
comparisons often show ceiling effects near perfect performance and 
one-step comparisons often show floor effects at chance), the d' 
values between the appropriate stimuli are computed by taking the 
difference between the scale values3. We can then convert these 
values into the proportion correct that might be expected in an ABX 
task using a Method based on signal detection theory developed by 
Macmillan, Kaplan, and Creelman (1977) and the tables of Kaplan, 
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htuemillan end L rev imun (1978). Since this transformation increases 
nionotnimally, it will preserve any peaks in the d' function. so for 
th11 "'wpm'', it is not crucial whether we examine d' or proportion 
correct: we u.. the latter for a later comparison to Pisoni's (1977) 

Figure 2 shows the final outcome. 

labelling function, there is no  
As we argued from the 

increased 	sensitivity 	around 
tone-onset-times -  of 20 els, Os 
the other hand, discriminability 
is• 	not 	uniform 	across 	the 
continuum, 	The 	discrimination 
function is significantly peaked, 
with best discrimination near 
simultaneity, 0 ms. Under the 
assumptions we have made, 
per formance 	is 	simply 	a 

- 40 -20 0 20 to 	 monotonic transformation of the 
Separation of Onset Ines lin) 	 derivative of the labelling curve. 

Therefore, the peak is a 
FIGURE 2, ABX discrimination 	 reflection of the fact that the 
results for stimuli varying in 	 labelling function is steepest at 
relative tone-onset-time 	 its centre and flattens towards 
predicted from Hirsh's (1959) 

	
its edges, as is clearly seen in 

data of Figure I. 	 Figure 1. 

This result might be expected if Weber's Law described the 
discrimination of relative onset time. Remember that we have made 
predictions for discrimination based on a fixed 20 ms difference 
between stimuli; if the difference Union for different values of relative 
onset time was proportional to the magnitude of the relative onset 
time Las would happen if Weber's Law applied), then the constant 20 
ms change should lead to best performance at the shortest relative 
onset times li.e. simultaneity), which decreased monotonically with 
increasing relative onset time, just as we have found. This also implies 
that the original labelling function of Figure I should be more linear 
under a logarithmic transformation of the relative-onset-time axis. We 
leave out of consideration 0 ms relative onset time as this value 
cannot be log-transformed. Taking advantage 	of the symmetry of 
Hirsh's results around 0 ms, we average the absolute values of the 
normal deviates corresponding to performance at each of the six onset 
times from 10 to 60 ins. lin other words, we average the performance 
at -10 ms with that of 10 ms, -20 ms with that of 20 ma, and so on.) 
These values are plotted as a function of linear and log relative onset 
time in Figure 3. 

With the linear scaling on the left of Figure 3, we see the 
curvature of the function already displayed in Figure II( a decreasing 
slope with increasing onset time. When the stimuli are plotted on 
logarithmic scale, however, the slope of the curve seems to remain 
constant out to the longest relative onset times measured. This Is 
further support for the notion that Weber's Law holds for these 
stimuli, and that no special acuity exists for relative onset times near 
20 ms.  
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quite 	a 	different 	result 	when 	he 
presented 	his 	stimuli 	in 	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 	lb 	to 	20 
ins. 	This 	correspondence 	between 
the 	peak 	of 	the 	discrimination 
f unction 	and 	the 	category 
boundary 	obtained 	in 	a 	labelling 
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experiment 	was 	taken 	as 
evidence 	that 	the 

tone-onset- time continuum was 
categorically perceived4 . 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 was 
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 119591 Findings. 

Hirsh's 	results 	have, 	however, 	a 	long 	history 	of 

misinterpretation by workers in speech perception. They were first 
cited, soon after they appeared, in a study by Liberman, Harris, 
Kinney and Lane 119611 who considered Hirsh's stimuli to incorporate a 
similar acoustic contrast to their own VDT stimuli. Before we can 
address that Issue, however. we will need to describe that study in 
detail. 

Liberman et al. 41961) demonstrated categorical perception for a 

Itim,  to /to/ continuum in which the onset of the first formant (F1) 
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 any thing 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 was much inferior to that obtained for 
the speech stimuli, however, and 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. 

FIGURE 3, Linear and 
logarithmic scaling of Hirsh's 
(1959) data (seen in Figure 
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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Liberman at al. also compared their results to those obtained 
by Ninth, whose stimuli they considered another nonspeech control for 

 11'1 cutback stimuli. Two claims were made: first, that the overall 
performoncr 	ex hibited by Hirsh's subjects judging the nonspeech 
continuum was inferior to Liberman et al.'s subjects judging the 
speech continuum, and second, that the speech discrimination functions 
were 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 consider Hirsh's results as  
a discrimination !unction, instead of the labelling function it is. Thus, 
Hirsh's finding of 75% correct performance with relative oases times of 
about I7 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 F I -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% /5/..." 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 look ing 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 chat obtained with nonspeech. For Li 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 of 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. (19611 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 PisonE'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 11 of 20), the 
labelling functions seem to be as sharp as, and their discrimination 
abilities at least roughly equivalent to Liberman et el.'s subjects. Also, 
there is a significant peek in the discrimination function at a value 
not too far from the one obtained with speech. 
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Many questions .r.ematn. First, there is the problem of the 
discrepancy between Hirsh's (19591 findings and the more recent ones 

o
f Pisoni (1577, 19801 and Summer field 119821. Second, even if these 

later results are upheld, their theoretical underptnnings are shaky. 
Hirsh's data seemed explicable on the basis - of a limitation in the 
ability to identify the order of events since the labelling function he 
obtained w as symmetric. Pisoni and Summerfield's asymmetric labelling 
functions imply there is more to it than that, although Ptsoni argues 

e
xplicitly that it is such a limitation that underlies both the position 

of the category boundary and the peak in the discrimination function. • 
If this w ere the case, one would expect similar discrimination peaks in 
the continuum when the low tone led the high. Pisoni's (1977) 
discrimination data from untrained subjects (Experiment Ill, when 
averaged, do show evidence of a secondary discrimination peak In this 
region, although it is considerably 	smaller than the peal( in the 
region where the high tone leads the low. Furthermore, of the I I  

subjects w ho performed at testis above chance (one subject did net), 
only 6 show convincing discrimination peaks in the "low leads high" 
region, while all show peaks in the "high leads low" region. 

Third, there is the problem of the variability of the obtained 
category boundaries even in the modern studies, If the labelling 
function is determined by a natural auditory property, the obtained 
boundaries should be invariant ovrmanipulations in the range of 
stimuli presented. Our interpretati

e 
 of on of Summerfield'a (1982) data 

suggests this is not the case. 

Only empirical studies can resolve these issues. Primary among 
these would be a replication of Hirsh's (10501 study with a particular 
emphasis on the effect of varying instructions to the subject, 
Secondly, more standard psychophysical investigations are desirable in 
order to assess the discriminability of changes in tone-onset- time 
across the continuum, and how these changes are affected by the 
frequency and amplitude relationships between the two component 
tones of the complex. initial forays in this direction have been made 
by Pastore et al. 119821. 

These studies would be well worthwhile even if temporal order 
identification does not form the basis for the perception of voice 
onset time. As Hirsh originally pointed out, determining the order of 
auditory events is still an important aspect of auditory perception in • 
general, with wide-ranging implications for understanding the 
perception of music and speech. 

FOOTNOTES 

I. Cutting and Rosner's (1974) study of the categorical perception of 
nonspeech"pluck"/"bow" and voiceless affricate/fricative continua, all 
of which were based on variations in rise time, was once considered 
influential in this regard. Unfortunately, their results have not 
withstood replication. See Rosen and Howell (in press) for a review. 

2. Hirsh (1959), at least for the condition where the stimulus complex 
contained tones at 250 and 1200 Hz, used the phon scale to set the 
tones to be equal in loudness at a level of 80 phons. Assuming the 

tones in the other four two-tone conditions to be set at the same 
level, the intensity difference between the two tones would not have 
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been pivotal land often smaller) than 2 dB (Fletcher and Munson 
111331. In addition Hirsh varied the level 01 the 250 He tone, setting it  
Iv dli and 70 phons, and found results "... not very different from the  
equal-loudness case." Note though, that in Pisoni's main experiment, 
the load frequency tune was the more intense. 

3. This may seem a little odd in that we are making the assumption 
that discrimination is predictable from identification or, in Macmillan, 
Kaplan, and Creelman's 11977) definition, that the continuum is  
categorically perceived! Ii is legitimate here because Pynn, Bratda, and 
Durlach (19721 show that in experiments where the signals span a 
small range, discrimination distances inferred from identification 
experiments are close to those estimated directly. That Hirsh's (1959) 
stimuli do indeed only span a small range is attesiec to b) the fact 
that the subjects never do better than about 955s. correct at the 
extremes of the range, even though only two categories are involved. 

4. Pisani shows that the peak in the obtained discrimination function 
is well predicted from the labelling function using the so-called 
"Haskins formula". This formula can also he applied to Hirsh's labelling 
data, which then predicts a discrimination (unction peaked at 0 ma, 
just as our previous analysis did. 
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