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Masking produced by spectral uncertainty
with multicomponent maskers

DONNA L. NEFF and DAVID M. GREEN
Harvard University, Cambridge, Massachusetts

The first experiment examined thresholds for signals at 250, 1000, and 4000 Hz presented simul
taneously with maskers that had from 1 to 100 sinusoidal components. The number of masker
components remained constant throughout a block oftrials, but the component frequencies were
drawn at random from a 5000-Hz range for each presentation. Maskers with as few as 10 compo
nents produced more masking than maskers with up to 100 components or than broadband noise.
The amount of masking decreased dramatically if the same masker occurred in both intervals
of a forced-choice trial, even if the masker changed between trials. The second experiment ex
amined whether judgments of the number of components present in a stimulus might aid signal
detection. Such a strategy would not be effective, since about 50% more components are needed
to discriminate between stimuli, regardless of the initial number of components. These experi
ments indicate that listeners sometimes are unable to use a single-filter detection strategy, even
when it is advantageous to do so.

Ever since Fletcher's (1940) classic study of the mask
ing effects of noise ofdifferent bandwidths, considerable
evidence has accumulated that the peripheral auditory sys
tem can be modeled successfully as a bank of overlap
ping bandpass filters (see Scharf, 1970, for a review).
Listeners are thought to detect a sinusoidal signal of known
and fixed frequency by using an "auditory filter" cen
tered at or near the signal frequency. Information outside
this filter is thought to have relatively little effect, either
positive or negative. In recent years, however, a number
of investigators have demonstrated phenomena for which
this classical energy-detection model appears inadequate.
In particular, there are situations in which listeners ap
pear to take advantage of energy in spectral regions re
mote from the signal frequency to improve performance,
as in "proftle analysis" (e.g., Green, 1983; Green &
Kidd, 1983; Green, Mason, & Kidd, 1984; Spiegel &
Green, 1982) and "comodulation masking release" (e.g.,
Hall, 1985; Hall, Haggard, & Fernandes, 1984). Perhaps
it is not surprising that a sophisticated detector can do this
if required. In this paper, we will present evidence of the
opposite kind, evidence that there are masking conditions
in which listeners are apparently unable to ignore spec
tral information far from the signal frequency, even when
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it is clearly advantageous for them to do so. The implica
tion is that they are unable to monitor the output of a sin
gle auditory filter, even though the signal is fixed in fre
quency.

Simultaneous masking experiments, in which the sig
nal and masker are presented together in time, have long
been used as a tool for investigating auditory processing.
Numerous studies have measured the threshold for a sig
nal in the presence of sinusoidal maskers or noise maskers
ranging from narrow to broad bandwidths. Despite the
obvious phenomenologicaldifferences between pure tones
and noise, both are alleged to produce masking by excit
ing the peripheral channels so that stimulation by the sig
nal is either blocked or rendered less effective. Differ
ences in the masking effectiveness of tones and noise are
attributed to differences in spectral content or envelope
characteristics and to the filtering properties of the
peripheral auditory system.

There is a continuum between these two types of
maskers in that one can simulate a noise masker by add
ing together a sufficient number ofpure tones, and several
investigators have used this approach (e.g., Margolis,
Dubno, & Hunt, 1981; Neff & Jesteadt, 1983; Schafer,
Gales, Shewmaker, & Thomson, 1950; Weber, 1984; see
Papoulis, 1965, for a commonly used algorithm). For all
these simulated noises, care was taken to use enough tones
so that the tonal character of the individual components
in the masker was replaced by the atonal, diffuse charac
ter that is associated with noise. There is little data on
the number and spacing of tones necessary to reproduce
the percept of broadband noise or on the relationship be
tween the degree of atonality or "noisiness" of a stimu
lus and the masking it produces. Informal observations
by Richards (1979) suggest that the quality of a broad
band noise is reproduced by tones spaced % octave apart.
Schafer et al. (1950) found that a spectral density of 1
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sinusoid per hertz was necessary to produce the same
masking as a broadband noise; this synthesized stimulus
also was perceptually indistinguishablefrom analog noise.
A recent paper by Hartmann, McAdams, Gerzso, and
Boulez (1986) on the discrimination of spectral density
found that listeners could not distinguish densities greater
than 80 components per 1000 Hz. As noted by the
authors, this is considerably less than the 1,000 compo
nents per 1000 Hz reported to produce equivalent mask
ing by Schafer et al. (1950).

In addition to the issue of recreating broadband noise
with some minimum, but probably rather large, number
of components, there is also the issue of the properties
of maskers with few components. Early studies of the abil
ity of listeners to resolve individual components (pollack,
1964) or to judge the number of tones presented simulta
neously (Thurlow & Rawlings, 1959)showed surprisingly
poor performance for complex spectra with no more than
four tones. The methods of stimulus generation and
presentation available at that time probably contributed
to the listeners' difficulty, but the results are intriguing
nonetheless. Corresponding masking data were not col
lected.

It is important to note, particularly in relation to the
present study, that masking can be produced by factors
other than energy's falling within a limited band around
the signal frequency. With sequential tonal patterns, it has
been shown that uncertainty in the context in which a tar
get tone is presented can significantly degrade perfor
mance (e.g., Watson, 1976; Watson & Kelly, 1981; Wat
son, Kelly, & Wroton, 1976). Watson has termed this
phenomenon "informational masking" to distinguish it
from masking produced by energy at the signal frequency.
Similar, although typically smaller, effects of stimulus un
certainty have been observed in simultaneous masking
when the signal is fixed in frequency but the masker (either
a noise or a tonal complex) is changed from trial to trial
(Spiegel & Green, 1982; Spiegel, Picardi, & Green,
1981).

In the present study, our intent was to vary the number
of tones in a multicomponent simultaneous masker to de
termine the minimum number necessary to produce stimuli
with the same masking properties as broadband noise,
based on corresponding experiments with sinusoidal grat
ings in vision (e.g., Richards, 1979). The initial results,
however, were quite different from our original expecta
tions in that very small numbers of components produced
large amounts of masking. For these conditions, the tonal
quality of the masker was often very evident. Unlike the
majority of previous studies of simultaneous masking that
used sinusoids or combinations of sinusoids, the spectral
content of the masker was changed with every stimulus
presentation, as it would if the masker were random noise.
Also, unlike Hartmann et al. (1986) or Schafer et al.
(1950), we purposely did not distribute our components
uniformly across the frequency range. The combination
of these factors produces appreciable masking that is not

easily explained by peripheral theories that depend upon
energy's falling within a limited band around the signal
or upon the maskers' inherent statistical variation.

The two experiments presented below used essentially
the same stimuli, but addressed different questions. The
first experiment examined the masking produced by mul
ticomponent maskers on signals at several different fre
quencies under conditions of high spectral uncertainty.
The second experiment examined the ability of the
listeners to use judgments of the number of components
present in a stimulus to aid signal detection.

EXPERIMENT 1

Method
Subjects. Three normal-hearing listeners (thresholds below 10 dB

HL at audiometric frequencies from 250 to 4000 Hz) were paid for
their participation. One of the listeners had extensive experience
in psychoacoustic masking tasks; all listeners were given at least
10 h practice before data collection began. They listened binaurally
in individual lAC chambers through TDH-50 headphones. The ex
perimental sessions usually consisted of 10 to 12 loo-trial runs,
completed in blocks of three or four runs separated by rest periods.

Stimuli and Procedure. With the exception of broadband noise,
the stimuli were computer generated, played through 16-bit digital
to-analog converters at a rate of 12,500 points/sec, and low-pass
filtered at 6250 Hz. All stimuli were square-gated with a laboratory
built electronic switch. Stimulus presentation, timing, and response
recording were computer controlled.

A two-alternative, forced-ehoice (2AFC), adaptive procedure was
used to determine threshold for thesignal in quiet and in the presence
of a masker, with a decision rule that estimated the 70.7% correct
point on the psychometric function (Levitt, 1971). An initial step
size of 4 dB was reduced to 2 dB on the fourth reversal. Threshold
was defined as the average of the reversal levels recorded during
each loo-trial run beginning with the fourth reversal. The results,
of at least eight loo-trial runs were averaged for each listener and
the mean threshold and standard deviation across listeners was de
termined.

Lights were used to demark the listening intervals and provide
correct-answer feedback. Each interval contained either a 2<JO-msec
masker or the masker plus a 2oo-msec sinusoidal signal. Signals
at 250, 1000, and 4000 Hz were used, with signal frequency fixed
for at least three consecutive loo-trial runs. There were two types
of maskers. One, which served primarily as a reference condition,
was an analog broadband noise, low-pass filtered at 5000 Hz and
presented at 6O-dB SPL total power. The other was a multicompo
nent sinusoidal complex. The number of sinusoidal components in
the complex was varied from I to 100. Component frequencies were
drawn at random from the same frequency range as the broadband
noise (0-5000 Hz). To ensure that the components were orthogonal,
the minimum allowable spacing between component frequencies
was 5 Hz, given the 2oo-msec stimuli. Thus there were no masker
components within a 10-Hz interval around the signal. The signal
frequency could not be drawn as a masker component. To give the
components the properties each would have if excised from noise,
the phase of each component was random, drawn from a rectangu
lar distribution, and the amplitude ofeach component was also ran
dom, drawn from a Rayleigh distribution. Although the number
of components in themaskers varied across conditions, average total
power was held constant at 60 dB SPL.

For each condition, 50 different masker waveforms were gener
ated with the specified number of components. In a block of 100
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trials, a different masker waveform was drawn at random from the
50 available for each interval of each trial. Signal frequency and
the number of components in the maskers remained constant across
trials.
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dom in the 5000-Hz range, can produce 10 dB of mask
ing. Three or 4 components produce the same amount of
masking as the broadband noise; 10 components produce
10 to 20 dB more masking than the noise. The amount
of masking remains essentially unchanged as the number
of components is increased from 10 to 50, but declines
for 100 components. As indicated by the error bars, there
is large variability in performance across listeners for
maskers with few components and relatively stable per
formance for larger numbers of components. This same
pattern occurs across repeated conditions for each listener
as well. The variation in energy across the different
masker samples, which is larger for maskers with small
numbers of components, is probably a major factor.

Results for the 4000-Hz signal, shown in Figure 3, are
almost identical to those observed for the l000-Hz sig
nal. The broadband noise produces 38.5 dB of masking
(standard deviation = 4.1 dB) at 4000 Hz. In this case,
one masker component produces over 20 dB of masking
and two components produce over 40 dB of masking.
Again, there is a steady increase in masking for maskers
with up to 10 components, followed by a gradual decrease
in masking that approaches but does not reach that for
broadband noise for l00-component maskers.

Regardless of signal frequency, the masking observed
is probably a combination of informational masking
produced by some aspect of stimulus uncertainty and ener
getic masking produced by masker energy's falling within
the auditory filter around the signal. The fact thatthe func
tions for 1000- and 4000-Hz signals are very similar, par
ticularly for maskers with 10 or more components, sug
gests that this is not a form of masking that depends
predominantly on the size of the critical band or some
other estimate of the auditory filter, all of which differ
significantly across frequency. Overall, far less masking

Figure 2. Same IL'l Figure 1 except for a signal frequency of
1000 Hz. Average quiet threshold at 1000 Hz was 3.8 dB SPL.
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Results and Discussion
Results for the lowest signal frequency, 250 Hz, are

shown in Figure 1 in terms of the amount of masking
(masked threshold

l
minus quiet threshold in decibels) as

a function of the number of tones in the masker complex.
A logarithmic scale is used for the abscissa simply to al
low performance for maskers with less than 10 compo
nents to be seen more clearly. The dashed line indicates
that 10.0 dB of masking (standard deviation = 2.9 dB)
is produced at this signal frequency by the broadband
noise. I For small numbers of components, increasing the
number of components leads to more masking. The mask
ing produced at 250 Hz when only 5 components fall in
the 5000-Hz range is equal to that produced by the broad
band noise. Adding more components produces up to
10 dB more masking than that produced by the noise.
There is a broad peak for maskers with 20 or 50 compo
nents, followed by a plateau or slight decline. The amount
of masking does not return to that produced by broad
band noise for 100-component maskers, the maximum
number tested.

The results are more dramatic for the 1000-Hz signal
shown in Figure 2. In this case, the broadband noise
produces 36.4 dB of masking (standard deviation =
4.2 dB). What is immediately apparent is the large in
crease in masking as the number of components is in
creased from 1 to 10. Two components, falling at ran-

1 10 100
Number of Masker Components

Figure 1. Amount of masking in decibelsIL'l a function of the num
ber of sinusoidal components in the masker for a signal frequency
of 250 Hz. The data are averages and standard deviations across
three listeners. The dashed horizontal line indicates the amount of
masking produced by a broadband noise at the signal frequency.
Each point is based on 8 to 10 l00-trial runs per listener. Average
quiet threshold at 250 Hz was 29.S dB SPL.
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8
5
2
17

SD

53
40
50
25

dB

7
4
3
4

SDdB

55
33
55
47

Random
Fixed
Random
Fixed

Masker
Condition

Table 1
Average Amount of Masking in Decibels (dB) and Standard

Deviations (SD) for Maskers Tbat Were Eitber Fixed or
Randomly Drawn for Each of the Two Intervals in a Trial

Number of Masker Components

10 Tones 20 TonesSignal
Frequency

1000 Hz

4000 Hz

More direct evidence of the influence of nonperipheral
factors was obtained from a small set of conditions in
which signal thresholds were measured using the same
masker for the two intervals of a single trial but different
maskers across trials. This is the approach used in most
previous studies of masker uncertainty in simultaneous
masking with tonal complexes (e.g., Spiegel et al., 1981).
Representative conditions were chosen from the peaks of
the masking functions for the 1000- and 4ooo-Hz signals
for which at least 50 dB of masking had been observed.
Ten loo-trial blocks were run, so listeners heard several
hundred different maskers, but the same masker in both
intervals of a given trial. To be sure that any differences
observed could not be attributed to learning, thresholds
for the random conditions were measured in the middle
and at the end of the fixed conditions for 10 additional
loo-trial runs, and these values were used for compari
sons. Performance in the random conditions for both sig
nal frequencies remained the same as in the earlier con
ditions for all the listeners.

Table I shows the amounts of masking for the 1000
or 4OOO-Hz signals in the presence of maskers that were
either randomly drawn on each interval of each trial or
fixed across the two intervals. Again, the data are aver
ages and standard deviations across the three listeners.
There is a considerable effect of fixing versus randomiz
ing the masker frequencies across the two intervals. For
the looo-Hz signal, performance is improved by 22 dB
for lO-eomponent maskers and by 13 dB for 20-eom
ponent maskers. Results for the 4OOO-Hz signal are more
variable, but in the same direction. Performance is im
proved by 8 dB for the lO-eomponent maskers and by
25 dB for the 20-eomponent maskers when the maskers
are fixed across intervals. The large variability in the 20
component condition occurs because the thresholds for
one listener dropped to within 10 dB of quiet threshold.

Clearly, it is the randomization of masker frequencies
within a trial that is primarily responsible for degrading
performance, despite the fact that the signal frequency is
known. The fact that performance improves substantially
when the same masker is used for the two listening inter
vals is consistent with previous work by Green and col
leagues on profile analysis. That is, the listener appears
to detect the signal on the basis of a qualitative change
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Figure 3. Same as Figure 1 except for a signal frequency of
4000 Hz. Average quiet threshold at 4000 Hz was 9.6 dB SPL.
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is produced in all conditions for the 25D-Hzsignal. Most
of this difference, however, is due to the use of amount
of masking rather than masked threshold to characterize
the data, inasmuch as quiet thresholds at 250 Hz are
20-26 dB higher thanat the other two signal frequencies.
It is also possible that the lower amounts of masking for
the 250-Hz signal might reflect some sort of anchor ef
fect in that few masker components will fall below that
signal frequency, whereas masker components are more
likely to fall on both sides of the higher signal frequencies.

Another argument in support of a substantial contribu
tion of informational masking to these data is that, par
ticularly for maskers with small numbers of components,
the frequency range from which components were drawn
was large enough for few components to have fallen within
the signal's filter. As a simplistic example, let us assume
a rectangular critical band filter at 1000 Hz, for which
a generous estimate of the bandwidth is 160 Hz (Scharf,
1970). Given the 5000-Hz frequency range from which
masker components were drawn, the probability of any
given component's falling within that band is 160/5,000,
or about 3%. For five components, the probability is still
only 15%. Furthermore, as the number of components
increases, the average power of individual components
decreases because the overall power of the masker was
held constant. Thus, until the number of masker compo
nents is very large, masking produced by energy within
a critical band around the signal is not very great. Our
data suggest that even 100 components are not sufficient
to simulate the effects of broadband noise. Instead, the
change in the quality of the maskers from presentation
to presentation appears to more thancompensate for the
lack of power in the critical band.
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in the character of the masker. If large changes occur in
the quality of the sound from one interval to the next, as
is especially true for maskers with few components, the
listener is prevented from making effective comparisons
of the stimuli and large amounts of masking are produced.

Work by Spiegel et al. (1981) indicates that some mask
ing should be produced by randomizing the masker from
trial to trial, even when the masker waveforms are fixed
across the observation intervals within a trial. Their
maskers were multicomponent tonal complexes similar
to those used in the present study, except that the masker
frequencies were drawn from a 3OO-3000-Hz range and
the components were of equal amplitude. The effect of
masker uncertainty versus signal-frequency uncertainty
was examined as a function of the number of components
in the maskers. They found that masker uncertainty was
more disruptive than signal uncertainty regardless of the
number of components in the masker, which varied from
1 to 20. With regard to the present experiments, it is of
particular interest to note that when Spiegel et al. (1981)
increased the number of components from 1 to 2, signal
uncertainty increased threshold by less than 1 dB whereas
masker uncertainty increasedthreshold by 6 dB. As they
pointed out, this means that monitoring two frequencies
that are known is easier than monitoring only one fre
quency in the presence of a second tone of unknown fre
quency. When maskers are randomized within a trial, as
they were in the present experiments, this effect is greatly
enhanced.

There are two procedural issues that are important to
note. The first is the issue of listener training and the sec
ond concerns the use of an adaptive procedure. With
regard to training, our data show performance averaged
over 10 loo-trial blocks (1,000 trials) per condition. Work
by Watson and his colleagues on sequentiall0-tone pat
terns suggests that data such as these might well be sub
ject to large training effects if listeners were practiced over
many more trials (Watson, 1980). Indeed, although the
thresholds were fairly stable over time, occasional sud
den improvements in performance were observed. Fur
thermore, if detection strategiesdiffered across conditions,
there might well be differences in the time course of prac
tice effects. In Table 1, for example, similar amounts of
masking are observed for all the random conditions, but
a range of masking is observed for the fixed conditions.
This heterogeneity, plus the low thresholds observed on
occasion for one listener, suggests that performance might
well be improved with further practice in the fixed con
ditions: We believe that even after extensive practice,
however, differences in performance for maskers ran
domized or fixed across the intervals would remain.

With regard to the adaptive procedure, there is the pos
sibility that individual masker samples, drawn at random
from the waveform file, could differ significantly in their
ability to mask the signal. In this case, however, the adap
tive procedure would act as an averager, smoothing out
the variability in responses from masker to masker. Note
that this is the same problem, only more exaggerated, en-

countered in studies of masking with broadband noise in
which individual noise samples also differ in their effec
tiveness as maskers. Although complete psychometric
functions need to be examined in future studies, the adap
tive procedure should adequately capture the differences
across conditions.

Overall, several aspects of the data suggest a predom
inant contribution of nonperipheral factors to the large
amounts of masking observed for maskers with few com
ponents. Additional peripheral factors or the interaction
of multiple factors probably contribute to the sum, but
these effects appear to be small in relation to those
produced by masker uncertainty. The data challenge tradi
tional models of signal detection in that listeners appar
ently cannot use a filter centered on the signal frequency
to screen out extraneous input even if their performance
could be improved by doing so.

EXPERIMENT 2

One way to gain information about how quality changes
in the masker might influence performance is to vary the
number ofcomponents in the masker and determine how
well listeners can discriminate different numbers of com
ponents. This is similar in some respects to the experi
ments cited earlier that examined the ability to resolve
or count components in complex spectra (Hartmann et al.,
1986; Pollack, 1964; Thurlow & Rawlings, 1959). Our
primary goal was not to test the limits of spectral resolu
tion via numerosity judgments, but to assess whether the
discrimination of the number of components was a poten
tial cue for signal detection in our masking experiment.
Rather than attempt to detect a signal of a certain fre
quency, listeners might try simply to pick the interval with
more components. This certainly would seem to be an ef
fective strategy for maskers with small numbers of com
ponents. Experiment 2 investigated how well listeners are
able to make such judgments.

Method
Three different normal-hearing listeners participated in this ex

periment. Two had had extensive experience with multicomponent
maskers in experiments on profile analysis. The stimuli had the
properties of the masker waveforms used in the previous experi
ment. As before, each stimulus was drawn at random from a set
of 50 waveforms with a specified number of components, and was
calibrated to 60 dB SPL average total power, with variation around
that value. Thus, changes in overall power across waveforms with
different numbers of components could not serve as a cue.

On each trial of a 2AFC nonadaptive procedure, two stimuli with
different numbers of components were presented and the listeners
were asked to pick the interval that contained the stimulus with the
greater number. Judgments were obtained in 50-trial blocks; each
block used only one combination of the base and comparison num
bers summarized in Table 2. Six blocks were run for each combi
nation (300 trials per listener); the results will be presented as aver
ages and standard deviations across listeners. To compare
performance across the different bases, percent correct is plotted
in terms of the ratio of base plus added components (N +M) to the
base (N). Table 2 provides the corresponding number of compo
nents for these ratios.
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Note-Asterisks indicate the condition was not run for a particular base
number of components.

Table 2
Total Number of Components in the Comparison Interval Indicated

by the Ratios Used in the Abscissa in Figure 4
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SUMMARY AND CONCLUSIONS

components is 64%; for 8 versus 6, it is 61 % (7 vs. 6
was not tested); and for 134 versus 100, it falls to 63%.
These percentages are too low to affect detection perfor
mance in the masking experiment. Instead, listeners must
try to determine whether energy is present at the signal
frequency.

Figure 4. Percentage of correct judgments of the interval with the
greater number of components. The abscissa is the ratio of the base
(N) plus added components (M) to the base number of components.
The data are averages and standard deviations across three listeners.
Each point is based on six 5O-trial runs per listener.

This paper reports the results of two experiments that
examined the processes involved in detecting a sinusoi
dal signal in the presence of multicomponent simultaneous
maskers when different maskers are presented in each ob
servation interval within a trial. The unexpected obser
vation of large amounts of masking for maskers with very
small numbers of components indicates that listeners are
not behaving as traditional models of signal detection pro
pose. For these conditions, little or no masker energy falls
within a critical band around the signal frequency, yet as
much as 55 dB of masking is measured. There is little
evidence of improvement with training over as much as
1,000 trials, despite the fact that the signal frequency was
fixed and multiple blocks of trials were completed at one
frequency before another was tested. Both component fre
quency and amplitude vary in these maskers, and future
work will determine the relative contribution of each of
these factors to the masking observed. It is expected that
frequency is the primary determinant of performance,
however, because fixing frequency across intervals dra
matically improved performance in the representative con
ditions tested. The latter result is consistent with work
on profile analysis by Green and his colleagues, in that
listeners are apparently able to compare waveforms across
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Results and Discussion
Figure 4 presents the percentage of correct judgments

of waveforms with the greater numbers of components
as a function of the ratio of the greater number to the base
number of components. Performance across listeners was
so similar that in most cases the error bars are smaller
than the plotted symbols. The functions overlap regard
less of whether the base number of components is 1 or
100, indicating that the proportion of correct judgments
is determined by the ratio of the number of components.
The result is consistent with Weber's law, although the
Weber fraction is certainly one of the largest found in sen
sory systems. In agreement with the early work of
Thurlow and Rawlings (1959), listeners were remarkably
poor at detecting a change in the number of components
in the complex. An approximate 50% change relative to
the base number is needed to detect the increase, if
threshold is defined as 70.7% correct.

It seems likely that the detection of a change in the num
ber of components is mediated by different processes as
one varies the initial number of components. The change
from 1 to 2 components undoubtedly depends on the de
tection of energy at the separate component frequencies.
For larger base numbers, say from 100 to 150 compo
nents, performance may well depend on more global judg
ments of differences in timbre or apparent spectral den
sity or spacing. Despite possible changes in modes of
processing, however, the psychometric functions are
remarkably similar for all values of the base number of
components.

These data indicate that in nearly all conditions, the
listeners probably could not pick the signal interval in the
previous masking experiment simply by judging the num
ber of components. The results in Figure 4 show that 2
versus 1 component (N+M/N=2) is judged correctly
85%-90% of the time. However, 20 dB of masking was
observed for a 4000-Hz signal added to a l-eomponent
masker in the earlier experiment. This may indicate that
it is more difficult to make numerosity judgments when
the components differ greatly in level, as would be the
case when the second "component" was the signal near
threshold. Three versus 2 components (N+M/N= 1.5) are
correctly distinguished 73 % of the time, which is near
the percentage correct tracked by the adaptive procedure
in Experiment 1. The percentage correct for 4 versus 3
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the two intervals to detect the presence of the signal,
whereas they are prevented from doing so when the
maskers change with every presentation. The decrease in
masking for fixed conditions is also the most direct evi
dence for the contribution of nonperipheral factors to the
masking observed in the random conditions.

A second experiment established that listeners would
have difficulty choosing the signal interval simply by judg
ing which interval had more components. Although
listeners could consistently judge proportional increases
in components independent of the base number of com
ponents, performance was not good enough to maintain
70.7% correct for the detection of one additional compo
nent (the signal) in the adaptive masking task, particu
larly with a variable signal level. Listeners must there
fore rely on some aspect of the distribution of signal and
masker energy across frequency, although they apparently
cannot make efficient use of a single detection filter cen
tered at the signal frequency.
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NOTE

I. Masked thresholds in the broadband-noise conditions, averaged
across the three subjects, are 39.6, 40.2, and 38.5 dB SPL for the 250-,
1000-, and 4000-Hz signals, respectively. Corresponding predicted
thresholds, based on Green, McKey, and Licklider (1959), for these
signal frequencies are 38.5, 40.0, and 46.0 dB SPL. Thus, our listeners
performed as well as, or better than, predicted in a more traditional mask
ing condition. High thresholds in other conditions cannot be attributed
simply to generally poor performance.

(Manuscript received June 20, 1986;
revision accepted for publication January 23, 1987).


