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Discrimination ofreproducible noise as a function
of bandwidth and duration

THOMAS E. HANNA
Harvard University, Cambridge, Massachusetts

The discriminability of reproducible noise bursts was studied as a function of bandwidth and
duration. Listeners discriminated between trials consisting of two identical noise waveforms or
two independent noise waveforms. New noise waveforms were generated each trial. In general,
discrimination improved with increasing bandwidth. However, discrimination improved with in
creasing duration only up to about 25 msec, beyond which it decreased. Additional experiments
examined discriminability with (1) forward or backward maskers, which intervened or did not
intervene temporally between the comparison stimuli, (2) two noise waveforms fixed over 50 or
300 trials, and (3) high- or low-frequency noise bands. Results suggested that the decrease in dis
criminability beyond 25 msec was due primarily to sensory interactions of a central origin but
with some effect of peripheral masking, memory interference, and attentionallimitations. Infor
mation at the offset was discriminated best, and low-frequency information was better discrimi
nated than high-frequency information. The results also indicated that envelope cues were used
in certain conditions.

Auditory detection tasks provide estimates of spectral
and temporal resolution that presumably reflect peripheral
limitations (e.g., Green, 1973; Scharf, 1970). However,
masking of a central origin has been demonstrated in
several sensory modalities when the target must be iden
tified rather than simply detected (Craig, 1982; Massaro,
1972; Turvey, 1973). Moreover, with stimuli in which
information is distributed across frequency and time, non
sensory, central processes, such as attention (e.g., Wat
son & Kelly, 1981), memory (e.g., Durlach & Braida,
1969) and decision-making, may impose limitations on
discrimination and identification performance. The encod
ing and discrimination of such complex stimuli as speech
reflect these various limitations, which combine in ways
that are not well understood. The present study examines
the way in which peripheral and central factors interact
to determine the discriminability of a certain class of com
plex auditory stimuli, that is, bursts of reproducible noise.

The discriminability of random samples of reproduc
ible noise bursts is examined as a function of their band
width and duration. Increasing either the bandwidth or
duration increases the amount of information that can be
used to discriminate the two noise bursts. Thus, to the
extent that a listener can analyze this additional informa
tion, for example, by performing short-term spectral anal
yses, the discrimination of two noise bursts should im
prove as either the bandwidth or duration is increased.
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If one assumes that the limitations due to central and
peripheral processes are minimal, and are such that the
additional spectral and temporal information is mutually
independent, the largest possible improvement as band
width and duration are increased will be that due to statisti
cal integration. If one assumes underlying normal distri
butions for the two hypotheses, "same" and "different"
(or more generally that the logarithm of the likelihood
ratios for each hypothesis is normally distributed), then
d' ought to be proportional to the square root of band
width and duration (Egan, 1975; Green & Swets,
1966/1974).

Green (1960) has demonstrated such a relationship for
the detection of a burst of noise in a background of noise.
This result suggests that a listener is able to make use of
additional spectral and temporal information in an optimal
manner. However, the listener in such a task is not re
quired to analyze or store the spectral-temporal details
of the noise, because a decision can be made for a single
stimuli based on the total energy within a defined band
and temporal limits. The present work studies the discrimi
nation of two noise bursts, a task that requires the analy
sis and comparison of two waveforms and examines
whether the improvement as a function of bandwidth and
duration is equal to that implied by assuming statistical
integration of independent spectral and temporal analyses.
Ifperformance is inferior to that implied by optimal com
bination of information across frequency and time, it will
be desirable to know the limitations on performance in
such a task and the types of peripheral information used
by the subject. Subsequent experiments examine the types
of central limitations that are implied by observed per
formance and the types of peripheral information being
used by the listener.
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EXPERIMENT 1

Method
Stimuli and Apparatus. Each noise burst was generated digi

tally by filling an array with independent samples from a Gaussian
distribution. Stimuli were presented through a 16-bit digital-to
analog converter (DAC) at a rate of 10,000 samples/sec. Different
bandwidths were obtained by filtering the output of the DAC with
a series of three bandpass filters (two Krohn-Hite 3343, one General
Radio 1952) or by a General Radio Model 1900-A wave analyzer
(50-Hz bandwidth). The stimuli decreased at about 100 dB/oct for
frequencies outside the passband, except for the 50-Hz bandwidth,
which decreased at about 350 dB/oct. Spectral analysis of a sam
ple of noise verified that its spectrum was flat within the passband
of the broadest filter used in this experiment. Listeners were seated
in individual sound-attenuated chambers and listened diotically
through TDH-50 headphones.

Four bandwidths (50, 200, 800, and 3200 Hz) and seven dura
tions (0.1, 0.4,1.6,6.4,25.6... 102.4, and 409.6 msec) were used.
These values were chosen as ratios of four to facilitate evaluation
of the predictions that performance should improve proportionally
to the square root of the product of bandwidth and duration. Band
widths are specifed in terms of 3-dB down voltages and were cen
tered at 1000 Hz, except for the 32oo-Hz band, which extended
from 100 to 3300 Hz. Durations are specified as the duration prior
to any filtering. Spectral level of the noise bursts was 50 dB SPL.

Procedure. For each combination of bandwidth and duration,
a two-interval, forced-choice, same-different task was used to mea
sure the discriminability of random samples of reproducible noise.
Each trial consisted of two bursts of noise separated by 500 msec,
with two new waveforms generated for each trial. For "different"
trials, the listener heard both waveforms. For "same" trials, the
listener heard only one of the waveforms, presented twice. Feed
back was given after all listeners had responded. Each of three nor
mal listeners had 15-20 h of practice with a mixture of the condi
tions before data collection began. Data were collected in order of
decreasing bandwidth, and, for a particular bandwidth, in order
of increasing duration. Four sets of six 50-trial blocks were run

during each 2-h session. Two consecutive sets (a total of 600 trials)
used the same bandwidth and duration for the noise bursts. The
first 200 trials were discarded, and results are based on the last
400 trials. The average percent correct for "same" and for "differ
ent" were converted to z scores, and the sum of these two z scores
was used as an estimate of d ' .

Results and Discussion
Figure 1 shows d' , averaged across subjects, as a func

tion of duration for the four bandwidths. Standard errors
were computed using the method of Gourevitch and
Galanter (1967). Similar trends were observed in the data
for individual listeners. Discrimination was best for du
rations of25.6 msec, regardless of noise bandwidth, and
was generally best for the broadest bands. A fourfold in
crease in bandwidth or duration never produced a dou
bling of d' and in general produced much less. Thus, per
formance did not improve with increasing bandwidth or
duration to the degree predicted by assuming statistical
integration of information across frequency or time.

Effect of duration. The most striking discrepancy from
predictions of statistical integration is that performance
decreases as duration is increased beyond 25 msec.
Although this decrease would be very gradual if plotted
in terms of linear duration, it is significant that the addi
tional information does not improve, much less decreases,
the discriminability of the noise bursts. Given estimates
oftemporal resolution as small as 2-3 msec (e.g., Green,
1973), one might expect that the subject could listen to
several 25-msec segments of a longer burst and do much
better than for the 25-msec condition. However, increas
ing the stimulus duration adds energy to the stimulus that
may serve to mask the discriminability of individual seg
ments ofthe stimulus. It is probably inappropriate to ap-
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Figure 1. Average d' as a function of duration, in milliseconds, for Experiment 1. Noise

bands are: 100-3300Hz (squares), 600-1400 Hz (circles), 900-1100 Hz (triangles), and 975
1025Hz (inverted triangles). Error bars represent standard errors, averaged across listeners.



ply time constants estimated from the detection of a sig
nal (Penner, 1978; Penner, Robinson, & Green, 1972)
or discrimination without a masking stimulus (e.g., Pat
terson & Green, 1970) to tasks that require discrimina
tion of information subject to masking, such as the present
study. Processes with longer time constants, such as a tem
poral integrator (e.g., Penner, 1978, 1980), adaptation
(Hanna, Robinson, Shiffrin, & Gilkey, 1982; Widin &
Viemeister, 1980), or recognition masking (Massaro,
1972), may be relatively more important for the present
study.

In addition to sensory interactions, several non-sensory
factors may interfere with discrimination. Durlach and
Braida (1969) have outlined a theory of intensity percep
tion which involves two distinct decision processes. One
process, the trace mode, compares a relatively precise,
but volatile, sensory-memory trace of the first stimulus
with the second stimulus. However, this mode is ineffec
tive (1) when the time between the two stimuli is large,
because the precision of the sensory trace has decayed
over time (Berliner & Durlach, 1973; Berliner, Durlach,
& Braida, 1977), or (2) when additional stimuli intervene
between the two and disrupt the sensory trace (Berliner
& Durlach, 1973). In either case, the context mode, based
on an abstract and more permanent representation of the
stimuli, produces better discrimination. These effects may
be relevant to the present study because increasing the
duration of the noise burst from 25.6 to 409.6 msec
(1) increased the interval between corresponding segments
of the noise burst (e.g., the two initial 25-msec segments)
allowing more time for a trace representation to decay,
and (2) introduced intervening stimuli between cor
responding segments of the noise burst, disrupting the
trace representation. The importance of decay of the sen
sory trace was examined by increasing the interstimulus
interval for the 25.6-msec condition (600-1400-Hz band)
from 500 to 884 msec, which produced an interval be
tween onsets equal to that for the 409.6-msec condition.
This increase in the interstimulus interval had only a small
effect; d' decreased from 3.14 to 2.97, indicating that
trace decay plays a minor role. The importance of memory
interference due to intervening stimuli was examined in
Experiment 2.

Other non-sensory factors that may account for poorer
discrimination at longer durations include attentional ef
fects of the form described by Watson and his colleagues
(Watson & Kelly, 1981; Watson, Kelly, & Wroton,
1976). Their research compared discrimination of tonal
sequences under conditions of high stimulus uncertainty
with that under conditions of low uncertainty. Large
decrements in the ability to discriminate a specific tone
within the sequence was found when there was high un
certainty about the surrounding tones. This deficit could
not be attributed to sensory interactions because the large
deficit was not found when there was low uncertainty
about the surrounding tones. Watson uses the term "in
formational masking" to indicate that variability in the
stimulus context across trials can prevent the listener from
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attending to a specific temporal or spectral region. In the
present experiment, increasing duration may have in
troduced a more variable stimulus context, which prevents
the listener from attending to a specific temporal segment.
Thus, discrimination of the longer bursts would not be
as good as that for 25-msec bursts. The influence of a
variable context was examined in Experiment 2.

Effect of bandwidth. An increase by a factor of 64
in bandwidth produces at most a doubling of performance.
Although this relatively small effect of bandwidth seems
to conflict with independent analysis of separate spectral
regions, a possible explanation is suggested by Schack
now and Raab (1976). Bandwidths have been specified
in terms of half-power frequency cutoffs. If the subject
were able to use information at frequencies outside this
3-dB-down passband, the effective bandwidths may be
much greater than those specified, altering the effective
ratio between successive bands. The four noise bands had
20-dB-down bandwidths of 120, 490, 1120, and 3725 Hz
and 50-dB-down bandwidths of 240, 855, 1510, and
4485 Hz. These bandwidth estimates can predict the im
provement of approximate~ square root of 2 (i.e.,
(1120/490)1h or (1510/855) ) observed for the 8oo-Hz
band relative to the 200-Hz band for durations from 0.4
to 25.6 msec. However, these bandwidth estimates also
predict that performance for the 200-Hz band should be
about a square root of 3 or 4 better than the 50-Hz band,
as should the 3200-Hz band relative to the 800-Hz band.
Neither of these relations was observed. Thus, arguments
based on effective bandwidths cannot predict the small
range of performance as a function of bandwidth, although
performance is predicted for bandwidths of 200 and
800 Hz. Possible reasons for the discrepancies at the
broadest and narrowest bandwidths are discussed in Ex
periment 3.

In Experiment 2, two subsequent sets of conditions ex
amined factors that might serve to decrease discrimina
bility for long-duration noise bursts. The first set of con
ditions (Experiment 2a) compared the effect of forward
or backward maskers that either intervened or did not in
tervene temporally between the stimuli that were to be
discriminated. These conditions tested for interference
with the sensory trace (memory interference), as suggested
by Durlach and Braida (1969). The second set of condi
tions (Experiment 2b) examined the effect oftrial-to-trial
uncertainty by presenting the same two noise bursts to
be discriminated for an entire block. These conditions
tested for an effect of uncertainty on attentional processes,
as suggested by Watson et al. (1976).

EXPERIMENT 2a
EFFECT OF INTERVENING STIMULI

Method
Five conditions, illustrated in Figure 2, were tested using the same

different procedure of Experiment 1. On each trial, two 25.6-msec
bursts of bandpass noise (600-1400 Hz) were presented, separated
by 884 msec. The waveforms were either identical or independent



412 HANNA

INTERVAL INTERVAL 2

Al NO MASKER

Bl FORWARD MASKER

--~---~--

u'--- ~__
Cl FORWARD MASKER

(INTERVEN ING)

Dl BACKWARD MASKER
( INTERVEN ING)

__----'~l.--__

__ru
u__

---~---
E) BACKWARD MASKER __~L--__ru

Time ..

~ TARGET I MASKER

Figure 2. Schematic time line for five conditions in Experiment 2. In the top sequence, two 25.6
msec bursts were presented. In the remaining four conditions, a 384-msec forward or backward
masker, which either intervened or did not intervene between the two comparison stimuli, was added.

samples of noise, with new waveforms generated for each trial. In
one condition, (A), only 25.6-msec bursts were presented. In the
other four conditions, an additional 384-msec burst of noise of iden
tical bandwidth and spectral level as the 25.6-msec stimuli oc
curred: (B) with its offset 100 msec prior to the onset of Interval I
(forward masker, not intervening), (C) with its offset 100 msec prior
to the onset oflnterval 2 (forward masker, intervening), (D) with
its onset 100 msec after the offset of Interval 1 (backward masker,
intervening), or (E) with its onset 100 msec after the offset of In
terval 2 (backward masker, not intervening). If the only factor limit
ing performance for durations in excess of 25 msec is that due to
memory interference as outlined by Durlach and Braida (1969), then
performance in the two conditions without intervening stimuli (B
and E) should be as good as that with no masker (A). Alternatively,
if there are masking effects that are due simply to sensory interac
tion, then it should be irrelevant whether the additional 384-msec
noise burst is temporally intervening or nonintervening between
the comparison stimuli. Specifically, the forward masking condi
tions, Band C, should yield similar performance, as should the
backward masking conditions, D and E. Results were based on 300
trials per listener for the condition without a masker and 600 trials
per listener for the conditions with a masker. The conditions with
a masker were run in two counterbalanced orders. The listeners
were the same three that had served in Experiment 1. 1

Results and Discussion
Two listeners showed the same pattern of results, with

all pairwise comparisons of the five conditions significant
for each listener (p < .05, Gourevitch & Galanter, 1967).
For these two listeners, average d' was 2.63 without a
masker, 2.03 and 1.61 for a nonintervening and an inter
vening forward masker, respectively, and 1.17 and 0.62
for a nonintervening and an intervening backward masker,
respectively. Although masking was obtained when the
masker did not intervene, there was a greater amount of
masking when the masker did intervene. With either in
tervening or nonintervening maskers, backward maskers

are more effective than forward maskers. The third
listener did not show any significant differences across
conditions, with the exception that a nonintervening, for
ward masker produced significantly worse performance
than the other conditions. That this conditions should be
worse than the others is not predicted by either memory
interference or sensory interaction, and may be a spuri
ously significant result. This listener may have shown a
pattern similar to that of the others had there not been
a ceiling effect, that is, no differences among the con
ditions.

The greater masking by intervening maskers suggests
that memory interference occurred. However, masking
is observed with nonintervening maskers, indicating that
sensory interactions also acted to decrease discriminabil
ity. Backward masking had more of an effect than either
forward masking or interference, inasmuch as discrirnina
bility with a nonintervening, backward masker (d' = 1.17)
was worse than that with an intervening, forward masker
(d' = 1.61). The fact that backward maskers were more
effective than forward maskers conflicts with most results
for the detection of targets, which is presumably limited
by peripheral filtering and adaptation (e.g., Duifhuis,
1973), but agrees with results in various sensory modali
ties for identification of targets, which involves masking
of a more central origin (Craig, 1982; Massaro, 1972;
Turvey, 1973).

EXPERIMENT 2b
EFFECT OF STIMULUS UNCERTAINTY

Method
At the beginning of each 50-trial block, two 25.6-msec noise

waveforms were generated. An additional 384-msec noise was



generated and appended to each of the two 25.6-msec bursts, result
ing in two 409.6-msec noises which differed only over a 25.6-msec
target. The location of the target was the initial, middle, or final
segment of the burst. Stimuli were bandpass filtered from 600 to
1400 Hz. One of these two waveforms was selected and presented
in the first interval of every trial. On "same" trials, the second
interval also contained this waveform; on "different" trials, the
second interval contained the other waveform. Approximately 14
blocks were run for each target condition. If the discriminability
of individual segments of the burst were decreased by trial-to-trial
variability, performance should improve over the course of the 50
trial block with fixed stimuli.

To minimize uncertainty further, two additional conditions were
run in which the two noise waveforms were fixed over a set of six
50-trial blocks. The targets were located at either the beginning or
the end of the burst. Five sets were run for each condition, each
set using a new selection of noise bursts. The listeners were the
same three who had served in Experiment 1.

Results and Discussion
Figure 3a (left panel) shows results of the three condi

tions for which the noise bursts were constant for 50 trials.
Percent correct for "same" and "different," combined
across blocks, was computed for successive sets of 10
trials (i.e., Trials 1-10, 11-20, etc.). Each point is the
average d' across listeners, with each listener's d' based
on approximately 140 responses (10 trials for each of 14
blocks).' Figure 3b (right panel) shows results for stimuli
fixed over 300 trials. Percent correct for "same" and
"different," combined across the five sets, were com
puted for successive sets of 50 trials. Each point is the
average d' across listeners, with each listener's d' based
on 250 responses. Because of the small number of trials
and noise samples, individual data were variable, but there
were no apparent differences across listeners in the ef
fects of trial block or target location. The effect of trial
block was not significant for any listener for any condi-
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tion, although each listener tended to show improvement
over the first 50 trials for targets located at the end. Per
formance on the last 10 trials for the data shown in
Figure 3a and the last 50 trials for the data shown in
Figure 3b were significantly different from performance
on a previous 25.6-msec condition (d' = 2.78), except
for one subject, who showed no significant difference
when the target was located at the end. In general, there
is little evidence for large effects of trial-to-trial variabil
ity on performance, except perhaps for targets located at
the end."

Better discrimination for targets at the end of the noise
burst is consistent with the results of Experiment 2a,
which showed more backward than forward masking. Tar
gets at the end may also show an attentional benefit with
low uncertainty. The finding that the functions in Figure 3
are flat suggests that informational masking does not play
a large role in determining the discriminability of the noise
bursts. In particular, since all conditions asymptote at a
lower level of performance than for isolated 25.6-ms
bursts, informational masking is not the reason for
decreased performance beyond 25 msec in Experiment
1. It may be argued that the listeners did not receive suffi
cient exposure to the stimuli for the attentional effects of
stimulus context to be reduced, and that with thousands
of trials performance would equal that for brief bursts in
isolation. However, some studies have observed effects
of reduced uncertainty within 300 trials (e.g., Watson &
Kelly, 1981, Figure 7), and further evidence that the
results of the present study cannot be explained in terms
of informational masking can be found in Experiment 2a.
Watson et al. (1976) argued that, with informational
masking, introducing a 80-120-msec gap in a tonal se
quence makes the component prior to the gap as dis
criminable as the final component. In Experiment 2a,
however, backward maskers were more effective than for-

3

TARGET LOCATION 0)

• END
A BEGINNING

2 • MIDDLE

-0

~A--A--

0
10 20 30 40 50

TRIAL

bl

Figure 3. Average d' as a function of trial number under conditions of reduced uncer
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500-Hz wide, low-frequency (100-600 Hz) and high-frequency
(~800-3300 Hz); and 50-Hz wide, low-frequency (225-275 Hz) and
high-frequency (2975-3025 Hz). Each bandwidth was used at each
of five durations: 1.6, 6.4, 25.6, 102.4, and 409.6 msec.

Results and Discussion
Figure 4 shows d' as a function of duration for the five

bandwidths. Performance improved up to durations of
~5.6 msec for all noise bands. With some exceptions, rela
trve performance across noise bands was ordered (best
to worst): broadband; low-frequency, 5OO-Hz band; low
frequency, 50-Hz band; high-frequency, 50-Hz band; and
~igh-frequency, 5OO-Hz band. The most notable excep
tion occurred at 409.6 msec, where discrimination for the
50-Hz bands exceeded that for the broader bands.

Performance at high and low frequencies was similar
with 50-Hz bands, in spite of the differences in spectral
resolution and phase-locking at these frequencies. This
similarity suggests the use of envelope cues for these nar
row bands, for which the envelope is well defined. Slightly
better performance at the lower frequency is consistent
with the results of Buus (1983), who showed that enve
lope variation is discriminated better at lower frequen
cies. Increasing the bandwidth of the noise had different
effects at high and low frequencies. At low frequencies,
performance improved, possibly due to the use of either
the spectral profile or the temporal fine-structure. At high
frequencies, performance worsened, due to the lack of
either of these cues and the elimination of the envelope
cue. Thus, the better temporal resolution at high frequen
cies does not appear to aid the discrimination. Similar per-
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EXPERIMENT 3
EFFECT OF CENTER FREQUENCY

ward maskers even with a l00-msec gap. The failure to
find attentional effects in the present study may be due
to the use of broadband stimuli, which presumably ex
hibit much greater sensory interaction than the tone se
quences used by Watson. Nonetheless, one must still ad
mit the possibility that attentional effects may be observed
with more extensive training, particularly in light of the
many differences between noise bursts and tonal se
quences. Noise bursts may be more difficult to learn than
tonal sequences.

The results of Experiments 2a and 2b suggest that sen
~ory interactions are the primary factor for limiting the
Improvement, observed in Experiment 1, with increases
of stimulus duration. The fact that both Experiment 2a
and Experiment 2b show greater backward masking than
forward masking is evidence that this sensory interaction
is central in origin. These experiments also demonstrated
several other effects that limit performance, that is, for
ward m~sking, possibly due to peripheral interaction,
memory interference, and attentionallimitations, although
these effects were smaller.

The small effect of bandwidth in Experiment 1 could
be explained in part by assuming effective bandwidths
broader than the 3-dB-down bandwidths. However, this
characterization failed to explain why performance was
relatively poorer than predicted with broad bands and rela
tively better than predicted with very narrow bands.
Predictions for broad bandwidths assume that the listener
is able to use information in the various frequency regions
equally well. There are reasons to think that such an as
sumption is not warranted. Spectral resolution is relatively
poorer and temporal resolution relatively better at high
than at low frequencies (Fitzgibbons, 1983; Shailer &
~oore, 1983). Also, phase-locking of eight-nerve fibers
IS better at lower frequencies (Rose, Brugge, Anderson,
& Hind, 1967). Relative performance for high- vs. low
frequency noise bands should distinguish whether spec
tral resolution and phase-locking or temporal resolution
is more important for the discrimination. Moreover, if
the temporal resolution of auditory filters determines the
durations for which the masking effects observed in Ex
periment 2 begin to take effect, maximal performance
should occur at shorter durations for high- than for low
frequency noise bands. Narrowband noise bursts were also
use~ to examine the possible use of envelope cues, such
as pitch, roughness, or beats (Plomp, 1976), which would
explain the relatively good performance with narrow
bandwidths.

Method
. Two.of~e three ~isteners from the previous experiments partie
ipated In this expenment. The method was identical to that of Ex
periment I, except for the bandwidths and durations of the noise
bursts. The five noisebands used were: broadband (100-3300 Hz);

Figure 4. Average d' as a function of duration, in milliseconds
for Experiment 3. Noise bands are: 100-3300 Hz (squares), 1110:
~ Hz (filled circles), 225-275 Hz (open circles), 2975-3025 Hz (open
triangles), and 2800-3300 Hz (fIlled triangles). Error bars are as in
Figure 1.



formance for the 500-Hz, low-frequency band and the
broadest band indicates that the low frequencies were de"
termining the discriminability of the broadband bursts.
Although the finding that low-frequency information was
more discriminable may be determined largely by the
choice of stimuli, Green and Mason (in press) have shown
that spectral shape is discriminated better at lower fre
quencies for five-tone complexes with components
logarithmically spaced in frequency.

The finding that all of the functions in both Figure 4
and Figure 1, increase only up to durations of 25.6 msec
suggests that the masking effects studied in Experiment 2
are not determined by constraints of auditory filters, but
rather by more central processes. Performance beyond
25 msec does not decrease as much for narrow bands as
for broad bands, indicating that envelope cues such as
pitch, roughness, or beats may not be masked in the same
way as the spectral or temporal cues that determine per
formance for the broader bands.

SUMMARY

Large changes in bandwidth and duration had only a
small effect on the discriminability of bursts of reproduc
ible noise. Discrimination was best for a duration of about
25 msec regardless of bandwidth or center frequency of
the noise bursts, except perhaps for 50-Hz bandwidths.
The importance of masking of a central origin was demon
strated by the fact that the effect of backward masking
was greater than that of forward masking, and by the in
variance of the 25-msec p eakas bandwidth and center fre
quency of the noise bursts were varied. However, for
ward masking, memory interference, and attentional
limitations also limited performance at the longer dura
tions. Low-frequency information was more useful,
perhaps due to better spectral resolution or phase-locking
at lower frequencies. Finally, envelope cues may be im
portant for the discrimination of narrowband stimuli.
Although this aspect of performance was not studied in
detail, high- and low-frequency performance was more
comparable with narrowband stimuli and temporal mask
ing effects may have been reduced. The results suggest
that auditory information for discrimination and identifi
cation may be most effectively transmitted at the stimu
lus offset and that the stimuli should either be brief
(25 msec) and low frequency or provide envelope cues.
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NOTES

1. The lOO-msec gap was introduced because the task was quite
difficult without any gap. The restricted range would have precluded
any meaningful comparisons across conditions. This result by itself is
probably indicativethat either sensory interaction or informationalmask
ing is of primary importance. Any sensory masking effects observed
with a lOO-msec gap would presumably be even larger for the stimuli
used in Experiment I where no gap was present.

2. The d's were also computed for each sample of noise for the block
of 50 trials. The within-subject variability of d' for each condition was
such that the mean-to-sigma ratio (i.e., mean d' divided by the stan
dard deviation of d') was in the range 1-2. The larger values of mean
to sigma were obtained for larger mean values of d' .

3. A minimal uncertainty condition was run in which the entire
409.6 msec was the "target," that is, at the beginning of each 50-trial
block, two independent 409.6-msec noise bursts were selected. Aver
age d' was 2.59. This value is comparable to that predicted by statisti
cal summation of the d's from individual 25-msec segments as estimated
by the results of Experiment 2b. Other data, for conditions with new
waveforms selected on each trial, also indicate that the combination of
information across segments is nearly optimal. This result has been
found in previous psychophysicalexperiments (e.g., Green, 1958; Swets,
Shipley, McKey, & Green, 1959), and indicates that this aspect of
decision-making does not impose a limitation on performance.
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