Humans detect gaps in broadband noise according to effective
gap duration without additional cues from abrupt
envelope changes
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Previous studies of behavior and IC single units in the mouse support theoretical expectations that
gaps with ramped trailing markers have reduced detectability compared to equivalent gaps with
ramped leading markers. In experiment 1, detection probability and response speeds of humans
listening for gaps in broadband noise were investigated by independently varying either leading
marker fall-time(FT) or trailing marker rise-timéRT). Gaps with silent duration of 1, 4, or 12 ms

were presente 2 s into a 3-s noise burst, with either abrupt marker onsets and offsets or linearly
ramped RT/FT of 2, 4, or 8 ms durations. Addition of a nonzero RT or FT to the gap silent period
increased detectability and also increased reaction speed on trials with “Yes” response, but there
was no difference in detectability or response speeds between RT and FT conditions. Experiment 2
extended this finding to gaps having two, one, or no abrupt marker edges. These findings suggest
that human listeners do not make use of abrupt onset or offset information to enhance gap detection,
but seem to rely on the effective sound level reduction associated with the gap for detection.
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I. INTRODUCTION 1987; Green and Forrest, 1989; Hial, 1999 and the psy-
) ) _ chometric function for gap detection is very steep, with a

The detection of gaps in broadband noise has been Stuﬁjange of approximately 2 ms between 0% and 100% detect-
ied using a variety of physiological and psychophysical teCh'abiIity (Green and Forrest, 1989: Mookt al, 1992; He
niques, which have provided similar measures of temporak a1, 1999. Computational models of gap detection have
acuity. These studies range from single unit recordings ofenerally assumed that detection occurs on the basis of short-
auditory nerve fibers in the chinchill@hanget al, 1990,  (grm fluctuations within single-channel detectdBuunen
inferior colliculus (IC) neurons in the mous@Valton et al,, and van Valkenberg, 1979; Buus and Florentine, 1985: For-
1997; Barszet al, 1998, and primary auditory cortex neu- yest and Green, 1987r within multiple-channel detectors
rons in the catEggermont, 2000 to behavioral techniques (ein et al, 1996. Florentineet al. (1999 have recently
such as prepulse inhibition in the rédson, 1982; Leitner g,gqested that discrepancies between their empirical data
etal, 1993 and the mousglison et al, 1998; Isonetal,  ahq 4 Joudness detector model might arise from additional
2002 as well as psychophysical perceptual measures in higetection cues being provided by the onset response to the
mans(e.g., Plomp, 1964; Green, 1985; Green and Forrestyjjing marker of the gap. If so, then altering the onset in-
1989; _S_nell, 1997; Heet ql., 1999; Florentmee_t al, 1999. formation of the trailing marker should affect gap detection.
In addition to these applications, gap detection has also as-  pevious studies in the mouse suggest that ramped
sumed significance owing to the importance of temporal acumarker onsets and offsets do impair gap detection. Barsz and
ity for human speech perceptidiyler et al, 1982, 1989;  )jeagueg1998 covaried the leading marker fall-tim(&T)
Gordon-Salant and Fitzgibbons, 1993; Busby and Clarkgng trajling marker rise-timéRT) of gap envelopes and ex-
1999; Phillipset al, 2000; Snell and Frisina, 2000 amined the effect of this manipulation on the encoding of

Plomp(1964) established much of the theoretical frame- gaps by mouse IC single units. They found that symmetric
work that underpins research on auditory temporal acuity. H%aps(RTzFT) with RT/FT greater than 4 ms showed in-
found that the threshold for gap detection depends on thgreased detection thresholds, requiring longer gap durations
sound levels of pre- and postgap noise burst markers a produce a significant difference in firing rate from the
suggested that below some minimum gap threstiIBT) & 5 gap control. Increasing RT produced longer first spike
finite rate of decay of auditory sensation masks the presenqgiencies for phasic units, and slowed the rate of recovery of
of gaps that occur within this decay envelope. This maskingpeir asymptotic firing rate response. In contrast, increasing
also determines the magnitude of the onset response {0 ther reqyced the decay of excitation during the gap for tonic
trailing noise burst marker. The MGT for simple rectangular its 1son and colleaguég002 found, using prepulse inhi-
gaps in broadband noise is typically between 2 and 3 Mgjion in the mouse, that adding RT and FT to small gaps
(Plomp, 1964; Irwin and Purdy, 1982; Forrest and Greenj reased their detectability owing to increased effective gap
duration, consistent with energy detector models. They found
dElectronic mail: pallen@cvs.rochester.edu additionally that the salience of longer gaps was reduced for
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RT ramps compared with FT ramps, supporting the impor- Variable Fall-time Condition (FT)

tance of onset information for gap detection.
These mouse studies indicate that onset information is

important for gap detection, and that ramped gap envelopes Variable Rise-time Condition (RT)

may have reduced psychophysical salience compared with - ]

gaps having abrupt marker offsets and onsets. Accordingly, <
the object of this investigation was to test in humans the —_—

effect on gap detectability of ramped marker edges. Rectangular Gap (Oms RT/FT)

Il. GENERAL METHODS

Two experiments were conducted to test the effect of Silent-time, ST
ramped marker edges on gap detection. In experiment 1, the ' '
effects on detectability and response speeds were investi-
gated of varying the ramp duration at one gap e(hjﬂner FIG. 1. Schematic representation of temporal gap stimuli used in experi-
the leading or trailing markgwhile keeping the other edge ment 1

abrupt. In experiment 2, the effects of having a single abrupt ) )
edge versus two or no abrupt edges on gap detection wetton of the 3-s noise burst, at considerably longer latency

»
>

Time

investigated. than for trials dur_ing which they res_ponded “Yes”. In exper_i-
_ ment 1 asymptotic values for reaction speed were determined
A. Subjects using a 12-ms gap with abrupt edges.

Fourteen volunteergnine men and five womenaged
between 19 and 65, with a median age of 21 years, partiCij]. EXPERIMENT 1: EFFECT ON GAP DETECTION OF
pated in this study. All had normal audiograms for their age A SINGLE RAMPED EDGE
The University of Rochester Research Subject Review Boar%
: g . Methods
approved the experimental procedure and participants were

reimbursed for their participation. There were seven participants in experimeffiolir men
and three womenaged between 19 and 65, with a median
B. Stimuli age of 22 years. Participants were tested over two days, and

on each day were presented with six blocks of trials. Within
a single block, participants were presented with either
variable-RT or variable-FT trial&lescribed beloyy and each

The carrier for the gaps consistefl ® s of broadband
noise (16 Hz to 20 kHz, 60 dB Agenerated and controlled

via a digital signal processing platfor(iucker-Davis APZ . block contained eight presentations of each of the eight
and custom software on a 486 personal computer. The noise, . .
stimulus types and a no-gap control trial, so that each condi-

bursts were created with a flat frequency spectrum using flon was presented 48 times. On each day three variable-FT
sampling rate of 50 kHz. They were presented binaurally '

using Beyer headphong®T 48). The noise bursts were and three variable-RT bl.OCkS were rz_andomly prg;ented. Each
) . o trial block lasted approximately 7 min and participants were
separated by a silent postresponse intertrial interval of 2 s

Variously shaped gap@described for the two experiments diven the opportunity to take a short rest between blocks.
below were locat 2 s into the noise burst The gap stimuli in this experiment are shown schema-

tized in Fig. 1, and were chosen to correspond directly with
those used in a prepulse inhibition study of mice by Ison
et al. (2002. The nominal gap duration is the silent time of
Throughout the experiment, participants were seated in the gap, to which ramped marker onsets and offsets are
sound-attenuating chamber and asked to listen for the presdded. On each trial, except for control trials on which there
ence or absence of a gap in the noise bursts. A “Yes"/“No” was no gap in the noise, a gap with a silent-time, ST, of 1-,
single-interval procedure was used. Participants were ind-, or 12-ms duration was presedt2 s after the onset of the
structed to respond as quickly and accurately as possible amise burst. Gaps with 1- and 4-ms ST were either preceded
hearing a gap by pressing the right-hand button on a reby a 0, 2, 4, or 8 ms fall-time of the leading marker and
sponse box, and if no gap was detected to press the left-haridllowed by an abrupt onset of the trailing marker
button. (Variable-FT Condition or had an abrupt leading marker
The latency between the 2-s point of the stimuli, whereoffset and a rise-time of the trailing marker of 0, 2, 4, or 8 ms
gaps were presented except on control trials, and the sul§variable-RT Conditioh The 12-ms ST gap had abrupt
ject’s response was collected. For “Yes” responses, if themarker edges.
response latency was greater than 170 ms, but less then 2500 The detection probability and response speed data were
ms, this latency was converted to a reaction sgepded=1/  each subjected to a three-way within-subject repeated mea-
latency in order to reduce the skewing effects of occasionalsures factorial analysis of varian€BNOVA). The data en-
long reaction time latencies, and mean response speeds fmred into the ANOVA were the mean values across blocks of
each gap were calculated. Subjects used various respons@@ls for each subject for each condition. The three factors
strategies for trials during which they did not hear a gap. Thevere (1) gap silent time, here using only the 1- and 4-ms
most common strategy was to respond “No” after the cessadurations,(2) rising versus falling ramps, an@®) ramp du-

C. Procedures
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5 & 75 FIG. 3. Group average percent detection functions against gaglefT
g5 75 B pane) and RT (right panel for three gap silent times. Error bars denote
% 50 / g 50 / standard errors of the mean, while the within-subject standard error is 3.6%
g / ® 25 / for the RT condition and 3.4% for the FT condition. The false alarm rate
25 (FA) for both experimental conditions wass%. Both 1-ms silent time data
0 :/ : : Q- ; - sets are shown with a logistic function described by Eq.obtained by
c 2 4 8 c 2 4 8 fitting to the FT data.
Gap RT/FT (ms) Gap RT/FT (ms)
100, Male age27 1007, | omale, age 34 for equal gap silent tim¢F(1,6)=1.1, p>0.3]. Gaps with
5 75 s 75 1-ms silent time and 0-ms RT/FT were infrequently detected.
8 é 50 These gaps had a mean detectability and standard error of
8 50 o 4.5+1.6)%. Detectability increased equally with increasing
3 = | . .
® 25 25 - RT and FT, with 50% detectability near 4 ms for both, and
Oe—F— ‘ R p approached 100% for the 8-ms RT/FT. The logistic function
0 éa F:'T/FT (ms)8 Gap RTFT (ms) is commonly used to descriptively model psychometric de-
P tection functionsle.g., Green, 1993; Florentiret al, 1999;
10050 ale age 65 He et al, 1999 and takes the form
c Fall-Time Rise-Time
£ 751 ) 100- «a
R =1 msST -1 msST Detectioni%) = a+ 1Tre K (1)
[ 4
Q —~4 msST —--4 msST
2 25 . . o
~12msST ~«12msST where « is Fhe falge alarm ratem is the midpoint of the
0 5 psychometric function, ankldescribes the slope of the func-

Gap RT/FT (ms)

tion (Green, 1998 The 1-ms FT and RT data of Fig. 3 are
shown with a function of this form, calculated by least-

FIG. 2. Percent detection functions for individual subjects. Increasing gasquares fitting to the FT data. The function describes these
fall- and rise-time(FT and RT conditions are plotted together, illustrating data well. withR2=0.9997. and additionally the same func-

that there is little difference between them. The data are presented in a
order, demonstrating also that there is no systematic age effect.

ration. The number of levels in each factor were, respec-
tively, 2, 2, and 3. The interpretation of the statistical signifi-
cance of the resulting=-values used the Huynh—Feldt
correction(Huynh and Feldt, 1976for violations of com-

pound symmetry in repeated measures designs.

B. Results

Fon describes the RT data witR2=0.9963, further high-

lighting the similarity of these two data sets.

The detectability of all the 4-ms silent-time gaps was
above 50% and their detectability increased rapidly from the
0-ms RT/FT gap, 74(&4.5% detection, with little differ-
ence between variable-RT and FT condition, and approached
100% for longer RT/FT. These data cannot be fit reliably
with a logistic function because they are clustered at high
values of this function, but are shown in Fig. 3 with a logistic
function fitted to the FT data to illustrate the similar trends in

Individual subject psychometric functions for gap detec-detectability for the two gap-types.

tion are shown in Fig. 2. Gap detectability increased uni-  The 12-ms abrupt-edged gap was almost always detect-
formly with the silent duration of the gap, ST, and with both able (means for RT and FT conditions were 100% and
increasing RT and FT, with no systematic difference in de99.0% detection, respectivelyThe false alarm rate was
tectability apparent between these two types of gaps acrogs0(+2.0% for the variable-FT condition and 3:11.6)%
subjects. These data also demonstrate the uniformity in psyer the variable-RT condition. The within-subject standard
chometric functions across participants, who are presented irror terms obtained from the ANOVA, which exclude vari-
age order, showing also that there is no apparent age depemAce arising between subjedisoftus and Masson, 1994
dence for the effects of this RT/FT manipulation on gap de-are 3.6% for the RT condition and 3.4% for the FT condition.
tection. The individual participant data for response speeds are
Mean gap detection probabilities across participantshown in Fig. 4, calculated from the response latencies on
were calculated and are shown in Fig. 3. Detection of gapgrials with “Yes” responses. Across subjects, speeds in-
increased with increasing ST and also with increasing gap FE€reased with silent duration and with RT/FT and again
and RT. The ANOVA shows that there was no significantshowed uniformity between the RT and FT conditions, al-
difference in detectability between the FT and RT conditionghough response speed appears more variable among subjects

J. Acoust. Soc. Am., Vol. 112, No. 6, December 2002 Allen et al.: Effect on detection of ramped gap markers 2969



Female, age 19 Male, age 20 tions are shown with exponential functions of the form

550 5507
840 8401z RS=RSya— A exp(—t/7), 2
.30 .30
%20 . §,20 so that response speed, RS, a_pproa_ches the asymptotic maxi-
S10|” ? & .10 mum response speed, & with a time constanty, and
0 O , free fitting parameter\. The curves were obtained by fitting
0 2 4 8 0 2 4 8 to the mean of the RT and FT data for each of the 1- and
Gap RT/FT (ms) Gap RT/FT (ms) 4-ms silent-time conditions. The exponential fits describe the
_ 50,  Male, age 21 __ 50, Female, age 22 data well, withR?=0.9971 and 0.9990 for the 1- and 4-ms
s 401 s 40 silent-time conditions, respectively. These curves illustrate
:°—_,'30_ . 8'30 ° that the response speed has a more gradual approach to as-
§ '20_ % '20 ymptote than does the detection data and highlights the simi-
2 g larity of the RT and FT data. The 12-ms gap response speed
@101 @10 is shown on each graph in Fig. 5 with a dashed line to indi-
0 0 2 4 8 0 0 2 4 8 cate the asymptotic response speed, which the other curves
Gap RT/FT (ms) Gap RT/FT (ms) approach with increasing gap RT/FT.
2.50< Male, age 27 .50 Female, age 34
840 o~ o————=  Suo, . .
T 30 D// SR C. Discussion
9 - .30
§ 201 Kﬂ § .20 This experiment examined the effects on detection and
& .10 & .10 response speed for gaps in noise having ramped offsets or
o . o , onsets. Detection of gaps was not impaired by ramped onset
0 2 4 8 0 2 4 8 of the trailing marker: for a given gap silent period, adding a
Gap RT/FT (ms) Gap RT/FT (ms) ramped edge to either the leading or the trailing marker im-
50 Male, age 65 proved gap detectability and response speed, and this im-
401, Fall-Time Rise-Time provement was the same regardless of which marker pos-

/ —=1msST —+1msST sessed the ramp. This result in humans stands in contrast to
the finding of Isonet al. (2002 in mice using the same
-4 ms ST -—-4 ms ST S .
ST ramped-edge gap stimuli, that ramped edges on the trailing
~12msST  <~12ms marker impair gap detection relative to ramps on the leading

N
o

$pgeds_ (1 (._)0/ L)
N ;
(=]

—_
o

0= T ; T
0 2 4 8 marker. However, the result here is consistent, at least quali-
Gap RT/FT (ms) tatively, with energy or loudness detector models of gap de-
tection(e.g., Florentineet al, 1999. Examination of Figs. 3

FIG. 4. Individual subject response speétid atency shown with increas- o
ing gap RT and FT for each of the three gap silent times. and 5 suggests that the detectability and response speed data

for different silent durations in both the variable-RT and FT

than does detectability. Mean response speeds across subje%?gd't'ons would superimpose 'f they were appropn_ately

are shown in Fig. 5, and were again nearly identical for bothSh'ftGd_ or rescaled on tth‘ time-axis. If gap detection relies on
the variable-RT and variable-FT conditions. The ANOVA detec_tmg energy fluctuations of the sound envelope_, then the
shows that there was no significant difference in detectabilit)?ddItlon of RT and FT serves to increase the effective dura-

between the FT and RT conditions for equal gap silent time}ion of gaps. Rescalin.g the gap duration in terms. of the s@lent
[F(1,6)<1, p>0.75]. The data for both FT and RT condi- gap plus the appropriately weighted ramp duration provides
' ’ an effective gap duration,

g .gg- 1 1: . tey=ST+mRT (or FT). 3)
2 30 1 Previous studies of the detectability of partially filled
§ .25 1 gaps in broadband noise indicate that decrements of 35% to
;)-’ 201 1 50% of the carrier all produce MGTs of 2—-3 rfiorrest and
e 19 « 1msST Green, 198Y and that sound level within the gap has little
2 '(1)2: | : ‘112"15 S'STT effect on gap thresholds as long as the decrease in the carrier
'.0 . : . 1 . ' ms ‘ is at least 5 to 10 dB below the initial sound leyBlenner,
0 2 4 8 0 2 4 8 1975; Irwin and Purdy, 1982 These studies suggest that
Gap Fall-Time (ms) Gap Rise-Time (ms) MGT andt.z are determined by the time that the envelope

FIG. 5. Mean response speeds for gap(leTt pane) and RT(right paneg). ~ [€Mains beI_OW S0me minimum decrement.
Error bars denote standard errors of the mean, while the within-subject ~ The weighting factorm, in Eq. (3) reflects how much
standard error is 0.012 for the RT condition and 0.013 for the FT conditionthe ramp time contributes Q. Large values ofm indicate

The data are well described by two exponential functions fitted to the mea ;
of the aggregated RT and FT data for each of the 1- and 4-ms silent timlg:‘hat most of the ramp contributes, and that small decrements

conditions. The 12-ms speed is shown with a dashed line to indicate th&'€ SUfﬁCie_nt to enhandg. .Conversely,_ if large decrements
asymptotic response speed. in the carrier are needed in order to incredage then the
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5100 ) s ° 40 -"é behaviorally via prepulse inhibition, that ramped edges on
375 ; §'.30 é%"%'" the trailing gap marker led to decreased gap detectability.
a ./ z ﬁ/ These mouse data depend on brainstem processing, and there
3 501 i 3201 ¥ is the possibility that in psychophysical experiments humans
! ) <% . .
g5y ° ;{all-Tgne & 0] ¢ make use of cues that are not strongly coded in the brain-
o=t oo me . ' ) stem, but which are perhaps more important in cortical pro-
0 2 4 8 12 0 2 4 8 12 cessing. Gaps in the current experiment had at least one
Effective Gap Time (ms) Effective Gap Time (ms)

abrupt edge, raising the possibility that listeners made

FIG. 6. Group mean detectability and response speed data with standaﬁ_)qua”y gO_Od use O_f abrupt marker offset or onset informa-

errors of the mean plotted against effective gap duratign=ST+0.5RT  tion to assist detection. Experiment 2 was designed to test the
(or FD. Rescgling yi(_alds simple curves that coIIapse_a_llI the experimentahypothesis that gaps having either a single abrupt edge or
data irrespective of silent gap duration or RT/FT condition. two abrupt edges have higher detectability than those with

two ramped edges.
contribution of ramps will be less and the valuenofvill be
smaller. For linear ramps, if this minimum decremenXim

48 then IV. EXPERIMENT 2: EFFECTS OF ZERO, ONE, OR
m=10"X%, (4) TWO RAMPED EDGES

The range ofm expected from these previous studies is O.32A' Methods
to 0.63 for 10- to 4-dB decrements, respectively. For The results of experiment 1 suggest that humans do not
=0.5, to corresponds to the time between the 50% ampli-make special use of onset information to detect brief gaps in
tude, or—6 dB points of the gap envelope. Figure 6 showsnoise with ramped edges, but rather do so by detecting over-
the detectability and response speed data of Figs. 3 anddl energy fluctuations. In experiment 2, gap stimuli were
replotted against this effective gap duration, usig0.5.  constructed to compare differential detectability among gaps
The three different silent time data sets for both variable-RTthat should have the same detectability according to one such
and variable-FT conditions rescale onto a single logistic an@nergy detector model, but which have zero, one, or two
exponential curve for the detectability and response speehmped edges.
data, respectively. These functions have characteristic time There were seven participants in experimelffiz men
constantsm and 7, which have 95% confidence intervals of and two womehaged between 19 and 22, with a median age
2.93-3.36 ms and 2.25-3.29 ms, respectively. The rescalingf 19 years. Participants were each tested on a single day and
yields similar characteristic time constants for the two ex-were presented with four blocks of trials. Each block con-
perimental measures, supporting the conclusion that subjectained ten presentations of each gap tygescribed beloyv
were responding to effective gap duration owing to an energwnd the no-gap control so that each condition was presented
detector like mechanism, and not differentially to particulara total of 40 times. Each trial block lasted approximately 9
features of the gap envelope. It is notable that the rescalintins and participants were given the opportunity to take a
may not be unique. The detectability data can be rescaleshort rest between blocks.
with m between 0.3 and 0.5&orresponding to decrements Gaps in the noise carrier were presented on each trial,
of 4 to 7 dB to also produce satisfactory rescaling, such thaexcept for control trials on which there was no gap in the
a single sigmoidal function describes all the detection dataoise. Gaps were constructed with various combinations of
with R?>0.990. However,R? decreases rapidly fom ramped and abrupt edges to have equal effective gap dura-
>0.5, so this value was used above for simplicity. tion, te, usingm=0.5. There were two series of gaps, the
In this experiment reaction speeds were measured an@®-ms series” and “3-ms series” withtg¢ of 2 or 3 ms,
showed a slower approach to asymptote than did the deteatespectively. Each series consisted of five gap-typBsan
ability data, but also demonstrated significant systematic difabrupt edged gaffsquare”), (2) a gap with an abrupt lead-
ferences among the readily detectable gaps. This is notewoing marker offset and 2-ms ramped trailing marker onset
thy since the method of constant stimuli usually leads to(“rising” ), (3) a gap with a 2-ms ramped leading marker
psychometric functions that are very steep around an operaffset and abrupt trailing marker ongétalling” ), (4) a gap
tional threshold. While these gaps had near 100% detectabiwith two 1-ms ramped edgegsfast” ), and (5) a gap with
ity, responses to them showed differential latencies, withwo 2-ms ramped edgésslow” ). To illustrate these stimuli,
faster speeds for longer gaps. This increase in response speed. 7 shows the 2-ms series of gaps; the 3-ms series has the
is continuous with the process of detection, as subthresholsame shaped edges, but the total gap durations are 1 ms
gaps, when detected, are responded to more slowly than thenger by extending the duration of the silent portion of the
more readily detectable stimuli. Consequently, reactiorgap.
speeds appear to provide a useful measure of the perceptual The percent detection and response speed data were
equivalence and salience of stimuli that are above the deteeach subjected to a two-way within-subject repeated mea-
tion threshold, consistent with previous findingsg., Ko-  sures factorial ANOVA. The two factors wek@) effective
hfeld et al, 1981a, b. gap duration and2) gap type, and the number of levels in
The stimuli used in this experiment were selected to teseach factor were, respectively, 2 and 5. Otherwise, the treat-
in humans the effect seen in mouse IC single units, and alsment of these data followed the pattern used in experiment 1.

J. Acoust. Soc. Am., Vol. 112, No. 6, December 2002 Allen et al.: Effect on detection of ramped gap markers 2971



3
o
)
®
¢
3
m:

Slow c
g a "2'mS"
— T ;
bt
5 ot
T 3
Rising o
.
:"————{ Square o %
! 2 FA

1 I} »

Time (ms) o Square Falling Rising Fast Slow

FIG. 7. Schematic representation of temporal gap stimuli used in experiFIG. 9. Group average detectability and standard errors of the mean, for the

ment 2. All five gaps havé,z=2 ms, according to Eq3) with m=0.5. “2-ms” and “3-ms” effective gap duration series. The within-subject stan-
dard errors are 2.7% for the 2-ms series, and 2.6% for the 3-ms series.

B. Results o
_ were calculated and are shown in Fig. 9. The ANOVA re-

~ Individual subject data for gap detection are shown inyeais 5 strong effect of gap duration between the two series,
Fig. 8. Gap detectability increased with increasing gap dura,:(lﬁ): 59.2, p<0.001, and of gap type within the series,
tion between the 2- and 3-ms series of gaps and within seriq§(4 24)=27.15,p<0.001, but no interactiorF (4,24)<1
seem to show increasing detectability between the “squarep~ g 97. In order to identify the source of these differences,
and the “slow” gaps. The variability among subjects appearshsequent ANOVA were performed with particular condi-
greater than in experiment 1. This might reflect an increas§gyns. There was a significant difference between the
in the subjects’ decision uncertainty as the stimuli were de"square" and “falling” gaps, F(1,6)=50.73,p<0.001, and
liberately chosen to lie on the steepest region of the psychQsenyeen the “fast” and “slow” gaps F(,l 6)= 8.63 0
metric function. _ . o <0.05. There was no significant difference among the “fall-
Mean gap detection probabilities across part|C|pant§ng " “rising,” and “fast” gaps, F(2,12)<1, p>0.84. Sta-
tistical power analysis indicates that this experiment had a

100 Male, age 19 1001 o Female, age 19 70% chance of detecting a difference in detectability of 5%
B ® [} [ ] L ] . ) ) .
5, s s 5 o o o with 95% confidence, and in fact the mean detectabilities of
E 53 d L g IS & o these three types of gap vary by less than 2%.
& 50 o 2 & 850 Response speed@iot shown were again calculated
Ry O * 2 from latencies of trials with “Yes” responses. Compared
e o — — with experiment 1, speeds were more variable among sub-
SQR FT RT FSTSLW SQR FT RT FSTSLW jects, but the ANOVA demonstrated significant effects of gap
duration, F(1,6)=22.99, p<0.01, and gap typeF(4,24)
Mal 1 . . :
100 ale. age 19 100 Female, age 19 =3.66, p<0.05, with no interaction,F(4,24)=1.48, p
£1s * £ >0.2.
8 s s ° 8 f 37 3 $
250 2501 4
= 25—4: g o o B =25 . a - C. Discussion
0 SQR FT RT FSTSLW 0 SSR FT RT FSTSLW In this experiment, detectability and response speeds
were measured for gaps that have one, two, or no abrupt
Male, age 20 Male, age 21 edges. Two series of gaps were designed to have the same
100 1001 . . X :
g g equivalent gap duration based on E8). with m=0.5. While
g g 75 the results of experiment 2 suggest that a different valua of
& 50 : = 5 ¢ g 50 [ ] would be more appropriate, they confirm the findings of ex-
® 5] § R 25 i * 3 periment 1, namely that human listen€t$ make use of FT
obo—o o o © olo o 9 o 0O and RT to increase effective gap duration &) do not
SQR FT RT FST SLW SQR FT RT FST SLW make use of information from abrupt changes in the acoustic
Male, age 23 envelope to assist detection.
01 e o o * e In experiment 2, differential detectability was seen be-
-% 75 . tween “square” and “slow” gaps, and between these and the
B 50 o 5 intermediate series of “rising,” “falling,” and “fast” gaps,
o o . .
= 250 4 which were themselves not detected differently from each
other. These data suggest that effective gap duration does

o

SGR FT RT FST SLW determine detectability, but this constructed measure should
N _ , ) not be calculated from the 50% amplitude points of the gap

FIG. 8. Individual subject gap detection data shown for the "2-fwlen o yei0pe; as chosen for simplicity in the rescaling of the data

squaresand “3-ms” (filled circleg effective gap duration series consisting . . . .

of gap types “square,” “falling,” “rising,” “fast,” and “slow” depicted in  {TOM experiment 1. A bett'er estimate qf the contribution of

Fig. 7. Data show means and standard deviations across four sessions. ramps to increased effective gap duration can be made from
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the data of experiment 2 by noting that the addition of 1 msng of onset responsgZhanget al, 1990, and concluded
of silence between the 2- and 3-ms “square” gaps increasethat onset information may provide additional cues to gap
detectability by 40%. In the 2-ms gap series, the “rising,” detection. The two experiments reported here do not support
“falling,” and “fast” gaps have an average increase in de- this possibility, at least for gaps in broadband noise, and for
tectability of 11.9% compared to the “square” gap, while the onset information with time scales of 1 to 12 ms, which are
“slow” gap has an increase in detectability of 20.4%. As- the conditions under which onset sensitive gap detection was
suming that these gaps lie on a linear section of the psychabserved in the mouse studies.
metric function, then the extra time added to the effective  The data here suggest that there are interesting differ-
gap duration by the ramps is 0.29 and 0.51 ms, for a tg¢al ences between the gap detection mechanisms apparently
of 2.29 and 2.51 ms, respectively. Working backwardsused by human listeners compared with those reported for
through Eq.(3), the “rising,” “falling,” and “fast” gaps mouse IC neurons and for acoustic startle inhibition, which
each have S¥1 ms and RTor FT, or RT+FT)=2 ms lead- seem to depend in part on features of the gap envelope. The
ing to a value ofm of 0.645. The “slow” gap has S¥0 ms  neural mechanisms underlying the different gap detection
and RT+FT=4 ms, leading to a value ah of 0.628. Hence strategies apparently employed by mice and humans are not
a better estimate of the effective gap duration is obtained bimmediately apparent. It is possible that methods for assess-
calculating the time between the 63%—65% amplitude pointing gap detection that are sensitive to brainstem processing,
of the gap envelope, or for linear rampks~ST  such as prepulse inhibition, might produce a result in human
+0.64 RT(or FT). This new approximation is not inconsis- listeners that would be more like that reported for mice. It is
tent with the data from experiment 1, and corresponds t@lso possible that mouse IC neurons encode effective gap
decrements in the gap envelope of 4 dB, which as noted alsduration in some way that is not yet understood, but which
rescaled the data detectability data of experiment 1 Rth might have implications for the general understanding of
>0.990. temporal acuity in the mammalian auditory system. Cer-
Statistical power analysis of the data indicates that it igainly, the importance of timing for human speech percep-
reasonable to accept the null-hypothesis, that “rising,” “fall- tion, as shown, for example, in voicing onset information
ing,” and “fast” gaps are not different in their detectability. (e.g., Kewley-Porgt al,, 1988, indicates that humans utilize
This implies that gap detection by human listeners is notemporal information of signal envelopes, but the results of
assisted by abrupt edge detection cues, because the “fastfiese experiments suggest that these features might be more
gap does not have abrupt edges, but rather has the singlaportant for discrimination rather than for detectiper se
ramped edge of the “rising” and “falling” gaps distributed
evenly on both markers. A possible situation in which thisaAckNOWLEDGMENTS
conclusion would not be valid is if the auditory system had _
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