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Forward-masked intensity discrimination was measured as a function of level in experiments
designed to reveal insights into the mechari@mnderlying the midlevel elevation of the Weber
fraction. The standard and maskers were 1.0-kHz tones that were separated by 100 ms. Performance
was measured for listeners with normal hearing using an adaptive procedure. In experiment 1,
intensity discrimination was measured in the presence of an ipsilateral m@keB SPL, a
contralateral masket93 dB SPL, and a binauraldichotic masker produced by combining the
ipsilateral and contralateral maskers. Listeners perceived only the contralateral masker in the
binaural-masker condition. The contralateral masker produced a small midlevel elevation of the
Weber fraction. The ipsilateral masker and the binaural masker produced a large, midlevel elevation
of the Weber fraction. Experiment 2 found that a two-tone masker resulted in a reduction
(improvemenk in the Weber fraction for some conditions, but the midlevel elevation remained for

all subjects in this cue-tone condition. Experiment 3 demonstrated that cross talk could not account
for all of the masking observed with contralateral maskers. Taken together, the results suggest that
a single complex mechanism or multiple mechanisms may be responsible for the masking seen in
these experiments. On the basis of the cueing results, it is concluded that a portion of the masking
is due to cognitive factors; however, a sensory mechanism cannot be ruled out for the remaining
portion, based on the results of these experiments. Finally, a small but significant amount of
masking due to contralateral maskers places the mechanism for this outcome central to the cochlear
nucleus. ©1999 Acoustical Society of Amerid&0001-49669)03402-3

PACS numbers: 43.66.Ba, 43.66.Dc, 43.66.%4]]

INTRODUCTION by an amount sufficient to result in ipsilateral masking in the
) o . ear with the standard tone. Taken together, Zeng and Shan-
When pure-tone intensity discrimination is measured in, g (1995 results suggest that the site of the mechanism

the presence of a high-level forward masker that is tumed offagponsiple for the midlevel elevation of the Weber fraction
100 ms prior to the onset of the standard, the Weber fractiofy, ¢,y ard-masked intensity discrimination is either the au-
is elevated relative to the Weber fraction measured in th%litory nerve or the cochlear nucleus

absence of a masker. Surprisingly, the largest elevation of Zeng et al. (1991 argue that a possible physiological

tr;e ?Niggr frzcnon IIS otbz_erver(:l for mt![dlevil Zt?anmhfr‘g h correlate to the midlevel elevation of the Weber fraction may
e‘ta"fth D. er\]/erz_;\ studies ﬁve_a empted otlh_en If)él ??36 the differential recovery from adaptation of auditory-
site of the mechanism or mechanisms causing this MidleVele e fipers. The spontaneous-firing rates of auditory-nerve

elevation of the Weber fraction. . . o .
. . fibers are bimodally distributed, as are fiber thresholds
Zeng and Shannof1995 examined forward-masked in- (Liberman, 1978 Fibers with low spontaneous ratéSR)

tensity discrimination in several conditions in electrical and . oo
. . . : tend to have, on average, higher thresholds for a criterion
acoustical hearing. In electrical hearing, they observed el- . ) 2
. . T increase in rate than fibers with high SRberman, 1978
evated Weber fractions for midlevel standards in listener:

with cochlear implants, but not in listeners with cochlear-ielkm and Doucel199]) reported that low-SR fibers also

nucleus implants. In acoustical hearing, a large elevation Oltlg\;wegRslfgl;Ner rclefc_()\:ery _tt|mehfrom prior stlrguljlt:aont;ha? _do
the Weber fraction occurred for midlevel standards when th:g"g i f ' eSrTQ. 'g ehnsLySCRanggts aref_;o N thy 'Eéil |r|n(i;
masker and standard were presented to the same ear; t € ot fow- and high-sis auditory fibers, the midieve
masking effect was much smaller when the masker and staﬁ—'ev""t'On of the Weber fract|.on may be related tp this slow
dard were presented to different ears. The small amount dfcovery from prior _st|mulat|on of the low-SR fibers. For
masking observed for contralateral maskers in acousticd[d/€ve! standards in the presence of a forward masker,
hearing was argued to be consistent with cross hearing. IRi9N-SR fibers are saturated by the standard and presumably
other words, the high-level maskéypically 90 dB SPL in unable to code intensity changes, whereas low-SR fibers,

these conditions could have exceeded interaural attenuatif0Se rate-intensity functions normally code midlevel
stimuli, would be adapted still by the masker. By contrast,
low- and high-level standards would not show an elevation
@Portions of this paper were presented at the 129th meeting of the Acou%f the Weber fraction. For low-level standards intensity
tical Society of America in Washington, DfClement and Schlauch, J. ’ . . . :

Acoust. Soc. Am97, 3276A) (1995]. changes would be coded by high-SR fibers with their rapid

DElectronic mail: Schla001@maroon.tc.umn.edu recovery from prior stimulation. At high levels, changes
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would be coded by low-SR fibers because they would bgersons who are feigning a unilateral hearing l@sscribed
operating in a more optimal region of their response curve.in Rintelmann and Schwan, 199 he original test was ad-
The findings of Zeng and Shannét995 suggest a pe- ministered with matched tuning forks struck with different
ripheral origin for the elevation of the Weber fraction seenamounts of force, but the modern version of this test is ad-
for forward-masked intensity discrimination, but other stud-ministered typically by presenting one tone 10 dB below the
ies imply a central influence on the midlevel elevation of theperson’s admitted threshold in the ear with the feigned loss,
Weber fraction. For instance, the finding that backward-and the other tone 10 dB above threshold in their othet-
masked intensity discrimination produces a midlevel elevaier) ear. No response is observed to this dichotic stimulus in
tion of the Weber fraction(Plack and Viemeister, 1992 most persons feigning a substantial unilateral loss, even
seems inconsistent with the idea that the mechanism respotiough the 10-dB sensation-ley&L) tone in the better ear
sible for the masking is related to the slow recovery fromresults in an unequivocal response every time it is presented
adaptation of low-SR fibers in the auditory nerve. Althoughmonotically. The Stenger test is very effectii@%) at iden-
separate mechanisms may cause the elevation observedtifying persons feigning a unilateral loss when the presenta-
forward and backward masking, assuming dual mechanisnson level to the poorer ear exceeds that of the better ear by
is not parsimonious, given the similarity of the data undemore than 10 dBKinstler et al,, 1972. In other words, the
both conditions. Further, a recent study by Schlaetlal.  more intense tone must be 11 dB or greater in level than the
(1997 shows that the elevation of the Weber fraction islevel of the less-intense tone to make the less-intense tone
greatest when the masker and standard are perceptually sininperceptible.
lar. In their study, a short-duration masker resulted in more  Our experiment made use of the Stenger principle to
masking than a long-duration masker, a finding inconsistentender subjects unaware that a masker was present in the
with studies of adaptation of auditory-nerve fibdksarris  same ear as the standard tone in a forward-masked intensity
and Dallos, 197Pand a study of the effect of masker dura- discrimination experiment.
tion in forward-masked detectiofiKidd and Feth, 198R It A Method
should be noted that Harris and Dalld®979, in their study '
of neural adaptation, did not use stimuli identical to those of ~ Three listeners, aged 42, 24, and 30 years, served as
Schlauchet al. (1997, but all of the neural studies of adap- subjects. All had hearing within normal limit40 dB HL or
tation, to date, report an increase in the amount of adaptatiopettey for octave intervals between 0.25 and 8.0 kHz. Fur-
as masker duration is increasédoung and Sachs, 1973; ther, hearing thresholds were symmetrical, within 10 dB, be-
Smith, 1977; Harris and Dallos, 1979 tween ears at each frequency that threshold was assessed.
Given the conflicting hypotheses to account for theTwo subjects(1 and 3 had considerable experience in psy-
midlevel elevation of the Weber fractidmidlevel bump in ~ choacoustic experiments. The other subjedt had never
forward-masked intensity discrimination, a series of experiparticipated in a psychoacoustic experiment previously. All
ments was completed to examine possible mechanisms réisteners were given several hours of practice at the tasks in
sponsible for this phenomenon. this study prior to data collection.

I. EXPERIMENT 1. DO SUBJECTS SHOW A B. Stimuli
MIDLEVEL BUMP IF THEY ARE UNAWARE THAT AN

IPSILATERAL MASKER IS PRESENT? Maskers and standards were 1.0-kHz pure tones that

were digitally generated at a sampling rate of 20.0 kHz by a

As noted earlier, maskers and standards presented to tlcestom-designed 16-bit digital-to-analg®/A) converter.
same ear result in a large elevation of midlevel Weber fracThe output of the D/A converter was low-pass filtered with a
tions for forward-masked intensity discrimination, whereascutoff frequency of 8.0 kHz. Three channels were employed.
when the masker and standard are presented to different eafje standard and increment were generated using separate
the Weber fraction is elevated, but to a much smaller extenthannels that were mixed before being presented to the head-
(Zeng and Shannon, 1993f the amount of masking seen in phones. The increment was added in phase with the standard.
forward-masked intensity discrimination requires conscioudA third channel produced the masker tone. Maskers and stan-
awareness and the listener were somehow made unaware thsrds were 100 ms. All stimuli had 5-ms cosine-squared on-
an ipsilateral masker was present, the midlevel elevation ofet and offset ramps.
the Weber fraction should be reduced or eliminated. On the Before data collection began, potential subjects were
other hand, if the masking effect remained large when thecreened to determine if the Stenger principle held true for a
listener was unaware of the presence of the ipsilateral3-dB difference in level between edrSubjects were pre-
masker, the outcome would be consistent with a sensory @ented with a 50-trial block. Half of the trials contained a
cognitive process that occurs without conscious awarenessmoderate-to-high level, 1.0-kHz tone for 300 ms. The re-

The “Stenger principle” provides a means for making a maining trials contained the same high-level, 300-ms tone,
listener unaware that an ipsilateral masker is present. Thalong with a tone that was 13 dB lower, presented simulta-
Stenger principle states that when tones that are identicaleously to the other ear. The level for the higher-level tone
except for level are presented simultaneously to each ear ofwwas randomly assigned a value for a given trial of between
person with normal hearing, the listener perceives the ton80 and 90 dB SPL. The level was randomized to eliminate a
only in the ear with the greatest intensitilartin, 1997. potential loudness cue. Subjects were asked to judge for each
Stenger(1907) developed a test based on this idea to identifytrial whether the tone was presented to one ear or to both ears
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Condition 1: QUIET were collected during separate testing sess{onghree dif-

Il _D_ ferent days If the standard deviation of those three blocks
Masker Standard  Nosker  Standard plus ! D exceeded 3.5 dB, additional blocks, up to as many as eight,
ot (Rosaryncement were completed. The order of conditions was selected ran-
Interval 1 Interval2 domly; once a condition was selected, one block for each of
the seven standard levels was collected. The four conditions
Condition 2: IPSILATERAL are described below and are also shown schematically in Fig.
1. Subjects listened to stimuli through headphofigsle-
ﬂ I Jl 1 ¢ ) phonics, TDH-39.
Masker  Standard Masker :\(:(r::“a;t'i“pms
Interval 1 Interval 2 D. Conditions
Condition 1(quied: Intensity discrimination was mea-
Condition 3: CONTRALATERAL sured in the absence of a masker. The standard was a 1.0-
ﬂ ﬂ kHz tone. The inter-interval delay was 500 ms. This condi-
— SJ(J.:‘, — &mm ( ) _— - — tion served as a baseline condition, so that the degree of
ncremer masking in subsequent conditions could be quantified rela-
Interval 1 Interval 2 Interval 1 Interval2 tive to intensity discrimination in the absence of a masker.
The right ear was arbitrarily chosen for this condition for
Condition 4: Binaural each of the subjects.
ﬂ ﬂ Condition 2(ipsilateral masker Intensity discrimination
Jl a Jl _D_ (] ) - _ was measured in the presence of an ipsilateral forward
ek S e o masker that preceded each interval of the 2IFC task. The
Interval1  Interval 2 Interval 1 Interval 2 delay between the masker offset and the onset of the standard

FIG. 1. A schematic drawing representing the four conditions of experiment(Zero VOItagéwas 100 ms. Both the ma§ker ?‘nd the standard
1. The increment appears in interval 2 for each of these examples, but it ha@/€reé 1.0-kHz tones. The masker was fixed in level at 80 dB
an equal probability of occurring in either interval in the actual experiment. SPL.

Condition 3(contralateral maskgrin this condition, in-
simultaneously. No feedback was given regarding perfortensity discrimination was measured in the presence of a
mance and trials were separated by 3 s. Lights marked theontralateral masker that was fixed in level at 93 dB SPL.
listening interval. Seven subjects had to be screened beforEhe task, temporal sequence, and frequency of stimuli were
three were found who performed at or near chance for thigll the same as those of condition 2.
task (performancec0.6; chance=0.5). Binaural diplacusis Condition 4(binaural masker This condition was em-
may be responsible for four subjects being able to discrimiployed to induce the Stenger effect. The task, temporal se-
nate the binaural condition from the monaur@ewby, quence, and frequency of stimuli were the same as those of
1979. Burns(1982 reports pitch-intensity functions are sig- the previous conditions. Forward maskers were presented si-
nificantly different in each ear of some, but not all, listeners.multaneously to each ear of a listener. The masker level was
These differences in pitch across ears may have provided fixed at 80 dB SPL in the ear ipsilateral to the standard tone,
cue to identify the presence of the dichotic stimulus in ourand 93 dB SPL in the ear contralateral to the standard tone.
four listeners who failed the screening by scoring signifi-
cantly above chance. E. Results

Figure 2 illustrates Weber fractions as a function of level
for the four conditions in experiment 1. In quigtondition

Intensity discrimination was measured as a function ofl), subjects 1 and 2 show a gradual reduction in the Weber
level for the three subjects for whom the Stenger principlefraction as level increases, a result known as the near miss to
held. For each of four conditions, intensity discrimination Weber’'s law(McGill and Goldberg, 1968 Subject 3 shows
was assessed for standard levels ranging from 20 to 80 dB ia midlevel elevation of the Weber fraction in quiet. Floren-
10-dB steps. Performance was measured with a two-intervaline et al. (1987 found individual differences of this sort for
forced-choice(2IFC) adaptive procedure using a decision Weber fractions in quiet in their study of intensity discrimi-
rule that targeted 79.4%-correct performaicevitt, 1977. nation.
For every incorrect response, the level of the tone added in  An ipsilateral maskefcondition 2 resulted in a large
phase with the standard was increased by 3 dB, whereadevation of the Weber fraction for low and moderate levels
three consecutive correct responses resulted in a reduction @ the standard; only a small elevation was found for the
the level of the increment by the same amount. Subjects wergighest level of the standar@®0 dB SPL. Prior published
given visual feedback regarding the accuracy of their reinvestigations of forward-masked intensity discrimination
sponses following each trial. The Weber fraction for a singlewith a 100-ms delay between the masker and standard gen-
block was calculated based on the mean of reversals iarally find the largest elevation for midlevel standafdsng
stimulus-level direction within a given block. Weber frac- and Turner, 1992 A reason for this difference may be that
tions were based on a minimum of three 50-trial blocks thatve used identical durations for the masker and stand0d

C. Procedure
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FIG. 2. The Weber fractiortdB) as a function of level for the four conditions of experiment 1 for each subject. Circles represent the quiet condition.
Ipsilateral, contralateral, and binaural maskers are represented by triangles, squares, and triangles, respectively. Error bars represent plus- and minus-one
standard deviation.

ms), whereas most prior studies employed a masker that wasg in a detection taskMoore and Glasberg, 198and an
much longer in duration than the standéedg., 100 ms for intensity discrimination taskSchlauchet al, 1997. That is,
the masker and 25 ms for the standard in Zeng and Turngrerceptually similar maskers and standards result, for some
(1992]. Schlauchet al. (1997 argue that identical duration conditions, in more masking than ones that are perceptually
maskers and standards result in masking due to perceptudissimilar. In our experiment 1, where maskers and standards
similarity, which has its greatest effects for low-level stan-were employed that were identical in every respect except
dards. for level, some portion or all of the masking effect may have
A contralateral masker(condition 3 resulted in a been due to the perceptual similarity of the masker and stan-
midlevel elevation of the Weber fraction for subjects 1 and 2dard. In this second experiment, the masker was modified to
By contrast, subject 3 showed little or no masking for ahelp subjects distinguish the masker from the standard. To
contralateral masker. This small amount of masking ob-accomplish this, we used a two-tone complex for our masker
served for contralateral maskers is consistent with the resul@nd a single tone for the standard. The frequencies of the
of earlier studies(Plack et al, 1995; Zeng and Shannon, masker complex were 1.0 kHz and 4.133 kHz, whereas the
1995. standard frequency was 1.0 kHz. The 4.133-kHz tone is not
The binaural maskeicondition 4 elevated Weber frac- harmonically related to the frequency of the standard and
tions in a manner very similar to that for the ipsilateral these two tones are separated sufficiently to avoid masking.
masker, even though the subjects only perceived the higheRilot data for subjects 1 and @ few standard levels were
level contralateral masker. All of the subjects showed lessampled confirmed that the 4.133-kHz tone alone resulted in
masking for the binaural masker than for the ipsilateralno elevation of the Weber fraction.
masker for the lowest-standard levé®0 dB SPL for all
subjects and 30 dB SPL for subjects 1 andThis improve- A. Subi
. . Subjects
ment in performance seen when the second masker was
added may be due to a lateralization cue. That is, in the Subjects 1 and 2, who showed the greatest amount of
binaural condition the masker was lateralized to the ear conmasking in experiment 1, participated along with two addi-
tralateral to the standard, which may have made it easier fdional subjectgsubjects 3 and)Avho were recruited for this
the listener to dissociate the masker and standard than whéxperiment. The two new recruits were young adults who
they were both perceived to have originated in the same eafet the same criteria for participation as noted in the meth-
In any event, a lateralization cue does not appear to be efds for experiment 1. Subjects 3 and 4 were not administered
fective for reducing masking for the higher-level standards irthe Stenger screening test.
this study. A similar outcome is seen in the data of Plack
et al. (19995, who used equal-level binaural maskers in ag stmuli and procedure

forward-masked intensity discrimination experiment. ] ) ) )
Stimulus generation and procedure were identical to

those of experiment 1. The only difference was that the
masker was a two-tone complex comprised of 1.0-kHz and

SIMULTANEOUSLY WITH THE MASKER REDUCE 4.133-kHz tones, rather than a single, 1.0-kHz tone. The

THE MASKING SEEN IN FORWARD-MASKED level of each masker was 80 dB SPL.
INTENSITY DISCRIMINATION? Pilot data showed that subjects 3 and 4 produced only a

small amount of masking with 100-ms maskers and stan-
It has been suggested that temporal uncertainty resultindards. To increase the amount of masking, these subjects
from employing maskers and standards with similar frequenwere run using 10-ms standards and maskers. Subjects 1 and
cies and bandwidths increases the amount of forward mask were run using 100-ms maskers and standards.

Il. EXPERIMENT 2. DOES A TONAL CUE PRESENTED
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C. Results 30 Subject 1 i Subject 2

Adding the remote-frequency cue to the ipsilateral con- 25
dition resulted in reduced Weber fractions at several standard fg
levels for three of the four subjects. Figure 3 summarizes the 10

results. The greatest reduction occurred for the lowest-level
standards for subject 2. Schlauehal. (1997 reported a 0
similar finding for one of their subjects in a condition that = .5
employed 10-ms maskers and 10-ms standards in a forward-fn -10

: H : Pt - . . o t + + + + + + t +
masked intensity <_j|scr|m|nat|on task. The increase in mask- S 3p Subject 3 Quiet Subject 4
ing shown by subject 3 in the cue-tone condition is a result 2 25 —a—- Ipsilateral

-4 |psilateral (with cue)

of masking by the 4.133-kHz tone. Masking data collected 20
with the 4.133-kHz tone alone showed elevated jnd’s even 15

when the masker level was reduced to 60 dB SPL. 10

5
Ill. EXPERIMENT 3. CAN CROSS HEARING ACCOUNT _g
FOR THE BUMP SEEN IN CONDITIONS WITH -10

CONTRALATERAL MASKERS? e+ b '
. . . . 20 30 40 50 60 70 80 20 30 40 50 60 70 80
Thls experiment was d_e3|gned t_o examine Wheth_er the Standard Level (dB SPL)
elevation of the Weber fraction for midlevel standards in the
contralateral-masker condition is due to the masker toné&lG. 3. The Weber fractiodB) for the condition with an ipsilateral two-
crossing over to the same ear as the standard tone. If tHene maskeftriangles. For comparison, data are shown for a quiet condi-
k . h ith th dard tion and for an ipsilateral masker conditiédata for Subjects 1 and 2 are
masker were crossing ovgr to the ear with t e_ standar t_onﬁom experiment 1 Quiet data are shown by a solid line, whereas data for
the skull would attenuate it. The amount of this attenuationihe ipsilateral single-tone masker are shown as diamonds.

known as interaural attenuation, ranges from 40 to 75 dB for

persons wearing TDH earphones mounted in supra-aurglysained with the contralateral masker. Further, this low-
cushions(Snyder, 1978 The mean value of interaural at- o6 masker yielded Weber fractions that are only slightly
tenuation at 1.0 kHz, measured in a group of 228 persongjeyated and nearly identical in size to those obtained in the
with complete unilateral hearing loss, is 60 dBnyder, g jiet condition of experiment 1. Thus, cross hearing cannot
1973. Using 40 dB as the most conservative estimate oL .., nt for the full effect of contralateral masking observed
mteraural attenganon., an ipsilateral forward—mgsklng condl-In experiment 1. The finding that a 53-dB SPL masker results
tion was set up in which we presented the maximum amount, only a small increase in the Weber fraction is consistent

of ipsilateral masking that could have occurred during thevvith the results of Zeng and Turnét992 and Placket al.
contralateral condition. If contralateral masking is the resulg(lggal

of the masker crossing over to the ear with the standard tone,
the results for this low-level ipsilateral-masker condition
should produce the same amount of masking that was seé¥. GENERAL DISCUSSION

with the high-level contralateral masker, or more. -
9 The finding that a contralateral masker produced sub-

A. Subjects, stimuli, and procedure stantially less masking than a binaural masker, even though

The subjects from experiment 2 participated in this eX_the two masker conditions were indistinguishable, supports

periment. The stimuli and procedures were identical to thosd® |dea_ that _the _m|d_le\_/el _ele\_/atlon of jnd's in forwar_d-
of the ipsilateral-masker condition in experiment 2, with theMasked intensity discrimination is the result of a mechanism

exception that the masker level was set to 53 dB SPL and th at d_oe_s not rquire CONSCious awareness. Contr_ary to early
masker was a single, 1000-Hz tone. This level represents t gscrlpnons of this phenomenon where the putative mecha-

greatest amount of crossover that may have occurred in tH@S‘gf1 was believed to t()je associated Wri]th adaptation i? the
contralateral condition employing the 93-dB SPL contralat-2uditory nerve(Zeng and Turner, 1992the present results
eral masker. For subjects 1 and 2, Weber fractions were me nd those of some other recent studies ;uggest th.at Itis at
sured only for the two midlevel standards that yielded th east par“}’ due to more central mechamsms. For mgtance,
most masking(masked—quigtin the presence of the con- the result in the current study that the midlevel elevation of
tralateral maskef40 and 50 dB SPL for subject 1 and 50 ang/nd’s seen with a contralateral masker cannot be accounted
60 dB SPL for subject 2 For subjects 3 and 4, Weber frac- for by cross hearing suggests that the mechanism is located

tions were measured for standard levels of 40. 50. and 60 d@/ithin the superior olive, the first station of binaural interac-
SPL T tion, or even higher in the auditory system. Other evidence

inconsistent with an explanation based on adaptation is the

finding that the masker acts to increase rather than to de-

crease the subjective magnitude of the standard or standard
The results of these measurements are shown in Fig. 4lus signal(Carlyon and Bevridge, 1993; Zeng, 1994nd

All of the measurements obtained with the 53-dB SPLthe finding that short-duration maskers can produce more

masker yielded Weber fractions that are smaller than thosmasking than long-duration masked&chlauchet al., 1997.

B. Results
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30 Subject 1 Subject 2 they switched tasks. Although this result is interesting, it

25 does not address the mechanism underlying the midlevel el-
20 evation of jnd’s.
15 { The midlevel elevation of jnd’s in backward masking is

10 another result that is difficult to account for by a peripheral
5 : /\{\ sensory mechanisitPlack and Viemeister, 19920ne pos-

0 /\\ { sibility, which seems unlikely, is that different mechanisms
are responsible for the elevation of jnd’s in forward and
backward masking; studies have shown that the effects of

Subject 3 Subject 4

10 Log Al
8

Quiet forward and backward masking on intensity discrimination
25 e Contralateral Masker .. . ..
20 (93dB SPL) and loudness are similar under a variety of conditiPlack
I v and Viemeister, 1992; Plack, 1996#nother possibility is
10 that masking in forward-masked intensity discrimination re-

flects a process of central origin known as an “automatic

% process.”

- An automatic process describes behavior in focused-
-10 attention tasks where subjects are unable to ignore an irrel-

20 30 40 50 60 70 80 20 30 40 50 60 70 80 evant stimulugSchneideet al,, 1984. In one example, sub-
Standard Level (dB SPL) jects asked to visually identify a letter in isolation take less

_ ' time to respond than when they are asked to identify the

FIG. 4. The Weber fractioridB) for a low-level maske«53 dB SPLis  game target letter in the context of a flanking letter. The

shown as an upward-pointing arrow. For comparison, data for a quiet con:- ti is cited id that subiect t

dition and for a contralateral masker are shown for the four participants irlonger response ume Is ciie .as evigence tha _Su JECts auto-
experiment 2 as solid lines and circles, respectively. Data for subjects 1 anfnatically processed the flanking letter along with the target
2 are from experiment 1. Note that the low-level masker produces lestetter, even though they knew in advance the location of the
masking than the contralateral masker for all comparisons. flanking letter and that it was irrelevant to the task. Schneider

et al. (1984, p. 2] state that one defining feature of an au-
Our results suggest that a pOI"[iOﬂ of the masking Ob_tomatlc process Is that it “demands resources in response to

served in our study could be accounted for by cognitive facan external stimulus, regardless of the subjects’ attempts to
ignore the distraction.” They also state that a possible func-

tors. When a two-tone complex was used to help listenert®

distinguish the masker from the standard, an improvement iHOB of an aujtomatlc lpror(]:ess IS to ?'fas or %“T)e mkemory for
performance was observed for some listeners, but thguPsequent inputs. In the case o orwa(dr backwardy

midlevel elevation of the Weber fraction remained. PIack_maSked intensity discrimination, a high-level stimulus results

and his colleagueéPlack et al, 1995; Plack, 1996bhave in an assimilation of subjective magnitudes of moderate-
suggested that the memory trace ma,y be corrupted or that tﬂ vel stimuli that are similar in freguency anq presented in
variance of the memory trace may be increased by the pre fose temporal proximity to the high-level stimulus. Plack
ence of the masker in forward-masked intensity discrimina—_lg%a_argue? that_ such a process may refle_ct Ion_g-term
tion. There is evidence that a forward masker enhances tH8€9ration of intensity. Long-term integration of intensity of

loudness of midlevel standards and introduces substantigf'muII with _S|m|Iar spectra _may promote perceptual stream-
variance in a listener's estimate of that loudnéggng, Ing (attending to an auditory source over timePlack

1994). Plack and his colleagues demonstrated that a stimulug‘g%a notes that such a process would not likely be dglgte-
ious to speech perception, given that fine spectral distinc-

placed in close temporal proximity to the standard, either’! t ob 4 by this t p ki d that i
before or after the standard, results in an improvement jjions are not obscured by this type of masking and that in-

performance compared to a condition where the proxima‘enSity processing used for recognizing auditory objects is

stimulus was not present. These results demonstrate that ”ge_latlve rather than absolute.
teners are able to make use of the proximal stimulus, but this

outcome is not inconsistent with the idea that a sensor)\/' CONCLUSIONS

mechanism is responsible for the midlevel elevation of jnd’s ~ The midlevel elevation of the intensity jnd is determined

in forward-masked intensity discrimination. Pla¢k996h almost entirely by the masker input to the ipsilateral ear
suggests that the role of the reference signal may be tmather than by the perceived location of the masker. How-
modulate the sensory trace in a manner that provides thever, a small elevation of the intensity jnd does occur with a
listener with a temporal profile. Changes in the temporal procontralateral masker, a finding that is not due to acoustic
file would enable listeners to identify the interval with the cross talk. Also, a cue tone reduces the amount of forward
increment based on a within-interval comparison rather thamasking in some listeners. The reduction in the Weber frac-
a comparison of absolute levels across intervals. Plackon due to cueing and the finding that contralateral masking
(19961 described a temporal model which predicted that thas not due to cross talk support the notion that a portion of
nature of a temporal cue would differ depending on whethethe masking seen in these conditions is not the result of a
the proximal stimulus was presented before or after the starperipheral sensory mechanism. On the other hand, conscious
dard. Consistent with the model, two groups of subjectsawareness of the ipsilateral masker is not necessary for
trained on tasks with different cues performed poorly whermmasking to occur. This implies that the mechanism respon-
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