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The precedence effect refers to an auditory phenomenon which occurs when two similar sounds are
presented from different locations with a brief delay, and only one sound is heard whose perceived
location is dominated by the first source. Although the lagging source is not localized as an
independent event, under some conditions, adults are able to extract its directional cues.
Developmental studies suggest that this ability changes during development. However, those studies
have used stimulus configurations which minimize the measurement of that ability. In the present
study adults were first tested under several conditions, and the one which produced optimal
performance was chosen for testing children. Using the minimum audible @1igl&) task in the
azimuthal plane, performance was compared for a single-source condition and two precedence
conditions: in lag discrimination the lagging source changed location while the lead remained at
midline, and in lead discrimination the reverse occurred. Subjects were 18 months old, 5 years old,
and adult. Significant improvements in MAA occurred with an increase in age, especially in the
precedence conditions. Within each group, performance was significantly better in single-source
condition, followed by the lead and the lag discrimination. 1897 Acoustical Society of America.
[S0001-49667)03709-0

PACS numbers: 43.66.Ba, 43.66.Mk, 43.66[RiD]

INTRODUCTION infancy it may bestrongerthan it is in children or adults,

. although increased thresholds may simply be due to the in-
The precedence effect refers to an auditory phenomeno%nts, inability to extract directional information from the
which occurs when two similar sounds are presented from y

different locations with a brief delay, and only one sound islagglng source. Note that in those studies the leading and

heard whose perceived location is dominated by the firs gging stimuli were presented from opposite hemifields,
source(Wallach et al, 1949; Blauert, 1983; Zurek, 1987 maximizing the physical separation between them. Since this

Although listeners are aware of the presence of the Secon%timulus configuration is thought to reduce listeners’ ability

source, under many conditions they find difficulty in extract-1© €xiract directional information from the lagging source,
ing its directional information. While this difficulty is high "€ Present study was aimed at investigating conditions un-

when the leading and lagging sources are on opposite henfier which performance is optimal, at least in adults. The task

fields and separated by 80° or by large interaural-time differ®f choice, which has been used extensively with single-

ences(Wallach et al, 1949; Zurek, 1980; Yost and Soder- SOUrce stimuli in young infants and childrée.g., Ashmead
quist, 1984; Freymaretal, 1991; Divenyi, 1992 it is et al, 1987; Morrongiello, 198Bwas the minimum audible

reduced when the two sources are negfRerrott et al. angle(MAA) in the azimuthal plane, estimating the smallest
1989: Saberi and Perrott, 1990; Shinn-Cunninghetnal. lateral difference in the position of a sound that can be de-
1993; Litovsky and Macmillan, 1994; Litovsket al, 199.  tected reliably(Mills, 1958). Since the tasks used in previous
Developmental studies with humans suggest that thgevelopmer!tal studies'qn precedgqce only required that_lis—
precedence effect is not present at birth, but appears at 4 totgners identify the hemifield containing the lag, more precise
months of age. At that age, the delay at which the laggindocalization was not measured. Thus an additional benefit of
source is localized as an independent auditory event is longéfe MAA task is that it allows one to measure developmental
than it is at 5 years or adultClifton, 1985. However, —changes in localization precision under conditions in which
5-year-olds’ performance is only similar to adults’ for the precedence effect occurs. o _ _
simple, transient stimuli, such as clicks, but worse for longer, ~ Adults were first tested on a classisiontask, in which
more complex stimuliMorrongiello et al, 1984. Hence 5 they reported whether they heard one fused auditory image
years of age may reflect a transitional stage in the develogr two separate sound sources, for lead-lag delays ranging

ment of the precedence effe@@lifton, 1985; Litovsky and from 2 to 12 ms. The duration of each burst was either 4 or
Ashmead, 1997 25 ms, and the longest delay at which adults reported hearing

Interpretations of these findings are tricky, for the dataone source on less than 25% of trials was chosen for the

suggest that when the precedence effect does appear duriMpA procedure. The data were then compared with those of
Litovsky and Macmillan(1994 who used 6-ms noise bursts.

ACurrent address: Dept. of Biomedical Engineering, Boston University,Fma"y’ the stimulus duration for te_stlng children was chosgn

44 Cummington St, Boston, MA 02215, Electronic mail; O match the one that resulted in the smallest MAAs in

Litovsky@enga.bu.edu adults’ lag-discrimination. Figure 1 illustrates the three con-
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SINGLE SOURCE been previously measured at this age, hence this study
bridges a gap in published data regarding changes in MAA

0.5 SEC

SPEAKER l | | | 3 between infancy and adulthood.
$ RENERREEEE
SPEAKER
I. METHOD
LEAD A. Subjects and design

cENTER None of the children or adults had a known history of
SPEAKER | | | | | | l | I l l l I | I hearing impairment. All children were tested using the

R I: | I I | | I l | | I stimulus with 25-ms duration. Children groups included
SPEAKER , thirty-six 18-month-old€12 males, 24 females; mean age of
' 18 months, 3 weelsand thirty-six 5-year-old$19 males,
e 17 females; mean age of 5 years, 4.4 montkgithin each
age subjects were randomly assigned to one of three groups
LAG (N= 12 each according to stimulus typésingle source, lead

cENTER | | | I I | I I l | | I I I or Iag diSCfim?natiom -
SPEAKER I Adult subjects were undergraduate students at the Uni-
S : I | I | | | | l | | | versity of Massachusetts. Their hearing was screened so that
pure-tone sensitivity matched in the two ears within 10 dB or
less, with detection levels no more than 20 dB above those of
normal levels at frequencies ranging between 250 and 8000
e ' Hz. Twenty-four subject§8 males and 16 females; mean
age=20 yr, ranging between 19-21)ywere tested, 12 in the

FIG. 1. Configuration of auditory stimuli. Three trial types are shown: ,~ . . _ .
single source, lead discrimination, and lag discrimination. All three triaIL_1 ms condition and 12 in the 25-ms condition. Each adult

types began with a single stimulus from the center loudspeaker, presented b$tener was tested on single source, lead and lag discrimina-
a rate of 2/s. In single-source trials a single stimulus was then presentetion, with the order of the three stimulus conditions ran-
from either the right or left speaker. In lead and lag discrimination theredom|y assigned.

were pairs of noise bursts with a 5-ms delay. In lead discrimination the

leading source was presented from the left or right and the lagging source

from the center. In lag discrimination the lagging source came from the left

or right and the leading source from the center. B. Auditory stimuli

Stimuli were 4- or 25-ms widebanb00 to 8500 Hy
ditions that were used for the MAA tasks. In the single-noise bursts with 2-ms rise—fall times. Pilot testing in our lab
source condition, a sound was presented from the middle ais well as by other§Zurek, personal communicatipsug-
three speakers, and shifted randomly to one of two speakepests that the precedence effect may depend on the token of
(L or R). The other two conditions extended the task tonoise chosen. Hence on each trial the noise bursts were se-
precedence-effect stimuli: In lead discrimination, the leadindected independently from a long segment of the noise. In
source was presented to the left or right, and the laggindead and lag discrimination trials the two bursts consisted of
source from the middle. In lag discrimination, the laggingthe same token of noise. Stimuli were computer generated
source was presented from either the left or right, and thevith 16-bit precision, converted to analog form at 20 kHz
leading source from the middle. While lag discrimination (TTES-QDAJ), low-pass filtered at 8500 HETTE J1390,
probes listeners’ ability to discriminate changes in the locaand tape-recordedTeac X-300. During testing the prere-
tion of the lagging source, lead discrimination reflects listencorded stimuli were amplified and played back from the
ers’ ability to overcome potentially confusing directional in- same tape recorder over loudspeakers. The sounds were pre-
formation from the lagging source. sented at A-weighted levels of 50-52 B&K 2204 SLM)

Subjects were tested at ages 18 months, 5 years, amver a background level of 28 dBA, as measured at the ap-
adult. At 18 months, MAAs are loW4°; Morrongiello, 1988  proximate position of the subject’s head. The time sequence
compared with adult$l® to 2°; e.g., Gardner, 1968; Mills, for a trial for each of the three stimulus conditions is pre-
1958; Hartmann and Rakerd, 1989; Saberi and Perrott, 1998gnted in Fig. 1. Each trial consisted of 15 noise bursts, pre-
Litovsky and Macmillan, 1994 However, at 18 months, the sented at a rate of 2/s. In the single-source condition the first
precedence effect may not be fully developed due to incomfour noise bursts were presented from midline, followed by
plete maturation of the auditory corteOekaban, 1970 11 noise bursts from either the right or left speaker. Lead-
which is thought to be involved in the ability to perform on and lag-discrimination trials also began with four single-
some precedence task€ranford and Oberholtzer, 1976; source noise bursts from midline. In the 11 bursts that fol-
Whitfield et al,, 1978; Clifton, 1985 Five years of age may lowed there were two noise samples per burst, with the onset
reflect transition in the development of binaural hearing,of one delayed relative to the onset of the other by 5 ms. In
hence it is ideal for measuring developmental changes itead discrimination the leading source came from the right or
source discrimination under conditions of the precedence eleft and the lagging source from the middle; in lag discrimi-
fect. In addition, MAAs with single-source stimuli have not nation the opposite occurred.

5 MSEC DELAY
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C. Apparatus to identify a delay that is below echo threshdBlauert,
m’L983, at which there might be some effect of both the lead

The study was conducted in a sound-attenuated roont, Lo .
Land lag on sound localization precision.

3.5X4.0 m. Subjects sat facing an arc-shaped apparat
spanning 110° of an imaginary circle in the azimuthal plane
with the subject at the center of a 1.65-m radius. Adults and?- Testing procedure for 18-month-olds on the MAA
5-year-olds sat on a chair and 18-month-olds were seated dask
their parent’s lap. Parents wore masking head phones which Experimenters wore masking earphones to avoid cueing
obscured all directional information to avoid the possibility subjects regarding stimulus location. Each trial was initiated
of them systematically cueing their children in either direc-by attracting the subject’s attention to the center speaker.
tion. The arc was covered by a dark curtain to hide the thre&he stimulus was initiated once the child was facing the
loudspeakergRadio Shack model Minimus}7Speaker re- center speaker directly. An experimenter “judged” whether
sponses were measured with a sound-level mM&&K ) at  the subject’s behavior indicated a shift of the sound to the
the approximate position of the listener's head, and alright or left. A correct judgment, and hence response, re-
speakers had matching frequency responses within 1 to 2 d8ulted in activation of a reinforcer on the correct side for 5 s.
for all frequencies between 100—8000 Hz. During all trialsAn incorrect judgment resulted in a time-out period of 5 s. If
one loudspeaker remained at midline while the other twano head turn was made duringetlb s after the stimulus
were positioned at equal angles to the left and right of midshifted from midline, the trial was considered a nonresponse
line. trial in which no reinforcement was delivereddaa 5 s
Adjoining the testing room was a control room from time-out period ensued. Three observers were trained on
which the session was monitored. A video déBlanasonic judging head turning responses. Percent agreement for the
GX2 1950 and television monitor in this room received in- three observers for all judgments in this study wekeand
put from a video camera inside the testing chamber. Th8 = 95%; A andC = 96%; B andC = 94%.
investigator in this room viewed the subject’'s behavior and
administered reinforcement following correct responsesg, Testing procedure for 5-year-olds and adults on
Two identical sets of reinforcers were positioned at 60° tothe MAA task
the left and right; each set consists of two mechanical toys
which, when activated, provided a visual/auditory display
known to be attractive to infan{§rehubet al, 1981). Each
toy was enclosed within a smoked-plexiglass box so that i

remained invisible to the subjects except when activated. they did not perceive an obvious change. Following a correct

xi?ﬁo ctamte{a wr?s rﬁozli?orngdh?:c?\:ﬁ ther:;ui::amngt r:'?rl:n?esponse children were presented with the toy that was used
output to-one monitor be € curtain, and anothey w18 month-olds on the correct side. Adults were given
monitor in the outside control room. This double output al-

feedback concerning the correct side by activation of a light

lowed both experimenters to view the subjects’ behavior durbulb. For both ages incorrect responses were followed by a

ing the session, which was especially important for testin%_ time-out period and no other feedback. Prior to test trials
18-month-olds, whose responses were measured in termsd(é)fS '

Subjects were asked to center their heads and look at a
target positioned at midline at the onset of each trial. They
ere instructed to point toward the right or left hemifield

nce the sound shifted away from midline, and to guess if

correct head-turning behaviors towards the appropriate lou ubjects had to meet the criterion of correct responses on
speaker 9 pprop our out of five consecutive single-source practice trials with

loudspeakers at 55°, and were allowed a maximum of ten
trials to reach criterion. Ten children were excluded from the
final sample due to suspicion of hearing impairmeit (
=2) or loss of interest in the tastNE8). Four adult sub-
jects were tested but excluded from the final sample due to
1. Testing adults in the fusion experiment failure on the screening hearing test.

D. Procedure

In order to establish which delays were most appropriate ] o
for measuring MAAs using lead-lag noise pairs, adults’ per-% Adaptive method and MAA estimation
ception of whether the lead and lag were fused was mea- Changes in angular separation of the loudspeakers were
sured. On each trial the lead and lag were presented from @fetermined using the classic two-down/one-up method of
(front) and 30° right, respectively. This source separation of_evitt (1971 which seeks the 71% correct point on a psy-
30° was chosen so that it exceeded the MAAs of all ageehometric function. The initial angles were chosen to yield
groups. The delays between the lead and lag included 2, 4, Bjgh accuracy at each age-stimulus combination, as deter-
8, 10, and 12 ms. Within each block of trials there were 60mined during pilot testing. For single source and lead dis-
trials, consisting of ten repetitions of each delay, presented inrimination with 18-month-olds and all stimuli with 5-year-
random order. Each block was repeated five times, for a totallds, the starting angle was 55°. For lag discrimination with
of 50 trials per delay. On each trial listeners were instructed.8-month-olds it was 75°, and for adults in all conditions it
to report whether they perceived one fused auditory imageyas 30°. Step sizes of angular change were determined by a
or two separate sound sources. The longest delay at whiahodified version of PESTMacmillan and Creelman, 1991,
adults reported hearing one source on less than 25% of trialee Chap. 8; Litovsky and Macmillan, 1994vith the fol-
was chosen for testing on the MAA procedure. The aim wadowing additional rules for increased estimation accuracy
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FIG. 3. Mean MAA estimates for adults, comparing single source, lead and
FIG. 2. Percent of trials on which listeners reported hearing “two sources”lag discrimination, using 4-, 6-, and 25-ms stimuli. Data for the 6-ms con-
are plotted as a function of delay, for noise bursts that are either 25 or 4 mdition are replotted from Litovsky and Macmillgi994).
in duration. Lead and lag sources were at(fd6nt) and 30° right, respec-
tively. Data are average and standard deviations for three listeners.

effect on MAAs for single source and lead discrimination. In
with children: (1) After two consecutive failures or nonre- contrast, lag-discrimination MAAs decrease significantly
sponse trials, a “probe” trialAslin et al, 1981 was pre- With longer durations.
sented with the loudspeakers placed at the initial angle posi- Plotted in Fig. 4A) are data from the three age groups
tion. This trial type was repeated until a correct response wafor the 25-ms stimulus, comparing single-source, lead and
made, but data were not included in the estimation of MAAs lag-discrimination conditiongadult data from Fig. 3 are re-
Once a correct response was made testing resumed at the
angle position of the last failuré2) A nonresponse trial was
repeated at the same angle as the last and was not conside A
in MAA estimation. Testing was terminated once seven re- 100
versals were reached. The mean number of trials required 1 ]
estimate MAA thresholds were 28.7 (rangb4—50) for 18-
month-olds, 27 (range21-40) for 5-year-olds, and 26.5
(range=19-36) for adults. The proportions of nonresponse
trials were 0% for adults, 1% for 5-year-olds, and 15% for
18-month-olds. MAA was estimated using maximum-
likelihood rules that have been used extensively in combina
tion with PEST(Macmillan and Creelman, 1991

—_
o
i

-
{

Mean MAA (deg)

18-mo  5-years Adult

0.1 -

Il. RESULTS

Age

Shown in Fig. 2 is the percent of trials on which adults
reported hearing two sourcé@sther than one fused auditory
eveny, plotted as a function of delay for conditions in which B
the lead and lag noise bursts were either 4 ms in duratio
(filled circles or 25 ms in duratior{open circles Listeners
perceived the lagging source as an independent sound sout
on more than 50% of trials at a delay of 6 ms for the shorter-
duration stimulus, and a delay of 8 ms for the longer-
duration stimulus.

MAAs were averaged over subjects at each age for eac
stimulus condition. Where stated, statistical comparison:
were conducted with tests; significance values were set to
0.01 after applying Scheffe’'s adjustment foost-hoccon-
trasts. The means and standard deviations for adults are plc
ted in Fig. 3, comparing results in the 4- and 25-ms stimulus
conditions. An additional set of data are replotted from Lito-
vsky and Macmillan(1994) who used a 6-ms stimulus and FIG. 4. (A) Mean MAA (_estim_ates for the 25-ms stimulus are pl_otted for

. . . .. . each age group comparing single source, lead and lag discriminé@pn.
tested subjects under identical conditions in the same ro0fPa from (A) were normalized within each age group by the mean MAA
with the same apparatus. Stimulus duration has no significantlues obtained in the single-source condition.

100 -

10 4

" Threshold / Single Threshold

18-mo 5-years Adult
Age
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plotted. Average MAAs (and standard deviationsfor  infants have also been higher with the adaptive mettiéd;
adults, 5-year-olds, and 18-month-olds, respectively, werdshmeadet al, 1987 than the method of constant stimuli
0.78(0.48, 1.55(1.38, and 5.65(2.83 for single source; (12°; Morrongiello, 1988
1.15(0.7), 4.40(2.7), and 23.0511.07 for lead discrimina- The most noteworthy finding is that 5-year-olds, on av-
tion; and 1.71(1.16), 27.5(8.02, and 64.58(21.6 for lag  erage, do not perform significantly worse than adults on the
discrimination. Two aspects of the data are most noticeablesingle-source MAA task. Despite the fact that 5-year-olds’
First, there is a general decrease in MAAs with an increase imean MAA (1.559 was twofold that of adult$0.789, the
age. Second, for both 18-month-olds and 5-year-olds, MAAglifference was not statistically significant. The mean values
are substantially higher in the precedence conditions than iare within the range of previously reported MAAs in adults
the single-source condition, with lag discrimination being es<{e.g., Gardner, 1968; Hartmann and Rakerd, 1989; Perrott
pecially high. Figure ) shows the same data, normalized et al,, 1989; Litovsky and Macmillan, 19941t may be in-
at each age by the mean MAA in the single-source conditionteresting to note that five of the 12 children actually had
Developmental differences are still robust, maintaining theMAAs below 1°, while two childrens’ MAAs were above 4°,
same trend that was observed in FigAx# which fall closer to the mean of the 18-month-old group.
Statistical analyses showed that adults’ MAAs are sig-Hence, five years of age may represent a transitional stage
nificantly lower in single source discrimination than lead dis-during which some children have reached adult acuity in the
crimination ¢=2.9), and than lag discriminatiort£3.7).  discrimination task while other children have not. Alterna-
MAAs are also lower in lead compared with lag discrimina- tively, the variability within the 5-year-olds may represent
tion (t=3.3). Thus compared with a single stimulus situa-individual differences in attentional capacities.
tion, adults’ discrimination is degraded under conditions of = Nonetheless, the author is not aware of previous MAA
the precedence effect, regardless whether the lead or lag éstimates for children at any age above 24 mofitharrong-
being localized. However, adults are better able to extraciello, 1988. The value of 1.55° does fall, as expected, be-
directional information from the leading source than fromtween MAAs of 18-month-olds and adults, suggesting that
the lagging source. development in localization precision continues to occur be-
Five-year-olds and 18-month-olds performed signifi-tween the second and fifth years of life. Since previous re-
cantly better(i.e., lower MAAS) in the single source condi- ports suggest that by this age children have not yet reached
tion than either leadt= 3.4 andt=6.3, respectivelyor lag  adult-level performance on other tasks involving temporal
discrimination (t=3.3 and t=9.2, respectively Finally, discrimination (Davis and McCroskey, 1980; Irwirt al.,
their performance was better in lead than in lag discrimina1985; Wightmanet al, 1989, localization precision for
tion (t=2.9 andt=5.7, respectively Comparisons between single-source stimuli may not depend solely on temporal
the two age groups showed that 5-year-olds are significantlgcuity.
better than 18-month-olds in single sourte-@.5), lead dis-
crimination ¢=5.7), and lag discriminationt&3.6), sug- B. MAAs under conditions of the precedence effect
gesting that between the ages of 18 months and 5 years chil-
dren’s localization precision improves significantly. Adults
perform significantly better than 18-month-olds in single
source (=5.9), lead discriminationt&6.8), and lag dis-
crimination ¢=10.0). They also perform better than 5-year-
olds on lead and lag discriminatiqh=4.0 andt=3.2, re-

In the adult group the differences in means between
single source, lead and lag discrimination were quite small,
however, all three conditions were significantly different
from one another. The finding that lead-discrimination
MAAs were worse than single-source MAAs suggests that

: the presence of the lagging source at midline did interfere
spectively. However, 5-year-olds do not perform P 99ing

nificantl th dults in the sinal diti somewhat with listeners’ ability to extract directional infor-
significantly worse than adu'ts In the single-source conaition\, 546 from the lead. Thus precedence in this situation was
implying that basic localization precision may have reache

dult itv by childhood. wh - d di ot “perfect.” However, precedence did exist to the extent
adult acuity by childnood, Wnereas precision under contiy, lag discrimination was worse than lead discrimination.
tions of the precedence effect has not.

These results are consistent with previous findings on MAAs
under conditions of the precedence efféBerrott et al,
11l. DISCUSSION 1989; Litovsky and Macmillan, 1994t has long been sug-
gested that the precedence effect is an auditory phenomenon
that diminishes the influence of directional information from
Adult MAAs (mean=0.78°) are consistent with previ- echoes, thereby aiding an organism in accurately localizing
ous findings for broadband stimulPerrottet al, 1989; Sa- the original sound sourc&urek, 1980, 198)f The finding
beri and Perrott, 1990 The estimate of 5.7° for 18-month- that performance was, at all ages, significantly better in lead
olds is slightly higher than a previous reported value of 4.0%han lag discrimination is consistent with this notion, and
(Morrongiello, 1988. The difference of 41% between Mor- with previous reports that the precedence effect gives domi-
rongiello’s (1988 results and the present study cannot benance to directional cues provided by the leading source.
attributed to differences in target proportions since both studOne such measure is a just-noticeable difference in the
ies used approximately 71% correct to estimate thresholds. Ateraural-time difference of a signal, which is not affected
major difference however, is Morrongiello's use of the when the signal is the leading source, but is strongly affected
“method-of-constant-stimuli,” compared with the adaptive when it is the lagging onée.g., Wallachet al, 1949; Zurek,
method used here. In fact, MAA estimates in 6-month-old1980; Yost and Soderquist, 1984; Shinn-Cunningletral.,

A. MAAs with single-source stimuli
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1993. A tentative interpretation of these results is a maskinghresholds in infants and children compared with adults. That

of the “localization strength” of the lagging sourd®ive- s, infants and children required longer delays between the

nyi, 1992. lead and lag before they could localize the lag as a separate
source, at its respective location. The higher fusion point for

1. Effect of stimulus duration in adults younger listeners could be the primary cause for the diffi-

The finding that | durati timuli It in i culty they exhibited in the lag-discrimination task.
€ finding that fonger-duration Sumull resutt n in- These results might reflect different maturational stages
creased fusion, i.e., that listeners require longer temporal

separation between the lead and lag before the lag is heard,llnsthe auditory cortexClifton, 1985, Whlc.h has been |mpI|T

. ; . . ; cated as a necessary structure for the binaural suppression of
consistent with previous reports in the literature. For eX_echoes(Cranford and Oberholtzer 1976 Whitfieket al
ample, echo thresholds for click stimy2—-5 mg are lower ' ' ?

than those for noise stimu{i>8 ms; see Schubert and Wer- 19.78' The brain undergoes sub_stantial growth dgring early
nick, 1969 and Blauert, 1983Recent physiological studies ghlldhoqd, with the most dramatic changes occurring in cor-
showing neural correlates of the precedence effect in thIelCaI reglons_,(Dekaban,_1970; ngovlev and Le_cours, 1867

brainstem of the catYin, 1994; Fitzpatricket al, 1995: Although differences in attentional or learning processes

Litovsky et al, 1997; Litovsky and Yin, 1993, 1997have cannot be ruled out, the na_ture of the precedence e_ffect
also found that single neurons’ echo thresholds increase witfould seem to favor the cortical development explanation.
longer-duration noise stimuli. The physiological findings Precedence is a very compelling auditory illusion, and in
suggest that, although both the leading and lagging responsg¥eryday listening situations adults seem capable of sup-
produce increased excitability when the stimulus duration iPressing echoes in a natural manner, regardless of whether
longer, the end result is stronger suppression of the lagging'€y have cognitive knowledge of the presence of those ech-
response. Thus changes in duration seem to have a mo@€s. However, we can be trained to “hear out” the echoes
potent effect on the amount of suppression produced by thand extract information from theite.g., Saberi and Perrott,
lead than on the excitation produced by the lag. 1990. Do these findings suggest that adults have “weaker”
The finding that longer-duration stimuli result in de- precedence than children? Perhaps it is simply the case that
creased lag-discrimination MAAs may not be a function ofadults are better and more experienced than children at most
mechanisms that are involved in precedepeese To date, tasks, including ones which involve attending to directional
there are no published data known to the author with whiclchanges in a simulated echo.
to compare these findings. A possible explanation is that the The lead-discrimination data suggest that with an in-
longer-duration stimuli provide a temporal “tail” consisting crease in age listeners are better able to ignore directional
of the lagging source; the leading stimulus has been turneihformation from the lagging source when that information is
off but the lagging one continues for 5 ms. Adults may haveirrelevant to the task. Under conditions of the precedence
developed a listening strategy that enables them to extraefffect adult listeners are almost always aware of the presence
enough directional information from the tail-end of the of the lagging source and they can discriminate between a
stimulus. However, that strategy may have only succeeded isingle-source sound and a paired-source so(Biduert,
the 25-ms condition when the lagging source, after having983; Zurek, 1981 However, the potency of precedence lies
overlapped with the lead for 20 ms, was presented by itselfy the fact that the auditory system fails to assign a separate
for 5 ms. In the lead-discrimination task listeners only had tapcation to the lagging source. This ability, too, might de-
pay attention to the beginning of the stimulus, regardless ohend on the development of sensory and cortical structures in
what came after its onset, hence there were no differences e auditory system. Alternatively, it might rely on the attain-

the MAAs for the different stimulus durations. ment of cognitive and attentional skills, which undergo sig-
nificant changes during early childho0d/erner, 1992; Lito-
2. Developmental changes in the precedence effect vsky and Ashmead, 1997

Five-year-olds performed significantly better than 18-  Finally, it is interesting that S-year-olds’ single-source
month-olds, and adults performed better than both childref/AAS have reached adult-level maturity, whereas their
groups in the two precedence tasks. The finding that deveMAAS with paired sounds have not. Possibly, this reflects a
opmental changes remained fairly constant after normalizing€coupling between the development of basic auditory abili-
lead- and lag-discrimination MAAs by single-source MAAs U€S required for single-source discrimination and perhaps
[Fig. 4B)], further suggests that MAAs under conditions of More sophisticated skills such as accommodating echoes. It
the precedence effect are not merely a by-product of 4 also possible that localization precision requires special
“noisy” single-source discrimination system. cognitive skills in the presence of echoes that may not be

The lag-discrimination data suggest that with an increas@vailable to young children. An alternative explanation may
in age there is an improvement in listeners’ ability to extractrelate to stimulus parameters. Five-year-olds’ ability to iden-
directional information from a simulated echo, i.e., a soundify the hemifield containing the lag is only similar to adults’
source that is not localized as an independent auditory eveffer click stimuli; it is significantly different than adults’ for
(lag discriminatiof. This finding is consistent with the de- long-duration noiséMorrongiello et al, 1984. The present
velopmental data of Clifton and colleaguésee Clifton, study only tested children with the long-duration stimuli; it is
1985 who measured listeners’ ability to localize the hemi- possible that with short-duration stimuli performance on lead
field containing the lagging source, and found elevatediiscrimination might have been similar to adults.
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