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Sound localization ability has traditionally been studied using either a relative localization task,
where thresholds to determine a difference in sound source location is approximately 1-10 degrees,
or an absolute localization task, where the range of estimates of the source of a sound are 4—30
degrees. In order to directly relate these two psychophysical methods, we compared the
psychometric functions from a relative localization task in a human subject to the same subject’s
performance on an absolute localization task using three different acoustic stimuli: Gaussian noise,
1-kHz tones, and 4-kHz tones. The results showed that the relative localization threshold was a poor
indicator of the range of estimates of the same stimulus in absolute space, however, the width of the
relative localization psychometric functions was well correlated with the width of the distribution of
estimates made in the absolute localization task. It is concluded that the relative localization
psychometric functions, but not threshold, provides a reliable estimate of absolute spatial
localization ability in human subjects, and suggested that the same neuronal mechanisms can
underlie the psychophysical data using both methodsl9®8 Acoustical Society of America.
[S0001-496608)03002-1

PACS numbers: 43.66.Qp, 43.66.Ba, 43.64.BA/H]

INTRODUCTION sound localization ability to underlying neuronal mecha-

The ability of humans and animals to localize aco St_Cnisms. The growing interest in the cortical and thalamic
__the ability u . : 2 USUIChechanisms of sound localizatide.g., Imig et al,, 1990;
stimuli is generally tested using one of two psychophysma%‘

] . o Rajanet al, 1990; Middlebrookset al., 1994; Clareyet al,,
procedures: relative localization thresholds measure the abi . ]
: . . 995; Bruggeet al, 1996; Baroneet al, 1996 and the
ity to determine that a repeated stimulus has changed loca-

tion (e.g., Mills, 1958: Molino, 1974; Perrott, 1984: Terhune growing interest in the function of the cortical processing of

1985; Perrott and Saberi, 1990; Chandler and Granthamaco'JStIC information of the primate in genefalg., Wang

1992; Perrottet al, 1993; see Middlebrooks and Green,et al, 1995; deCharms and Merzenich, 1996; Stricanne

1991), and absolute localization thresholds measure the abiet al, 1996; Rauschecker al, 1997 underscore the impor-

ity to determine the location in space of a single stimulustance in understanding how these two measures of sound

(e.g., Stevens and Newman, 1936: Newton, 1983; Oldﬁeléocalization are related. It is likely that the two measures are
and Parker. 1984: Butler. 1986 Perrettal. 1987 V\}ight— dependent on the same auditory cortical structures, given the

man and Kistler. 1989: Makous and Middlebrooks 1990.equivalent deficits revealed using both methods following
Middlebrooks. 1992 Ahissagt al. 1992 Butler and Musi- 2uditory cortical ablationgNeff et al, 1956; Heffner and
cant. 1993: Wenzebt al. 1993 Good and Gilkey, 1096 Masterton, 1975; Heffner, 1978; Kavanagh and Kelly, 1987;

These studies indicate that most individuals have relativd®nkins and Merzenich, 1984; Heffner and Heffner, 1980
localization thresholds of a few degrees, whereas the absbas been demonstrated that the spatial selectivity of auditory

lute localization of sounds is broader, depending on the eccortical neurons recorded in animals are much broader than
centricity and spectral content of the stimulus. the relative localization threshold&isenman, 1974; Benson
The difference between these two measures is yet to bt al. 1981; Middlebrooks and Pettigrew, 1981; Insgal,
resolved, and it has been suggested that the relative localiza990; Rajaret al, 1990; Middlebrookst al., 1994; Clarey
tion paradigm originally describe@ills, 1958) was actually ~ €t al. 1995; Bruggeet al, 1996; Baroneet al, 1996, mak-
a reflection of an absolute discrimination tagfartmann, ing it difficult to relate these measures of single cortical neu-
1989. However, to date it is difficult to directly compare the rons to perceptual thresholds. Although the relative localiza-
results of the two types of studies from the literature due tdion paradigms provide one estimate of localization ability, it
the differences of the paradigms and subjects, as well a®ay not be appropriate to compare relative localization

differences in the spectral content, amplitude, and duratiothresholds to the receptive field sizes of cortical neurons. It
of the acoustic stimuli. may be more appropriate to compare the distribution of ab-

Resolution of this issue is important for relating the solute localization estimates to the responses of cortical neu-
rons. Alternatively, relative localization paradigms may ac-
a o . curately reflect neuronal processes, but some measure other
Electronic mail: ghrecanzone@ucdavis.edu . .
bpresent address: Department of Physiology, University of Toronto, Torthan threshold could be directly related to single neuron
onto, Ontario, Canada. activity. In either case, there should be a clear relationship
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between relative and absolute localization measures, given Relative Localization Task
deficits in both tasks following cortical lesions.

In order to determine the relationship between these two Speaker 1 [ I_\”//
localization paradigms, we used the same acoustic stimuli, Acoustic )
apparatus, and human subjects to compare the psychometric gy 1us 20!) mlsec '600 mslec
functions from a relative localization task to the estimates of
the sound source location from an absolute localization task. Speaker 2 A G

These subjects had relative and absolute localization perfor-
mance similar to that seen from previous studiegsed Le J L_

above. Comparison between the two paradigms showed that ver

the \_NIdthS Of_ th(_a psychometric functions derived fro_m theFIG. 1. Schematic of the timing of events during the relative localization
relative localization task were strongly correlated with theiask. subjects initiated a trial by a lever press. A series of 200-ms duration
width of the range of the estimates recorded in the absoluteounds were presented with a 600-ms interstimulus interval. Subjects re-
localization task. These results indicate that the differencéeased the lever when they detected that the speaker changed location. Each
between the perceived locations in space of acoustic stimuficoustic stimulus varied in intensity over a 4-dB range.

are in fact within the range of the spatial selectivity of a

subset of cortical neurons, and that the width of the relativelimensions; IAQ with 3-in. sound attenuating foafonex
localization psychometric functions, but not the threshold,on all four walls, the ceiling, and much of the floor surround-

provides a good estimate of sound localization ability. ing the subject.
Physical characteristics:Acoustic stimuli were mea-
|. EXPERIMENT I: RELATIVE LOCALIZATION sured using a B&K sound pressure meter with the micro-
MEASURES phone placed in the sound booth at the location occupied by
the center of each subject’s head, with all parts of the appa-
A. Methods ratus in place. The fast Fourier transform was calculated for
1. Subjects all acoustic stimuli from each speaker location in the absence

of the subjects. Speaker transformation functions showed a
Three malgCK, WG, P§ and two femaléAS and CQ flat portion (=3 dB) from 200 Hz to 12 kHz with approxi-

subjects between 20-35 years of age at the time of testing ey 6-dB/octave rolloff. Comparisons across speakers
performed these tasks with informed consent. Subjects hagh,,eq minimal differences in the magnitudes and phases of
no known audiological deficits, and detection thresholds fot, o Fp components for all three stimuli. Energy of the har-

the stimuli used were within normal limitedescribed be- monic components of the tonal stimuli werel0 dB SPL;
low). All subjects had normal or corrected to normal Vision. o.hq contributions to all stimuli were20 dB SPL.

Three of the subjects had extensive psychophysical experi-  pgychophysical calibrationThe detection threshold for
ence(CK, AS, and P$ and this was the first psychophysical g4ch of the stimuli, at each of the speaker locations used for
acoustical study for the other two subje¢WG and CG.  , yiven stimulus, were derived using a staircase method for
Subjects CK, WG, and CC completed a full series for each,,cp, ingividual subject during several different periods
acoustic stimulus, while subject AS completed a full seriesy, 5 ,ghout the study. All subjects had detection thresholds
of the absol_ute Iocal_lzat_lon parad!gm but o_nly a partial seriegnich were consistent with the normal human audiogram.
for the relative localization paradigm. Subject PS completedsyim i were sequentially presented across the speaker array
only the control experiments described below, and had pary; 30 4B apove this threshold and the subjects were asked to

tial results from the other two paradigms. The incomplete,; st the overall intensity of each speaker until they were all
results from these two subjects were consistent with the findg, o same intensity, which usually resulted in a change of less

ings from the subjects that completed each paradigm and wilh5, 1 gB. These intensity values were randomly varied

not be illustrated here. (+2 dB) during the course of each trial for each subject. This
perceptual equalization ensured that the subjects could not
2. Stimulus parameters base their localization estimates on absolute loudness, and
Stimuli were generated using a Tucker-Davis Technoloould only use interaural difference and the spectral cues due

gies d|g|ta| Signa| processing System_ An |486 Computer Conto. the head'related transfer fUnCtionS to |Oca|ize these
trolled all aspects of the psychophysical task, stimulus gensStimuli.

eration and delivery, and data collection. Three different

stimuli were used: Gaussian noise, 1-kHz tones, and 4-kHz

tones. All stimuli were 200 ms in duration with a 5-ms linear 3. Psychophysical task

rise/fall. Stimuli were delivered through 1 of 15 different All psychophysica| tasks were approved by the UC
speaker$33-in. Pyle dual cone DDRlocated on an arc at a Davis Human Subjects Review Committee and abided by the
constant distance of 146 cm along the plane of the interauradthical principles of psychologists. This psychophysical task
axis, spanning a range of either8 to 48 degree¢subjects was based on a go/no-go paradigm described in detail previ-
CK, CC, WG, and PSor 0 to 56 degreefAS) in 4-degree ously (Recanzonet al, 1991; Fig. ). Subjects were seated
increments. The entire behavioral apparatus was locateid a chair near the center of the sound booth with their heads
within a double-walled acoustic chamhbi@:5-x 8.5-ft inner  held stationary by a modified headband attached to the ceil-
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ing of the sound booth. All experiments were conducted ir , Subject WG

Subject CC

sufficient darkness to prevent visualization of the apparatus 1 IB y
and no subject reported the ability to see the apparatus, eve 30.8 0.8
after sufficient time for dark adaptation to ocdurl h). 806 06

Subjects initiated a trial by pressing a lever. A series of §04 :‘f‘iﬁlﬂsez 04
acoustic stimuli were presented from a single spedkdr B o4kHz
stimulug with a 600-ms pause between stimuli. After a ran- & 0.2 0.2
domly determined number of S1 stimulus presentati@is 0 80 8 16 24 32 40 48 0 80 8 162432 40 48
6), the same acoustic stimulus was then presented from Speaker Location (deg) Speaker Location (deg)
different speaker locatiofS2). The subject was required to € D
release the lever when they detected a change in the stimuli I !
location. Additional “catch” trials were presented where go,g 0.8
stimuli were only presented from the S1 location. For tonal g 0-6 0.6
stimuli, seven different S2 speaker locations were used, sep 0.4 0.4
rated by 8 degrees. Similarly, 15 different speaker location: & 02 0.2
were used for noise stimuli with the speaker locations sepe 0 0
rated by 4 degrees. In a given session, 15 trials for each ¢ -8 Sgeager'foggﬁgﬁ (%%g%S -SSp%ak%r igcﬁfioiz(ggg)“g
the S2 locations were presented from 7 of the possible 1 g F
locations for the noise stimul(separated by 4 degreesind 1 1
for 7 locations of 1 of the 2 tonal stimulseparated by 8 308 0.8
degrees as well as 15 catch trials for each stimulus for a § ¢ 0.6
total of 240 trials. The S2 speaker location and the type o §04 0.4
sound stimulus(tone or noisg was randomly interleaved % '

. . . a 0.2 0.2

across trials. In three subjects, at least one session was cc
ducted with the S1 stimulus at each of thgtne or 15 0 80 8 16 24 32 40 48 0 80 8 16 24 32 40 48
(noise different S1 locations(16 sessions minimum for Speaker Location (deg) Speaker Location (deg)

these subjecisSubjects AS and PS were not tested at all S1
locations for all stimuli.
Control experimentsTwo different classes of control FIG. 2. Representative psychometric functions from two different subjects

experiments were performed on three subjé@l@, CK, and (WG left, CC righ} at three d_|ffere_nt S_l speaker locations. Open triangles
show the performance for noise stimuli, open squares show the performance

P9 to ensure that subjects were using spatial cues to perforgg; 1 kHz tone stimuli and open circles show the performance for 4-kHz
the task and not nonspatial cues such as differences in thene stimuli. Psychometric functions for S1 speaker locations on the midline
speaker transformation functions. For tonal stimuli, Sing|eare shown i_r{A) and(B), for S1 speaker locations at ]:6 degrees to the right
sessions were run using the same paradigm except that thrgﬁig)ow” inC) and(D), and for 48 degrees to the right are showr(E
different S1 locations were used on randomly interleaved

trials (0, 24, and 48 degrepOne session each was r(tb

trials/location, including catch trigisor 1- and 4-kHz tone ) . i~
stimuli. Each subject then performed a second set of sessioﬁ[{ﬁth'n 700 ms of the 52 stimulus ons¢8) false-positive:

in which the speakers between pairs of locations were ex1'¢ subject released the lever before the S2 stimulus offset.
changed@ with 16 degrees and 32 with 40 degrees This time was used because it was well below the minimum

The second class of control experiment tested each a eaction time on hit trial§250 m3. The false-positive rate

jacent pair of speakers using noise stimuli. Subjects oriente P) was _CaICUI?r:ed for sachfs}efsmn b)_([_the stimulus %pe
their head and body to the location such that one speaker w ne or noisgas the number of false-positive responses di-

on either side of the midline. Stimuli were presented sequen\-’Ided by the total number of trials for that stimulus type,

tially (either right—left or left—right, randomly interleaved regardless of the outcome of the trial. This value was used to

with a 600-ms interstimulus interval. The subjects were re_compute the safe rate5() as (1_':'?’)' The hit rate ;)
quired to press one of two switchésft or right indicating was calculated as the number of hits divided by the number

which location the first sound originated from. Following 30 of hits and misses for a given stimulus typg. The final per-
presentations of these stimuli, subjects were cued by a Visu‘lﬂrmance meafureP() f.or agiven S.2 cond_ltlon was calcu-
stimulus to turn their head as far to the left as possible with—ated asP=H,"S,. This measure is a reliable measure of
out moving their body or shoulde@pproximately 90 de- performance for safe rates above 0(88e Recanzonet al,
grees. The same speaker pairs were then tested using th]eggl' 1992a, 1993

same responses. Each of the possible 14 pairs of adjacent

speakers were tested in two sessions in this manner for eaéh Results

of the three subjects.

stimulus onset(2) miss: the subject did not release the lever

Typical psychometric functions for each of the three dif-
ferent acoustic stimuli from three different starting S1 loca-
tions are shown for two subjects in Fig. 2. In each case, the

Responses for each trial were recorded as eithér) a performance measured when the S2 stimulus was presented
hit: the subject released the lever within 700 ms of the Szt the same location as the S1 stimulus was zero. This is

4. Data analysis
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because the subjects did not detect any difference in the two

stimuli (there was none and their performance could be 32 Subject WG
considered to be perfect during the “catch” trials. This also
indicates that chance performance was very near zero, as the
18 psychometric functions of Fig. 2 represents 270 trials in
which a response during a catch trial would be recorded as a
hit, and neither subject recorded a hit on any of these trials.
Such occurrences of responses during catch trials were very
infrequent across subjects, as there were only 15 responses
during 1335 catch trial$1.1%) recorded across all sessions
for these three subjects.

The psychometric functions shown in Fig. 2 are repre- 0
sentative of the data collected across subjects and sessions. CTrrTrTT T T T T T T T T
The localization ability measured for the noise stimuli was 8 0 .8 16 ,24 32 40 48
consistently better than that of the tonal stimuli, and the lo- Starting Location (deg)
calization ability measured for 1-kHz tonal stimuli was con- B
sistently better than the 4-kHz tonal stimuli, regardless of the 32 r Subject CC
S1 speaker position. To quantify this more carefully, the i O 4k
threshold for each S1 stimulus location was defined as the 24 O ik
speaker separation that would give a performance value of A ns
0.50 (Recanzoneet al, 199] for changes in speaker loca-
tions both toward the midlinénasal thresholdsand away
from the midline(temporal thresholds These two threshold
measurements were averagadhere possibleand plotted as
a function of S1 speaker location in Fig. 3. For all three
subjects, these thresholds were consistently best for noise 4 MW
stimuli (open triangleswhich were 2—4 degrees, were some- ol

| I | ) ) ) LI 1 LI | ) L L] |
-8 0 8 16 24 32 40 48
Starting Location (deg)

24 4

16 4

Threshold (deg)

16 4

Threshold (deg)

what worse for the 1-kHz stimu{open squargsvhich were

8-10 degrees, and worst for the 4-kHz tonal stinfofben

circles which were on the order of approximately 20 degrees

(ANOVA across stimulus types for each subject, or pooled ¢ 3
across subjectsp<0.01 for both casés These data also i Subject CK
show that, within this frontal area of acoustic space, there is
very little effect on performance or threshold as a function of 24 -
distance away from the midline for any of these stimuli.

To verify that averaging the two threshold measure-
ments was not inappropriate, we compared the thresholds
measured in both directions for all psychometric functions,
pooled across subjects and stimuli, in which such measure-
ments were possible. Speaker locations at the far extremes of | M.A
the region tested were not used, as only one side of the :
psychometric function could be measufedy., S1 locations 0
at 48 degrees, see FigB} and(F)]. These two measures did 8 0 8 16 24 32 40 48
not show a statistically significant differen¢paired, two- Starting Location (deg)
tailed t-test; p>0.05.

The subjects had very low false-positive rates over theF!G. 3. Relative Iocaliz_ation thresholds for each subject. Thresholds were
vast majority of sessions. Pooled across subjects and Se%a_lculated as the location of 0.5 performance from _the psychometric func-‘

. " . ons. In cases where both the nasal and temporal sides of the psychometric
sions, the false-positive rate was less than 5% in 89% of a nction were obtained the two measures were averagedx Exés shows
sessions, with the greatest rate measured at 8% in one seise S1 speaker location. Open triangles: noise stimuli; open squares: 1-kHz
sion. There was no statistically significant difference in thetone stimuli; open circles: 4-kHz tone stimuli.
false-positive rates between subjects or stimulus types
(ANOVA, p<0.00). We interpret this to indicate that the
subjects were biasing their choices to be more likely to miss A major concern when using different speakers to mea-
an S2 stimulus than to make a false-positive response, arglire relative localization ability is that the subjects could use
these threshold values may consequently be slight underesipeaker-specific, nonspatial cues to perform the task. Sub-
mates of the actual ability of these subjects to perform thigects were instructed to release the lever when they detected
task. This effect, however, has previously been shown to ba change in the location, but could have been cueing on some
minor given the manner in which the performance is calcu-other aspect of the acoustic stimulus. Although measure-
lated (see Recanzonet al, 1991, 1992a, 1993 ments of the spectrum for each speaker showed very small

16 4

Threshold (deg)
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differences across the frequency spectrum, the stimuli were A. Single Session (CK)
psychophysically matched across the array for each subject, 1.0 -
and the intensity of the stimuli varied between each stimulus
presentatiorisee Sec. Il A it is still important to ensure that
nonspatial cues were not providing the subjects with addi-
tional information. To test this possibility for the tonal
stimuli, similar sessions were run in which three different
starting locations were used on randomly interleaved trials
(0, 24, and 48 degregsAfter three subjects had performed
one session using the 1-kHz tone stimuli and one session
using the 4-kHz tone stimuli, the speakers located at posi-
tions 8 deg and 16 degrees were exchanged, as well as the
speakers located at positions 32 and 40 degrees, and the sub- % 0 84_.16 24 3w 48
jects were tested again the next day. We chose these speaker Degrees Azimuth
locations as they were along the slope of the psychometric
functions for two of the three different starting speakers. If B. Performance by Speaker Location
the subjects were using only spatial localization cues, the 1.0 —
psychometric functions obtained pre- and post-exchanging
the speakers should be equivalent. If the subjects used non-
spatial cues, the performance for each individual speaker
should be the same regardless of the speaker location.

An example of such an experiment for subject CK using
the 1-kHz tone stimulus is shown in Fig(A). The heavy
line shows the psychometric function prior to the speaker
exchange and the thin line shows the performance after
speaker exchange. It is clear from this example that the two
psychometric functions are nearly identical, indicating that 0
this subject used spatial cues to perform the task. If the per- 0 02 04 06 08 1.0
formance was based on nonspatial cues, the post-exchange Performance Pre-exchange
psychometric function should have followed the dashed line. C. Performance by Speaker Identity
Regression analysis of the performance for each speaker be- Lot ™ . "= um
fore and after the exchange in location across subjects is " amw : :.' .

0.8 THE )'{
[
=

=]
o0
1
T

S
(=)}
1
T

=]
=~
1
T

Performance

=]
[\
1
T

prediction — — —

0.8 +

0.6 1

0.4 -

0.2 856x +0.112

922; p < 0.0001

Performance Post-exchange

plotted in Fig. 4B). There is a close correspondence in per-
formance between speaker locations regardless of which in-
dividual speaker is at that locatiom=0.922; p<<0.0001;
slope=0.856. This can be contrasted with the regression
analysis when the performance at each individual speaker is
compared pre- and post-exchange regardless of the actual
speaker locatiofiFig. 4(C)]. In this analysis, the correlation

coefficient between the pre- and post-exchange sessions is EE =B B

lower (r =0.553) and the slope is shallowg.514 than for 0 5 : 0'2 : O: :0:6 :0:8 :1:0

the regression between speaker location, indicating again Performance Pré—excﬁange '

that the speaker location is the most salient cue in perform-

ing the task. FIG. 4. Relative localization of tonal stimuli control experimerifs) shows

A second control addressed the same issue using NOigg: psychometric functions from the session beféreavy ling and after
stimuli. Since the performance for noise-stimuli was very(thin line) speakers were exchanged between locations at 8 and 16 degrees,
gOOd even for 4-degree separations, the speaker exchan between locations at 32 and 40 deg_rees. Only the functlon for S1 loca-

diam could not be used. Instead we took advantage fns at 24 degrees are shown for clarity. The dashed line represents the
parE} 9 - . . g ?) edicted psychometric function if the subject could discriminate between
the increase in minimum audible angle thresholds for speakspeakers using nonspatial cué@) Regression analysis across subjects and
ers near 90 degrees compared to when the two speakers afigwli between the performance measured fxeaxis) and postexchange
located across the midlindlusicant and Butler, 1984; Per- (Sy ?éqﬁ) as a functﬂlon |‘Of spraker Io_cat|on. I?‘asheg I|nei perfe_ct co_rr::-rl]ann.

. . . olla line: regression line. Regression equatgmndp values given in the
rottet 6?'-* 1993:' In this paradlgm, the SUbJeCtS Wel’e aSked_tOinset. (C) Regression analysis as iB) as a function of the individual
determine which of the two speakers were activated firstpeaker, regardless of spatial location. Conventions 48)in
(left—right or right—left; see Sec. Il Awhen the speakers
crossed the midline, and then were immediately tested aftexquivalent to the performance when the stimuli were far to
the subject turned their head approximately 90 degrees to thtke right. If only spatial cues could be used, the performance
left. We reasoned that if there was a noticeable differencevhen the speakers crossed the midline should be much better
between two speakers based on nonspatial cues, the perfa@empared to when the two speakers were near 90 degrees to
mance when the stimuli crossed the midline would bethe right.

o —0514x+0208 ¥
1 mmYy =0514x+0.
02 M £=0.553% p<0.01

Performance Post-exchange
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A. Subject CC 10

100 .
M O Subject WG
80 + .

3 - © Subject CC
£ 60 T =
c | *dg___ = _ M X
b= s
g 40 + =5 4
o] ] D [}
5204 0Deg 2
090 Deg 5
0 +——+—+—+—+—+— =
-8 0 8 16 24 32 40 48 T
DegreesAzimuth -
0
B. Mean Across Subjects 0 o ' Sl ' o ' ) (')
100 Session Number
80 +
§ 60 1 FIG. 6. No improvement in performance with practice. Thresholds for noise
3 trials are plotted for the first ten sessions that were completed for subjects
% 40 4 WG (circles and CC(diamonds. Thresholds ranged from 2—4 degrees, but
g no significant improvement in performance over time is noted.
S20 4
0 subject, or combined across subje¢ts<0.2; p>0.5. A

similar result was noted when tested with respect to the tonal
stimuli. Thus, we conclude that experience had a minimal
influence on the ability of these subjects to perform these
tasks.

FIG. 5. Percent correct as a function of speaker location for left—right dis-

criminations across the midlingolid squaresor at 90 degrees to the right .
(open squargs(A) shows the results from a single subjé€C). (B) shows Il. EXPERIMENT II: ABSOLUTE LOCALIZATION
the mean and standard deviations across three subjects. The dashed IM.EASURE

indicates chance performance.
P A. Methods

-8 0 8 16 24 32 40 48
DegreesAzimuth

A representative example of the results of this experi-1- Psychophysical task

ment are shown in Fig.(8), where the solid symbols rep- This task used the same behavioral apparatus and acous-
resent the performance for each speaker fjdotted as the tic stimuli as the relative localization tagR00-ms duration;
right speaker on the& axis) when the speakers crossed the5-ms linear rise/fall; 362 dB re: threshold; 1 kHz, 4 kHz,
midline, and the open squares show the performance wheand Gaussian noigeThe headband that the subjects wore in
the two speakers were located approximately 90 degrees this task allowed horizontal head movements. The head po-
the right. It is clear from this example that the performance issition was measured by the current induced in a search coill
much worse with the head turned, consistent with the largelocated on the headband by its position in the magnetic field
minimum audible angle at these spatial locatidfusicant  using standard oculomotor technologiRobinson, 197p
and Butler, 1984; Perrotét al, 1993. The average data Subjects were signaled to orient their head at the zero posi-
across three subjects is shown in FigBh demonstrating tion (=1 degree) by a blinking LEOFig. 7). When this
that this was a consistent effect across subjects, and thpbsition was attained, the LED remained on continuously.
there was a statistically significant difference on the perfor-One to three seconds later a single 200-ms stimulus was
mance across subjects and all speaker locati&MOVA,; presented from any one of eight different speakers spanning
p<0.01). These two control experiments indicate that thea region of 56 degrees. In all sessions, at least one speaker
subjects in this report were using predominately, if not exJocation was at the midline. Subjects were required to move
clusively, spatial cues to perform the relative localizationtheir head to the location they perceived the stimulus to
task. originate from, and to maintain that position until the midline

A final concern is that subjects were improving their LED began to blink again2 s from stimulus offset All
performance at this task as they continued to perform sesubjects consistently refrained from making returning head
sions. In every session, both noise stimuli and a tonal stimulmovements before the midline LED began to blink, which
were presented in randomly interleaved order. To determinsignaled the subject to reorient their head toward the midline.
if there was a training effect in the two naive subjects, the  Each session consisted of a single stimu(osise, 1
thresholds for the noise stimuli are plotted as a function okHz, or 4 kHz tong with 21 trials for each of eight different
the session that they were tesi@dg. 6). These data do not locations(168 trials/session For noise stimuli, a different
show any significant trends of improved performance oveset of eight locations were used across sessions, so that sub-
the first ten sessions, and performance was not statisticalfgcts were tested at all 15 locations. Subjects were not given
significantly correlated with the session number for eitherfeedback as to the accuracy of their head movements during
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Absolute Localization Task CI N i —
NRTIRYI TN A

Central 7 '
LED | | | | | | | | | | 010 o R 11

| 1000-3000 I 1 i ——— |
msec | 1 W 1
) L CLE LT U
Acoustic N i L T T T
Stimulus 1. o ot |
\_/ 01 1 g
Horz. 1 I (S |
Head - _}: - 'r: ettt J o i1 Subject CK - noise stimalus
Pos. W ni—
T 1 TT
NRTT CLVTRTNT
——t——t———t——t—t—t—t—t—t—t——t——
. L i 20 416 <12 8 4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60
FIG. 7. Schematic of the absolute localization task. Subjects were requeste  Len Degrees from miidline Right

to orient their head to a central flashing LED. Accomplishing this to within

+1 degree was indicated by the LED remaining continuously illuminated. A

single stimulus was then presented from 1 of the 15 speakers in front ofIG. 8. Absolute localization of noise stimuli. All sessions pooled for sub-

them. The subjects were instructed to turn their head to orient to the locatioject CK in which the Gaussian noise stimulus was presented. Speakers were

in space that they thought the sound came from. Dashed line: electronigeparated by 8 degrees in each session, with one speaker always located at

head position window at-1 degree of the midline. the midline. Each small vertical line represents the final head podigien
timate of a single trial. Open rectangles show the location of the target.
Each target is represented across a single row, with the rows offset vertically

the course of the session. In addition, no subjects indicatefdr clarity. The target at-8 degregeft) is shown as the bottom row, while

that they could visually perceive any part of the speaker arthe target at-48 degred(right) is the top most row.
ray.

In order to determine the accuracy in which human subfrom this figure is that, in spite of the fact that this subject
jects can orient their head to targets in general, two types Qfad a relative localization threshold of 2—4 degrees for noise
light trials were also introduced. In a “remembered targets” stimyli, the subject nonetheless made errors of the actual
Condition, a Visual St|mUIU$LED) was bl|nked on fOI‘ 200 Speaker |Ocati0n by up to 8—-10 degrees on any given triaL
ms in a manner identical to the presentation of the acoustic These data are representative of all subjects. Each pro-
stimulus at one of four possible locations along the arraygressively shifted their estimate toward the right for targets
Subjects were instructed to orient their head to these stimuljgcated toward the right. It is also evident that, although
which were always extinguished prior to the onset of thejngividual trials could vary over a fairly broad range, it was
head movement. In the “visible target” condition, a LED extremely rare for an estimate to cross into the inappropriate
was turned on and remained on continuously for 2200 msyemifield once the stimulus was beyond about 8 degrees
again at one of four different possible locations. from the midline. Finally, each subject tended to both over-
shoot and undershoot different target locations.

The absolute localization ability for the tonal stimuli is

Head positions were determined by the average heashown in Fig. 9. These data are presented in a similar manner
location measured 1950—2000 ms after the offset of the S® the noise data of Fig. 8 for the same subj&X). In this
stimulus(50 ms total. Inspection of the analog head move- figure, the longer rectangles show the estimates for all trials
ments showed that this time period was well after any minowusing a 1-kHz tone stimulus, whereas the shorter rectangles
adjustments had been made by the subjects after the initishow the estimates of the 4-kHz tone stimuli. This subject
tion of the head movemerihead movement equivalent to a was typical of all subjects tested, with the most salient ob-
corrective saccadeand the averaging procedure eliminated servation that the tonal stimuli are much more poorly local-
the small amount of noise from the signal. ized than the noise stimuli.

To quantify these data, the accuracy of the estimates was
measured as the average erfaverage estimate-target loca-
tion). All subjects showed similar errors and the mean across

A representative data set for a single subject using noissubjects is plotted for each target location and stimulus in
stimuli is shown in Fig. 8CK). In this figure, the narrow Fig. 10(A). The most common error for the tonal stimuli was
vertical lines represent the final head position of a singld€or the subjects to underestimate the actual target location,
trial. Trials for each speaker location were pooled over fiveindicated by negative values of the mean error. Errors for
sessions and plotted together. The responses for each speakerise stimuli were much smaller than those for tonal stimuli,
location are shown across a single row of thin lines, with thewith both overshoots and undershoots making the error very
actual target location shown as the thin rectangle in eachear zero. This difference between stimuli was statistically
row. Targets located progressively toward the right aresignificant(noise versus 1 or 4 kHz: ANOV/A<0.05. The
shown progressively offset in the axis for clarity, but the error for localizing the 4-kHz tonal stimuli were greater than
presentation of the stimulus at each location was randomljor the 1-kHz stimuli, although this difference did not reach
interleaved during each session. Data were obtained at 1&atistical significancep=0.071). Regression analysis be-
different speaker locations from 8 (bottorr) to +48 de- tween the error and the speaker eccentricity also did not
grees(top) in 4-degree increments. What is most obviousshow a statistically significant correlation=0.58, 0.06, and

2. Data analysis

B. Results
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FIG. 9. Absolute localization of tonal stimuli by subject CK. Each row E 10
shows the estimates for a single target location. Long rectangles are the a
single trial estimates when the 1-kHz tone stimulus was presétupdet of 'g
lines for each rowy the shorter rectangles are the single trial estimates when =2 b
the 4-kHz tone stimulus was presented. Conventions as in Fig. 8. g
0 1 L 1 1
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0.02 for noise, 1 kHz, and 4 kHz, respectiveps-0.05 for 0 16 32 48
all cases We take this to indicate that there is not a signifi- Degrees from midline

cant degradation in localization accuracy as a function of

eccentricity over this range in frontal space.
The precision of the estimates was measured as the sta IG. 10. Averaged errors and standard deviations across subject¢APart
ows the average error for noiggiamond$ 1-kHz tones(circles and

dard deviation of estimates for a given stimulus type an(ﬁ-kHz tones(squaresmeasured across subjects and target locations. Points
target locatior{Fig. 10B)]. There was a statistically signifi- under the dashed line represent underestimates of the targets. Thin lines
cant difference between all three stimulus types, with thendicate standard deviations. Pé&l) shows the standard deviations of the
noise stimulus having the lowest standard deviation and th stim_ates a\_/er_aged across subjects for eac_h (_)f the thr_ee stimuli at each target
. . ... location. Thin lines show the standard deviation of this measure.
4-kHz tone stimulus having the greatest standard deviation
(ANOVA; p<0.01). An interesting observation is that the
standard deviation of the estimates to noise stimuli was apappropriate location. It may be that many of the errors de-
proximately 5 degrees, even though these same subjects roseribed for the noise stimuli are due to errors in head orien-
tinely made correct responses to 4-degree separations in thegion, although this would still mean that the localization of
relative localization task. Similarly, the range increased taonal stimuli is less accurate and precise than for the noise
almost 10 degrees for 1-kHz tonal stimuli, and were oftenstimuli. To test this possibility, we also measured head
even greater for 4-kHz tonal stimuli. movements to continuoué200-ms durationand flashed
One apparent trend from the functions of Fig(BPDis (200 mg visual targets. The averaged errors pooled across at
that the standard deviation of the range of estimates inleast eight sessions for these trials is shown for all subjects in
creased with increasing eccentricity of the stimulus. This wagable |. All subjects were able to localize the continuous
tested quantitatively by performing a regression analysis bevisual stimuli to within approximately 1 degree. Only one of
tween the standard deviation and the degrees of eccentricithe four subjects was statistically significantly more accurate
of the target. All three stimuli showed a statistically signifi- localizing the continuous visual stimuli compared to the
cant correlation, withr values of 0.851, 0.942 and 0.903 for flashed visual stimulitwo-tailedt test; p<<0.00). For all
noise, 1-kHz tone, and 4-kHz tone, respectively. The slopesubjects, the error during both brief and continuous visual
of the regression line were quite shallow, 0.066, 0.105, andtimuli was statistically significantly smaller than for the
0.129 for noise, 1-kHz tone, and 4-kHz tone, respectivelysame spatial locations using noise stim@iNOVA, p
These slopes indicate that even though there is a correlatiorn0.001 for all subjecis
between these two measures, the standard deviation of the Given that we were pooling responses across sessions
estimates increases only approximately 1 degree for every 1for each of the subjects, and that it was possible that the
degrees that the target is moved away from the midlinesubjects could be showing an improvement in performance
across the frontal region of space. over the course of these sessions, we compared the mean
One possible explanation why the range of estimates andrror calculated across stimulus locations from session to
the accuracy were much worse than would be expected basedssion. As subjects CK and AS were already highly experi-
on the relative localization results, particularly for that of theenced at this and similar psychophysical tasks, we reasoned
noise stimuli, is that these subjects were simply not venthat any training effects would have long since been estab-
accurate or precise at moving their heads in the dark to théshed, so the analysis was confined to subjects CC and WG
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TABLE . Errors of visual trials. The means and standard deviations of the o 5 __
difference between the estimate and the actual target location for stimuli
pooled across at least eight sessions for two classes of visual stimuli. The
LED stimuli remained illuminated throughout the duration of the 2200

ms, column 2 or were presented for the same duration as the acoustic

Subject WG

204 All Trials

stimuli (200 ms, column B The fourth column shows the value compar- 3 1.5
ing the two visual stimuli for each individual subjgéivo-tailedt tesh. The g ‘
fifth column compares the errors for the 200-ms visual stimulus to the errors & 1.0

of the 200-ms noise stimulu$wo-tailedt tesy. ‘;
Subject 2200 ms 200 ms Visuplvalue ns vs vigp value 0.5 1
WG —0.11+2.30 0.22:4.23 p=0.112 p<0.001 0
CcC 1.15+3.00 1.15-5.56 p=0.101 p<<0.001
CK  -004t3.99 —0.03:3.16 p=0.223 p<0.001 16 -8 0 8 16 24 32 40 48 56 64 72
AS  —-0.80+3.70 0.86:3.51  p<0.001 p<0.001 Degrees from midline

FIG. 11. Cumulative estimates pooled across sessions. All estimates re-

as they had just Completed the relative localization task anaorded throughout all session were poo{8882 total trial$ for subject WG
’ and plotted as a percentage of total trials in 0.5-degree bins. The general

were performing this type of task for the first time. There torm of this curve, with two distinct peaks followed by a long period in
was not a measurable learning effect for either subject ovexnhich the percentage of estimates were similar and then ultimately trailing
the first six sessiong@epeated measures ANOVA>0.10), pff to zero with a shallow slope, was observed in all ;ubjepts. 'Arroyvs
and no statistically significant difference was noted betweeﬂfrdrﬁg:ee t::g'r(:;"’;“fontggtﬁ;gh‘itzf”;‘;dr;?é"E:;t_h tone and noise stimuli at eight
any particular speaker location or pooled across speaker lo-
cations between the first and sixth session for either subject o o
(two-tailedt test;p>0.05. Thus, as in the relative localiza- Midline reflects the poor localization for tonal stimuli pre-
tion task, there was no improvement in performance acros$énted near the midline. Often the subjects did not perceive
sessions for these subjects performing the absolute localiz#7€se tonal stimuli to originate 8 degrees from the midline, so
tion task. made no head movement, resulting in the large percentage of

A second consideration is that we used the same interfZStimates at this locatiofsee also Fig. © The peak of re-
sities as those in the relative localization task, which variedPONses to the left of the midline also probably reflects the
over a 4-dB range. It is possible that, due to the orientatiorfUPject’s knowledge that there was only one possible left-
of the speakers, and the random probabilities that differen/ard location during tonal sessions, and only two possible
intensities were used, that some bias resulted. To test th|§ftward locations for noise sessions. Thus, when the sound
possibility, one subjectAS) performed the noise absolute Was perceived to originate from the left of the midline, mo_st
localization task at five different base intensity levels, agairSubjects made a head movement to one of the two possible
with each stimulus randomly presente@ dB for each base Ic_)catlons. Th(_a Ipw percent of estimates immediately left and
intensity. A comparison of both the mean error and the stantight of the m|FiI|ne also_ reflects the subject’'s knowledge that
dard deviation showed a statistically significant effect onlyth® next possible location was a few degrees from the start-
for stimuli presented 182 dB threshold, while both mea- NG position, so never made head movements of 1-2 degrees.
sures remained constant for intensities of 20, 30, 40, anM\_/hat we were most concerned with, however, is the possi-
45+2 dB re: threshold across locatiorisepeated measures bI.|Il:y. that the su.bjects had response blase§ at greater eccen-
ANOVA; p>0.10. These results indicate that there is essenlricities to the right, where most of the stimuli were pre-
tially no effect of intensity over this range on either of theseSented. For all subjects, this region was relatively flat, and
localization measures. there was no indication that particular locations were se-

The final potential source of artifact that we considered€cted more often than any others. We also performed a fast
was that subjects might make a mental map of the speakérourier transform over the region beyond 8 ldegr_ees for all
array, and would therefore create a response bias for partic§“Piects, and there was no indication of a periodicity of these
lar locations in space. This would ultimately result in making @Stimates that would reflect a mental “map” of the speaker
the absolute localization task a multiple-alternative forcecffray in any subject.
choice task. Given that most subjects were tested on well
T Coute o 0 U, 12 oSS, COMPARISON BETWEEN RELATIVE A

. . ) SOLUTE LOCALIZATION PARADIGMS

pooled all sessions and determined the percentage of tota
trials wherein responses fell within 0.5-degree bins across The main goal of this study was to determine the rela-
the full range of estimates. An example from subject WG istionship between the relative and absolute localization para-
shown in Fig. 11. This plot shows a clear response bias aligms, which seemed to differ significantly across stimulus
around 8 degrees to the left and for the midline, with verytypes. One of the most straightforward comparisons is be-
few estimates located to the immediate left and right of theween the region comprisingg one standard deviation of the
midline. The overall shape of this curve was consistentange of estimates during the absolute localization task to an
across subjects, with only the particular locations for eactequivalent measure for the same target location in the rela-
peak and trough that varied by 2—3 degrees. The peak at thve localization task. For the relative localization measure
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FIG. 12. Method of comparing the relative localization psychometric func- = 7
tions to the distribution of estimates in the absolute localization task: The |
psychometric function for a noise stimulus presented from a S1 speaker 20

location at 16 degrees in the relative localization task in subjec{dp@n
squaresis plotted with the normalized range of estimatdashed ling for

the same speaker location in the same subject. The normalized estimates
were taken as a percentage of estimates in 0.5-degree bins and normalized to
the peak. This distribution was shifted to be aligned with the psychometric
function. The arrows show the range in degrees for the 0.68 bandwidth of
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deviation for the range of estimates in the absolute localization (thgik 0 i } i i
dashed arroyv These values were used in the regression analysis shown in 0 10 20 30 40
Fig. 13A).

Relative Localization Threshold (deg)

we chose the_WIdth of t_he pSyChomemC functlo_ns at 0'(Sq:IG. 13. Correlation between relative and absolute localization dAta.
performance(Fig. 12. This width was chosen as it reflects The distance in degrees across the psychometric function at the 0.68 perfor-
the area under a GaussianZabne standard deviation about mance levelx axis) was plotted against two times the standard deviation of
the mean. It is reasonable to assume that the neuronal infogstimates for the same target location in the absolute localization(yask
mation of stimulus location provided to these subjects is i Q;S)T'h'jeag:nvzrgeﬂggfaﬂgf: ;:%Cfxfgs fﬂgﬁ'@gfjg;%ggg_

the form of a GaussiatGreen and Swets, 1966; Hartmann, mancg for the relative localization task is plotted against the bandwidth
1989, and the distribution of estimates in the absolute local-measure of the absolute localization task 0.501; p<0.001).

ization task were largely Gaussian in sh&pigy. 12—dashed

line). For all psychometric functions in which the this width

could be measured, the distance between the 0.68 perfosomewhat greater than would be predicted by the standard
mance values when the S2 stimulus moved temporally andeviation of the range of estimates in the absolute localiza-
nasally was calculated. This procedure limited the sample ttion task, resulting in the slope of the regression line of
the S1 speaker locations between 8 and 32 degrees for tonal674.

stimuli and between 0 and 40-44 degrees for noise stimuli, A second comparison that we made was between this
as a 0.68 performance value could not be determined fostandard deviation measure from the absolute localization
speakers beyond this range both nasally and temporallyask to the relative localization thresholds measured for the
These values were then plotted against the distance of tweame subject and stimulus conditipRig. 13B)]. In this
standard deviations for the range of estimates for that samenalysis, the regression coefficient was smaleb01) but

S1 speaker location. The results are shown in FidAl3 was nonetheless significanp€<0.001). The slope of this
combining both tonal and noise stimuli and pooled across theegression line was also much low&.481) and, as can be
three subjects that completed both tasks for all stifOK, seen from the regression plot, the relative localization thresh-
CC, and WG@. The dashed line is drawn through the origin olds were commonly much lower than would be predicted by
with a slope of 1.0 and represents perfect correlation. Thishe standard deviation measure of the absolute localization
scatter plots show a good correlation between these two vatask, indicated by most points falling above the line showing
ues that is statistically significafit=0.813; p<0.00J), with perfect correlation. Thus, even though the range of estimates
the width of the relative localization psychometric functionsfor a particular location in absolute space is several-fold
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greater than would be predicted by the relative localizatiopsychometric functions measured in the relative localization
threshold, the width of the relative localization psychometrictask and the standard deviations of the absolute localization
function is well within the range of the estimates of targettask. Most points of comparison fell near a line through the
locations measured in the absolute localization task acrossigin with a slope of 1.0. Those points that fell significantly

both acoustic stimuli and individual subjects. off the line were due to a larger width of the psychometric
function from the relative localization task than would be
IV. DISCUSSION expected from the standard deviation measured in the abso-

Our relative localization results from noise stimuli are in lute localization task. This is probably due to two reasons,

general agreement with previous studies using a minimurfhe first being that our measure of relative localization ability
audible angle procedure in normal human listeners employM&Y ha\{e underestimated the subject’s true localization g_bili-
ing noise or click stimuliPerrott and Saberi, 1990; Chandler ti€S- This would be expected from the low false-positive
and Grantham, 1992; Perret al, 1993 with similar thresh- rates, which may be reflecting the subject’s bias toward more

olds and no apparent difference in localization thresholds a8iSS responses. The second is that the relative localization
a function of distance from the midline over this limited Me@surements were taken based on 15 trials for each stimu-

range(Musicant and Butler, 1984; Perratt al, 1993. The lus location, and therefore were more influenced by the nor-
relative localization thresholds obtained in this study for theM@l variance in each subject's performance. The absolute
tonal stimuli are either in agreemef®.g., 1 kHz, Terhune localization measurements were based on at least 105 trials
1985 or slightly larger than those described in previousfor each speaker location fpr each stlmglus, and were pre-
studies(e.g., Chandler and Grantham, 1992; Molino, 1974; 4Sumably less affected by this normal variance.

kHz; Terhune, 1986 Differences between these studies are We conS|de_red the possibility thgt the subje_cts were able
most likely due to differences in the intensity and duration ofl© use nonspatial cues, such as differences in the speaker
the acoustic stimuli, the randomly interleaved trials, and pofransformation functions, to perform the relative localization
tentially the elimination of absolute loudness cues used ifa@sk, but feel that this is very unlikely for several reasons.
this paradigm. First, the thresholds we obtained were similar to those using

The results of this report are also consistent with thosé Single speaker, as noted above. Second, these stimuli were
of others using an absolute localization paradi@‘nvens based on eaCh indiViduaI SubjeCt'S threshold for that Stimu|US
and Newman, 1936; Newton, 1983: Oldfield and Parkerat that location, and all speakers were subjectively matched
1984; Butler, 1986; Perrotet al, 1987; Wightman and in intensity by each subject before the experiments were ini-
Kistler, 1989: Makous and Middlebrooks, 1990; Middle- tiated. Third, we introduced a variance in the intensity of
brooks, 1992; Butler and Musicant, 1993; Wenztlal,, each stimulus, thereby making each stimulus sound slightly
1993; Good and Gilkey, 1996particularly with respect to differently and forcing the subject’s to concentrate on the
the 1-kHz tone being more easily localized than the 4-kHzspatial location of the stimuli during the task. Last, the con-
tones(Stevens and Newman, 19360 the most similar stud- trol experiments described in Figs. 4 and 5 demonstrate that
ies employing head movements to measure localization abilonspatial cues provide very little information, if any, for the
ity, subjects showed errors and standard deviations similar tdubjects to perform the task. These four factors taken to-
those of this study for noise stimuWightman and Kistler, gether indicate that the subjects were using location cues
1989; Makous and Middlebrooks, 1990n a similar study almost exclusively in performing the relative localization
using narrow-band stimul{z octave, subjects showed a task to the tonal and noise stimuli.
greater range of estimates and less accuthtigdlebrooks, One interesting finding is that there was essentially no
1992 compared to noise stimuli, similar to the results of ourlearning effect over the course of the experiment for either
subjects when comparing tonal to noise stimuli. The perforthe relative localization task or the absolute localization task.
mance for the 4-kHz tones was also in general agreemerithis is a bit curious in that improvements in performance
with previous studiegPerrottet al,, 1987 although for most ~ with training is a hallmark of most psychophysical para-
subjects the range of estimates for the 4-kHz tones wadigms (see Recanzonet al, 19923 and can be correlated
greater than previous studies using band-passed stimuli cemith changes in the cortical representations of the relevant
tered at 4 kHzAbel et al,, 1978. This discrepancy is most stimulus parameter&ecanzonet al, 1992b, c, 1993; Nudo
likely due to the increased spectral content and longer duraet al, 1996. In the absolute localization task, subjects were
tions of their stimuli compared to the stimuli used in this not given any feedback as to either the actual speaker loca-
study. tion or to the orientation of their head. It is therefore not

In the experiments reported here, three different acoustisurprising that there was no demonstrable improvement, as
stimuli were used: noise, 1-kHz tones and 4-kHz tones. Wehe subjects would not have any information about the nature
chose these three stimuli because the goal of the study was & their error that they could use to adjust their performance.
directly compare the ability to determine a change in then the relative localization task, however, subjects were
location of a stimulus to the ability to determine the absolutegiven feedback on a trial-by-trial basis. Subjects were aware
location of the stimulus. The subjects showed very differenof miss trials as the stimuli stopped being presented even
localization ability for these three different acoustical though the subject never released the lever. Subjects were
stimuli, which allowed for a comparison between these twaalso indicated of false-positive trials by a longer delay be-
behavioral measures across a broad range of performancéaeen releasing the lever and the initiation of the next trial.
We obtained a good correlation between the width of theEven with this feedback, the subjects did not show any im-
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provement in performance over time. In data shown for oneschemes, must be careful in interpreting data based only on
subject, significant improvement in performance at a mini-relative localization thresholds.e., minimum audible angle
mum audible angle task was demonstrated over five blockmeasurements
of 500 trials using an 8-kHz tone stimul@§erhune, 198p
A likely explanation for the lack of any training effect in the
relative localization task of this study is that a different start-
ing speaker was used for each sesdqip40 trialg, so any The experiments of this report describe the ability of
perceptual gains that could have been acquired on the preormal human listeners to localize three different acoustic
ceding session may not transfer across acoustic space. imuli using two different behavioral paradigms. As was
similar lack of transference after a single session where viexpected from previous, similar studies, subjects were better
sual stimuli are presented in a different location in the visuakble to localize noise stimuli than tonal stimuli. This was true
field have been noted in human psychophysical stugigs, = whether the subjects were tested on a relative localization
Fahleet al,, 1995. It remains to be seen if continued practice task or an absolute localization task. Although it would ini-
at the same locations of acoustic space would generate dially appear that the ability to determine the absolute loca-
improvement in performance. tion of an acoustic stimulus was much worse than the ability
The most interesting finding of this study is the closeto determine a change in the location of the same acoustic
correspondence between the widths of the psychometrigtimulus, these two psychophysical measures were in good
functions in the relative localization task and the spread ofigreement when the width of the psychometric function from
the estimates in the absolute localization task. The fact thahe relative localization task was compared to the bandwidth
this correlation holds up for the three different acousticof the range of estimates in the absolute localization task.
stimuli, and the three subjects tested, which all had idiosynThese data indicate that the sound localization ability of nor-
cratic localization ability, shows this relationship to be ro- mal human listeners is consistent with the spatial receptive
bust. If one assumes that the neuronal representation of theBeld sizes of cortical neurons recorded in other species.
different speaker locations is Gaussian across a population of
neurons, and that adjacent_ locations ir) space are represemﬁéKNOWLEDGMENTS
by adjacent and overlapping populations of neurons, then
signal detection theory predicts broader absolute localization ~ The authors wish it thank M. Phan and P. Geiger for
ability than minimum audible angle thresholds, but similartheir insightful suggestions during the course of these experi-
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supports the hypothesis that relative localization tasks, suc$cript along with M. Sutter, K. O'Connor, and W. Loftus.
as the minimum audible angle task, are reflecting an absolueunding provided by NIH Grant No. NIDCD DC0271-01A2,
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