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DiZio, Paul, Richard Held, James R. Lackner, Barbara Shinn- source’s perceived location. Proprioceptive and somatosensory
Cunningham, and Nathaniel Durlach. Gravitoinertial force magni- information about target location derived from hand contact

tude and direction influence head-centric auditory localizatidseu- c?n also influence where an auditory stimulus is heard (Lack-
rophysiol 85: 2455-2460, 2001. We measured the influence g onq Shenker 1985). Head movements can help resolve
gravitoinertial force (GIF) magnitude and direction on head-centric

auditory localization to determine whether a true audiogravic iIIus,io"?HUd"[Ory front-back ambiguities and the elevation of an exter-

exists. Inexperiment 1supine subjects adjusted computer-generatdtftl Sound source (Wallach 1940). Their influence depends on
dichotic stimuli until they heard a fused sound straight ahead in th@lating movement-contingent auditory, proprioceptive, and
midsagittal plane of the head under a variety of GIF conditionéestibular signals. Head movements can also be used to re-
generated in a slow-rotation room. The dichotic stimuli were cogalibrate sound localization when pseudophones are worn that
structed by convolving broadband noise with head-related transtdter the auditory cues at the ears from an external sound source
function pairs that model the acoustic filtering at the listener’s eafgeld 1955).

These stimuli give rise to the perception of externally Iocaliozed Rotary acceleration of the whole body also influences the
sounds. When the GIF was increased from 1 i @nd rotated 60° nercejved auditory azimuth of a sound stimulus. A blindfolded
rightward relative to the head and body, subjects on average sefi@fener in a rotating chair will hear a head-fixed, midline
acoustic stimulus 7.3° right of their head’s median plane to hear it $§und source as moving and displacing relative to’ his or hér

straight ahead. When the GIF was doubled and rotated 60° leftw d h K h di | illusi lark
subjects set the sound 6.8° leftward of baseline values to hear it , @ phenomenon known as the audiogyral illusion (Clar

centered. Irexperiment 2increasing the GIF in the median plane of2Nd Graybiel 1949). The auditory target will be heard to
the supine body to 2y did not influence auditory localization. In displace in the direction opposite self-rotation when the chair
experiment 3tilts up to 75° of the supine body relative to the normafccelerates, to come back to the midline when constant veloc-
1 g GIF led to small shifts, 1-2°, of auditory setting toward the up eaty is maintained, and to displace again during deceleration
to maintain a head-centered sound localization. These results si(minoun 1952; Clark and Graybiel 1949; Lester and Morant
t_hat head_-centric auditory I_ocalization is affected by azimuthal rotag70: Munsterberg and Pierce 1894). Thus during clockwise
tion and increase in magnitude of the GIF and demonstrate that giceleration to constant velocity, a midline sound source will
e i oot s s eaone O heard (0 he left o the head's midine and then cduring
the GIF and its angular deviation relative to the median plane. 8ece|era.t'0n will b.e heard to the right of m_ldllne. .
Graybiel and Niven (1951) found that linear acceleration
influenced auditory localization as well and referred to this as
the “audiogravic illusion.” If an observer is seated off-center in
a rotating room, radial centripetal forces combine with gravity
Interaural timing, phase, and amplitude spectra are importantgenerate a resultant linear gravitoinertial force (GIF) vector
cues for judging the azimuth of a broadband sound relative goeater than either component and oriented between the two.
the median plane of the head (cf. Blauert 1983; Colburn a@taybiel and Niven had seated observers face the center of a
Durlach 1978; Yost and Gourevitch 1987). The physical translow rotation room and lean over 90° to one side. A ring of
formations that a sound waveform undergoes by interactisgeakers was positioned in the head’s azimuthal plane at 5°
with the head and pinnae can be described by linear filtesgparations. As the room began to spin, the GIF was displaced
called head-related transfer functions (HRTFs) (Wightman aimdrelation to the head in azimuth (see Fig. 1). The observers
Kistler 1980). HRTFs are unique for each location around thveere asked to indicate which speaker emitted a sound in the
head in humans because their ears are immobile. Binauspparent horizontal plane. When the room was stationary, the
acoustical patterns are not the only factors influencing a soumedian plane of the laterally flexed head was horizontal, and
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Knudsen 1987). Jay and Sparks (1984) have shown that the
auditory receptive fields of visual-auditory units in the primate
superior colliculus change as a function of eye position so that
the auditory and visual maps stay in register. Spatially tuned
auditory-visual neurons exist in the primate parietal cortex as
well (Stricane et al. 1996). Psychophysical experiments have
shown that eye position and head position can affect auditory
localization in humans (Lewald and Ehrenstein 1996, 1998). In
the cat auditory cortex, the representation of sound location is
distributed over large populations of very broadly tuned neu-
rons that respond to multiple acoustic parameters (Middle-
horizontal brooks et al. 1998). Our investigation of vestibular and somatic
influences on sound localization will further identify spatial
reference frames for multi-modal neural coding. In addition,
understanding audiogravic effects has potential practical appli-
cations in instruments providing orientation cues that pilots
might use to prevent disorientation in unusual flight environ-
ments (Teas 1993).

METHODS

7‘4 Experiment 1: twofold increase and 60° rotation of GIF

Fic. 1. Schematic illustration of the audiogravic illusion in the expe”mergUBJECTS Fourteen Sub]ectsy nine males and five femalesv |nc|ud|ng
of Graybiel and Niven (1951). The subject sat at the periphery of a rotatifg, of the authors participated. Their ages ranged from 20 to 55 yr.
room facing the center, leaning over to their side, At constant velocity thg, se|action criteria included self-reports of normal hearing, balance

resultant (GIF) of gravityd) and centrifugal forceR_..,,) rotated (filled arrow) -
29.2° in azimuth and increased to 1.146 g. The physical sound source (of’i‘&q posture and no general health restrictions that would make expo-

dot) that subjects selected as being in the apparent horizontal plane we&€ t0 2.0g hazardous. The procedures used were approved by the
actually below the horizontal plane (filled dot). Brandeis Human Subject Committee and were explained to subjects

before they gave informed consent.

Obsel’vers COI’reCtly |nd|Cated a Sound from the Speaker |0caﬁ@¢ARATUS. The experiment was performed in the Graybie| Labo-
in that plane. When the room was spinning, the GIF wastory slow rotation room (SRR), a circular enclosure 6.7 m in
rotated inboard, and observers felt their whole body was tiltelthmeter powered by electric motors. A dedicated controller with a
backward or outboard. They now identified as being in ttremputer interface permits the programming of desired angular ve-
horizontal plane sounds emitted by a speaker physically beldgity profiles. The on-board equipment included a “oed” that could be
the median plane of their head. Howard and Templeton (196#d around its long axis, provisions for subject restraint, a system for
and Howard (1982) have argued that this effect is not %fg;er_atlng spatially localizable sounds, and a joystick for the subject
audiogravic illusion but represents accurate auditory Iocalizg-mdlcate responses. Figurd Blustrates the experimental situation.

. - The bed held the subject supine, with his or her interaural axis
tion with respect to a changed reference frame. In other Words,inear with a radius of the room. The head’s midiine was 2.5 m

the subject feels tilted in relation to the horizontal and thygm the center of the room with either the right or left ear toward the
chooses a speaker that is displaced in relation to his or her be@)iter. The desired ear was oriented toward the center by reposition-
by the extent of the apparent self-tilt. ing the entire bed with respect to the SRR. A stiff, tight fitting foam
Our goal in the present experiments was to determim®ld surrounded the back and sides of the head, and elastic straps
whether a genuine audiogravic illusion exists such that soufeloss the forehead and chin further immobilized the head. Earphones
localization vis a vis the head itself is altered. To do so, wéennheiser, Model HD540 Il) were embedded in the head mold. The
measured head-centric auditory localization in azimuth durirggdy rested on a stiff form fitting foam pad, and foam side pads

exposure to GIF transitions in a rotating room. Using hea stricted lateral movement. Adjustable braces at the shoulders, hips,

o . . L9 ; . nees, and ankles and a chest plate further restricted possible move-
relative instead of horizon-relative localization avoids the issuye b p

fach d | ref f for | lization. We al ent during rotation. (Video measurements of how much the head
of a changed external reference frame for localization. We algQ,|q move in the head-restraint system during increases in magnitude

used greater changes in GIF magnitude and direction an@ rotations of the GIF for the conditions in the three experiments of
more comfortable posture for the subjects than Graybiel afié present report indicated a typical range under 0.5°.)

Niven. Our aims included determining whether changes in thea Crystal River Convolvotron Il board mounted in a PC was used
angle of GIF, the magnitude of GIF, or a combination of th® present acoustic stimuli over the earphones that gave rise to the
two lead to changes in head-relative auditory localization. \eerception of external sounds. The input to the system was square-
also wanted to observe the time course of any changes. Wave modulated (4 Hz), Gaussian white noise (500 Hz to 20 kHz)
Whether a head-relative audiogravic illusion exists has iffom a Sony digital audio tape player. The Convolvotron has a set of

portant theoretical implications. Binaural acoustic informatiofX ' FS containing all the spatial cues normally present in the signals
reaching each ear canal from sources at different positions around a

.SUCh as |nteraur_al time and spectral dlf_ferences are Intrinsicg ener's head (Wenzel et al. 1993). The system generates signals for
in a head-centric frame of reference in humans. By contragfe jeft and right ears by convolving a monaural time series input with
neural maps in the colliculus of cats, animals with motile earge pair of filters mapped to the desired location of the simulated
have receptive fields defined in head-centric coordinates tRaiind. (Filters for nonmeasured positions are interpolated from adja-
include compensation for ear movements (Middlebrooks apent measurements.) The subject could adjust the sound’s location by
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A Oy acceleration, six during constant velocity (GIF equal@ad 60° right
of the median plane), seven during deceleration, and five each during
the immediate and delayed postrotation periods.

When a trial was completed, the computer saved the azimuthal
angle of the stimulus chosen as being in the midline and the trial
Computer duration. In our nomenclature, 0° indicates stimulus settings actually
to the median plane of the head, positive angles designate rightward

settings relative to the head median plane, and negative leftward.

Eleven subjects were positioned such that during rotation the GIF
rotated rightward relative to their midsagittal plane (see Fig. 3) and
eight were positioned so that it rotated leftward (including 5 of the 11,
who were retested). Reversing the direction of GIF rotation relative to
the subject was achieved by changing the orientation of the bed to
have the subject’s other shoulder toward the wall of the room. The
interaural axis was always aligned with a radius of the room, as in
Fig. 2A.

We took the average of a subject’s five prerotation midline settings
and used this as the zero baseline for comparing the settings in the

.............. GIF magnitude

| Lacl” " GiF angle \ other periods of the experiment. The actual midline settings varied up
0 100 200 300 400 to a degree from the ideal observer setting.
Time (sec)

Fic. 2. A illustration of the experimental set up in the rotating room. Th&EXPeriment 2: twofold increase of GIF in the midsagittal
bed is shown in the earth-horizontal position, but it could rotate subjeqdane
around their long axis. The contoured foam restraints for the head and body are
not shown, for claritylnset how the subject used the joystick for adjusting the We again doubled GIF magnitude but arranged for it to rotate into
sound locationB: time series plots of normalized room angular velocity, GIFrather than out of alignment with the subject's median plane. This
magnitude above @ and GIF angle relative to the subject's median plane iallowed us to determine whether an increase in magnitude of GIF per

eifperiéneﬂthlife- andd_ pOSTVOtaﬂ(%nj G”;magnitulde is lll-ﬁ_nd GlIFangleis se would elicit an audiogravic illusion or whether a displacement
aligned with the median plane (0°). When angular velocity is ramping up {[atiyv. h ittal plane is also n r
152°/s, the GIF magnitude rises exponentially to @&hd GIF angle sigmoi- Felative to the sagittal plane is aiso necessary.

dally approaches 60° right of the median plane. The deceleration patterns are
the reverse of acceleration.

means of a joystick connected to the PC through an A/D converter.
Applying isometric torque to a sleeve (15 cm lorgR.5 cm diameter)
around the joystick handle increased or decreased the azimuthal angle
of the HRTF pair used by the Convolvotron. The rate of change in
stimulus azimuth varied randomly between trials (12-18°/s). The
subject depressed a button switch at the free end of the joystick handle
to indicate when he or she was satisfied the sound was in the median B

plane of the heed. e .

GIF=g |<6pe._..
PROCEDURE. The subjects were blindfolded throughout the experi- N
ment. They were always kept earth-horizontal while the magnitude " T
and orientation of GIF were manipulated by rotating the SRR. In the (N

prerotation baseline phase, the SRR was stationary while auditory
settings to the midsagittal plane of the head were made over a 100-s
period. In phase two, the SRR was accelerated af i6/<152 s, held

at 152°/s for 100 s, and decelerated to a stop af1A6 constant C

velocity the resultant GIF was tilted 60° with respect to the subject’s P ¢ GlIF=g

median plane and had a magnitude of @.0’he third phase with the
SRR stationary followed immediately and lasted for 100 s. A fourth
identical phase followed after a 300-s delay. An entire run took 1,004 | 1
s. Figure B illustrates the SRR speed as well as GIF magnitude and '
direction during the rotation phase of a run. Figurk shows the \ /
experimental conditions during the baseline and constant velocity,; 3. schematic of experimental conditions. The same rotating room
phases. angular velocity profile (—) was used @xperiments &nd2. A in experiment
Every 20 s during a run, the computer simulated a sound in thehe subject was always supine, so the GIF vector equaleglift.the median
azimuthal plane at a random angle between 75° right and left of thiane while the room was stationary. At constant velocity rotation, a centrif-
head’s midsagittal plane. The blindfolded subject’s task was to use thgal force directed into the right ear produced a resultant GIF of 2iéented
joystick to bring the sound into the midsagittal plane of his or her he&8° right of the median plane. If the subject lay supine with his or her left ear
and then to press the thumb switch to indicate completion. The sodfgard the center (not shown), then the GIF rotated 60° leftward relative to the
went off between trials. The subjects were given at least 20 prerotatfRypiect's median pland: in experiment 2subjects were tilted 60° right ear

. ; wn about their long axis. With the room stationary, the GIF vector equaled
practice trials before a run. They were warned that they would f g, 60° left of the median plane; during constant velocity rotation, the

supine when the SRR was stationary and tilted when it was turninggtant GIF was 2.@ in the median planeC: in experiment 3the supine
They were instructed to make all auditory settings relative to thejfipjects were tilted about theiraxis in 15° increments up to 75° left or right
head rather than to external space. Five trials were run in the preraa-down. The room was always stationary. Only the extreme left and right ear
tion period (GIF equal 1.@ at 0° to the median plane), seven duringiown tilts are illustrated.
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Ten subjects participated. Nine had beeexperiment lincluding relative to the midsagittal plane. During acceleration, auditory
two of the authors. All gave informed consent to the Human Subjesgttings shifted to the right relative to the IyGaseline and
Committee approved protocol. The apparatus and procedure were{fsn plateaued at constant velocity (GIF equal@.ited 60°

same as irexperiment Iwith one exception. The restrained subjeciyht re the h In the six trial n nstant veloci
was tilted 60° right ear down from the supine position toward th, ght re the head). In the six trials done at constant velocity,

center of the rotating room (see FigB)3 In the no-rotation periods, fu??{?(zsl;gd'cated aSsD b'.e"?g ?E[rr?lggt alhead ?tlﬁd'to% St.lmu“
the GIF equaled 1.@ and was oriented 60° left of the subject's’ "~ — ™' (mear_lt )_rlg oT'the baseline setlings. buring
median plane: when the room was rotating at 152°/s constant velocfceleration, settings shifted back toward prerotation baseline,
the GIF equaled 2.¢ and was aligned with the subject's mediarf€aching their resting level before the room came to a stop. In
plane. The average of the five prerotation midline settings for eatihe immediate postrotation period, the average auditory setting
subject was taken as his or her zero baseline. was 2.98+ 6.031° left of prerotation. This value was virtually
unchanged five minutes later, 3.615.4° left of baseline.
Experiment 3: tilt of the median plane in a normal 1.0 g ANOVA (SPSS MANOVA procedure) revealed significant
environment differencesF(3,30)= 4.73,P = 0.008] among the four steady

Six subjects who had participated in the prior experiments to%': periods—prerotation, constant velocity, immediate postro-
part. The rotating room was always stationary so that the GIF W}Itlon, and delayed postrotation. Pairwise contrasts indicated

always 1.0g. The subject’s orientation to gravity was set to 1 of 1 ,at,"’,‘Ud'tory settings in the constant V_eIOCIty phase differed
bed angles around theaxis between 75° right and left at 15°Significantly from each of the no-rotation condition8
increments (see Fig.G. Subjects made auditory settings to center 8:026 at least), but the no-rotation conditions did not differ
sound in the head’s median plane as in the earlier experiments. TH@M one another.

bed angles were presented in random order and each angle waAn ANOVA was also performed to test for differences in
repeated six times within a session. A position was held long enouglal-to-trial variability across the steady GIF periods. The
for the subject to make one setting and then the bed was manuaftandard deviation of each subject’s settings in each GIF period
moved to a new position. was used as a measure of variability. The overall test was
significant F(3,30) = 4.02,P = 0.034]. The constant velocity
condition was significantly more variable (7.19° standard de-
Experiment 1 viation) than the three no-rotation conditions collectively

(5.28°),P < 0.05. It took on average of 6.9 s to complete an

Figure 4A shows the averaged sequential auditory midling,gjtory setting. There was no effect of rotation on the time to
settings for subjects exposed to rightward rotation of the Glake a setting.

Figure 8B shows the auditory midline settings of the subjects
A who were exposed to a leftward shift of the GIF during
rotation. Their results were directionally opposite to those
tested with rightward GIF rotation. During acceleration, audi-
tory settings shifted leftward relative to baseline and at con-
stant velocity rotation peaked at 6.8° leftward. During decel-
eration, the settings shifted back toward prerotation baseline
and were at baseline by the time the room fully stopped. As
with the subjects exposed to rightward displacement of the
GIF, a MANOVA indicated that auditory settings varied sig-
nificantly across the prerotation, constant velocity, immediate
postrotation, and final postrotation period¥3,13) = 34.6,
P = 0.004]. Only the constant velocity period settings differed
significantly from the other conditions in pairwise compari-
sons. The trial-to-trial variability (standard deviation) was also
greater in the constant velocity period compared with the other

Right 20 —e— Sound setting _ 90g three periods.
—— Room velocity

RESULTS

Right 20 - —e— Sound settin_g - 200G
—— Room velocity

-
o

- 100

to the median plane (deg)

Sound setting angle relative

Room angular velocity (deg/sec

Left -10 = -100

T T T T 1
100 200 300 400 500 600900 1000
Time (sec)

o

w

0 §
£9 & :
33 $ Experiment 2

] g = Py . . . .
28 10 100 & The results are plotted in Fig. 5. There was very little shift
S o o . . . . . .
= g relative to prerotation baseline during acceleration, settings
%E o - 5 averaged 2.3° right of baseline during constant velocity, 0.37°
£ ™ g right immediately postrotation and 1.66° left in the delayed
§§ £ postrotation period. Analysis of variance revealed no signifi-

e o f H _ —
7 et 10 , D 00 & cant difference among the four periodq3,27)= 1.74,P =

O 100 200 300 400 500 600 9001000 0.182].
Time (sec)

Fic. 4. Plot of average sound settings (relative to prerotation baseline) drefPeriment 3
room angular velocity vs. time faxperiment 1. Aat constant velocity (100-s .
duration), GIF magnitude= 2.0 g, GIF direction= 60° right of the median ~ 1he results are presented in terms of angles of the GIF

plane @, n = 11) or 60° left of the median plan®(n = 8). relative to the subject's median plane with positive angles
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Right 20 —e— Sound setting -~ 200

! General discussion
-—~—— Room velocity

)

[ Q
EE’ % We conclude that a true audiogravic illusion exists in the
ﬁg 10 4 L 100 f; form of a head-relative shift in auditory localization during
28 g exposure to a changing linear GIF resultant. The apparent
;g 2 direction of an auditory target shifts in the same plane but in
%é 0 3;’4 0 § the opposite direction to the displacement of the GIF resultant.
22 g In other words, increasing the magnitude of the GIF resultant
=3 £ and changing its direction relative to the head and torso induces
7 et 10 P 100 $ an apparent displacement of a sound source relative to the head

0 100 200 300 400 500 600 9001000 in the opposite direction. In their original study, Graybiel and

Time (sec) Niven (1951) used ambient sound sources and had subjects
FiGc. 5. Plot of average sound settings, relative to baseline (10), and make localization judgments r.elative .to the ap_parent horizon-
room angular velocity vs. time iexperiment 2GIF magnitude= 2.0g, GIF  tal. They observed changes in auditory settings that corre-
aligned with the median plane for 100 s at constant velocity. sponded to about 80% of the angular displacement of the GIF
resultant. Howard (Howard 1982; Howard and Templeton
representing rightward displacement of the GIF in relation tO66) argued that this shift does not represent an illusion but is
the median plane. The midline settings at zero tilt angle weaschange attributable to using a new reference frame, that what
used as the baseline reference value. Each subject’s sixnmeeds to be explained is why the shift is not 100%. The head
peated settings at the same tilt angle were averaged and lin€#gtive shifts we have observed in the present study corre-
regression lines were fit to the auditory settings versus GIF tipond to about 20% of the shift of the GIF resultant. The
Statistical comparisons were made of the average slopes. Krjaybiel and Niven (1951) results thus reflect a reference
ure 6 summarizes the results. frame shift and a true audiogravic illusion.
In tilted conditions, the settings shifted slightly but system- W& have found that a shift in sound lateralization is pro-
atically in the direction that the GIF rotated. The average sloé/ced if the GIF resultant rotates away from the median plane

was only 0.05, but this was significantly different fromtos( @nd simultaneously increases in magnitude from 1.0 tay2.0
l?ere is little or no bias if the GIF rotates into alignment with

;frfizbﬁe; ?O.OS()ulgjeb((:etcause the results were very conS|stel1]e median plane during the transition from 1.0 to @.0’he
' auditory shifts are tightly coupled to temporal changes in GIF,

and they return to baseline without significant aftereffects on

DISCUSSION return to a 1g GIF. The small change in auditory localization
associated with rotating the GIF relative to the sagittal plane of
Experiment 1 the head complements and is consistent with the findings of

Lewald and Ehrenstein (1998), who found that turning the head

The observations iexperiment Linequivocally confirm the relative to the torso without changing gravitoinertial orienta-
existence of an audiogravic illusion when the GIF vector igon induces the same direction of auditory shift.

increased in magnitude and rotated away from the medianThe existence of an audiogravic illusion indicates an addi-

plane of the head. Sounds must be shifted in the same directimmal level of representation or analysis in computational

as the rotation of the GIF relative to head azimuth to heeural maps subserving auditory localization. HRTF pairs en-

perceived in the head’s median plane. code target location in an intrinsic head-centric coordinate
Right 75 -
Experiment 2 60 | O Sound Setting
— —— Regression line
The results inexperiment 2indicate that an audiogravic 08 8 — — Regression 95% Cl
illusion does not occur when the GIF doubles and rotates into %o 30 1
the median plane of the head and body. The absence of an gg 15 1
auditory shift in this condition and the significant shifts seen in 25 o
experiment indicate that an increase in GIF magnitude in the %8 15
sagittal plane is not sufficient to cause an audiogravic illusion = £ 30
but that a rotation of the GIF vector is necessary for the shift w& C
in localization to be induced. The final experiment determined T 45
how auditory localization would be affected by the direction of -60 1
the GIF vector when its magnitude was alwayg.1 Left -75 A
The findings inexperiment Joint to small but systematic 75 60 -45-30 15 © 15 30 45 60 75
changes in perceived azimuth of an acoustic stimulus when a Left Right
subject is reoriented in a normal terrestrial force background. A GIF angle relative

rightward rotation of GIF relative to the median plane requires to the median plane (deg)

a rightward shift of auditory settings for a sound to be heard " 6. Plot of aveg%ﬁedsoggdfsemngsz re'agve “r’] bﬁse_"”ecég)'_ for
- - . : jects inexperiment 3ilted +75° from supine about the horizontahxis in

the S.UbJeCtS. median plane. The Q'rec“or_‘ .Of this _effeCt tionary, 1.0g conditions. The linear regression line fitting the data is

consistent with what was observed in amplified fashion at Zf}nificantly different from 0 because the 95% confidence interval (CI) around

g in experiment 1. the line is quite small.
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system. Psychophysical mappings of HRTF information t@Ark B AnD GraveieL A. The effect of angular acceleration on sound
perceived azimuth have been established empirically (Wightjocalization: the audiogyral illusion]l Psychol28: 235-244, 1949.
man and Kistler 1989). However, the relationship betwe&?LBURN HS anD DurLacH NI Models of binocular interaction. Idandbook

. . . . . _of Perception,edited by Carterette EC and Friedman MP. New York:
physical acoustic information (HRTFs) and perceived spatlaIAcademiC’ 1978,

location is remapped by alterations in GIF. This means thg sy c anp Dunaver J-R. Spatial representation for action in parietal
neural computations underlying sound localization interrelatecortex.Cereb Cortexs: 105-115, 1996.

binaural auditory HRTF information about the acoustic targ€brriea MJ, Hixson WC, anp Niven JI. On predictive equations for subjec-
with vestibular, proprioceptive, and somatosensory representdiyejudgments of vertica[ in afc_)rce fielédcta OtolaryngoR30: 3—-20, 1968.
tions of GIF direction and magnitude. GRAYBIEL A. The oculogravic illusionAMA Arch Ophtha#8: 605-615, 1952.

. . S RAYBIEL A AND NIVEN JI. The effect of a change in direction of resultant force
The GIF influence on auditory localization may act ata IeV& on sound localization: the audiogravic illusiahExp Psycho#2: 227-230,

that affects sensory localization in multiple modalities. For 1957

example, a comparison of the audiogravic and oculograwi€.o R. Shift in binaural localization after prolonged exposure to atypical
illusions suggests that alterations in GIF may have parallekombinations of stimuliAm J PsychoB8: 526 -548, 1955.

effects on auditory and visual localization. The oculogravidowaro IP. Visual Orientation New York: Wiley, 1982. _
illusion is a Change in the perceived position or orientation &PWARD IP AND TEMPLETONWB. Human Spatial OrientatiorLondon: Wiley,
an ObJECt thatis physlcally stationary in relatlon to e.m observ Y, MF anD Sparks DL. Auditory receptive fields in primate superior col-
When_the observer is exposed to a change in direction ffmﬁ:’culus shift with changes in eye positioNature 309: 345-347, 1980.
magnitude of the GIF vector (Corriea et al. 1968; Graybi®laaska JF, SotT SH, Qse P, anp Seraio L. Cortical control of reaching
1952; Miller and Graybiel 1968). The audiogravic and oculo- movementsCurr Opinion Neurobiol7: 849-859, 1997. _
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