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ABSTRACT

The techniques of rearrangemepnt and disarrangement have besn used
to alter the normal relationshlp between an observer and his auditory
or visual environment. In general, rearrangement leads to orderly ad-
aptation of perceptuai-motor performance, while disarrangement leads to
degradation of performance,

This experiment was an auditory resrrangement, Subiaeta' judgments
of auditory direction were 4ispiic3d laterally by means of & highe
fidelity pseudophone that effectively rotated the interaural sxis
through a 20 degree horizontal angle. After exposure sessions that con-
sisted of walking repeatedly toward a fixed sound source for 20 minutes,
two of the four experimental subjects demonstrated significant shifts
averaging & degrees in their judgments of suditory direction. The shifts
partially compensated for the error of localizstion produced by the pseudow
phone.,

The shifts in localization are discussed in terms of the nature of
the exposure situstion and the factors that are likely to be responsible

for compensation.



1. INTRODUCTION
One way to study the relationship between the percipient
human observer and his external world 1s to alter that relaticnsahip
and cbserve the consequent changes in perception and behavior. Such
elterations may be produced by interposing appropriate devices bee
tween the observer and his sense stimulating environment. Becaruse
both vision and gudition utilize environmental cues to gulde spati-

ally oriented behavior, they are particularly suited to this type

of experiment,




A Rearrangement and disarvangement
Hypizal stimualus situstisns moy be classified in many ways.
Psychoicpists since Helmholte (1324-1925, rave described adepteriong

t¢ perceptunl alterations created by inverting, revorsing, or osther-
2 o (<X &

“PY

vise distorting the visual field. Held snd Freedman {(1963) have

oy
"
tely
]
"4
Y
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e
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sxpiangtion fir these adapta®icns inferred from demcnstrae
tirns thet ‘he perceptual chanpes whick ccour are contingent upun the

conditions of movement Juring atypical exposure. Sensory feedback dee

...).

pendent upen self-induced nmotor activity of the observer, callied re-

afference by v.n Holst (319545, 1

4

required for any large perceptual
8iTEYETION Lu wiluwl.

The visuel experiments of Helmholtz (1924.1925), Stratton
(1897}, Ivo Kchler (1953}, Smith ard Smith {19€2), Tayler {(1962), and

Held before 1960 fall int. the category designated as rearrangement.,

"f rearrangement, such as is effected either ty wedpge prisms befire
the eyes, or by nsewdcyhones, transforms the relation between motoer

cutput and sensury feedback in an isomorphic, continusus, and time in-

s

dependent manner" (Held & Freedman, 1963}, ¥:r example, wedge prisms
& 3 Y ] E‘
displace the vizusi field with respect T the eye, but the relations of

th

o

reris within the field are preserved, and a one-to-nne reletionship
between movement anl coatingent chenges in foeedback stimuistion may
stiil be specifi-d, Adaptation to tpis kini of chenge would vake the

form of 2 compensatory shift in movements,

Disarrangsenent, ou the other nand, wvay be effected by in-

treducing a time-varyinge factor int: the fer iback logp; there results

a Jdecorrelaticn dbetween movenent and the resuiting sensory changes, a




iy

vcurrelntion between offerent (motor) and v -afferent signals., ‘this
decorre Intion serde Y dnere-cine cnbicuity in the efferent-reafferent

rerationshipe with consequent iecradntiog 8 perfurnance,

e Frevious suditory studico: .

A namber 6 saditery rearrancenont experiments have been re-
'purtel. inoayed Young uceq oopocud s hone v, produce rirhteleft rever-
sal o loeecadddation, Kis deviee ¢ ansisto! of 2 receiving trumpet on
cither oi b o0 tne newl oonneeted by rubdber tubing te the oppesite car,
Several ctaye o oxzosure in the normel environment did not preduce any
correction of the reversal oroeny wftercffect when the pseudophone was
renaoved.,  Visible sound scurces  did not seenm to be dissuciated frouw
their suditory Locations. Willey, Inelis, and Plerce (1937) using
similar cquipment concladed that nrolnpged oexposure to the reversal did
not lead to reorcanization of the nulitury-visunl relaticnship, but
that the auditory cues for the loentizn of seen objects did scem to be
repressed,
Held (1999) rotated the -hserver's offective interaural axis
229, AMter €0 nin. or exposure durine whiich the observer wzlked in re-
lati n t- fixed sound sources, ¢ rroective shifts of up to 10° in his
apparent nudltory mid-line w;ré nenzarels atthoupeh a variely of appar-
ently comparable experimental oo ondlt? ng were usad, the unly effective
ones were thoge in which the bserver wialked directly toward or oway
from the sound gources.  There were no controls for passive mevement,
~Lr for restricted riovenent, with equivalent ctinulation,
Freedman has reported o ceries of auditory disarrangenent

vxperinente (Freedman & Pfaff, 1901, 1962; Freedman & Secunda, 196:;

Best Available Copy



LRA 1

Frezdman & Zacks, 196k} demenstrating the importance of gensory-
notor interaction in the deterioraticn of diehotic time difference
diserimination which is bvasic to auditory L:z--‘izetion., Under vari.
nug movement conditions, cbservers were exposed to continuous white
noise generated by geparste, egquivelent sources supplying the two

ears through earphongs. Noermelly, there are unique relaticnships be-
tween interaural time, phase, and intensity differences on the one
hand and peositions or movements of the cbserver <n the other. Listen.
ing to any sound through esrphones destroys these syslemaltic relatione
ships, Purihermore, active movement of an cbserver while listening

to dichotic white nolge would result in many interaursal differences
gecurring simultaneously with any particular aovement instesd of the
normally correlated changes. Efferente.reafferent relaticuships should
vecome less precise with more variable perceptual performance s & ¢on-
sequence,

C. The pregent experinent.

This experiment involved guditory rearrangement. Subjects’
interaural axes vere rotated through Tixed and ¢onstant angular dis-
tances; they were thren exposed to a fixed sound source, and the resul-
tant shifts in auditory localization were measured. The method differs
from that of Held {1955) in its clouser approximation to natural stimue-
lus conditions: ertificial pinnae were atteched to the microphones of
a high-fidelity pseudophorne, and exposure took place in an ordinary ex-
perimental room rather than in an anechoic chamber.

Our aim was not primarily to isoiate the critical fectors in
this type of adaptaticn, but 1. develop the technique for use in further

studies of sensorimotor plasticity end intersensory phencmena.




1I. THE EYPERIMENT

i.  Hypethesis.

Subjects whose judgments of auditory direction are displuced
laterally by a pseudophone will demcnstrate compensatory shifts of
localizaticn after walking directly toward a fixed sound source for aa
extended period of time. The auditory median plane will shift in the
direction of the cunstant error produced by the pseudophone. Measured
as an aftereffect with the pseudcphone undisplaced, the shift will cause

an error opposite the direction of the original displacement.

B. Equipment

Figure 1 shows the components of the sound system. Bruwel and
Kjaer ccndenser microphones (Type 4133) with cathode followers (Type
2615) and microphone power supplies (Type 2801) were connected acress
500-chn Borg Micropot potentiometers with digital djals tc the two-channel
amplifier (United Research, Inc., Driver LH-3). The amplifier drove a |

pair of condenser earphones (United Research, Inc.).

Insert Figure 1 about here
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The micrcphenes were nmounted in artificial pinnae on the ends

wf a t0 1/4 ipch rod which could rotate on o small circular platform

and ve fixed in eny positiin. & seale on the base of the pletform was

merked at 9 decree intervals to 49 Jdeprees on cach side Sf a point to

be aligne? with the medinn plane of the subject's head. The platforn
was bolted tu o steel plate curved to fit the head. & cushion was

tayped £, the buttom of this headplate. ‘The headband of a pair of sound-
attenusting earmuffs (Noisefue Mark II Enr Protcctors, Mine Safety
Appliances,Co., No. 1iB=8221-1) fit between the circular platforn and
the headplate., With the platform and headplate bolted together the

headband was held tirmly in positicon. Fipure 2 shows details of this

construction. Fipgure 3 shows u subJect wearing the pscudophone in ite

ncrmal and displaced positions.

Inscrt Figures 2 and 3 about here

The earphenes were held in position with modeling clay shaped

to fi' the cubject's pinnae.

The entire experiment was conducted in a room about 13 1/2

feet by 7 feet., All four walls and the ceiling were of acoustic tile,

The localization test scale extended across one ot the end walls, about

five fect from the floor.
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The localization test scale formed u 60 degree arc of a
circle with a radius of 81 inches. It was numbered at 3 degree intervals
and rarked at | 1/2 decrece intervals. During the test procedure the
subject sat in a rotating chair at the center of the circle. A buzz
composed of an 0.0l ms pulse cvery 6.3 ms wac the test stimulus (about
160 pulses per second). It was produced by a Tektronix 162 Waveform
Generator and presented through a Permoflux PDR-8 earphone, which could
be placed behind any of the numberced positions on +he scale. A rushbutton
operated by the subject sounded the étimulus continuously as long as

the button was depressed.

C. Subjects and trauining.

The subjects werce four male Harvard and Tufts undergraduvates
with n§ known hearing Jefects. Their ages ranged from 17 to 20 years.

Fach was given n series of preliminary tests of localization
without the pceudophone, The criterion for initial acceptance was a
standard deviation of + 3 lcgrees or less on two of the lust three tests
given withcut corrective feedbuck.

Each subject also had one or two gseries of training tests with
the pseudophone, undisplaccd and displeced to the left and ripht. Each
consistently performed with o standard deviation of + L.S degrees or
less and a mean error between 15 and 25 deyreec when the pseudophone

was displaced 20 deprees,

D. 1Instructions and test procedure,

Instructions for the test during the experimental session were

uniform in lirecting the subject to turn his head and body to face the




ie

stimulus befrre cpening his vyeS.  Judgments were given to the nearest
half-unit (1 1/2 degrees)., GStiruli were selected alternately from the
left and right sides of the scale within a range of 15 degrees from the
center. The subject sut facing the center before each presentation of

the stimulus. A cumplete test consisted of ten consecutive jvdements,

for which the mean end standard deviation of the errors were calculated,

*

. Exvosure session.

Each subject had twe exposure sessions on dirferent days, once
with the left ear leaiine by 20° and once with the right ear leading by
20°, |

| The fcllowing seauence was used for eech exposure session:

1. Balancines intensity: With the microrhone platform mounted
scparately so the stimulus speaker was equidistant from the two micro-
phenes, the subject listened through the earphemes and balanced the
intensities of the two sides by adjusting the potenticmeter dials until
the sound appeared to be centercd. The averapge of six successive adjuste-
nments was then set on the dials for the remeinder of the session.

2. Pre-test: Wecaring the pseudophcne with the interaural axis
in its normal position, the subject took the localization test.

3. Exposure: The room was darkened except for two tiny lights
on the end walls; the speaker was concealed at one end directly beneath
vne of the lights. Tektronix 162 Wavefecrm Generators produced the stimu-
lus buzz continuously for the first four seconds of every ten second

period. With the pseudophone axis displaced 20 degrees to the left or
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right, tie sudject was instructed Lo walk a straicht patn between the

Voo lirhts, eoinet tewoerd the stinulus while it was sounding and returne

ine when it was silent,  He wos to keen his hewd facine forward while ap-
proaching the otimulun and not to ﬁurn until the ¢ wund had stopped. At
the ¢nd of the return trip he was Lo turn and be ready to beprin the next
abproach before the stimulus had cturted. In this way the only motion
rrcle while the stimulus sounded wins directly toward it. This procedure
vae continued for 20 ninutes,

. Post-test: At the end of the cxposure period the lipghts were

turned on and the subject had ancther lucalization test with the nseudo-

phone axis in the normal position.

F. Conputation,
The difference between the mean error of the pre-test and that
nf the post-test was taken as o measure of the shift in localization

produced Ly the expusurce cendition,
I1I. EXPERIMENTAL RESULTS

Table 1 shows the arount of shift in depgrees and the standard
deviations of proe=-test and post-test for cach of the eight experimental
sessions, Plus (+) indicates shifts to the right; minus (-) indicates

shifts to the left.

Insert Tahle 1 about here b
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Two of the four subjects (FE and MH) shifted significantly in
each eondition. With the other two subjects (IMH and JMB) shifts were
smaller than the individual standard deviations and no larger than shifts
sometimes observed between two consecutive tests in training.

The Wilcoxon Matched-pairs Signed-ranks Test (one-tailed) was
used to estimate the significance level of these shifts. For subjects
FE and MH p was <: 0.C25 for every condition., These probability

values are shown in Table 2.

Insert Table 2 about here
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Table 2
SIGNIFICANCE OF SHIFTS
Subject Exposure Amcunt of szhift Probability
Condition® of rejection
A + 3.9° p < 0.025
FE
B - 9.,6° p < 0.005
A + 5.9° p<0.01
MH
B - 4.8° p< 0.005

& A = left ear leading; B = right ear leading

® Wilcoxon Matched-pairs Signed-ranks test, one tailed
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1V, DISCUSSION

~. laavre of tiae exposure cendition.

Rotation of the interaural axis with a pseudophone produces

1 lateral error in auditory locelization towerd the side of the lead-
«nf3 car and equal to the engle of rotation. Figure 4 shows how this
rearrangement affects localization judements. The broken lines are S's
nuormal interaural axis and median plane, while the solid lines are the
interaural axis and auditory median plane determined by the pseudophone.
Normally the auditory median planc and perceived "straight ahead" coine-
cide; a sound source that products no jinteraural time and intensity dif-
ferences is correctly localised in the median plane of the head. With

v displacing pseucdopiaecse, novever, a sournd source which produces no
.nteraural diflerences is not in tﬁe median plane of the head. In Figure
" the pseudophone ic rotated 20 degrees couaterclockwise, shifting the
.1it%ory median plane 20 degrees to the left. As a result, sounds are
serceived 20 degrees to the right of their actusl positions. For ex-
caple, a csand geource et A, in the cuditory median plane, is heard at
3, in the ucdiir paaae of the head. Similarly, a sound source at B is

heard 20 dugcreel to ius right, et C.

Insert Figuve 4 about here

Ihe eap sanenial evposure conditioa inveolved walking straight
tovward a sound sourcs in the median plane of the head. This situation
1+ g¢hown in Filgure 2. VYhen S is at pesition (1), the apparent pesgition

nw a sound sousce at A is displaced to Bl. As S moves to position (2),
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the anmular displacement remains constant, but as the distance between
S and A decreases, this angle intercepts a shorter arc, shifting the
apparent position to Be. Figure 6 shows that the interaural time dif-
ference remains approximatcly constant as S approaches A. The lines PL
and PR are the paths of sound from A to the left and right ears of the
pseudophone. The differencc between the lengths of the two paths is re-

sponsitle fur the interaural time difference, ané this path difference

remains nearly constant as S walks toward A.

Insert Figures 5 and 6 about here

What appeared to happen after exposure is that scund sources
producing some range of time differences between zero and the constant
time difference present during exposure were Judged straight ahead.

This partially compensated for the error caused by the pseudophone.
Pfolonggd exposure might lead to ccmplete compensation: the sound

source which is straight ahead would be Judged straight ahead despite

the displacement of the pseudophone. When the pseudophone was rcturned

to the normal position, the time difference which was perceived as straight
ahead came from sound sources located on the side opposite the direction

in which sounds were originally displaced by the pseudophone. This was
measured as the aftereffect.

Interaural intensity differences were probably less important
than time differences. Since intensity differences are an irregular func-
tion of azimuth and frequency, they are not a precise cue for localiza-

tion \Mordlund, 1962). 1In addition, the intensity difference varies with
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distance from tiue sound source, so tha* in the experimental exposure
condition there was no relatively constant intensity difference sc-

companying the subject's motion.,

B. Conditicns necessary for producing shifts of localization.

Under normal conditions wnlking straight ahead in the presence
2f a sound scurce is accompanied by a constant interaural time differ-
ence only when the source is in the median planes of the head and hody.
In this case the constant time difference is no difference at all: i.e.,
zern, In the experimental exposure condition walking straight ahead
was accompanicd by a constant time difference not equal to zero.

Held (1955) concluded that shifts in local!zation required
both the constant time difference and the subject's walking toward the
sound source. 1t is posscible, however, that some or all of the observed
shift in loculization may be duc tc exposure to the constant time dif=-
terenee, repapdiesns of the gubject's state of motion, In all the rear-
rangenent and disarrangement experinents discussed by Held and Freedman
(1963), active motion by the subject was shown cor Justifiably assumed to
be necessufy for compensaticn und degradation to occur, It would seem
likely that for auditory rearrarrangement tc be effective, the subject's
notion is essential. This hypcthesisc can be tested easily. If the sub-
Ject’ were to wear the displacing pseudophone and sit facing the sound
source instead of walking toward it, he would be exposed to npproximatély
the same cunstant time difference as in the active condition. Whether or
rot shifts in localization cccur in tais condition, the results will

further define the nature of compensqtion for auditory reérrangement.
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C. Summary and conclusions.

Shifts in nuditory localization were demonstrated which
partially compensated for a pseudophonic displacement of the éars. With
a 20 degree displacement of the auditory medicn plane, shifts up to 9.6
degrees were measured afier 20 minutes of exposure that consisted of
walking repeatedly toward a fixed sound source. Hewever, significant
shifts (averaging 5 degreces) were measured with only two of the four ex-
perimental subjects.

The magnitude of the shifts is about the same as those that
Held (1955) measured after 20 minutes of continuous exposure. Here the
actuel exposure to the sound source was intermjttent, totalling 8 of the
20 minutes. It is possible that with longer or continuous exposure all
subJecté would have shifted, and that with sufficiently long or periodically

repeated sessions full compensation hight have been achieved.
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