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"Mr.(;HANIJSMS OF 11U1TAN AUDITORY LOCALIZATION

Abstract

Three experiments have been completed under this contract. The

firs•L was a methodological study of the relntionship between two different

nmethodr of measuring auditory thresholds an0 their possible relationshps

to supro-t1hresholr) tasks. The findings have been reported in detail in
the SoIc-:-.:her 1968 progress repor" under this contract.

The second experiment replicated, with improved methods, an earlier
Sexri�"' t which -easured the accuracy of auditory localization with bnd

without pinnae. The findings were striking and conclusive: in the absence

of head mov3ment, pinnae even someone else's pinnae, appear to be necessary

for acnurate auditory localization.

The third experiment compared the effectiveness of different stimuli

in -in auditcr'y localization task. We expected that increasing the inform-

atio,.nl con.tent of thii stimulus would improve localization performance.

Howover, the findir, gs were inconclusive.
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TIHE ROLE OF TI'f-, PITTA IN AUDITORY LOCALIZATION *I

Batteru (i%8) hpý proposed that the pinna plays a critical role in

auditory localizaition, attention, and speech intelligibility. We have per-

formed a series of locnlrzation experiments (Freedman & Fisher, 1968) which

lend support to this theory. In the first of our experiments, we compared

localization rerformance for a group of college student observers uwder three

different conditions: listening with own pinnae, artificial pinnae, and no

pinnae. Although the results were convineing and statistically significant

in demonstrating the importance of the pinna, the method of by-passing the

pinnae left something to be desired. We were using MSA muffs which s~al

tightly around the listener's exteinal ear. These muffs were drilled to pass

a small tube which led directly into the auditory canal. Unfortunately, this

procedure (a) expanded the effective interaural axis significantly, (b) poss-

ibly introduced resonances in the tubes, and (c) created acoustic reflections

off the hard shell of the muff.

Because of the great theoretical and practical significance of this exp-

eriment, we felt that it was important to replicate it anyway and also to

employ an improved technique for by-passing the pinna.

Procedure

Six college student paid observers (03) were used. They had all partici-

lated in previous experiments in this series and so were trained in our pro-

cedures. Each 0 participated in two of the three experimental condiLions in

a single session in a balanced design. Sach 0 had two experimental sessions

judging the odd-numbered locales on one day and the even-numbered locales on

the other day. He made five judgments at each stimulus position.

TThe observer was scacted in on adjuatable chijr witVi. a light-tight
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acousticblly trr4td rc.:om. Hisn hc-W' wac: r--traied by & tight but e-ýmfortirflr:

Aastic brind attached to, the hciorest of the chair. At the first nession, nni

,udiometric test us; at, the Gricizn,,-Stýdler Bchesy type oriio::neter (?'odei 8CC)

wns adminiftered. Accending, pulred, pure tone- si ,!:e1s vero pre:ented through

a loudspeaker directly in front of 0. Recorde'C nt slow s}r.-ed, hening thrcs•.-

olds were measured on th_. Hearirg Level Compensation curve of the audiometer.

Instructions to 0 for the audiometric test were such as to emphasize that he

should depress the attenuator button as -oon as he thought he heard the stim-

ulus and release it an soon as he no longer thought he heard it. Any 2 having

an estimated (visually) threshold value of 80db or hiCher was rejected.

A shaft perpendicular to the center of O's interaural axis and susrerded

from the ceiling, provides the center of rotation of a 10 ft. boom ore end of

which carries the sound source. This boom is motorized so that E can set it

to any point 3,60 in azimuth; white noise masks the noise of the boom motor.

The localiration stimulus was a tare recording of a stnare male t.alker reading

alternately from an onatomy textbook and from The Neuronsycholoiv oG Snatip) V

Oriented Behavior. This tape was played backwards to minimize any tendencice

to listen for content rather than for position. The stimulus wav presented

continuously until 0 made his final response.

Sixteen equidistant rbistions in azimuth were used for stimulus present-

ation. Each 0 was taught the verbal designations of the positions and had a

brief pre-experimental training session. Diri.ng training he was instruclsd to

keep his eyes closed end his hea3 still while he responlted by nwn• the apra-

rent poa•itton of the sound he hf-ird and pointing at it. Ho was then allowed

to open h}is eyes to check after each responcw. DurinC, testin2 0 ;.ded

only vcrbrlly vnrd rcccjvcd no fccjtuck irfnr•'- t.con.
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i:'. " I-' C•'dol , 44-d hea.1 restraint was ndjutted, rand

the rco' -,o: '" V.{h •, • T e'ltb. ,;_'..i

T',-,-rc wer tI r.r- tv:c t Co¾- t1i'l, :

(1) C6i• I ml'.u ((-,?)--no rr-tric~t, in or occlusion of 0's ears.

(P) Arti .'Ai' ijr",, (AP)--r.;o1:, were ::de for both of each O's ears using

Sil;:-tie 50'• R:L'11 Silicoan Rxibber Compo•und. These molds filled the con-

volhticns : th, bock of O', own pinnae leaving only a small opening

op7.-~ite t?-ý' •-.uditory car-a'l. Casts of human pinnae (Dnerson and Cumings

St:ycn:ýt 2&'r:Yl) ore fitted to the RTV molds with short tubes extending

into O's au:itory canals.

(3) No Pirn (W.P)---aw-re as AP except that pinna casts vere not used.

Fre"ý-Hleld aitdi~o[rp--s were rm!?de for each 0 in the AP and NP conditions.

Results

Fiz-mrr-is IA, )t, and IC are scattergrams indicating the relationship between

True Stj!-.ulus Posi tios and Subject's Report for each response under each experi-

mental cornlition. It is obvious that O's perform similarly under the- two pinna

conditions (OP Pnd AP) but are considerably less accurate under the NP condi-

tion. Siii•piy co,:mtin• the errors (each response taken as right or wrong) points

this up: Per Cent Correct OP = 58.4%
AP = 53.1%
NP = 39.1%

The OP and AP results are not significantly different from one another (t test)

Sbut the iP results are significantly inferior to each of the other two.

Efvery intrnn-olb"ect con, arison without exception shows more correct responses

with OP than with AP ard more correct responses with AP than with NP.

(1) L a'ohing st rroiit--?!ar confusions we found that O's never confused position I

witli ronition 0 whe-n A..steninz with their own pinnse (OP), but did so 3

ti: ,iL: t rt'ficizi T.'-,.nnae (AP) and 16 times with no pi4'nae (NP).
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(2) Analyri.S of Front-Peetr confunions vrny rrefJitri': b,. r.ter,,: to iriePI..

the positions immediately rdipcent to -5traight tie:,d (positinn 1) mid

straight behind (pozition 9). Conpnnri-un noi. arr evcn norv •rnevl.*:t

(a) In the OP condition listeners ncvcr rerorted (i.e., confused)

position 2 as 8, 9, or 10 but did .;o 1o t•'i-es with Ni --.d once

with AP.

(b) In the OP condition listeners never re;-.rted p.d!.tion 16 as 8, 9,

or 10 nor did they do so with NP, but they did 5 times with AP.

(c) In the OP condition listeners never reported 1"osition 1 as 8, 9,

or 10 but did so 16 times with NP and 3 times with AP.

(d) Pooling these data gives zero cunfusions with OP, 26 confusions

with lUP, and 9 confusions writh AP.

(3) As an indication of "cone-of-confusion" problems without pinnoe, we mLny

look at several off-center Front-Rear confusions:

(a) In the OP condition listeners never reported position 3 (?ight-FrO:it)

as 6, 7, or 8 (Right-Rear) but did ro 17 tres with NP and 11 tines

with AP.

(b) In the OP condition listeners •ever reported porition 15 (Left-Yront)

as 10, 11, or 12 (Left-Rear) but did-1 so 13 tines with NP and 10 ta-.ics

with AP.

(e) These data may also be pooled: zero confurionr with OP, 30 witlh IZP,

and 21 with AP.

Discussion

This is the fourth in a series of exCeri:-,ents cerccrrnd wi.' the role of

the pinna (see Freedrian, 1968, for review of this wcM'). The Tirr-•- c:;r-:rr ':n
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dvemOrntrt.:',td Uhnit, it) the absence of head movement, pinnae, even somebody

else'u pi•,u111., n[Ie:nr to bft necessary for accurate auditory localization to

occ'uir. S-cond, we dcl,,onr.•trated that a single pinna may be sufficient for

locati.: t... on. ThJ Hd, by expanding, the interaural axis we showed that the

pinna tr!t';,,-formntion may be suffici-nt with the accustomed binaural time dif-

ference cues confoundredl. Finally, we have replicated our first experiment

with nomeý-2 :at bettor methods producing even more striking and convincing

resulf-. These experiiients taken together strongly support the theoretical

work of 1-3.tte,4u (196S) and his electronic demonstrations. The findings not

only implicate the role of the pinna in directional hearing but cast serious

"*doubt upon the relev,.nce and significance of experiments which manipulate fine

interaura. di ffereunces between stimuli presented through earphones as well as

upon tbeories based on such experiments.

At thri ...- y l.e1 t, te pinna transformation provid.c significant and

important information for auditory localization; at the most, it is the domin-

ant factor.
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AUDITORY LOCAL)]ZATION TO STI~uLI OF VARIED INSO]RMATIONAL CONTEN'IT

Although speech is sometimes used on o stimulus in auditory localization

experiments, it is far more common to used pulsed white noise, clicks, or sine

waves. We expected that increaisingj, the informiiational content of an acoustic

stimulus would make it easier to localize accurately. The commonly used types

of stimuli, we felt, mny not be sfficiently infornmativc to permit listeners

to make consistently accurate res;ponses.

An experiment was therefore devised to measure the effect of varying the

informational content of stimuli in an aud•tory localization task.

Procedure

Using the method worked out in previous experiments in this series (see

pp. 3-5 above) we tested 5 observers using three different stimuli:

(1) Pulsed white noise--pulses lastin; for 0.12 millisec. occurred re-

petitively every 1050 millisec.;

(2) Male talker--a tape-recorded male voice reading alternately from

a textbook of anatomy and from Freednman and Fisher (1968);

(3) "Babble"--a tape-recording of five talkers each reading from dif-

ferent material simultaneously.

During tetin, the stimulus continued to sound until the observer made

his final response.

Each observer pirticipated in four vessions in a partially balanced de-

sign. Responses we:." given by navring the apparent position of the stimulus.

Results

The responses for each of the tbree conditions were correlated with the

tent positions (Spearman rho). Remponses to thp male tR]ker correlted 0.98,

re:.onzca to th.e p',.Iser1 0i'tQ noi.e correlr.tcd 0.93, PH the corr-e.tion for
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"bnlbi,'," fe :. l,,'t--en. .ie thicc-r of rn'•g • these correlf.tions

COtlfoyr:'-; to oUr hy).Othz;i i, tM:, Oj.ffc.,n(rc(es between the correlintion statistics

were not rstnti:.ti o*i V ii.ri•' .i t T ,h•rhei-, nn-iynis of varinnce indicated

that tho conditlnls (v.ryji.-r: -,timu".i) .ud not contribute significantly to the

obs'ervcrv vari•tnco in ron." Spe.r:,•."i R•.ink Cerreiation Coeffici:ents for size

and number of rr•ioi' , h(on ., Lhree ex.yt-:eiinent.! conditions were not signifi-

cantly different.

1.)ccussi. on

The hypothesis that increasing the inforrational content of a stimulus

would improve auditory loca.in0tion perfornance was tested with three differ-

ent stimuli. No significant diffcrerenes in p1rform-nce with 5 observers were

found. While we are encouraged to continue with this line of research, findings

thus far must be considered inconclus:i.ve,
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NO PINNAE
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