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Abetract

Three experiments have been completed under this contract. The
first was a methodological study of the relationship between two different
methods of measuring auvditory thresholds and their possible relationshps
to supro-threshold tasks. The findings have been reported in detail in
the Sevicwmber 1968 progress repor* under this contract.

The second experiment rerlicated, with improved methods, an earlier
experiment wﬁich neasured the accuracy of auditory localization with and
without pinnae. The findings were striking and conclusive: in the absence
of head movement, pinnae even someone else's pinnae, appear Lo be necessary
for accuvrate auditory localization.

The third experiment compared the effectiveness of different stimuli
in an auditory localization task. We expected that increasing the informe-
ationzl cortent of the stimulus would improve localization performance.

However, the findings were inconclusive,
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THE ROLE CF Tiiw PINNA IN AUDITGRY LOCALIZATICY * I1

Batte=u (1588) has proposed that the pinna plays a2 critical role in
auditory localization, attention, and speech intelligibility. We have per-
formed a series of localization experiments (Freedmen & Fisher, 1968) which
lend support to this theory. In the first of our experiments, we compared
localization performance for a group of college student observers under three
different conditions: 1listening with own pimnae, artificial pimnae, sud no
pinnae. Although the results were conviqping and statistically significant
in demonstrating the importance of the pinmna, 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 external ear. These muffs were drilled to pass
a small tube which led directly into the auditory caral. Unfortunately, this
procedure (a) expanded the effective interaural axis significantly, (b) poss=-
ibly introduced resonances in the tubes, and {¢) created acoustic reflections
off the hard shell of the muff.

Because of the great theoretical and practical eignificance of jhis exp~
eriment, we felt that it was important to replicate it anyway and also to
employ an improved technigue for by-passing the pinna.

Procedure

Six collepe stude;t paid observers (03) were used. They bad all partici-
jated in previous experiments in this series and so were trained in our pro-
ccdures. Each O participsted in two of the three experimental conditions in
a single session in a balanced design. Tach Q had two experimental sessions
judging the cdd-numbered locales on one day and the even~numbered locales on
the other dey. He made five judgments at each stimulus position.

The obsarver was seabted in an ad justable cinir within a light-tight

e e 2




FENSRp S

-

seovsticelly trested room. His head was rectrzived hy o tight but comfortsble
plastic band attached {6 the headrest of the chair. At the first session, an
sudiometric test using the Grason=Stedler Benesy tyve ovdicneter (Model 8CC)
was adminictered. Accending, pulred, pure tonc sirnels vere presented through
a loudcpeaker dircctly in front of 0. Recorde? ot slow s;ned, hoaring thresi-
olds were measured on 'thke Hearirp Level Compznsation curve of the audiometer.
Instructions to O for the audionetric test were such as to empbesize that he
should depress the attenuator button as soor as he thought he heerd the stim-
ulus and release it a5 soon as he no longer thought he heard it. Any O having
an estimsted (visually) threshold valve of 80db or higher was rejected.

A shaft perpendicular to the center of 0O's intersursl axis #ad susrerded
from the ceiling, provides the center of rotation of a 10 ft. boom ope end of
which carries the sound source. This boom is motorized so that E coan set it
to any point 350° in azimuth; white noise masks the noise of the bocm motor.
The 16calization stirulus was a tane recording of a single male tolker reading

alternalely from an ensztomy textbook and from The Neurovsycholomy of Snatially

Oriented Behavior. This tape was played backwards to minimize any {endencics

to listen for content rather than for position. The stimulus was presented
continuously until O made his final responsc.

Sixteen equidistsnt positions in azimuth were used fo¥ stimulus present-
ation. Each O was taught the verbzl designalions of the positions and had a
brief pre-experimental trzining ression. Durins training he was instructed to
keep his eyes clogsed and his head ostill while he responded by nzuins the arre-
rent positien of the sound he heard and pointing at it, He was ticon allowed
to oren his eyes to check after ecch responce, During tealing O reoponded

-

only verbnlly ard reccived no {eedback infora-tien,
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Afier train’y = G ouns pviedfoidedy ¢ Le head restrainl was adjusted, snd
the roor Liphts vore extinsed ahed,
Tvre were *tree teost cordilieons:
(1) Gsn vinnae (GV)--no restiriction or occlusion of O's ears.
(2) Ariitiein? Tirnoe (AP)--molds were made for both of each O's ears using
Silustie 5C2 LYY Silicone Rubber Compound. These molds £illed the con-
volutions oud tha back of 3'c own winnse leaving only a small opening

oprozite tre nuditory caral. Casts of human pinnae {Emerson and Cumings

Streast 285737) were fitted to the RTV molds with short tubes extending

into O's auditory canals. .

(3) RBo Pinnae (¥P)~=zawme as AP except that pirna casts were not used,
Frea-field audicprens were made for each Q in the AP and NP conditions.
Results
Fipures 14, 1B, and 1C are scattergrams indicating the relationship Letween
True Stiruvius Position and Subject's Report for each response under each experi-
merntal coniilion., It is obvious that 0's perform similarly under the two pinna
conditions (OP and AP) but are consid;rably less accurate under the NP condi-

tion. Sitply counting the errors (each response taken as right or wrong) points

this up: Per Cent Correct or = 58.4% N
AP = 53.1%
NP = }9- 1%

The OP =nd AP resulits are not significantly different from one another (t test)
- but the P resulin are significantly inferior to each of the other two.
Every intracubjiect comparisen without exception shows more correct responses
with COF than with AP and more correct responses with AP than with NP.
(1) Llooking at FPropt~ear confusions we found that O's never confused position 1
with position © when listening with their own pinnae (OP), but did so0 3

tins s vibh Lic prtificial rinnae (AP) and 16 times with mo rinnae (NP).
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(2) Anzlysin of Front-Pezr confurions roy rrefitahiy be evtendoad to inelusie
the positions immediately rmdiscent to straigiht ciesd (position 1) and
straight behind (position ¥). Compnri-~ns nov are cven more ravealiss:
(a) 1In the OP condition listeners nsver revorted (i.e., confused)

position 2 as 8, 9, or 10 but Gid o 10 times with NF .3 once
with AP,

(b) In the OP condition licteners never rejvrted pecition 16 as &, 9,
or 10 nor did they do so with KF, but they did 5 times with AF,

{(c¢) 1In the OP condition listeners never reperted pocition 1 as 8, 9,
or 10 but did so 16 times with KP and 3 times with AP.

(d) Pooling these data gives zero cunfusions with OP, 26 confusions
with KP, and 9 confusions with AF.

(3) As an indication of "cone-of-confusion problems without pinnse, we may
look at several off-center Front-Rear canfusions:

(‘a) In the OP condition listeners never reported position 3 (Right-Froat)
as 6, 7..or 8 (Right-Rear) bul dié no 17 tirnes with NP and 11 tines
with AP.

(b) 1In the OP condition listeners fiever reported pocition 15 (lLeft-lront)
as 10, 11, or 12 (Left-Rear) but did so 13 times with 4P and 10 tames
with AP, ’

{c) These data may also be pooled: rerc confusions with 0P, 30 with KF,
and 21 with AP.

Discussion

This 3c the fourth in a series of exririvents corcernsd with the role of

the pinna (see Freedman, 1968, for review of this worl), The first exporic ot




demonsirnted that, in the absence of head movement, pinnae, even somebody.
else's pirmne, aveear to be necessary for accurate auditory localization to
occur. Second, we demonstrated that a single pinna may be sufficient for
localination, Third, Ly expanding, the interaural axis we showed that the
pinna troosformation may be sufficiant with the accustomed binaural time dif-
Terence cues confounded., Finally, we have replicated our first experiment
with somewi:at better methods producing even more striking and convincing
results,  Tuese experiments taken together strongly support the theoretical
work of Batteau (1958) snd his electronig demonstrations. The findings not
only implicate the role of the pirna in directional hearing but cast serious
doubt upon the relevance and significance of experiments which manipulate fine
interaural differences between stimuli presented through earphones as well as
upon theories tased on such experiments,

At the very leact  the pinna transformation providcs significant angd
importent information for auditory localization; at the most, it is the domin~
ant factor, .
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AUDITORY LOCALIZATION TO STIMULI OF VARIED INFORMATIONAL COXTENT

Although speceh is sometinmes used o5 o stimulus in auditory localization
experiments, it is fur more common to used pulsed white noisc, clicks, or sine
waves., We expected that increasing the informatiunal content of an acoustic
stimulus would make it casier to localize sccurately. The commonly used types
of stimuli, we felt, mnay not be sufficiéntly informative to permit listeners
to make consistently accurate responses.

An experiment was therefore devised to measure the effect of varying the
informational content of stimuli in an suditory localization task.

Procedure
Using the method worked out in previous experiménts in this series (see

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

(1) Pulsed white noise~~pulses lasting for 0,12 millisec. occurred re-

petitively every 1050 millisec.3
(?) Male talker--a tape-recorded male voice reading alternately from
a éextbock of anatomy and frow Frecdman and Fisher (1968);
. ‘
(3) "BabbleM--a Lape-recording of five talkers each reading from dif-
ferent material simultaniovsly.
During testing the stimulus continued lo sound until the observer made
his final response.
Each observer particifated in foﬁr cessions in a partially bolonced de-
sign. Responses were given by nzning the apparent position of the stimulus.
Results
The responsés for each of the three conditions werc correlated with t£e
test positions (Spenrmsn rio). Responses to the male talker correlated 0,98,

resyonzes Lo the pulsed white roise correlzted 0.83, and the correlation for



-G

YO [\

. - Wy s o
'babdle™ fell din between,  Viile the order of memdtude~for these correlations

conforis to our hypothesing b differcnces between the correlation statisfics
were not statisticelly siepificant, Yurther, anslysis of varinnce indicated
that the conditions (varying stimuli) did not contribute significantly to the
observaed variunce in responce,.  Spesrann Rank Correlation Coefficients for.size
and nunber of errors rmong the Lhree experimental conditions were not signifi-
cantly different.
Niscussion

The hypothesic that increasing the inforrational content of a stimulus
would improve auditory localiwsation pcrfo;mance was tested with three differ=-
ent stimuli, No sipnificant differences in performance witﬁ 5 obhservers were

found. Vhile we are encourazsd to continue with this line of research, findings

thus far must be considered inconclusive.
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