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INTRODUCTION

The most characteristically 'binsural' auditory phenome-
non is loecalization, b, whiech is mesnt respondinz to the
distance and direction of the source of a sound.

Although there is some evidence, e:perimental and clini-
eal, that persons wlth only one functioning ear can localize
a sound source, most of the experiments in thls area of
sound perception have assumed it to be &2 binaural affalr.

The stimulus factors involved in determizning the loca-
tion of a sound source are the relaetive values of sound
pressure at the two ears and the intersural time or phase
difference., For a pure tone stimulus, the instantaneous
sound pressure &t one ear, say the right, may be written:

P, = Ap 8in wt,
and at the other (left) as:
P; = Ay sin (wt+kﬂ,
vhere A, is the peak pressure at the right ear, Ay is the
peak pressure at the left ear, and & is the phrse difference
between the sounds at the two ears,
The second expression may also be written:

Py = Ay sin w(t +)

vhere ¥ is the intersural %tlme difference. The phase anzle

18 =W ¢
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In the case of a single source located directly in front
of the subject ¥, and consequentlya., will be zero and the
two aunplltudes A, and Ay will be equal, ascuming that the
head is symmetrical. For a sound source displaced to one
slde, say 90 degrees to the right, A, will be somewhat lare
ger than A1 dus both to the slightly longer path to the left
ear and the greater shedowing of the left ear be the head.

b and consequently v will be negative for the left ear since
the signal at that ear lags the signal at the right.

The experlmental literature on sound localizatlon has
been concerned with relating interaural time (phase) and
internsity differences to the listener's behavier with re-
spect to these physical attributes of sound.

Work on tones has shown a different basis of locall-
zatlion of low fregquency and high frequency tones, In the
now classical study by Stevens and Newman (8), a subject was
placed on 2 chalr at the top of a post rising above the roof
of & bullding, in order to reduce the extra sounds which
would have been present inareverberant rom fThe sound in
thls study came from a loudspeaker located at the end of a
rotatadble boom and at the same level as the listener's ears.
The subject locallzed tones from 60 to 1000 e¢. p. B. @accu-
rately. Above 1000 e. p. @&, locallzatlion became poor and
was worst at some point between 2000 and 4000 ¢. p. s. Then
localizatlion improved agaln, until at 10,000 ¢. p. 8. 1t was

quite as precise as 1t had been at 1000 e¢. p. 8.
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Stevens and Newman analyzed this function into two,
indieating (1) that dichotic phase i3 effective for low
tones aad (2) dichotic intensity for high tones; (3) that
one of these principles begins to work after the other
leaves off, and (4) that the poor locelization near 3000
¢. Dp. 85, 18 due to the fact that there iz Just not enough
overlap of these two basle functions to make the organlism as
adequate in this critical rezion 2s 1t is at both extremes
of frequency.

That interaural time or phase changes play 2 small role
in locslization of frequencles above 1500 ¢. p. 8. was shown
by Idcklider and Webster (4), and also by Xlumpp (3). ILiek-
lider and Webster presented a palr of high frequencies to
each ear In a way that permitited them to reverse the phage
of elther component., They found that when elther of the pair
of freouencles was below about 1500 e¢. p. 8., reversing its
phase produced a detectable changze in the sound heard by the
subjeet, If both tones had frequencles well above 1500 e¢. p. 8.,
elther could be reversed in phase without a detectable change
unless the twe frequencles lay withlin 1500 e, p. 8. of each
other, in whioch case the change was again noticeable, They
shower that in the latter case reversing the phase change in
the lov-frequency resultent, and that 1t was thls phase change
at a2 frequency below 1500 ¢. p. =, that the subject was able
to detect,

Klumpp employed an electriczl lag-line to produce a var-

1able time delay to one ear and found that subjeects could
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respond to changes in the interzural time difference for tones
up to about 1500 e¢. p. 8. but that at frequencles much above
this they were unable to respond up to posslbly 1700 c¢. ». s.
and some falling to hear changes at 1300 ¢. p. 8.

The most vrecent of studles on the localization of slr-
borne sounds, reconflirming the above datd that below 1500
¢. DP. 8., localization depends on time (phase), and not on
intensity, was done in 1955 by Sandel, Teas, Feddersen, and
Jaffress (5). They performed three experiments in this
study. These were conducted in an anechole room and employed
an acoustical "pointer” as the subject's method of indicating
the direction of the stirmlus tone, The pointer was a small
loudspeaker carried on a boom which rotated about a vertical
axis through the subject's head., This speaker presented a
vwide-band nolse which alternated wlth the tone to be local-
ized, The swltching was translientless and was performed by
an electronlc gate having a 100-milllisecond rise and decay
time.

Three small loudspeakers in enclosures, one mounted
directly in front of the subject and one 40° to each side,
presented the stirulus tones to be localized. In the flrst
experinzent the speakers were employed eslngly. In the other
two experinments they were used in pairs. In the second ex-
periment the palrs of spenkers were in phase; in the third,
they were in phase opnosition,.

Tne stimmulus condltions of Experiment 2 generated a

"phantom source”" which appeared to lle between the two sneakers
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enployed. The predicted location was compared wlih the sub-
Jects' responses.

The stimlus conditlions of Experiment 3 generated =z
phantom source whlch according to the predicilion of the ex-~
perimenters, would lie toward the slde opposite 4o the
asymmetrically placed speaker and would move in directlon
with frequency., This gredicetion was borne out by the sub-
jects' responses for frequencies where interaural time was
the dominant basis for looalizatlon.

The results of the three experiments showed a high de-~
gree of accuracy in subjects for loealizing siznals consisting
of nolse or of tones having frequencles up to about 1200
¢. P. 8., For hizh frequencles both blas errors and random
errors increased--the random errors reaching s maximunm at
about 2000 e, p. 8., and then diminishing, and the blas errors
reachlng thelr maximum at about 3000 ¢. p. 8.

The role of intersursl intensity differences in the
localizatlon of sounds is lesa elear than that of time dif-
ferences, Stevens and Newmen explalned the reduction of
errors in thelr experiment as the freguency is raised from
about 3000 e¢. p, 8., where the errors were zreatest, to
10,000 ¢. p. 8. as due to the increased intensity difference
that results from the inecreased shadowling of the distant ser
by the head,

The work of Wiener (9), and of Sivian and White(10},
sugrests the llkellhood that the behavior of the intensity
difference with azimuth would depend upon freguency. It would

depend in an unpredictadle way, since the slze of the various
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parts of the ear relative to the wavelength of the sound
would affect the intensity finally delivered to the eardrum,

As an extension of theilr previous work on locallzation,
FPedderson, Sandel, TPeas, and Jeffress (2), studied local-
izatlon of high-frequency tones. The stimuli to be locallzed
were provided througzh earphones, and the subvject was required
to match the position 1in hic head) of a nolse and a tone.
The nolse to one ear was delayed, and the tone presented with
no time or phase difference. The subject adjusted alter-
nately by means of a2 gate having a 150-n, 8. e, ¢. Tise and
decay time. The conclusions were, for the localization of
high~-frequency pure tones, where there 1s no cue provided
by the onset of the tone, & dif’erence of level is needed at
the two ears which can be provided only by tones above about
5000 ¢. p. 8. At lower frequencles where diffraction around
the head 1g less and the differences of level, therefore,
smaller, the subjeet consistently underestimates the azimuth
angle. This underestimation decreases wlth inecressing fre-
quency and increases with increasing azimuth angle,

Below 5000 e¢. ». 8. 1t would apoear that the inter-
aural intenslity difference in hearing must be large to have
an appreclable effect on localization., Shaxby and Gage (6),
verforned the first of studles in this area. In their study,
the sublect was fltted with earphones by which the phase could
be advanced or retarded in elther earphone. At the other end

of the apparatus, a pure-tone generator was used to produce
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sound waves., The oseillations passed to an amplifier, then
t0 a2 phese-splittlng device, through & second-stage amplifier,
which used an amplifier for each vire--a left amplifier and

2 right amplifier now, 3nd then to the earphones.

The aunthors found 4t difficult to get & quantitative
ectimate of each factor sepsrately, since the extent of de-
viation of the sound from the ceatral plane could not be
neesured with any certzinty. The methed of procedure adopted
was to 'balance' the two effects of loudness and time dif-
ference agalnest one another,

With the sound at the same intensity level 1n both ears
2 record was taken on pnper of the setting of the phase bal-
ance when the sound appeared to be in the median plane, The
sound was next incereased in intensity by 2 known amount in
the right ear, which in 1tself would “throw" the apparent
sount over to the right side of the head, It was brought back
to centrality by swinging the phase balance, Series of
measurenents were made for different frequencles, intensity
levels, znd ivntensity differences, The resulis showed that
the relation betveen intensity differences snd egquivalent
time differences is independent (1) of basic intensity and
{20) of frequency. The authors concluded that: (1) The
independence of frequeney shows that time differences and
not phase differences 1lie at the root of the faculty of ble
naural locallzatlon of a source of sound in the median plane;
and (2) Loudness differences can play no appreclable part in
localization, They concluded also, that within the limlts



8.

of loudness and of frecuency of thelr experiments, a given
time ddffercuce 2t the two ears, T, nan be compenseated by an
intensity difference of p ldecidbels, where p=k7., If T is ex-
nreszed in microseconds end p in declbels, the constant k of
the linear relatlon betwesn thenm was found, by their data,
tc be 0,60,

In their "Tocalizatlion of Sound from Single and Palred
sources, " a siudy mentioned earlier, Sandel, Teus, Feddercen,
and Jeffress {5), found, in the Tive subjects differential
gensitivity In decibels %o hove & large range hetwoen the
tvo ears, especially at frequencles between about 1000 e¢. p. 8.
and about 3000 e¢. p. S.

One group of experdimenters, Blodgett, Vilbanks, and
Jeffress (1), used bande of noilse instead of iones, but
bound large interaural intencity differences were necessary
to offset time differences,

The meximunm interaurzl $ime difference that could be
introduced inte one channel without loss of sidedness wae
deternined by verlous noise bands, Through the presenta-
tlon of stimull %y zeveral methods 1t wns found thaet tine
velues very with frequency of the nolse bands, bheing greater
for lower bznds.

Two experlicental proecedures were employed. In each the
noige was recorded on the twin trecks of a binaural Magne-
gorder, and delay was effected by lateral dlsplacement during
playback of one of the reproducer heads of the tape. It was

possible to obtein delays from O to 24 m. 8. e. C.
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In the first experiment the subject was instructed to
adJust the setiing untll he was able to uake judgment of
"sidedness™ and designate the side on which the sound was
located. All judgments were correct.

The technique em»loyed in the second experinment was
for the sudbjeot to press one dutton 1f the sound appeared
to bes at the left and -nother button if it appeared to be
at the right, The first experiment used two noise bands,
with the micrometer set for maximal delay. The second
experiment used delay in one of the chaunels vhile present=-
ing the envelopes sinultaneously and with gradual increase
in intensity at the two eazrzs, The subjects responded with
Judgments of sidedness on the basis of interaural time dif-
ference rgeinst intensity blas vwith lazging channel 12 %o
15 db more intense than the leading channel., The length of
delay was greater, for all subjects, with nolse bands of
low frequeney than with higher bands,

I+ would appear that intensity effects do play = sig-
nificant role in binaural localization, The present problem

18 to extend the research on this problem.



APPIRATUS AND UBTHOD

The following ecqulpment was used in this experiment:
an B, C. A. beat fregqu-ncy oscillator, a flunter Timer, an
Ampex M{-10 four positlion, two channel mixer, a Hewlett-
Packard 35038 azttenuator set, a Helntosh 225 two channel
emplifier, a Calrad 500C microphone, an R. C. A, WV-TTE
vacuum tube voltmeter, and a palr of Grason-Stadler TDH-39
10 ohn headphones. This eguipment is represented in Plzsure
1.

The oscillator providad the slgunal source. The tiner,
providing a one-second tone presentation, was connected to
the oscilletor, 7From here the line carrylng the tone was
connected to a two channel mixer. The itone was now divided
into a channel A and a channel 3.

The channel B output from the mixer was connected dir-
ectly to an attenuator set, where the attenuation dial which
was used ranged from O to 10 decibels 1n 1 db =teps. Chan-
nel B then passed t0 one amplifier; channel A passed from
the nixer to 2 second amp., A switch was used which switghed
the attenuatlon from channel B to channel A4 when c¢alled for
in the experiment,

Prom the two 25 watt amplifiers, channels A and B passed

to the headphones, wlth channel A passing to the right head-
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phone and channel B to the left hendphone.

A mierophone, with an on-off switch, operated by woy
of the mizer, was used, The experinenter could talk ianto
it to the subject, with the sound received in the subjects'
headohones,

A vacuum tube voltmeter, which nmeasured the voltace
scross the headvhones, was attached to channels A and B
after their emergence from the amplliiier. The level nmea-
sured acrogs the subject's earphones was for each 10 db
below 1 millivold.

Tue cublect sot ot o desk in an adjolning soundproof
room, where he recorded his N's on a data sheet, The lines
fron the amplifier, coatalining the two channels, were an-
chored at the hack of the desk., Frou here the channels
wont seperately to the respectlve headphones,

The subjects used in thls experinent were five under-
graduate and graduate students 8t the University of idassissippl.
Three males and two females were used., HNone had known heare
iag difficultlies, and 2ll were considered to have normal
he-ring ability, None of the subjleetls were experlcnced
listeners in experiments on souad perception,

At the beginning of each experimental sesslon, sach
subject was handed a datz sheel, and given & warm-up period
of about three mlnutes, which econsisted of presenting sev-
eral tone frequencles to him at random, Hid-way through a
gesslon, that 1w, after I recorded 25 responses, a two mliaute

rest period, with headphoaes itaixen off, was given,



Preliminary experimentetion determined that the critical
ranze of decibels was fron 0 to 4 declbels, which wes vorled
by use of the attenustor set. Frequencles of 200 e. p. 8.,
500 e. P. S., 1000 ¢. D, 8., 3020 ¢. p. n., 2nd HO00 e. ». S,
wvere chosen, The lower freaunencles were chosen because of
the possible large intensliy chonges whiech effect loeal-
ization changes on fre . unencies of this kind. Jonversely,
the hisher tone frequencles wvere chosen becnuss of the sup-
nosedly amcller intensity chonges which would bring about
squnl effects on loezlization. The 1000 e¢. 2. 8, tone
frequency anoearei to lie hetween the low tones, with large
intengity differences as effective, and the high Lfreguency
tones, with snaller intensity differences as effective in
nroduecing locallization,

The procedurs used was £or the experizenter to present
50 tounes of one of the five fresusncles used which were
pregented randonly, in one second duratloun, and wlth deelbel
changes, which had been chogsen beforehand, These 50 itones
were nrescnted with a gwiteh vwhich switched the channals to
be attenuated, Thus, elther a 'left' or a 'right' tone was
sresented, with 25 'lefts' and 25 "rights', An equal nume
ber of attemustor settings was used for the 50 tones.
Thece declhel chionges were in one-sten intervals, from 0 to
4, ‘Thugz, each '"left' and "right' tone was palred with five
of each of the decibels. These 50 pairings were presented

a2t randonm,
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The subject responded, in the soundpiroof room, by
writing his Judgement of right or lelt, and these judgements

were checked against ¥'s 1lst for the resulis,
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Toble I chotrs the mean of the £i7fty responses made by
anch subjeet to eae¢h frequency. Thae sinadard deviation of
ench mezn 1s chowm. An over-all mean and standard deviation
for each Irequency, combining the individunl means and
standard devinatlons, 1s shovm.

™Meoure IT preosants the combined means for each frequen-
ey in gropn fornm,.

The mean for each subject was obialnad by using the
Wiler~-Urban uelzhts, which used the lenst-sguare solution.
Thiz 1¢ the nost refined stetistical nrocess for the nethod
of constont stimll in the psychovhrsical methods., The
proportion o correct regnponses for ench decibel uxalt of
the rav dato was eantered into the Wller-Urban tadble to
1t o norasl orlve. The mean thun computed wos the limen
for each subject for each set of stimull in one tone fre-
ouency.

f. small change ean be noted in the combined means,
from the lover tone frequencles to the higher tone fre-
quencles, As the tones lncrezsse in pltch, the mean declbels
of the linen decresse, The separate meszns do not show this

relation as well =g the comhined means Jdo.









DISCUsIo NG SUIT ARY

"uch variation wos found withlin the responses of each
subject, This 1rdlestes 2 blas from the equipnment., In
gldition to the large amount of variation within each sub-
jecte' resnonses, there was lorge variation with nsne subject,
JR, in comparison with the other subjeets' responses, As
a result, his thresholds are mich higher than are the other
subjects,

A% the 0 decibel atitemuator setting, 211 responses should
have been incorrect, and at or near the 4 declbel setting,
211 or nearly nll of the regsnonses should have been core
rect, The remainder of the decibel settings ylelded responsses
in In-hetween proportlons, and this resulted in a negatlvely
acceleratel curva, wlth the threshold at the 504 point in
the eurve, Tho 0 and the 4 declbel settings were chosen
for this purpose of pronortloans,

This was a study to further tﬁe research on the vart
intensity plays in bizaural locslizatiosn of sound., It was
presumned froa previous studles that tinme differences play
a large part in loealization of low frequeancy tonss, and
thus, that intenslity differences must be falrly larze to
play a role 1n localizatlon at these fregueacles., It was

vresumed that at hisgh freguencies, intensity plays 2 more
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slgrificant role in locallzation, thusg, 2 smeller decihel
change 1n the intensity of o govnd would sroduce the sane
effect ae o larcer decibel change ot lover frequencles,

The threscholds Tor the flve subjleects at the Tive frecuen-
cles show o 8light loverin: from the low frequencles to the
kigh frequencies., Ia other words, the 200 ¢. 9, d. {re-
guency had a higher thieshold ol inteuriiy for the S's re-
spounser thon the 5000 c. p. ©. frequency had, Thus, a

4,

relatlonshls betwern Intensliiy and blosurel sound locnlie
zation 1o indicated, with speclal reference to the difference
in effeets ioteusity plays in localizlag of high and low

frecuencics.
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