
Perceotron, 1987, volume 16, pages 175-186

Relative effectiveness of
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Abstract. A studv is reported in which it is shown that observers can use at least three types of
acoustic vanables rhat indicate reliably when a moving sound source is passing: interaural
remporal differences, the Doppler effect. and amplitude change. Each of these vanables was
preiented in isoiation and each was successful in indicating when a (simuiated) moving sound
source passed an observer. These three variables were put into competit ion iwith each indi-
cating that closest passage occurred at a different trme) in an effort to determine their relative
impoitance. It was found that amplitude change dominated interaural temporal differences
which. rn turn, dominated the Doppier effect stimulus variable. The results are discussed in
rerms of two inrerprerations. First, it is possible that subjects based their judgements on the
porenrial discriminabil itv of each stimulus variable. However. because the stimuli used involved
easrly discriminable changes. subjects may instead have based their judgements on the
independence of a stimulus variable from different environmental situation conditions. The
domrnance ordering obtained supports the second interpretation.

I Introduction
The psychoacoustic l i terature on locaiization has. for the most part, been concerned
'.vith situations in rvhich sound sources are stationary. Under such circumstances.

l isteners generall-r- rely on interaurai temporal (inciuding onset) and intensity differ-

ences or. rvhen the source sound is familiar. on the overall intensity of the sound (von

Bekesv 19491 Rosenzweig 1961).  Outs ide of  exper imenta l  set t ings,  however,  i t  is  more

commonpiace for sounci sources and listeners to move about. In attempting to under-

stand how a blind person knows when it is safe to cross a city street, for example, one

must understand what sorts of acoustic variables reliably indicate when cars, trucks.

and so on. that is movinq sound sources. have passed by. The stimulus variables that are

relevant to the localization of moving sound sources inciude interaurai temporal and

amplitude differences. the Doppler effect. (monauralt amplitude change, and the

reverberanr properties of a sound. In the relativeiv few investigations that have been

concerned u'ith moving sound sources, however, the reiative importance of these
yariables has not been evaluated. For example. Perrott and his colleagues (Perrott et al

1979:  Perrot t  and Musicant  1981)did not  at tempt a f ine-gra in analys is  of  the d i f ferent

\ t imulus valables that  under l ie  the prof ic iency of  observers at  iudging the veloc i ty  of  a

sound source movrng around thei r  heads lsee a lso Grantham 1986).  In  the studies that

have  cn ta i l ed  headphone  p resen ta t i on  lA l tman  and  V i skov  1977 ;  Gran tham 19831 '

local izat ion ractual lv .  la tera l izat iont  and veloc i tv  judgements of  onlv  one type of  sound-

source vanable have been tested:  temporal  d ispar in '  between land thus.  in teraural

phase o i  d ichot ica l ly  presented st imul i .
We have chose n to pursue th is  l ine of  research bv examinins three types of  acoust ic

ra r i ab les  rha r  mrch t  a id  , r hse r re rs  i n  l t r ca t i ns  mov ing  sou rces :  ( )ngo ing l  i n te rau ra l

tcmporal  c l i f fercnces.  the Doppler  et fect .  and ampl i tude change.  The f i rs t  s tep was to
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v e r i f y t h a t e a c h t y p e o f s t i m u l u s v a r i a b l e i s . i n f a c t , u s e d b y h u m a n o b s e r v e r s . A s w e
wi l lshow,eachof t i re threetypesofvar iables- isgeneratedlawful lybyapart icu larevent .
Therefore. each type in oorutio" ought to be useful to listeners making judgements

about particular aspects of that event. Because the location of a moving object changes

con t rnua l i y 'weassessed . l oca l i za t i on 'byask ing l i s tene rs to judgewhenas imu la ted
sound source passed them. Assuming that the"different variables are used in locali-

zation. we then sought to determine whether or not they are differentially effective' ln

other words do listeners rely more on one type than on the others? This we assessed by

puttine the three stimulus variables into competition (that is, each indicating that closest

p a s s a g e o c c u r r e d a t a d i f f e r e n t t i m e ) a s w e l l a S n o t i n g t h e i r r e l a t i v e u s e f u l n e s s i n
isolation. We rviil beein with detailed descriptions of the three stimulus variables in

oJ.t to set the stage for predictions about their reiative importance'

A systematic .rrung" in-t"rnpo.ur disparitv between the onsets of repeated dichotr

cally presented stimuii is sufficient to indicate reliably the movement of a sound source'

Thus. if a signal is emitted by a sound source locatld anywhere on either side of the

perpendicuiar bisector of thl I ine between the two ears, the resulting sound wave

reaches one ear before it reaches the other, thus inducing a temporal disparity' As the

sound source moves. a change in these interaural temporal differences is generated and'

thus, is specific to aspects of the trajectory of the sound source' This temporal differ-

ence \rrcan be.ur.urui.Jby determining the difference in distance traveled (d) by the

sound wave to the two ears (d, - d,), and dividing this by the velocity (v) of sound in air

{343.5 m s-1 at  20 oC).  This can be expressed as:

t : d'�-A

If. for example {and anticipating our method)' a sound source emits a signal every half

second. runs paraliel to the l ine-created between the two ears' passes directly in front of

t h e o b s e r v e r a t a d i s t a n c e o f l 5 . 2 4 m ' a n d m a i n t a i n s a c o n s t a n t v e l o c i t y o f
48.28 km h-,, a specifi..hunge in interaural temporal differences could be calculated

across. sav' f ifteen signals (see table 1)' 
s the signal numbers)

The second column of tabie I (where the first column contaln

shows the temporal differences at the two ears in terms of onset disparity' of course'

i n t e r a u r a i p h a s e d i f f e r e n c e s ( 9 ) c o u i d j u s t a s e a s i l y h a v e b e e n s h o w n b e c a u s e t h e t w o
are directlY related:

g = l t t , r ,

where,/. is the frequency of the signal'

. \ s e c o n d t v p e o f s t i m u l u s v a r i a b l e t h a t c a n r e l i a b l v i n d i c a t e m o v e m e n t o f a s o u n d
source has been ,....J the Doppier effect. As a source moves lorward there ls a

shortenrng of  * ,avelength of  rvaves ln  f ront  of  i t  and an increase in wavelength of  waves

behind it. These .i l"n!., in wavelength alter rhe frequencv of the signal at a statlonarv

point of observatron "-, ,orna tl istance from the ,outt"' 
'rhe following formuiae can be

used to determine the frequency of the signal at a distal point at a given moment during

the t ra iec to r r , o f t heSourceas i t . r espec t i ve l v .app roachesand recedes :

j  \  \  t '  :  f l  
t  

i
r '  -  r  I  I  l r \  

-  |  Ii t ' : ' ' l  
r ' - . . c c , s d l  

/ D  ' \  t ' * r ' . c o s 8 /

r r ' h e r e t . i s t h e o b s e r \ , e d f r e q u e n c Y . ' / , i s t h e o r i s t n a i f r e q u e n c v o f t h e s o u r c e . } l S t n e
reioc in 'of  sound in a i r .  r ' .  is  the veioc i tv  at  which the sound source is  moving '  and g is

rhe angie berween ihe strarght i ine trajectory of the source and a vector drawn from the

source at a siven foint in"lt, path) to the point of observation' As the source moves'

this angle changes. as does ih" f..qu"ncv at th. point of observation' Thus' the
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frequency transformation at the observer is characterized first by a gradual decrease

in fiequency as the source approaches, followed by a quick downward shift as it passes

the observer. and finally a gradual decrease in frequency as the sound source recedes'

Based upon the same parameters that were used to calculate the interaural temporal

difference transformation, an example of a Doppler effect has been outlined in the third

and fourth columns (for a high-pitch and a low-pitch signal, respectively) of table 1.

Amplitude change is the final variable that we will consider. It has been shown that

the intlnsity of a familiar sound can help observers judge the relative distance between

themseives and a stationary sound source (von Bekesy 1949; Coleman 1961). The

intensity of a signal at a distance r from a source is inverselv proportional to r2. Every

doubling of distance. therefore, diminishes sound pressure level by 6 dB. As might be

inferred from the above, if a sound source of constant amplitude is moving at a constant

velocity and direction relative to a point of observation, then a change in amplitude

specifVing time of closest passage is generated at that point. An example of an ampli-

tude change transformation is mapped out. based upon the same parameters that were

used for the interaural temporal difference and Doppler effect examples, in the fifth

column of table 1.
It should be noted that the rhree types of stimulus variable work together in a very

particular way. In the example given, when the sound source is directly in front of the

obr.ru"r, .u.it typ. of stimulus variable is at a critical moment. At this point the signal:

{i) reaches both ears simultaneously (and has a time difference of zero), (ii) is involved

in its most significant pitch change relative to the observer. and (i i i) is at its peak

amplirude for the observer. Thus, all three types of variables are not only related

invariantly to the point of closest approach, they are related invariantly to one another.

Therefore, although each type of variable should be effective in isolation, we expect the

mosl accurate judgements to occur when all three work together'

Table l. Acousrico and locationb parameters of a sequence of signals simulating a sound source

movrns on a strargh! l ine perpendicuiar to the l ine of sight of the observer. The sound source

moves at a constant velocity of 48.28 km h-t and passes directly in front of the observer at a

dis tance of  15.24 m'

Signal Acoustic parameter Location parameter

t/ms fo,^/Hz fo,/Hz P/dB' t r l  5 d,/m d"/m

I
l
-)
+
5

:

E

i r l
l l
l l
L-l
i +
i,<

0 . 5 5 7
0.547
0 . 5 3 3
0 .509
(1.46 7
() .3 8 7
{ ) . 2  3  6
0.000
0 . 2 3 6
0 .38  7
t ) . 461
{ ) . 5  0  9
{1.5 3 3
t).5 -1 7
r ) . 5 , i 7

804.0
804.0
803 .4
802.6
800 .9
7  98 .0
"  92 .0
784.0
r  1 5 . 7
770 .5
t- 67 .7
7  6 6 . 3
- 6,s .0
l 6  5 .0
,- 61.6

602.9
6 0 1 . 9
6 0 1 . 5
600.7
599.1
5  97 .5
_i 93..1
587 .0
5 8 0.ri
-_i 76.9
,< 74.8
573 . r J
, i 73 .1
5  7 1 . 0
5  72 .0

6  5 . 0
6 6 . 0
6 7 . 5
6 9 . 0
7 0 . 5
t '2.5
- .1 .0

7 5 . 0
r l . 0
1 2 . 5
7  0 . 5
6 9 . 0
6 1  . 5
66. t1
6 5. i)

3 . 5
1 .0
2 .5
2 .0
1 . 5
1 . 0
0 . 5
0.0
(1.5
1 . 0
1 . 5
1 .0

t . 0
i . 5

16.94 49.35
10.23 13.02
33 .53  36 .83
?6 .82  30 .85
20.12 25.24
1 3 . 4 1  2 0 . 3 0
6 . 7 1  1 6 . 6 5
0.00 15.24
6 . , 1  1  1 6 . 6 5

13 . ; l  I  : 0 .30
20.12 25.21
26.82 30.85
33 .53  -16 .83
-10 .23  13 .02
+6.94 -19.35

.The acous t ic  parameters  a re  the  in reraura l  onset  d i f fe rence ,  r  r .  h igh-p i tch  and lo* -p i tch  s iena i  t re -

quencles simuiatrne the Doppier effect t  lon and /o,,  respecttveiy r.  and ampli tude of the srenal L P .
' 'The  

ioca t ion  parameters  a re  t tme f rom rn te rcept  r r ,  r .  d is tance f rom in te rcept  id ,  l .  and  d ts tance

from observer t  d. r.
'dB SPL, sound pressure level referred to 20 pPa.
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lsolation condrtrons can be used to evaluate the relative effectiveness of the three

,yp.. "i variabies. The most effective ought to be associated with rhe most accurate

..iporrr.r. But if. as is expected. all three types are effective. then this compa.son may

p.o'* ,o be insufficientiy sensitive. Therefore, in addition to isolation conditions we

used competltlon conditions. in whrch the critical moments for each type of variables

do not occur simultaneously. At issue is whether or not l isteners respond to one type of

r  ar iable over  the others.

In a l l  condi t ions.  the subiect 's  task was to

source i in this case, a simulated two-tone

oassing him or her.

indicate the time at which a sienal-emitting

ambulance siren ) sounded as if i t was .;ust

2 Method
2.1 Subiects
Thirteen undergraduates enrolled in an introductory psvchology course at the state

universitv of New York at Binghamton participated in this experiment as one means of

tuttltt ing a course requirement' All subiects reported having normal heartns'

2.2 Stimuli and aPParants

A European ambulance siren {consisting of alternating high-pitch and low-pitch signals)

rvas simulated with a Wavetek 132 VCG generator' Each simulation contained fifteen

signals of 500 ms each alternated between two steady sine-wave tones approximately

19,- Hz apart with no time between each signal (a modulation rate of two signals per

second). Each signai possessed instantaneoui rise and decay times and care was taken

to start and end each pulse at zero crosslng. Three properties of the signal-interaural

onset iand hence. ongoing temporal) differences. Doppler effect. and amplitude-were

manipulated,n u Inunn.r -uppropr iate to an ambulance t ravel ing at '+8"28 km h-ra long

a l i ne  15 .1 -1  m in f ron to f  t hep laneo f  t he l i s tene r .ANor ths ta rHor i zonmic rocompu te r

rvas used to applv the appropriate interaurai temporal difference' Doppler effect' and

amplr tuc ie t ransrormat inni  on d ie i ta l  representat lons i12-b i t  a t  10k sample ratetof  587

uni zS+ Hz tones. These transformations can be seen in table 2 (I) '

F i v e d i f f e r e n t t } , p e s o f c o n d i t i o n w e r e t e s t e d ( s e e t a b l e 3 ) . I n t h e f i r s t c o n d i t i o n
contro l  sequences)  the three types of  var iabies tosether  ind icated passage at  the.same

t i m e L d u r i n g t h e f i f t h . e i g h t h . o r e l e v e n t h s i g n a l ) . l n t h e S e c o n d c o n d i t i o n ( i s o l a t i o n
sequences r each ua.rJle iuas presented in isoiation. and the other two tvpes were held

constant: amplitude was set at 69 dB SPL; frequency alternated between 804 and

602 Hzonlv: and the interaural temporal difference was zero'

Three d i f ferenr  rvpes of  compet i t ion condi t ion were used isee table 3 '  In  compet t -

t ion t1'pe A nvo r,ariables rvere kept congruent {both indicatine passaqe at the same

signal  I  $hr le the remain ing var iable indicated passage e i ther  three s iqnals before or

l f ter  ihat  r - \ .  the t ransformat lon of  one var iable.  inc luding the cr i t ica l  moment of

passasc.  r ias d isp laced 1500 ms f rom the other  t$ 'o Var iablesr '  A l l  possib le var iabie

parr inus anr l  passaue s ignais i in  th is  case the f i f th  and e ighth s ignals i  resul ted in  s lx

sequences ot  th ts  n 'pe.  In  compet i t ion t ) 'pe [3.  a l i  three var iabies $ere present  wi th in a

. ' * iu- .n t r i . i  but  each lndrcated passage at  a d i f ferent  r ime r that  is ' .ne at  the f i f th '  one at

t h e e i g h t h . a n d t l n e a t t h e e l e v e n t h s i g n a l r . A g a i n . a l l p o s s i b l e o r d e r i n g s " ' ' | . _ . l l : . .
rar iabies produced s ix  sequences.  F inal lv .  compet i t ion t lpe c invol led d i rect  compet t -

1 , l t  shou id  bc  no ted  t ha t .  o i v rng  ro  t he  i im i t a t i ons  o t  t he  compu te r  s l s t em used '  sma i l  pa r t s  o t

l : c se  s rn tnes rZed  t r anS lo rma t t ons  Cou l t l  no t  pC f i eC t i r  r cO l tCa t c  t he  aC tUa i  t r ans iO rma t l onS  O f  t he

' i - t a i - *o r i d  e ren t .  i ' o r  examp ie .  r ve  cou id  on i v  man rpu ia te  t he  oneo ing  t empo ra i  va r i ab le - so  t na t

. nsnges  t n  t n t s  pa rame te r  occu r red  on l v  ac ross .  und  no t  r " r t h i n  s i ena i s  Howeve r '  t ab l e  2  shows

, i . ,o, . ln generai .  the deviatrons f rom the rcal-*or id cvent  \ \ere mtntmai  l r ' loreover '  g lven tnat

sub tec t s  \ \ e re  accu ra {e  r n  t udg ing  a l i  i so i a r t on  sequences .  i t  t s  r easonab le  t o  assume  tha t  ou r

, s t rmu i i  su i f i c i en t i v  r ep roduced  a l l  t h ree  s r tmu ius  va r rab ies  t es ted
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tion between two of the three variables on a given trial (the remaining variable was held

constant as in the isolation conditions). Here again a temporal disparity of three signals

f the fifth and eighth) was used so that the two variables wouid each indicate passage

1500 ms apart. The permurations and orderings of the three variables produced an

additional six sequences.

Table 2. Stimuius variable parameters used for a control sequence. The three stimulus variables

simulated an ambulance travelling at 48.28 km h-t along a line 15.24 m in front of the piane of

the listener.

Signai ,/ms f6/Hz P/dB

t / 3

1
2
3
I

5
6
7
8
9

r0
t l

LZ
I J

1 4

t f

0 .6
0 .6
0 .5
0 .5
0.4
0 .3
0.2
0.0
0.2
0.3
0.4
0.5
0 .5
0.6
0 .6

804.0
602.0
803 .0
6 0 1 . 0
801 .0
5 98.0
792.0
5t7.0
716.0
577.0
768 .0
57 4.0
765 .0
572 .0
765 .0

65 .0
66.0
b  / . )

69.0
70 .5'72.5

7 4.0
75.0
7 4.0
72.5
70 .5
69.0
o  / . )
66.0
6  ) . U

Trble 3. Signal during which ampli tude (P)'  interaural

effect { D ) indicate passage as a function of condit ion.
temporal dif ference ( l) ,  and Doppler

Conditton Sisnai number in trtai

1 l

I
P
I
D
D
P

or PDI

P
D
I

I
PD
D
PI
P
D I

t )

P
Y

I
I

D
r
I
P
I
D

PDIControl

Isolat ion

Competit ion type A

Competrt ion tvPe B

PD
I
PI
D
DI
r

P
I
D

I
P
l)

P
D
P
i
D
I

Competitron type C


