
lime-intensity equivalence 
A graphical method J 

Abstract 
A graphical response was used to establish equivalent 

binaural time- and intensity-differences in auditory 
lateralization. For intensity differences less thanabout 
4.5 db a constant equivalence of approximately 60 Ilsec. 
per db is found, for 500 cps tonal pulses. For larger 
intensity differences more time per db is required. 

Problem 
Primary cues in the auditory localization of tones are 

differences in binaural (dichotic) intensity, probably the 
only cue at high frequencies, and differences in dichotic 
time or phase, the major cue at low frequencies. Both 
dichotic-time- and dichotic-level-differences can shift 
a sound image away from the median plane for fre
quencies in the vicinity of 500 cps. The relative con
tributions of these two cues have most often been studied 
through balancing the effect of one against that of the 
other in order to bring an image to subjective center. 
Dichotic time and dichotic level are most easily varied 
independently by delivering the sounds over earphones. 
This results in the sound's being reported at a place 
in the head (lateralized) rather than in the space around 
it (localized). Moushegian & Jeffress (1959) have de
scribed several methods of studying the effects of 
dichotic stimulation and the results obtained with each 
method. 

A statistic expressing the relative contributionoftime 
and intensity when these cues are balanced in opposition 
to each other is the time-intensity trading ratio, 
defined as the number of microseconds (Ilsec.) of 
dichotic delay required to offset one decibel (db) of 
dichotic intensity difference. Values of this trading ratio 
have been reported ranging from 2.0 (Shaxby & Gage, 
1932) to 150 (Christman & Victor, 1955) Ilsec. per db. 
Smaller values are generally found for lower frequencies 
and louder sounds, larger ones for high frequencies, 
impulsive sounds (clicks) and weaker sounds. Perfectly 
consistent results, however, are still lacking, perhaps 
due to the variety of methods used in establishing 
"equivalent" dichotic time and intensity conditions. 
Although most studies have used combinations of time 
and intensity cues, Teas (1962) has devised a method of 
assessing the effects of these variables singly. His Ss 
manipulated the dichotic time delay of clicks and traced 
the resulting lateralization with pencil and paper. A 
somewhat similar method is introduced here, and its use 
is demonstrated in studying the effects of both intensity 
differences and time differences. An additional modifi
cation is introduced in that the delay or intensity 
decrement is permuted from one ear to the other for 
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successive pulses, thus tracing out a subjective distance 
rather than a single lateralized point. The results are 
used to describe equivalent time- and intensity-differ
ences for images displaced varying distances from 
subjective center, as opposed to many of the earlier 
studies in which equivalence was discussed only in the 
case of the centered image. 

Subjects 
The Ss were three experimentally naive male students, 

16 and 17 years old, and the second author, also 17. All 
Ss' audiograms were well within clinically-defined 
normal limits. 

Apparatus 
The apparatus was that typically used in lateralization 

research: an oscillator, an electronic switch, a variable 
delay line, a one-db step attenuator and a pair of ear
phones (TDH-39). The electronic switch was adjusted 
to reverse (permute) tone-pulses to the earphones so 
that a delay or reduction in level was introduced to one 
phone on one pulse and to the other phone on the succeed
ing pulse. All pulses were of a 500 cps pure tone, 1/2 
sec. in duration, 65 db re 0.0002 microbar and having 
a rise-decay time of 25 J.lsec. The interpulse time was 
1/2 sec. The response "apparatus" was a pencil and a 
sheet of horizontally lined paper (8-1/2 by 11 in). 
Three vertical lines, at center and 9 cm to either side, 
were labeled "center," "left ear" and "right ear." 
A sheet of cardboard served as a mask, through which 
one of the horizontal lines could be seen at a time. 
The Ss were seated in a quiet room. 

Procedure 
The naive Ss were told only that they would be listening 

to sounds that might seem to move about in their heads 
and that they should trace the magnitude of this move
ment by drawing a line between the "ears"on the sheet 
of paper. After an initial training period of approxi
mately 10 min. with a variety of binaural and monaural 
conditions each S was run for 27 daily experimental 
sessions, making 20 judgments in each session. Half of 
the sessions involved level differences, the other half, 
time differences. Time- and level-sessions were 
scheduled in random order, as were the conditions on 
each trial within a session. The level differences were 
0, 2, 4, 6,8, 10, and 12 db, the time differences 0, 90, 
180, 270, and 360 Ilsec. (Because of the truly random 
sequencing, the total number of trials per condition 
varied from 43 to 57.) The lengthofeach trial depended 
on the time required to make the judgment, the average 
was kept at about 13 sec. by hurrying the Ss when they 
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tended to take longer times. The S indicated both when 
he had made a judgment and when he was ready for the 
next series of pulses. 
Results and Discussion 

The mean lengths of lines drawn under each of the 
intensity conditions are shown in Fig. lA. Movement of 
the sound image is a nearly linear function of dichotic 
intensity-difference from 0 to about 4.5 db, while 
larger differences in intensity have a decreasing incre
mental effect on the sound image. This bending-over 
is similar to that found by Teas for time differences 
greater than about 450 Ilsec. Figure lB shows that the 
bending-over is also characteristic of our results for 
time differences. A linear portion of the time functions 
runs from 0 to 270 II sec., where it begins to bend, 
again for all Ss. Figure 2 illustrates those conditions 
that yield equal subjective movements of the sound 
image. The mean curves from the first figure are 
shown here with the abscissas adjusted to make the 
linear portions of the functions coincident. Throughout 
these linear portions approximately 60 Ilsec. of inter
aural time delay can be seen to be the subjective 
equivalent of one db of intensity difference. Since the 
time function bends more abruptly than the intensity 
function, the amount of time difference equivalent to one 
db increased above 4.5 db. This is consistent with Teas' 
data, in which the sound image actually moves back 
toward the center of the head when dichotic time dif
ferences are increased beyond about 450 /1sec. 
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Fig. 1. Averages of lateralization-responses to binaural intensity 
differences and to binaural time differences. Listeners responded by 
drawing a line to indicate the locus of a sound image. Time- and 
intensity-increments were permuted from ear-to-ear, producing a 
sound which was perceived as moving back-and-forth across the 
median plane. 
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Fig. 2. Equivalent binaural time- andintensity-differences,plotted 

by adjusting the abscissas to make the two functions coincident. 
This adjustment emphasizes the Similarity in subjective effect of 
60 jlsec. and 1.0 db in shifting a sound image off of the median 
plane. 

This method of equal subjective judgments was 
apparently learned by naive listeners with considerably 
greater ease than methods requiring verbal descriptions 
of the lateralized place of a sound image. While we 
would hesitate to place great reliance on the particular 
size of a subjective response like the one used here, 
we believe that considerable importance may be attached 
when independent stimulus conditions produce the same 
response, whatever that response may be. 
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