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Magnitude production and estimation data from the  same subjects are analyzed in three 
ways. The coefficient of variation of the ratio of successive responses (numbers in estimation. 
SPL in production) are compared; both exhibit, as a function of stimulus difference, the 
V-shaped pattern previously found in estimation data. A multiple regression of responses 
on the stimulus and on these events of the previous trial exhibit similar patterns, although the 
effects of the previous trial in production are somewhat less. The correlation between successive 
responses, averaged over constant stimulus differences, are very large for small differences 
and about zero for large ones. These somewhat surprisng results for production are examined 
from the point of view of an  intensity attention band hypothesis. 

We have previously investigated the variability of 
individual judgments of loudness in a magnitude- 
estimation task (Green & Luce, 1974). Later, we 
examined the sequential effects present in such in- 
dividual judgments and how those effects could be 
characterized and analyzed (Jesteadt, Luce, & Green, 
1977). This paper reports data on individual adjust- 
ments of loudness in a magnitude-production experi- 
ment, together with magnitude-estimation data from 
the same subjects. Both variability and the sequential 
effects present in the production and the estimation 
task are compared. 

The paper is organized as follows: The procedures 
used to collect the data in the two experiments are 
first described. Then the results from the two experi- 
ments are compared as to  mean responses, the vari- 
ability of the individual judgments, and  the se- 
quential effects. 

PROCEDURE 

Throughout, the signals were 1,000-Hz tones of 500-msec 
duration. They were presented binaurally, in quiet, through 
SW-2 Superex headphones, and subjects listened in a single-wall 
sound room (1AC-402A). The presentation of the signals was 
controlled from a digital computer (PDP-15). and the observers 
communicated with the computer through a special response box 
containing a keyboard with 16 keys (digits 0-9 plus 6 control 
functionsiand aimall  LED display (5 possiblecharacters). 

The five subjects practiced for about 2 days (600 trials) before 
the production data were recorded and about 1 day (600 trials) 
before the magnitude-estimation data were collected. They 
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participated 2 h a day for about 6 lo  8 days in the course of the 
experiments. They were paid an hourly rare for  heir parricipation. 

Production 
Each trial of the magnitude production [ask began with a 

number presented on the subject's LED display. As i t  appeared. 
tone bursts began-5M) msec on,  500 msec off. The starling 
intensity of the tone was chosen at random in the range 40-90 dB 
with I-dB steps. The subject could adjust the  intensity by push- 
ing one of four buttons. Two of  the buttons provided gross 
adjustment of the tones-in 4-, 5-, o r  6-dB steps-one button 
increasing and the other decreasing intensity. The step size was 
randomized so that the number of intensity changes did not exactly 
correspond to the change in level of the tone. e.g., the subject 
could not set the stimulus exactly 24 d B  above threshold by first 
decreasing it  to  threshold and then increasing i t  6 dB four times. 
The other two buttons produced ]-dB changes in the stimulus 
level once the gross adjustment was complete. The equipment 
permitted the subject to a d j u s ~  the tone from absolute rhreshold 
t o  95 d B  SPL. Once the subject achieved the desired intensity 
level, the tone repeated until the subject pressed a "clear" bullon 
which initialed the next trial. The subject was instructed to adjust 
the final loudness of successive trials to equal the ratio of successive 
numbers. 

The numbers used in the magnitude production task were: 
2 .3 .4 .5 ,6 ,8 .  10. I 5 . 2 0 , 2 5 , 3 0 , ~ , 5 0 . 6 0 , ~ 8 0 ,  100, 150,200,250, 
and 300. They were chosen ( I )  because they were numbers 
commonly used by other subjects in previous estimation exper'- 
ments and (2) because the ratios of many of  the pairs are the same, 
214, 100/200. etc. Each was equally likely to be selected on a trial. 
Typically. 360 adjustments were completed in a 2-h session. Blocks 
of 120adjustments were separated by rest periods. 

Estimation 
The magnitude-estimation experiment was run after the p r F c -  

tion experiment was completed. Each presentation was a single 
500-msec tone burst, whose intensity was chosen at random from 
40 to 80 dB SPL in 2-dB steps. The tones did not repeat as in the 
production experiment. The subject was to assign a number to the 
tone so that the ratio of successive numbers reflected the fatlo 
of successive loudnesses. 

After each presentation, the subject responded by depressim. 
the appropriate numbers-integers only, in the range 1-99.999' 
The number thus entered then appeared on the LED display An 
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mi5takc could be cleared and another !lumber entered. Finally, 
when \atisfied with hi\ or her responw, the \ubjecr pu5hed a 
different ~ U I I O I I  \ rh~ch  caused the rcbpon\e to be recorded 111 the 
computer and initlaled [he nev trial. Typicall!. aboul 600 adju\t- 
men[\ were completed during a 2-h \es>iol~. Block\ ol' 120 trial\ 
were wparated by rest perlodh. 

RESULTS 

Mean Response 
Figure I shows the mean responses for both the 

production and the estimation tasks along with the 
variability ( + l o )  of each response for each of the 
five subjects. For the production data, means and 
standard deviations are simply computed from the 
sound pressure level in decibels of the adjustments 
made to a particular number. For the estimation 
data, means and standard deviations are computed 
from the logarithm of the numerical response given 
to a particular sound pressure level. The logarithm 
o l  the responses was used so  that the variability 
would be nearly the \ame at all intensities. The anti- 
log of the computed mean is the geometric mean of 
the original responses. 

The average dara from each experiment can be 
described as roughly a power function. R = klr, 
where R is the number assigned to  intensity I 
(measured in watts/'cm2), k is a constant, and y is the 
power-law exponenl (slope in Figure I ) .  There are 
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Figure I. Magnitude e\timalions and produrlions in log-log 
coordinates. The ordinale is Ihe logarilhm of numhers and Ihe 
nhrrissa is SPL in dB. The former is Ihe dependent variable for 
eslimalion and the independenl varial)le for production. The 
ham rhow eslimrled one-rlandard-deviation hands. 

This is the well-known regression effect (Stevens & 
some noticeable discrepancies f rom r his simple Greenbaum, 1966; Stevens, 1975). 
description for some  subjects a n d  condi t ions ;  
especially noticeable is subject F.S. in the magnitude Variability of Responses 
production exper iment .  Least  squa re  ( log- log Careful inspection of Figure I reveals that the 
coordinates) estimates of the parameters y and k are variability of the magnitude productions (shown by 
shown in Table 1 .  the k o bands) decreases with increasing signal level. 

As the equations of the table indicate, the in- We have studied this phenomenon in a number of 
dependent and dependen1 variables are interchanged different ways, but perhaps the simplest is to ask a 
in the two tasks. Thus we also display the reciprocal subject repeatedly to  adjust a tone to one or the other 
of [he magnitude production slope \o  that i t  can be of two prescribed levels, one loud, one soft. The  
compared directly with the slope, or power law standard deviation of such adjustments is smaller 
exponent, of the magnitude-estimation experiment. for the louder tone than i t  is for the softer one. All 
For all subjects, the comparable slope, y ' ,  estimated adjustments to  one level can be made before be- 
from the production data is appreciably larger than g~nning those at  the next level without altering the 
the slope, y, estimated from the estimation data. result. Figure 2 shows the mean and  variability 

Table I 

Magnitude Production 

log I = (117') log R + log c 

Slope 
Subject l l r '  

W.C. 2.66 
D.R. 3.5 7 
F.S. 4.04 
J.U. 2.59 
L.T. 2.67 

Average 

Intercept 
log c 7' 

3.64 0.38 
0.46 0.28 

-0.95 0.25 
2.97 0.39 
2.27 0.37 

0.33 

Magnitude Estimation 
log R = 7 log I + log k 

Slope Intercept 

7 log k - 
0.17 0.13 
0.19 0.43 
0.12 0.8 1 
0.28 -0.24 
0.29 0.13 
0.20 












