A behavioristic analysis of Stevens’
maghnitude estimation method

A procedure independently proposed by Oyama and Lewis
for treating the data of magnitude estimation is discussed
in relation to the Graham-Stevens controversy on the psycho-
physical methods. In this procedure, the critical value of the
stimulus needed to make the subject report numbers equal
to or greater than each integral number is sought, instead
of the median or geometrical mean of numbers reported for
each level of stimulus intensity. Stevens’ magnitude estima-
tion method has no special advantage over the other cross-
modality matching methods, and the subjective magnitude of
number should be estimated if one wants to know real rela-
tions between stimulus intensities and sensory magnitudes
i various modalities.

The studies carried out by Stevens and his associates
in recent years have helped to accumulate scientific
data concerning subjective judgments of sensory magni-
tudes, and to develop hypotheses on the relationof such
data to the objective intensity of stimuli. Stevens'
contributions should be acknowledged also for their
influence in directing the attention of experimental
psychologists to problems which had been sidetracked
since Fechner's time.

However, the methods and procedures used in Stevens'
laboratory seem incompatible with Graham's (1950,
1965) behavioristic point of view on the psychophysical
methods. According to the latter view, psychophysical
methods are techniques to seek stimulus values or
stimulus-stimulus relations which produce responses
having constant critical characteristics or with pre-
determined probabilities of occurrence. In Stevens'
magnitude estimation method, contrary to Graham's
view, medians or geometrical means of numbers re-
ported by Ss are directly related to stimulus intensities.

Oyama and Takekawa (1962) and Oyama (1962)
presented a new procedure to analyze their data on
loudness estimation. They gathered data under a
Stevens-type instruction and treated them through a
Graham-type analysis to find critical values of stimuli
for various number-responses. More recently, Lewis
(1965) independently developeda very similar procedure
in order to treat his data on brightness estimation of
flashes in a study on intensity x time relations.!
Stevens (1966b) criticized Lewis' procedure and
ascribed his failure to find the Broca~Sulzer effect
to the inappropriateness of his procedure in data treat-
ment. However, some parts of Stevens' criticism seem
to be based on a misunderstanding of Lewis' procedure
and other parts cannot be applied to the study of
Oyama and Takekawa.
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An attempt will be made here to clarify the basic
character of the Oyama-Lewis procedure and its impli-
cations for the Graham-Stevens controversy on
psychophysical methods.

The Oyama-Takekawa Study

It will be worthwhile to summarize briefly the study
of Oyama and Takekawa (1962) which might be unfamil-
iar to American psychologists, and perhaps more
suitable than Lewis' study for illustrating the Oyama-
Lewis treatment of estimation data.

In the study of Oyama and Takekawa, a standard
stimulus was employed. It was a 1000 cycle tone
whose intensity was set at 74 dB sound pressure
level. The comparison stimulus was also a 1000
cycle tone, but its intensity varied from 53 to 92 dB
in 3 dB steps. Tone pairs were presented 50 times
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Fig. 1. Distributions of number-responses in two Ss. Each curve
shows the percent frequency ol reporting numbers equal to or
greater than the number attached to the curve.
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in random sequences covering each intensity level
of the comparison stimulus. Five Ss individually
served in six sessions and were instructed to report
a number which appeared appropriate to represent
the subjective magnitude of the second (comparison)
sound of each pair when that of the first (standard)
sound was regarded as ''10.'"' The Ss were free to
use any number, whole numbers, fractions, or deci-
mals. The procedure of Oyama and Takekawa does
not differ in its essentials from Stevens' methods
in the parts described so far, but the treatment of
the data is different.

Figure 1 shows two examples of the results ob-
tained by Oyama and Takekawa. Each curve indicates
the percentage of cases in which the number re-
ported by the S was equal to or greater than an
integral number (criterion number) as a function
of the stimulus intensity (in decibels) of the com-
parison sound. Twenty-seven curves are presented
for Subject AB as the criterion number varied from
2 to 28, while 15 curves for Subject KN correspond
to criterion numbers ranging from 4 to 18. Nearly
all curves show the familiar S-shape seen in psy-
chometric functions obtained via traditional constant
methods. The latter were classified into the cate-
gory of stimulus-response functions by Graham (1965).

Suppose that the instructions of this experiment
were changes so that the S responded ''yes'' if the
perceived ratio of the two sounds was greater than
10:6 and said ''mo'' otherwise. Then, the method
would result in curves similar to those labeled ''6''
in Fig. 1. Other curves in Fig. 1 would then be ob-
tained if the ratio in such instructions were varied
in turn from 10:2 fo 10:28. In this sense, the curves
in Fig. 1 may be regarded as psychometric func-
tions, and the ordinary procedures for estimating
thresholds can be applied to them. The intersections
between the psychometric curves and the horizontal
lines indicating the 509 level of response frequency
will represent such thresholds.

Figure 2 shows threshold values in this sense for
five Ss along a decibel scale of stimulus intensity.
These values were estimated by linear interpolation.
The thresholds indicate the stimuius values at which
the probabilities of occurrence of number-responses
equal to or greater than various criterion numbers
would be 0.5. Each space between two adjacent
threshold-lines represents the stimulus range in
which a certain number-response was predominant.
Figures 1 and 2 both indicate heterogeneity in fre-
quency of occurrence and in width of stimulus
range among various number-responses. In most of
the Ss, numbers 9, 10, 11, etc. occur frequently
over wide ranges of stimulus intensity, but 5, 15,
17, etc. occur much less frequently and in narrower
ranges. This may partly reflect individual prefer-
ences for numbers or perhaps other biases in their
subjective number systems.
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Fig. 2. Number scales for five Ss and the decibel scale of
stimulus sound.

Stevens’ Criticism of the Lewis Study

Stevens' (1966b) criticism of Lewis' (1965) study
consisted of two main parts. First, Stevens pointed
out that the responses of Lewis' Ss were restricted
to a limited number of categories and that such
restrictions had been demonstrated by many experi-
ments to result in scales nonlinearly related to the
ratio scale obtained under free use of the num-
ber continuum. This part of Stevens' criticism may
be effective as far as Lewis' study is concerned.
In fact, Lewis restricted Ss' responses to five or
11 integral numbers. Buf Oyama and Takekawa (1962)
did not impose such restrictions. Their Ss were as
free to use numbers as Stevens would wish. Lewis'
treatment of estimation data can be used without
any restriction of this kind.

Lewis used the term ''category judgments' for
his study and suggested the similarity between his
procedure and the method of successive categories.
These facts, however, have nothing to do with the
basic character of the Oyama-Lewis procedure we
are discussing now. The procedure can be used in
any study in which the stimulus varies along some
quantitative scale and the responses emitted by Ss

' can be classified by the investigator into several

categories arranged in order. In the study of Oyama
and Takekawa, the Ss did not make any category
judgments, but their responses were classified and
it was assumed that these response classes were
ordered.2

The second part of Stevens' criticism was con~
cerned with the regression method used by Lewis.
Stevens maintained that Lewis averaged the stimulus
values for each number-response and tried to find
the regression of the stimulus on the response, al-
though the appropriate regression was that of the
response on the stimulus. Actually, Lewis did not
average the stimulus values. Instead, he found criti-
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cal values of stimuli at each of which the dominance
of a response class was overtaken by the dominance
of another. In other words, he obtained stimulus
boundaries of various response classes.

This type of regression of stimulus upon response
was also used by Oyama and Takekawa. Which kind
of regression is better, response upon stimulus or
stimulus upon response, is a difficult problem for
which we cannot offer a general conclusion. It might
be said that the regression of response upon stimu-
lus is better, as in Stevens' conclusion, only under
such limited conditions that the measure of response
constituted a quantified scale on a level approxi-
mating that of the measure of the stimulus. Our
main concern in such circumstances is the predic-
tion of response values from stimulus values. How-
ever, in many cases, including the case in question,
the measure of the response is poorer in quanti-
fication than that of the stimulus, and the prediction
of responses from a given stimulus condition is
not our sole concern. We equaily need to know the
most probable value of the stimulus that will pro-
duce a critical point in the distribution of responses.
Traditional psychophysical methods generally used
to find thresholds, differential limens, and points
of subjective equality, as well as Stevens' (1957)
magnitude or ratio production method, essentially
originated from the need of psychologists to know
critical values of the stimulus for some constant
response.

Figure 3 shows two kinds of regression applied
to the data of the five Ss of Oyama and Takekawa.
The filled squares represent the individual medians
of reported numbers for each level of stimulus in-
tensity, and the open circles indicate the threshold
values of stimulus intensity obtained with the pro-
cedure discussed above for each integral number,
The positions of the circles plotted in this figure
are lowered by 0.5 as compared with those of the
squares by reason of the fact that these thresholds
represent the stimulus boundaries of the successive
response classes rather than the central tenden-
cies of individual response classes, which corre-
spond to integral numbers. The squares and circles
show two kinds of regression, response upon stimulus
and stimulus upon response, respectively, but both
constitute practically the same curve for each S.
This fact means that the claimed difference between
the two methods of regression has no practical
meaning. Theoretically, the regression of stimulus
upon the response (the circles in Fig. 3) would be
better in this case because it is more natural to
assume that stimulus intensity constitutes an inter-
val scale and the method of interpolation is ap-
plicable, than it is to assume that the numbers
reported by Ss constitute an interval or ratio scale,
and that the medians or geometric means represent
unbiased central tendencies.
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Fig. 3. Magnitude estimations as functions of stimulus intensity
in decibel for five Ss. The dots show the results of Stevens type
treatment, and the circles, those of Oyama-Lewis type treatment
applied on the same data. Each successive curve is lowered
through 4 in the scale of ordinate.

Subjective Magnitude of Number

Stevens (1966) presented a view that the task of
Ss in magnitude estimation experiments is a kind
of cross-modality matching in which numbers are
assigned to stimuli in such a way that the numbers
are proportional to the apparent intensity of the
stimuli. This view suggests a possibility for con~
necting Stevens' method to Graham's analyses of
psychophysical methods. The term ''cross-modality
matching'' is ordinarily used to indicate such tasks
as controlling the stimulus intensity of a sound to
match its loudness with the brightness of a light
(Stevens, 1966a), or squeezing a dynamometer with
force whose apparent strength is matched with the
apparent strength of an electric shock, sound, or
light (Stevens, Mack, & Stevens, 1960). The results
of such cross-modality matching are usually ex-
pressed by the stimulus intensity of matched sound,
the physical strength of handgrip, or some other
objective measure of matched stimuli.

If we regard the method of magnitude estimation
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as an example of cross~-modality matching, we have
to clarify the distinction between the number as
stimulus and the subjective magnitude of number.
The former may be given as a form of verbal stimu-
lus or its memory trace, to which the S may have
learned many responses including arithmetical cal-
culation. In contrast with it, the latter is a theoretical
construct concerning the S's private event. It is
very doubtful that the subjective magnitude of 100
is really ten times as large as that of 10. Conse-
quently, a magnitude of sensation to which the num-
ber 100 is assigned is not necessarily ten times
as large as another magnitude of sensation to which
the number 10 is assigned. The numbers reported
by the Ss in Stevens' experiments as well as those
of Oyama and Takekawa would belong to numbers
as stimuli and would not necessarily represent sen-~
sory magnitudes directly.3

Even if we observe a power function between the
stimulus intensity and the number assigned to it,
we cannot instantaneously assume a power function
relation between the stimulus and sensation. There
are many possible interpretations of this observa-
tion. For instance, we can follow Fechner to assume
logarithmic functions between the stimulus intensity
() and the sensory magnitude corresponding to it
(¥;) and between the number (N) and its subjective
magnitude (¥p):

v, = alogl 1)
¥ =DblogN (2)

When ¥, is equated to ¥; in magnitude estimation,

LA 3
and then blogN = alogl (4)

Thus we obtain a power function between N and I:
N=] (5)
where k = a/b.
Of course we may assume power functions be-
tween the stimuli and sensations:
v o=] (6)

and ¥ =N (7

When ¥, is matched with ¥;, we will get a power
function again:

N=1I (8)

where 1 = ¢/d.
These considerations reveal that power functions
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obtained with magnitude estimation do not directly
show the relations between stimuli and sensations.
We may assume functions of other types for these
relations. Even when power functions are hypothe~
sized, the obtained exponent will not represent c
in Equation (6), but it will correspond to 1 in Equa-
tion (8). We have to know the value of d to estimate
the wvalue of c¢. The exponents obtained from the
experimental results of magnitude estimation simply
indicate relative efficiencies of stimuli in strengthen-
ing sensations of various modalities.

The method of magnitude estimation has no special
advantage over other cross-matching methods. Cross-
modality matchings between one standard modality
(e.g., loundess, force of handgrip, or length of line)
and many other modalities will be effective in the
same extent as numerical estimation is. The com-
plexity of the number scales shown in the study of
Oyama and Takekawa suggests even a disadvantage
in numerical estimation.
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Notes

1. Lewis cited Oyama and Takekawa’s study in his paper, but

they had an opportunity for communication after both of them had

finished their studies independently.

2. Lewis did not use this assumption of order, but he empirically

assigned ranks to the numbers (response classes) in terms of mean

stimulus intensity associated with each response distribution. It
should be noticed that his operation was based on another assump-
tion that empirically obtained means represent the central values
of response populations. This assumption is not necessarily true,
especially for the response classes used in both ends of the
stimulus series, where only a biased sample of each response
class can be observed. An extension of stimulus series will
radically change the mean values of stimulus intensity for these
response classes. Changes in rank order will possibly occur.

3. The regression issue discussed above will disappear if we

regard the magnitude estimation method as a kind of cross-modality

matching because we will only treat regression of a stimulus
continuum on another.
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