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not used, and thus the chance that the 
numbers are used simply as identifying 
labels would seem to be minimized. 
Subjects are so accustomed to using 
numbers in this situation, however, that 
they may very well verbalize the num­
bers to themselves, and thus once again 
we have a transform rather than a con­
verging operation. 

Actually, in situations where so much 
learning of objectively assignable num­
bers to stimulus attributes has occurred, 
it is doubtful that we can ever suffi­
ciently satisfy the requirements of con­
verging operations to be sure that we 
are measuring a metric property of the 
perceptual system, rather than of the 
objective stimulus system. It would be 
necessary to get subjects who have had 
no previous experience in assigningnum­
bers to the continuum under considera­
tion. 

Gibson and Bergman (8) have clearly 
recognized the nature of this problem in 
their experiments on estimation of dis­
tance. Consistent underestimations of 
distance can be corrected by one or two 
correction trials (the correction general­
izing to all distances used in the experi­
ment) , and 'the authors feel that the 
correction has simply changed the sub­
jects' conceptual scale of yards. In 
other words, they are assuming that the 
change was not in the perceptual sys­
tem, but rather in the response system. 
Given a situation like this, we can make 
statements about the conceptual scale 
of numbers which the subject has, and 
its relation to physically measured dis­
tance, but we cannot know anything 
about the metric properties of the per­
ceptual system. 

There are other types of psychological 
dimension that make the problems more 
obscure because there is no commonly 
accepted number system which the usual 
subject has been trained to use. Of 
these, the one dimension that has re­
ceived the greatest attention is loud-
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ness. Presumably, subjects have had 
little or no training in using a number 
scale to describe the loudnessof a tone or 
noise. So when a subject is asked to as­
sign numbers to the loudnesses of vari­
ous tones, he should be able to respond 
only on the basis of the perceived mag­
nitudes. This position has been taken 
by several psychologists, particularly 
Stevens (13). However, when subjects 
are required to use a set of responses 
which constitute a numerical scale, we 
have no assurance that they in fact use 
the response continuum in such a way 
as to reflect the ratio or interval prop­
erties of the perceived loudness cor­
rectly. The question is not whether 
they can use the number scale correctly, 
when using it as an abstract scale, but 
rather whether they use it in such a 
way as to reflect a metric property of 
the perceptual system. 

Suppose we have done an experiment 
in which direct numerical estimates of 
the loudnesses of tones, or of the rela­
tive loudnesses of two different tones, 
are made. From these estimates we can 
construct a functional relation which we 
can tentatively call a psychological scale 
of loudness. Having no assurance that 
the number scale was used to reflect the 
metric properties of the perceptual sys­
tem-the numbers could have been used 
as simple identifying responses, or per­
haps as ordered responses--we need to 
carry out one or more operations which 
converge to allow us to delimit a prop­
erty of the perceptual system. We 
could ask our subjects to produce tones 
which sound half, or a quarter, as loud 
as other tones which the experimenter 
provides. Such an operation does not 
convergewith the former, however, since 
the number system whose use is in doubt 
is the same in both instances. 

A considerably better converging op­
eration is one that does not require the 
use of numbers at all. If a fractiona­
tion or direct estimation has been car-
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o ried out, and if the resultant function is 
truly a loudness scale with the proper­
ties of a ratio scale, then we should be 
able to determine a set of equal interval 
points on our scale. Now if we ask our 
subject to set a series of tones at in­
tensities which provide a series of equal 
intervals of loudnesses, these equal in­
tervals should check with those obtained 
from the fractionation experiments. In 
the one instance in which such a com­
parison has been made, Garner (7) 
showed that the results of the two ex­
periments do not check; the two experi­
mental operations did not converge to 
a single concept about the metric prop­
erties of the perceptual system. Garner 
also showed that if it is assumed only 
that the fractionation experiments pro­
vided equal ratios--not necessarily with 
the stated magnitude-the two experi­
ments can converge to a single loudness 
scale. This scale is quite different from 
that obtained with numerical estimates, 
however, and its properties and uses are 
different from those assumed for "scales" 
obtained from direct estimates. 

The major point of this section is not 
to prove that psychological magnitude 
scales are impossible to construct but 
simply to point out that before we can 
ascribe a property to the perceptual sys­
tem as refined as that of a ratio scale, 
certain minimal converging operations 
are required--operations that in prac­
tice have rarely been carried out. Fur­
thermore, it is not sufficient to carry out 
the same experiment twice, or to carry 
out a slightly modified experiment which 
provides only transform operations. The 
operations must truly be converging for 
the pertinent assumed property of the 
perceptual system. Until these opera­
tions are carried out, we can have 
only functional relations, not magnitude 
scales.' 

, It should be pointed out that there are 
other scaling techniques for which the ascn'bed 
properties of the perceptual system are not at 

CONCLUSION 

Our emphasis on the use of carefully 
planned operations in order to isolate 
properties of perceptual behavior should 
not be taken to mean that operation­
ism properly used tends to minimize the 
importance of perception. We believe 
simply that its proper use rigorously de­
fines those properties which validly can 
be assigned to perception. 

This argument holds for all aspects' 
of behavior which can be described as 
perceptual. For example, the compari­
son usually made betwen the rich, al­
though unreliable, data provided by in­
trospection and the sterile, although 
rigorous, data provided by operationism 
is invalid for two reasons: first, because 
the basic position taken by many op­
erationists does not indicate the real 
possibilities inherent in this position; 
second, and more important, because 
the data produced by introspection can 
have no meaning independent of the 
operations used to produce them. 

o 

For example, two aspects of the in­
trospective method have been claimed 
to have special advantages. First, it is 
claimed that a much more detailed de­
scription of experience can be reported 
by a subject using unrestricted re­
sponses, This problem is not unique 
with introspection. Operationism does 
not require that responses be restricted 
in any way; it only points out that with 
unrestricted response sets, it is difficult 
or impossible to separate properties of 
the response system from those of the 
perceptual system. 

A second claimed advantage of intro­
spection is that subjects can be in­
structed to confine their attention to 

variance with the converging operations car­
ried out. The discriminative scaling tech­
niques, particularly as developed by TItur­
stone, satisfy these requirements as long as no 
attempt is made to assume that the result.ant 
scales reflect magnitude of perceptions rather 
than discriminability of percepUoll!l. 
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facts of subjective experience, i.e., the 
stimulus error can be avoided. There 
is nothing about operationism which ex­
cludes this possibility, either. The ef­
fects of the subject's set produced by 
instruction and training are important 
experimental problems in perception. 
We insist, though, that if these effects 
are in the perceptual system, then op­
erations can be devised to demonstrate 
this fact. These operations must dem­
onstrate that the effect of instructions 
is not merely to change the kinds of re­
sponses that subjects use, nor simply to 
decrease the correlation between stimuli 
and responses by causing subjects to 
respond to factors other than stimuli. 
That is to say, the methods of intro­
spection are operations, and as such 
cannot lead to valid concepts that are 
independent of these operations. Intro­
spection and the data produced by it do 
not lie outside the scope of operationism 
as here conceived. 

We also feel that there is no need to 
minimize experimental questions about 
"awareness." For humans, at least, 
awareness is undoubtedly one aspect of 
perception. We insist, however, that 
the awareness of a subject can be no 
more than a property of his perceptual 
system, and that it can be specified 
only in terms of a set of converging op­
erations. 

In summary, we believe that our po­
sition is truly one of operationism. We 
believe that a concept has no meaning 
beyond that obtained from the opera­
tions on which it is based. This state­
ment does not mean that any set of op­
erations can lead to a concept. Nor 
does it mean that the complexity and 
usefulness of concepts derived from op­
erations are necessarily limited in any 
way. In practice they are limited only 
by the ingenuity of the individual ex­
perimenter to devise appropriate con­
verging operations. 

SUMMARY 

Perception is conceived as a process 
intervening between stimuli and re­
sponses. As such it can be viewed as a 
concept whose properties may be de­
limited by converging operations. Con­
iverglng operations are any set of experi­
mental operations which eliminate al­
ternative hypotheses and which can lead 
to a concept which is not uniquely 
identified with anyone of the original 
operations, but is defined by the results 
of all operations performed. Thus con­
'verging operations can lead to concepts 
of processes which are not directly ob­
servable. For example, converging op­
erations can be used to describe proper­
ties of the perceptual process which are 
distinct from those of the response sys­
tem directly observed. 

Illustrations from current experimen­
tal problems in perception indicate how 
some response characteristics may be \,., 

isolated from perceptual properties, and 
vice versa. Some of these properties 
have been ascribed to perception with­
out supporting converging operations by 
researchers dissatisfied by the sterility 
of operationism as it is commonly, but 
mistakenly, conceived. 
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