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PURPOSES OF SCALING TECHNIQUES AND THE CHOICE AMONG THEM

Robert P. Abelson, Yale University

Scaling can basically be defined as the
establishment of rules by which a set of
numbers can be assigned to a set of magnitudes
of ‘a property. Or, more simply, one can talk
of assigning sets of numbers to set of objects
which embody different magnitudes. In psych-
ology, the objects may be people, phgsical
stimuli, attitude statements, objects of pre-
ference, such as aesthetic objects or commod-
ities, and so on.

A psychological scale using people as
objects might be a scale of intelligence, a
scale of some personality trait, or a scale
of position on a controversial social issue;
using stimuli, one might generate scales of
subjective brightness loudness, heaviness, etcj
a scale of attitude statements might specify
the degree of pro-ness or con-ness of each; a
scale of object preference would express the
perceived value or utility of each object.
There are other varieties of examples which
could be given, but one thing is quite clear
without proliferating examples; psychological
scaling is at the outset a risky and specula-
tive venture. The properties of intelligence,
personality attributes, attitude, value, and
even sensation are not well enough understood
for quantification to be an easy and straight-
forward matter. One hopes, of course, that the
attempt to scale a given psychological property
will lead to some understanding of the property.
But understanding in turn is often pre-requi-
site to making a reasonable try at scaling.

It is a circular affair, like an inexperienced
actor trying to break into show business.

Urgent need, however, has inspired the
development of a variety of procedures for
psychological scaling. I will discuss some of
them briefly, without attempting to give a
systematized account of the entire sweep of
methods. This has been done very excellently
in the recent book by Warren Torgerson (1958).

First of all, let me exclude from present
consideration those methods which attempt to
assign numbers to attributes of persons. There
is in principle a duality between scales of
persons derived by having persons respond to
stimuli (e.g., test items) and scales of
stimuli derived by having them judged or res-
ponded to by persons. (Mosier, 1940; Coombs,
1956) 1In practice, however, there are quali-
tative differences between saales of people
and scales of stimuli. People are more complex
than stimuli; it is harder to conceptualize
properties of people than properties of stimuli.
People are more changeable than stimulij next
year's scale of people is apt to be different
from today's. People have less conveniently
available time than stimulij it is easy to use
the same stimuli again and again to learn more
of their properties, but not so easy to use the
same people again and again. 1In addition,
there is a curious sampling conundrum upsetting

the duality -- if you want to make a stimulus
scale more reliable, you can simply use more
people to respond to or judge the stimuli,
sampling these people from a specified popula-
tion; but if you want to make a person scale
more reliable, you often cannot sample more .
stimuli for people to respond to -- you must
create or select new stimuli from an unspec-
#fied population.

The upshot of these considerations (and
others) is that scales of stimuli should be
more stable than scales of people, as apparent-
ly they are. I discuss all this because it
will become important later.

In discussing specific scaling procedures,
I will want to distinguish between those tech-
niques which make assumptions about the psych-
ological nature of the responses to the stimuli
and those which merely seek useful quantitative
scales without establishing a formal model.

Certain specific scaling procedures
Paired Comparisons

Experimentally, paired comparisons invol=-
ves presenting successive pairs of stimuli to
subjects who judge which member of each pair
is darker, tastier, more preferred, or whatnot.

The method known to psychologists for
analysing such data comes from Thurstone's
Law of Comparative Judgment. (Thurstpne, 1927)
Briefly, this law (or better, hypothegis)
states that any stimulus of judgment or choice
activates response processes which are to
some extent variable, between individuals or
within individualsj further, that the distri-
bution of potential responses in Gaussian. The
probability that stimulus A will be chosen
over stimulus B depends upon the means and
standard deviations of the A-distribution and
the B-distribution and upon the assumed corre-
lation between responses when A and B are pre-
sented concurrently. The scale value of each
stimulus is defined as the mean of its res-
ponse distribution. The matrix of proportions
of times each stimulus is chosen over every
other is sufficient to determine within an
arbitrary linear transformation the scale
values of the stfmuli. The normal distribution
assumption is necessary to get the analysis
off the ground, although other distribution
forms are equally plausible. In fact, the
paired comparison method developed by Bradley
and Terry (1952) though couched in somewhat
different terms, can in part be viewed as the
equivalent of the Thurstone model, except
that the logistic distribution is used instead
of the normal distribution (Gridgeman, 1955).

These two methods, then, make some claim
to an understanding of a reality underlying
the choices. These claims lead to internal
consistency checks on the methods, so that



applications yield more than scaless they pro-
vide tests of the models (Bradley, 1954, 1955;
Mosteller, 1951). Unfortunately these tests
happen not to be very sensitive to minor depar-
tures.

. One other paired comparison method, due
to Scheffé (1952) requires that the subject
not only choose a member of each pair, but also
specify the degree to which the member is the
more preferred. Scheffé's method also makes
assumptions, but these are in the spirit of
statistical assumptions rather than psycholo-
gical assumptions. Other methods, employing
ranks or rankits, or the ingenious manipulations
of paired comparisons matrices suggested by
Kendall (1955), usually make no pretense to
being formal models of the judgment process.

Categorical or single gtimhlgg methods

The single stimulus methods present sub-
jects with one stimulus at a time and require
a numerical rating of the stimulus.-The place-
mentsccan be taken as they stand, or else some
model can be imposed on the data.

A popular model in psychology is the so-
called successive intervals model (Edwards
and Thurstone, 1952; Diederich, Messick, and
Tucker, 1957).. This derives again from Thur-
stone's judgment model. The boundaries between
adjacent ordered categories are assigned num-
erical values on the same underlying continuum"
as the Gaussian response distributions. There
are internal consistency checks on the method,
as with the Thurstone paired comparisons model.

Guttman scales

Guttman scaling (Guttman, 1941, 1947) is
primarily an assumption about the nature of
reality rather than a scaling technique per se.
A set of stimuli or items are presented to a
set of individuals, who respond either posi-
tively or negatively to each item (say, the
item might be a statemerit and the individual
is to agree or disagree with it). It is
assumed that there exists an ordering of the
items such that if an individual agrees with a
given item he also agrees with all items be-
neath the given one in the ordering.' Thus the
entire set of items constitutes a kind of
staircase, with individuals grouped according
to which level along the staircase they occupy.
Empirically it always turns out that the stair-
case pattern is not perfect; an index called
the Reproducibility of the scale specifies the
proportion of responses which conform to the
perfect pattern, and investigators are usually
happy when this index reaches .90. It has
become a social science parlor game to see
what new types of responses achieve scales with
acceptable repreducibilities. The chief crit-
icism of this game is that as a model of the
nature of reality, the Guttman scale is rarely
convincing -~ the Reproducibilities generally
lie about half-way between chance level and
the perfection required by the model -- and
when the requirement of perfection is fir from
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being met, then the method loses its special
appeal as a means of obtaining clean scales.
It becomes no less arbitrary a procedure than
the next man's.

Magnitude estimation

It has been argued by S. S. Stevens and
others (Stevens, 1957; Stevens and Galenter,
1957) that scaling methods based upon the use
of variability of response, like paired compar-
isons and successive intervals, are misguided.
The use of intra-subject confusion on which to
erect the edifice of measurement is decried.

If you want estimates of subjective magnitudes,
says Stevens, ask the subject directly. Thus

to scale loudnesses, for example, one might give
the subject a preliminary tone and tell him to
call its loudness 10. Then the subject attaches
numerical values to subsequent stimuli in accor=-
dance with his subjective estimate of their
loudness. A related device in the field of
consumer preference would be to ask the subject
how many dollars he would be willing to pay for
each of a number of items. )

The magnitude estimation methods have been
making considerable recent headway in psycho-
physics. It appears that on a large number of
physical continua such as loudness, brightness,
heaviness, etc., there is a common function
relating subjective magnitude to objective mag-
nitude. The continued use of the method depends
heavily upon the discovery of such broad empir-
ical relationships, for there is no internal
consistency check on the method to verify its
validity as a model. Indeed it is not intended
to be model at all, but rather a straight-for-
ward means for generating numerical scales.

QOther hethods

There are a variety of scaling methods de-
vised by Coombs (1950, 1952, 1954, 1958) which
are similar to Guttman scaling in that perfect-
ion :of response pattern is required, but which
by and large are more flexible. In particular,
they allow for multi-dimensional scales, and
offer the possibility of scales of objects as
viewed by single judges, rather than sets of
judges. The level of measurement achieved is
not numerical, but something short of this =--
so-called ordered metric measurement.

Another technique resulting in ordered
metric scales uses a lottery to establish rela=-
tive scale positions of objects (Siegel, 1956).
Subjects have been asked such piquant questions
as, “Would you rather: a) admit Negroes to
your school for sure, or b) elect a 50-50 bet,
with heads signifying that one of your friends
marries a Negro and tails that Negroes be
allowed to ride in local buses“? A subject sel-
ecting alternative a) is inferred to hold a

greater value or utility difference between inter<

marriage.and school desegregation than between
school desegregation and bus desegregation.
Further new techniques may soon flow from
a model of choice behavior conceived by Duncan
Luce (1959). The basic axiom of this model is
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essentially that when one object is to be chosen
from a set of objects, the ratio of the probab-
ility of choice of A vs. B is independent of
the number and nature of other objects presented
along with A and B for choice.

Studies comparing scaling methods

Though not all methods have been compared
with all other methods, a number of comparison
studies have been made. Mosteller (1958) com-
pared a variety of assumptions for the under-
lying distribution in the paired comparisons
model -- rectangular, arc sine, mormal, expon-
ential, and a t-distribution with high tails --
and found that it makes almost no difference
which one is used. The correlations between
the resulting scales run from .9965 to .99998.
The scales may be characterized as very weak
quadratic transformations of one another.

. Jackson and Fleckstein (1957) compared a
variety of experimental and analytic methods
involving paired comparisons. The results

were extraordinarily insensitive to choice of
method. A representative correlation is .975.
Bliss, Greenwood and White (1956) made even
more-extensive comparisons of methods, including
ranking techniques as well as paired comparisons.
Again the picture is one of fantastically high
correlations among outcomes, especially when
differing analytical methods are used on the
same experimental data. When different types
of experimental data are compared, as with
-Scheffé's technique vs. a version of Kendall's
technique the correlation between scales drops
to its lowest, a rock bottom value of .990.
Jones (1958), Gulliksen (1953), and others have
compared different analytical solutions for
successive interval data. The correlations are
in the .99 range. Kelley,: Huvland-et.:al.(1955)
found a correlation of .910 between paired
comparison and successive intervals values. This
even in a situation where the category assign-
ments required for the successive intervals
method were very deviantly performed by the
judging group.

It is not surprising that paired compari-
sons and successive intervals scales are very
closely related, for after all, they are both
based on Thurstone's judgment model. Nor is it
surprising that paired comparisons scales corr-
elate highly with scales derived from:rank
ordering of the stimuli. (Incidentally, these
correlations can be astronomical. In one study
by Ross (1955), these two methods correlated
.998). Transitivity of choice (in a statisti-
cal, rather than an absolute sense) is an unexce-
ptioned’ finding in investigations to date
(Davidson & Marschak, 1957; Davis, 1958). No
matter whether rank ordering of objects is
done by separate pairs or all at once, the
results are essentially the same. There is good
reason to expect, too, that paired comparisons
scales extracted by Thurstone's method or the
Bradley-Terry method will prove almost identical.
Thus many of the high correlations between scales
derived by different methods can be rationalized
as mathematical necessities or as natural con-

sequences of mundane empirical regularities.

However, there are some correlations
between scales which are not so readily explain-
ed. Three disparate methods have been applied
to scale a set of nine color chips multi-dim-
ensionally -- that is, where scale values on
more than one dimension are assigned to each
stimulus. The three methods were:s a succes-
sive intervals method extended to the multi-
dimensional case (Messick, 1956) the so-called
complete method of triads due to Torgerson
(1952) and Shepard's method (1957) which uses
probabilities of confusion in learning responses
to the stimuli. Shepard (1958) has given the
correlations between the three methods on two
dimensions as around .98. Other striking ex-
amples of high correlation using disparate
methods occur in psychophysics. A most inter-
esting example is a recent study by Galanter
and Messick (1958). They applied both succes-
sive intervals scaling and the direct magnitude
estimation method to a set of stimuli varying
in physical loudness. The psychological loud-
ness determined by the two methods correlate
«896. I will say more about this study later.

A study by Benson and Platten (1956) comparing
these same two methods in the domain of prefer-
ences yields a correlation of .968.

There are other studies which could be
cited, but the long and short of the situation
is that it is almost impossible to find two
scaling methods which when applied to the same
stimuli will yield anything less than a very
high correlation. It appears that if the objects
of a given psychological domain possess suffi-
cient underlying order so that some one scaling
method is reliable, then any other reasonable
scaling method will reveal essentially the same
order. Any knife that cuts at all, even the
bluntest, will expose the same corpus. Mind
you, I am talking about scales of stimuli, not
about scales of people. Method comparisons on
the latter yield correlations that run eighty-
ish down through fifty-ish or lower. But as I
have already indicated, there are several reasons
for expecting a certain instability in people-
scales.

What is the nature of the underlying stim-
ulus constancies upon which different methods
converge? Is it that a stimulus scale basically
amounts to a rank order and that all metheds
reveal the true rank order? No, for even with
a rank order correlation of unity among n ob=
jects, the product-moment correlation can be as
low as I/J-I;L:T, or .33 for ten objects, .20
for twenty-six objects. Even if one deals not
with minimum possible correlations but with
expected or average correlations in some sense,
it is still evident that the obtained correla-
tions in comparisons of scaling methods are
much higher than could be accounted for by
postulating shared rank order alone. Something
even stronger than mere ordinality must typically
underly the set of stimuli. There are in prin-
ciple many gradations between ordinal measure-
ment and cardinal measurement. A very interest-
ing pursuit would be to try to find the level of
measurement coordinate with the magnitude of

icd



correlations commonly found between scaling
methods. Recent Work by Tukey and myself may
conceivably shed some light on this question
(Abelson & Tukey, 1958).

The objection may be raised that product-
moment correlation is not the most appropriate
indication of degree of equivalence between
two scales. A very high correlation occurs
when one scale is but a mild transfermation of
the other, yet the distortion might be the thing
which most interested us. A very high correla-
tion would also occur if two scales were line-
arly related save for a small number of deviant
stimuli displaced from the line of realtionship.
This displacement itself might be the phenomenon
of interest. Examples exist both of mild trans-
formation and of idiosyncratic discrepancies or
"bumps®.

In order to know whether scaling method
makes a difference, we must inquire into the
investigator's purposes. For some purposes,
the choice of a particular scaling technique
may not matter at all, while for others it may.

In order to draw some kind of a sample of
purposes from the population of current pur-
poses, I have inspected most of the scaling
articles in the psychological literature, 1954-
1957, listed in a previous comprehensive review
(Messick & Abelson, 1957). For each published
study, I noted the investigator's purpose, and
asked whether the conclusions would have been
different had he chosen some other scaling
method. I assumed that the worst that could
have happened via change in method would have
been the introduction of a few slight bumps in
the scale or else a mild transformation of the
entire scale. I classified the answers to the
question "Would it have made a difference?" into
three categories: yes, no, and maybe. In the
abstract for this paper, the figure 10% is given
for the percent of "yes"™ answers. At this jun-
cture¢ I feel that this percentage, though not
incorrect, is superficial. It takes no account
of the relative importance of various studies.

I think my best course at this point is to give
examples of studies varying in the degree to
which the scaling method made a difference.

At one extreme are studies in which the
purpose is to verify the existence of a gross
effect upon judgments of experimental or natural
conditions. For instance, it has been demon-
strated that when two foods are tasted at one
time point and preference judgments elicited at
a later time point, the difference in degree of
preference is far less than if the preference
judgments are given at the time of tasting
(Schwartz & Pratt, 1956). Any method of pre-
ference scaling would doubtless show the same
effects A study comparing the basic values of
college students in the U. S., India, and other
countries showed huge differences in value-
orientation (Morris & Jones, 1955). Any scaling
method would have found the essence of these
differences. And so on. Of course, where ex-
perimental conditions differ not grossly, but
subtly, there is more chance for -scaling method
to make a difference. However, suppose that two
scaling methods differ only in that one is a
mildly non-linear transformation of the other.
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Common experience with the analysis of var-
jance would indicate that sharp differences in
outcome are not at all likely to occur under
these circumstances (though, to be sure, the
analysis may feel more satisfying in one ver-
sion than in another). The choice between
methods is then based upon experimental con-
venience, richness of by-product information,
and the aesthetics of the analysis.

At the other extreme are studies where
the scaling method may make a crucial differ-
ence. I will cite four of these, typifying
the kind of purposes involved.

The previously cited study by Kelley et.
al. had both Negro judges and white judges
scale the favorableness of statements about
Negroes via paired comparisons. It turned out
that the scales produced by the two sets of
judges were almost perfectly linearly related
except for three statements which in the white
scale were displaced slightly but discernably
above where they were in the Negro scale.
Successive interval scaling did not reveal this
effect. The displacement happens to be con-
vincing in this case because the three dis-
placed statements concerned “separate but
equal® treatment of Negroes. The Negro judges
did not consider these so favorable to Negroes,
relatively, as did whites.

Another kind of crucial dependence upon
scaling method occurs when the investigator
wants to know the functional dependenge of a
psychological scale upon a physical ox natural
scale. Davidson, Suppes, and Siegel (1957)
scaled the utility of very small amoun'ts of
money by a lottery method similar to the one
mentioned before. With most subjects, utility
turned out to be very nearly linear in money.
Had another variety of scaling method been
used, utility might have turned out, say, a
square root function of monetary amount.

In the study by Galanter and Messick men-
tioned earlier, a successive intervals scale
of loudness yielded a rather different function
for the relation between subjective and object-~
ive loudness than did the magnitude estimation
method (even though the two methods correlated
.896).

In these two examples, scaling method
makes a difference to the extent that the re-
sulting function makes a difference.’ But here
we encounter a new consideration. The succes-
sive intervals method y}elds a logarithmic
psychophysical lawj the magnitude method yields
a power law. One may go from the latter to the
former by a logarithmic transformation and come
back with an exponential transformation. The
two methods are equivalent in the larger sense
that it is possible to go from one to the other
Who is to say which method is “"better“? The
issue seems again to come down to a question of
convenience.

One further example may clarify the pic-
ture. In a study by Cliff (1956), evaluative
adjective, and adjective-adverb combinations
were scaled for intensity by the successive
intervals method. Cliff then sought the rela-
tionship between the judged favorableness of
the combinations, such as “"rather evil", “de-
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cidedly charming”, etc. and the individual com-
ponents. He concludes that adverbs exert a
multiplicative effect upon adjectives. The
quantitative support for this conclusion is
really remarkably good. Let us imagine the
magnitude methods applied to the same stimuli
yielding scale values exponentially related to
Cliff's values. His law of adverbs would then
be lost. One would need the extra insight,
“Take the logarithm of the scale values and then
there will be a multiplicative law". The choice
between scaling methods yielding different func-
tions only begins to matter when these functions
are imbedded in still further operations.
One may also stop and ask, “How is it that
one method comes to yield a scale that is, say,
logarithmically related to another? What is
going on in the judgment process anyhow? This
question can be asked of the successive intervals
and magnitude methods and is as yet unanswered
to everybody's satisfaction. One needs a super-
ordinate model of the judgment process which will
explain both types of scale outcomes. Thus, as
has happened in other areas of psychology, one
starts out with an interest in psychological
content matter, constructs measurement devices
to deal with that content, and ends up studying
the interaction between measurement and measuree
instead of the original content matter. Expli-
cit models of judgment or choice processes,
like Luce's, thereby assume great importance.

Summary

In most applications of psychological
scaling techniques to objects other than people,
the results are monumentally indifferent to the
choice of scaling method. For most purposes,
the choice of method should be made in terms of
convenience. Three exceptions to this general-
ization ares 1) When the conclusions depend upon
slight bends or bumps along the scale of stimuli,
2) when a functional relationship is sought be-
tween the stimulus scale and some external scale,
provided that the function enters into some fur-
ther consequences, 3) When the interest is not
really in scale values at all but rather in a
model of what is going on in the response,
judgment, or preference process.

When looking for bumps or bends, one wants
to choogse the method that reveals meaningful
bumps clearly and at the same time suppresses
false or phrenological bumps. When looking for
furictional relationships, one wants to choose
the scale methods yielding the neatest relation-
‘ships. When testing models, one of course uses
methods appropriate to test the particular model
at hand.

It is extremely doubtful that any single
method will prove superior on all counts. We
will probably have to continue to live with too
many methods, differences that make no differ-
ence, and too few models.
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