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FOREWORD

HIS volume organizes some new thinking and research on
measurement and prediction in social psychology and sociology.
It grew out of the work of the Research Branch of the Information
and Education Division in the War Department in World War II.

Back of the substantive findings of the Research Branch, reported
in Volumes I and II of this series, stands a wide variety of method-
ological research. Selected contributions are described in detail in
YVolume III and in the present volume.

In Volume III, methodological problems involved in the use of
controlled experiments are analyzed in some detail, especially as
they apply to the field of mass communication.

In Volume IV the first eleven chapters deal with a theoretical and
empirical analysis of problems of measurement—particularly the
development of models of ordered structures or scales and practical
procedures for testing their adaptability to a given area of socio-
psychological content. Chapters 12 through 16 deal with problems
of prediction as illustrated by two of the major efforts of prediction
made by the Research Branch.

Chapter 1 provides an introductory overview to the contributions
to measurement and Chapter 12 performs the same office for the
contributions to prediction.

These reports leave out other fields of methodological endeavor in
which the Research Branch was interested. To cite one example,
efforts were made to improve methods of interviewing. Special
attention was given to informal and unstructured or partly struc-
tured interviews, as supplementary to the more standard question-
naire techniques generally used in the Branch. Some of this experi-
ence has been published elsewhere.!

As the introductory chapter in Volume I of this series pointed out,
the mission of the Branch was one which might be called an engi-
neering rather than a scientific one. To carry out the practical

! See, for example, Robert K. Merton and Patricia L. Kendall, “The Focused Inter-
view,”” American Journal of Sociology, Vol. 61, No. 6 (May 1946), pp, 541-557.
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n FOREWORD

engineering tasks, there was need for better research techniques.
Work on these techniques was, of necessity, incidental to the main
responsibility of getting reasonably accurate information quickly
into the hands of those who needed the information for policy deci-
sions. Hence, many of the social scientists, being keenly sensitized
to the shortcomings of techniques in current use, were often frus-
trated at not having more time to turn away from immediate prob-
lems to intensive study of these methodological challenges. Never-
theless, some progress was made, as will be seen.

In Volume I, Chapter 1, the view was expressed that the future
of social psychology and sociology calls for three developments:

1. Formulation of theories, at least of some limited generality,
which can be operationally stated such that verification is possible,
and from which predictions can be made successfully to new specific
instances.

2. Such theories demand that the objects of study be isolated and
accurately described, preferably by measurement.

3. Once the variables are identified, the test of adequacy of the
theory, in comparison with alternative theories, must be rigorous,
preferably evidenced by controlled experiment, and preferably repli-
cated.

By its contributions to measurement and prediction this volume
seeks to accelerate the advance of social science.

This is not a textbook. Neither is it a comprehensive treatise.
Rather, it organizes, as compactly as possible, a considerable amount
of fresh thinking on these problems, with copious illustrations from
Research Branch data.

While the basic concepts on which this volume is based developed
in large part in response to need for methodological improvement
of practical research operations in wartime, thinking has not stood
still since the war. This volume incorporates subsequent reflection
and research, although all empirical data are from Research Branch
materials. In the measurement field, for example, Louis Guttman
has extended and generalized the approaches which he initiated for
use in the War Department, and Paul F. Lazarsfeld, whose work
began in the closing stages of the war, has developed most of his sys-
tematic theory subsequently. Completion of this volume has been
made possible by a grant to the Social Science Research Council by
the Carnegie Corporation and by assistance from other sources.
The Harvard University Laboratory of Social Relations and the
Columbia University Bureau of Applied Social Research have con-
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FOREWORD h)

tributed facilities and funds. In 1948-1949 the RAND Corpora-
tion under Air Force Project RAND made available to Harvard
University a grant for further theoretical and empirical re-
search on socio-psychological measurement. While only partial
findings of the RAND study are available as this volume goes to
the printer, the experience on this study has been of inestimable
value in broadening the perspective of several of the authors of the
present volume and leading them to make late revisions in their
manuscripts—in some cases, revisions which are quite fundamental
in character. Other contributions to this volume also draw on
postwar research. John A. Clausen’s Chapters 15 and 16 on the
prediction of what veterans would do after discharge, for example,
depend in part upon data collected by the Veterans Administration
as a follow-up of the same individuals studied by the Research
Branch.

Special acknowledgment is due to Frederick Mosteller, who con-
tributed wise mathematical criticism to several of the chapters.
Preparation of the final manuscript was the responsibility of Stuart
Cleveland. The major proofreading task was performed by
Blanchard Lyon, who also prepared the index.

While this is a methodological volume, the content material used
for illustrative purposes in some of the chapters has an intrinsic sub-
stantive interest. For example, in Chapters 13 and 14, by Shirley
A. Star, tables are presented on the scores made on a psychoneurotic
inventory by all men in the United States inducted during a single
month. Data are given separately for each induction station.
These findings conceivably may have considerable impact on psy-
chiatry, since they provide for the first time a bench mark against
which to interpret the almost fantastic variations from one induction
station to another throughout the nation in psychiatrists’ diagnoses.

Most of the chapters can be read by the nonmathematician. But
some chapters demand mathematical literacy, and all are written
for the serious student.

We expect some of the topics to be rather highly controversial.
Several chapters represent a challenge to conventional thinking in
this field. But they are not conceived by their authors as defini-
tive. It is the hope that the study of these pages will inspire a
younger generation of social scientists to do better the tasks here
undertaken.

SAMUEL A. STOUFFER
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CHAPTER 1

AN OVERVIEW OF THE CONTRIBUTIONS
TO SCALING AND SCALE THEORY'

Introduction

ITAL to the development of social psychology and sociology as
Vscientiﬁc disciplines is the definition and classification of the
objects of study.

This requires rigorous yet economical methods for handling data
which are initially qualitative, not quantitative. The objective of
much of the Research Branch methodological endeavors, and of the
first eleven chapters of this volume, is to deal with theoretical models
of ordered structures or scales and with technical procedures for testing
the applicability of a particular model to a particular set of qualitative
data.

In the course of this work a number of general theories have been
developed which go well beyond present computational possibilities
but which may have important implications for the future.

Some of these results have already been published. Others have
been presented as papers before professional societies. In these
chapters the work is brought together in one place, in a form which,
it is hoped, will be maximally useful both to the researcher who
wants to make practical use of the new tools and to the scholar who
seeks to sharpen his knowledge of the shortcomings of these tools in
order to develop better ones.

It is to be expected that considerable sections of these chapters
will be controversial. The critical papers which have already ap-

! By S8amuel A. Stouffer. While the author has had the benefit of critical readings
of drafts of this chapter by the authors of Chapters 2 to 11, namely, Louis Guttman,
Edward A. Suchman, and Paul F. Lazarsfeld, as well as by other experts in the field,
he must assume responsibility for the summary statements in the present chapter. He
has sought as faithfully as possible to represent the points of view of these authors and
to reconcile divergencies of opinion, though not always succeeding completely, perhape,
to each author's satisfaction.

S
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4 SCALING AND SCALE THEORY

peared, based on fragmentary advance publications, are testimony
to the vitality of the problems with which these chapters deal.?

Origmal and challenging as some of the new concepts here intro-
duced may be, they represent only one small body of effort in a task
whose magnitude is likely to absorb the energies of some of our best
minds in psychology and sociology for many years to come. Itisa
task which has elicited effort from able scholars long before the war.

The thinking in these chapters owes a special debt to the prewar
work of L. L. Thurstone of the University of Chicago, whose adapta-
tion of psychophysical methods to attitude measurement was one of
the earliest achievements in combining systematic theory and com-
putational techniques in this area and whose subsequent leadership
in the field of factor analysis built upon the work of Spearman and
opened new vistas in psychological measurement generally. There
are many other scholars whose research added to our knowledge.
No systematic attempt will be made here to summarize this litera-
ture. It is assumed that the reader has some familiarity with it
and, in any case, a number of summaries are available.?

Most of that work represented an effort to apply quantitative
methods to qualitative data. While the reader will soon discover
that the present volume involves some quite diverse approaches
based on diverse premises, the one thing which these chapters have
in common, differentiating them from the prewar work, is their effort
to treat qualitative data as qualitative, not quantitative.

Perhaps the most drastic departure from earlier approaches is
represented in the initial thinking of Louis Guttman. In 1940, just
before the war, Guttman contributed a series of studies on the logic
of measurement and prediction to a monograph of the Social Science
Research Council.* This work contained the basic principle of ideas

? For a discerning summary of this literature, see Jane Loevinger, ‘“The Technic of
Homogeneous Tests Compared with Some Aspects of ‘Scale Analysis’ and Factor
Analysis,” Psychological Bulletin, Vol. 45, No. 8 (November 1948), pp. 507-529.

3 Thurstone’s approaches to attitude measurement based on psychophysical methods
are summed up in a recent paper by him published as Chapter 5 in T. G. Andrews
(editor), Methods in Psychology (John Wiley & Sons, Inc., New York, 1948). On his
factor analysis, see L. L. Thurstone, Multiple Factor Analysis (University of Chicago
Press, Chicago, 1947). The best prewar elementary textbook on measurement in pey-
chology is probably J. P. Guilford, Psychometric Methods (McGraw-Hill Book Com-
pany, New York, 1936). David Krech and Richard S. Crutchfield, Theory and Prob-
lems of Social Psychology (McGraw-Hill Book Company, New York, 1948) has a
relatively up-to-date bibliography in Chapter 7, “The Measurement of Beliefs and
Attitudes.” One of the most complete bibliographies of the literature on attitudes in
general is that in Muzafer Sherif and Hadley Cantril, Ths Psychology of Ego-Involve-
ments (John Wiley & Sons, Inc., New York, 1947).

4 Louis Guttman, “The Quantification of a Class of Attributes: A Theory and Method

for Scale Construction,” in P. Horst et al., The Prediction of Personal Adjustment (S8ocial
Science Research Council. New York, 1941), pp. 319-348.
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BCALING AND S8CALE THEORY b

which he was to apply in the Research Branch a year later and which
were to be greatly expanded theoretically and adapted for quick
practical use.

Guttman offered a model which dispenses with the concept of a
latent or underlying continuum to which the response to a particular
item is to be related. He considered an attitude area “scalable’ if
responses to a set of items in that area arranged themselves in cer-
tain specified ways. In particular, it must be possible to order the
items such that, ideally, persons who answer a given question favorably
all have higher ranks than persons who answer the same gquestion un-
favorably. From a respondent’s rank or scale score we know ex-
actly which items he endorsed. Thus we can say that the response
to any item provides a definition of the respondent’s attitude.

Guttman and his associates in the Research Branch developed
simple and practical techniques for testing hypotheses as to whether
attitude areas were scalable by this definition. Not all attitude
areas satisfied the criteria of goodness of fit of the model, but it was
possible to find many areas which seemed to be scalable and several
hundred such scales were worked out during Research Branch ex-
perience. Also important, theoretically, is the fact that the ranking
of people by the Guttman model appears to represent only one of a
set of principal components. 1In fact, if there are m scale types or
rank groups, in the case of perfect scalability, there are m principal
components which Guttman found to have a definite law of for-
mation. The first component is a monotonic increasing function of
the ranks—a straight line in the special case where the frequencies
are the same for each rank group. The second component will al-
ways be a U-shaped or J-shaped curve with one bend in it. This
has been interpreted by Guttman as a measure of intensity, leading,
in the ideal case, to the determination of an objective zero point, at
the point where the curve of intensity is a minimum.

The perfect Guttman scale is not likely to be found in practice,
but satisfactory approximations to it are not so rare as some critics
of the early papers describing it have implied. In analyzing data
which failed to fit the model, Guttman has distinguished between
two classes of misfits. One, which he calls the guast scale, has the
property that the errors are at random. He proves that the corre-
lation of the quasi scale with an outside criterion is the same as the
multiple correlation between responses to the individual items form-
ing that scale and the outside criterion. This important result leads
to great operational economies and justifies the use of sets of items
from an area not scalable in his strictest sense. 1If the condition of
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6 SCALING AND SCALE THEORY

random errors is not satisfied we are confronted with what are called
nonscale types. These nonscale types set problems for further anal-
ysis, by indicating the presence of more than one variable. Inten-
sive study in any given situation may lead to the dissection of a
supposed attitude area into two or more subareas each of which may
turn out to be scalable, in Guttman’s sense, when analyzed sepa-
rately.

Further research is needed on the quasi scale viewed simply as a
system of manifest responses, without necessarily postulating an
explicit underlying or latent continuum.

In the last years of the war, Paul F. Lazarsfeld, while a consultant
in the Research Branch, became especially concerned with these
quasi scales. For several years he had been interested in the classi-
fication of attributes, and especially in the properties of partial four-
fold tables, on which Yule had written many years before with much
insight in the opening chapters of his Iniroduction to the Theory of
Statistics. As a result of his studies, Lazarsfeld proposed a fresh
attack on the fundamental conceptualization of the scaling prob-
lem.

What Lazarsfeld proposed was a return to the older concept of a
latent aititude continuum. Guttman, before the war, had studied,
perhaps more thoroughly than any other person, the possibilities of
this approach but had turned for the time being in a new and dif-
ferent direction because he saw clearly that conventional methods
of quantitative factor analysis, stemming from Spearman, were in-
appropriate for handling qualitative data. Lazarsfeld’s primary
achievement was to bring forth a new model for directly factoring
qualitative data. Therefore, it would now seem to be practical to
test quite rigorously the following basic hypothesis: There exists a
set of latent classes, such that the manifest relationship between any two
or more ilems on a lest can be accounted for by the existence of these
basic classes and by these alone.

This implies that any attitude item has two aspects—one which is
associated with the latent classes and one which is specific to the
item. The specific aspect of any item is assumed to be independent
of the latent classes and also independent of the specific aspect of
any other item.

The analogy with the Spearman-Thurstone approach in quanti-
tative factor analysis and indebtedness to it is obvious. The con-
trast with Guttman’s approach also should be clear. Guttman’s
model deals only with the manifest relationship among attitude
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SCALING AND SCALE THEORY 7

items and defines an attitude directly as the observed responses to
these items. Lazarsfeld defines an attitude as an inference as to
latent classes, tested by fitting to the manifest data an appropriate
latent structure model.

Lazarsfeld’s approach is quite general as to the number of latent
classes. Moreover, these classes may or may not be ordered. In
the very important special case where they are ordered along a
single dimension, Lazarsfeld has achieved further generalizations of
importance. He conceives of the latent classes as segments of a
continuum z. Over this latent attitude continuum, the probability,
p(z), of a “favorable’’ response to a given specific attitude item, may
be described as a continuous function of z. Such a “trace line” can
take any shape, but the study of relatively simple types of ‘‘trace
lines,” such as the straight line and polynomials of second and third
degree, is proving to be of much interest.

It turns out, further, that Guttman’s quasi scale can be derived
analytically as a special case of latent structure analysis, Guttman’s
perfect scale becoming a limiting case of the quasi scale.

In comparing the approaches of Guttman and Lazarsfeld to the
problem of testing whether or not ordered structures apply in a
given attitude region, it is important to avoid metaphysical faith in
a particular model. For example, if one can dispense with the con-
cept of a latent structure and operate effectively directly with mani-
fest data, as Guttman does, there could be advantages of logical
parsimony in the Guttman approach. The fact that a perfect
Guttman scale is not obtained except approximately is not in itself
a denial of the value of that model. The crucial question is whether
it has ideal properties from which one may make rich and varied
logical deductions—as seems to be possible in connection with the
theory of. principal components—and whether it leads to rapid and
enlightening empirical tests of hypotheses as to the structure of con-
crete attitude areas. Similarly, it will be noted that Lazarsfeld’s
postulate of a continuous trace line p(x) cannot itself be empirically
demonstrated. However, as will be shown in this volume with
numerical examples from Research Branch data, the hypothetical
latent continuum z can be cut into segments and discontinuous
values of p(z) determined empirically for each segment. The latent
continuum is a hypothetical construct and its usefulness lies in its
range of logical productivity and its effectiveness in guiding the
analysis of actual data.

In this volume, we have not been content merely to present the

N~
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8 SCALING AND BSCALE THEORY

mathematics of these new approaches to the problem of testing
hypotheses of ordered structures. We have sought also to provide
the details of computing techniques by which various hypotheses
can be tested empirically. This volume contains many concrete
examples from Research Branch data. The development of com-
puting equations and of short-cut methods for clerical operations is
second only to the formulation of the basic theory in its importance
for progress in this field.

The initial objective in applying one or another of the various
proposed models is to discover whether, with a given set of items,
an area is scalable. A second objective, if a scalable dimension is
found, is to order respondents along that dimension in a practical
operation.

There are many methods in current use for ordering respondents.
The term ““item analysis’”’ is commonly used to describe most such
operations. Usually, a provisional total score is computed by add-
ing up a person’s responses to items initially weighted, and decision
as to whether or not to retain a particular item in the ‘“‘scale” turns
on how highly the responses to it are correlated with the provisional
total score. The objection to this procedure is that, at the end, one
is still likely to be retaining several dimensions in a single so-called
“scale.”” Such a ‘“‘scale’” may appear to order respondents, but it
is not backed by a theoretical model which provides a serviceable
criterion that these respondents have been ranked along one dimen-
sion only.

The Research Branch, like most practical research agencies, faced
a situation in which it was usually not economical to use more than
a few items in a given attitude scale. Or, if the presence of several
dimensions was suspected, it was not possible to use large batteries
of tests to isolate these dimensions. Moreover, it was adequate
to order people in a few rank groups, provided there was a single
demonstrable dimension. It was not necessary, nor is it likely to
be necessary in much of the social and psychological research of the
near future, to have a very large number of rank groups.

One of the fortunate results of the developments reported in the
following chapters is the evidence that—if an attitude area is scal-
able—a relatively small number of items is sufficient for classifying
people for many practical purposes. Thus, while a larger number
of items may be required in pretests in order to study the structure
of each attitude, only a small number of items need be used in a final
study for those attitudes which are scalable.
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SCALING AND SCALE THEORY 9

It may be objected that the price one pays for unidimensionality
is loss of generality. That can be true. But, if a given region of
attitudes is not unidimensional it does no good to close our eyes to
that fact and pretend that it is. Instead, if the region yields sev-
eral quite specific scales, each clearly unidimensional, we are then
in a position to proceed more economically with an explicitly multi-
ple dimensional study, testing theories of the interrelationships of
the scales used. This study may require us to try eventually to re-
duce the number of these initial dimensions by some form of quanti-
tative factor analysis. But the first step is analysis of the structure,
in an effort to isolate clean unidimensional specific scales.

In order to give the reader further orientation as to the viewpoints
and findings of the chapters to follow, we shall now review in some-
what more detail, without mathematics, (1) the Guttman approach
to the testing of hypotheses as to ordered structures and (2) the
latent structure approach as developed by Lazarsfeld. These will
be viewed in terms of the objective of finding among respondents a
rank order along a particular attitude continuum, if such exists.
Finally, (3) we shall take a preliminary look at the problem of utiliz-
ing indices of intensity of attitude to locate a ‘“‘zero point” or “re-
gion of indifference.”

1. The Scalogram Theory of Establishing Rank Order

The approach which was developed in the Research Branch under
the guiding hand of Louis Guttman has been named scalogram anal-
ysis. Several attitude areas were analyzed during the war to see
whether items from these areas could be accepted as scalable. Some
of them have been used in earlier volumes of this series. As experi-
ence proceeded, some of the earlier criteria were revised, and many
of the areas once deemed sufficiently scalable do not satisfy the more
rigorous criteria subsequently imposed. But the general logical out-
line, which is quite a simple one, has stood the test of a wide variety
of applications. '

The scalogram hypothesis is that the items have an order such
that, ideally, persons who answer a given question favorably all have .
higher ranks on the scale than persons who answer the same question
unfavorably. From a respondent’s rank or scale score we know ex-
actly which items he endorsed. Thus, ideally, scales derived from
scalogram analysis have the property that the responses to the indi-
vidual items are reproducible from the scale scores.

In practice, this ideal is not perfectly attained. In Chapters 3 «
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10 SCALING AND SCALE THEORY

and 4 standards are set forth for accepting data as constituting such
ascale. There have been some misunderstandings in the profession
as to these standards, and as to the reasoning as well as the em-
pirical experience on which they are based.

The standards have been and doubtless will be criticized from two
quite opposite points of view: (a) that they are too lenient, permit-
ting areas to be accepted as scalable when they are not, and (b) that
they are too stringent, limiting too severely the number of areas
which can be accepted as scalable. There is an arbitrary element
of judgment involved in arriving at a standard, just as there is in
arriving at a standard such as the 5 per cent level for a test of sig-
nificance in sampling theory. It is quite possible that some of the
standards here proposed may be changed with increasing experience.
Research Branch experience has shown that when the proposed cri-
teria are adopted, many areas have been found to be scalable; rank
scores based on even a small number of items from such an area
necessarily have high test-retest reliability (according to a theorem
of scalogram analysis) and have been found in practice to correlate
satisfactorily with external variables.

The items used in a scalogram analysis must have a special cumu-
lative property. The general idea may be illustrated by a hypo-
thetical scale of stature comprised of responses to three items:

1. Are you over 6 feet tall? — Yes No
2. Are you over 5 feet 6 inches tall? —Yes No
3. Are you over 5 feet tall? —Yes No

If a person checks item 1 “Yes,” he must, unless he is careless,
also check items 2 and 3 “Yes.” If he checks item 1 “No” and
item 2 “Yes” he must also check item 3 “Yes.” Hence, if we give
a score of 2 to a man who has endorsed two items we know exactly
which two items he endorsed. He could not say ‘“Yes” to item 1,
“No” toitem 2, and “Yes” toitem 3. The four admissible response
patterns to the three items are shown below:

Rank order of Says yes to Says no to
respondents Score tem item
1 2 8 1 2 3
1 3 X X X
2 2 X X X
3 1 X X X
4 0 X X X
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SCALING AND SCALE THEORY 11

This simple diagram is called a scalogram—hence the name scalo-
gram analysis for the procedure.

It is essential to note that the items are cumulalive. A man who
answers ‘‘Yes'’ to item 1 has the stature of a man who answers ‘“Yes”
to item 2 and ‘“No’’ to item 1, plus additional stature. Thus the fol-
lowing items would not yield a scale in a scalogram analysis. They
are not cumulative.

1. Are you over six feet tall? — Yes No
2. Are you between 5 feet 6’ and 6 feet tall? _____ Yes No
3. Are you between 5 feet and 5 feet 6" tall? ______ Yes No
4. Are you under 5 feet tall? — Yes No

Here it is possible to make only one affirmative response and we
must use additional knowledge of the fact that a man who says
‘““Yes” to item 1 is taller than a man who says “Yes” to item 2 if
we are to order the items. The scale picture would look as follows:

Rank order of Says yes to Says no to
respondents item ttem
1 2 8 4 1 2 8 4
1 X X X X
2 X X X X
3 X X X X
4 X X X X

In this example, the order of the items is implicit in the structure
of the questions. Where this is not the case, a device sometimes
used is to have a set of judges rank the items in advance. The con-
sistency with which the judges agree in their initial ranking can be
evaluated. But since only one answer is permissible, there is no
test of internal consistency of the subsequent respondents. Such a
test could be devised by, for example, asking each respondent to
check “Yes” to the two items closest to his position. This would
reduce the number of rank groups, but would provide objective evi-
dence of order such that initial judges would no longer be needed,
although they might still be useful. The scale picture would be:

Rank order of Says yes to Says no to
respondents ilem item
1 2 8 4 1 2 8
1 X X X X
2 X X X X
3 X X X X
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12 SCALING AND SCALE THEORY

It would seem to be quite possible to use as a model this type of
“interval” or ‘‘position” scale. In fact, Frederick Mosteller has
developed the theory of such a scale, in connection with a study of
scaling sponsored by the RAND Corporation at the Harvard Lab-
oratory of Social Relations. It will be noted that the cumulative
type of item which fits the scalogram model will not fit this model,
and vice versa.

One can handle the stature items 1, 2, 3, and 4 above in still other
ways. For example, the respondent might be asked to rank the
four stature intervals in terms of their closeness to his height. If
he is 5 feet, 2 inches tall, the order would be interval 3, rank 1;
interval 4, rank 2; interval 2, rank 3; interval 1, rank 4. For all
respondents, we would get the following scale picture (the man
whose stature is 5 feet, 2 inches, is in rank group 5, for example):

Rank order of Rank assigned to
respondents item number
3

OO0 D e e
QLWWN N W
DD = = DD QO W

— D0 CO B B
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The same result could be derived from a set of n(n — 1)/2 paired
comparisons, which would have the additional advantage of pro-
viding a check on the internal consistency of an individual as well as
the internal consistency of a group of individuals. Questions would
be of the type:

Which of these is closer to your stature? (Check one)
Over 6 feet
Between 5 feet 6’ and 6 feet

All of these examples illustrate how a model can be set up without
explicitly postulating a latent continuum. The ordering of manifest
responses if perfectly consistent will reveal the appropriate structure.®

$ Thurstone’s law of comparative judgment postulates an underlying continuum and
seeks to derive, usually with the aid of the method of paired comparisons, not only a
rank order but a metric. In psychophysical measurement, such as the classical example
of lifted weights, the assumption is made that each individual respondent has the same
position and that variations in judgment either within the same individual or between
a group of individuals represent discriminal error. This discriminal error provides a
unit of measurement. But in the present example, each individual can be perfectly
consistent in all his responses, yet because each individual can have a different position
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SCALING AND SCALE THEORY 13

The scalogram model, requiring cumulative items, has at the present
time been studied far more thoroughly than these others. There-
fore, our attention will now be focused on it. We must keep clearly
in mind the fact that the cumulative character of the items satis-
fying a scalogram analysis puts a restriction upon the type of data
which can be used with this model. Yet the restriction is not, in
practice, as severe as may at first appear.

It is often possible to find items which have an intrinsic cumu-
lative character. The prototype is perhaps the social distance
scale, with such items as the following:

1. Would you want a relative of yours to marry a Negro?
2. Would you invite a Negro to dinner at your home?
3. Would you allow a Negro to vote?

An illustration from Research Branch data of this type of intrinsic
scale may be taken from a study of riflemen overseas who had re-
cently experienced combat. The data are presented more in detail
in Chapter 5. It was desired to see if there was a scale order in the
way in which respondents reported experiencing fear. The follow-
ing question was asked:

Soldiers who have been under fire report different physical reactions to
the dangers of battle. Some of these are given in the following list. How
often have you had these reactions when you were under fire? Check one
answer after each of the reactions listed to show how often you had the re-
action. Please do it carefully.

[There followed 10 items, each with a four-step check list. For ex-
ample:

Shaking or trembling all over
Often
—Sometimes
— Once
— Never]

A scale picture (shown in Chapter 5, Scalogram 7) indicated that
nine of these items formed a very satisfactory scale when ordered as
follows:

1. Urinating in pants
- 2. Losing control of the bowels

(i.e., different stature), the group variability will not represent discriminal error. De-
tailed analysis of this phenomenon has been made by Clyde H. Coombs, in connection
with his work on the RAND study at the Harvard Laboratory of Social Relations.
Among other things, he has shown that a rank order table like that above, or a paired
comparisons table, does reveal under certain conditions whether some rank intervals
have greater magnitude than others.
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14 SCALING AND SCALE THEORY
Vomiting

. Feeling of weakness or feeling faint

. Feeling of stiffness

. Feeling sick at the stomach

Shaking or trembling all over

. Sinking feeling of the stomach

. Violent pounding of the heart

© 00D oW

One item—*‘cold sweat’’—did not fit into the scale; that is, some
people who experienced less frequent fear symptoms than cold sweat
also experienced cold sweat, but this was also true of some people
who experienced more frequent symptoms than cold sweat. Hence
“cold sweat”’ was shown to involve a factor or factors additional to
the scale variable.

The fact that the nine items satisfied the scalogram criteria means
that if a man did not report vomiting, for example, he also did not
report urinating in his pants or losing control of his bowels. If he
did report vomiting, he also reported all of the other experiences
(4 through 9 on the list) which were generally more frequent than
vomiting. In this case he would have a score of 7 and if the scale
were perfect we would know exactly which seven experiences he re-
ported. Actually, of course, the scale was not quite perfect. By
an easy procedure, described in Chapter 4, it was possible to com-
pute a coefficient of reproducibility, which was .92. This means that
if we knew any scale score, such as 7, and if we guessed the exact
items which respondents with this scale score endorsed and did not
endorse, we would guess 92 out of 100 of the items correctly and 8
out of 100 incorrectly. The scale picture also met other criteria
described in Chapters 3 and 4, with respect to individual item repro-
ducibility, wide range of margmals, and randomness of error.

It may be that only a limited range of psychological and social
phenomena have the intrinsic cumulative characteristic described
above. An area which should eventually be quite rich in data of
this type should be that of level of difficulty. For example, three
problems in calculus:

1. Integrate :—: = zy(y — a)

dy
2. Integrate 3= 2t

3. Differentiate y = z?

It is unlikely that a person who can do problem 1 would fail on prob-
lems 2 and 3, and it is also unlikely that a person who failed on prob-
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SCALING AND BSCALE THEORY 15

lem 2 could do problem 1. In other words, if A has a higher score
than B, A can do all that B can do, plus something more.

The possibility should be faced, however, that large areas of psy-
chological or social behavior may not yield items which approximate
the scale pattern required by scalogram analysis. For example, a
short catalogue of psychosomatic symptoms which the Research
Branch used in constructing a psychiatric screening test simply did
not order itself in a manner satisfying the rigorous criteria set up.
That is, a man who said he was bothered with shortness of breath
might or might not complain of spells of dizziness, and vice versa.
As we shall see later, it is still possible to construct a scale—cal'ed
a quasi scale—which lacks the property of reproducibility but which
does have the valuable property of yielding the same correlation with
an outside criterion as does the multiple correlation of the individual
ilems with that criterion.

It is frequently possible, however, to order items cumulatively
(and hence to order respondents) by constructing items with multi-
ple check lists and choosing cutting points by combining categories
such that the error of reproducibility is minimized.

Consider, for example, three items which happen to have uniform
format. (Such uniformity is not at all essential—the number of
response categories can vary arbitrarily from item to item and the
wording of the categories can be varied):

1. How many of your officers take a personal interest in their men?

1 All of them

2 _______ Most of them

3 About half of them

4______ Some of them

5 Few or none of them
2. How many of your officers will go through anything they ask their men

to go through?

1 All of them

2 Most of them

3 About half of them

4 Some of them

5 Few or none of them
3. How many of your officers are the kind you would want to serve under
in combat?
1 All of them
2 Most of them
3 — __ About half of them
4 Some of them
5 Few or none of them
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16 BCALING AND SCALE THEORY

If each item is dichotomized by taking the two top categories as
“favorable”’ responses, the three items will not ordinarily form a
scale by scalogram analysis. In a sense, in spite of manifest dif-
ference in content, these three particular items are more or less
synonymous. Hence, the frequencies probably will not be cumu-
lative. However, if for item 1 we take response category 1 as
“positive,” for item 2 response categories 1 and 2, and for item 3
response categories 1, 2, and 3, we perhaps can build a cumulative
set of items. This is, of course, just one of various ways in which a
cumulative set of responses might be built from these items. The
procedure for selecting cutting points which will maximize scalability
has been reduced to a simple routine and is described in detail in
Chapter 4. It is not arbitrary, but is based upon a study of the
stmullaneous distribution of all the original responses.® From a
practical standpoint, the operational procedures developed in the
Research Branch for swiftly evaluating a large number of questions
simultaneously may rank as one of the major contributions of the
Branch to social science technique. Work which would have re-
quired hundreds of hours of elaborate machine analysis can now be
done in a few hours by one semi-skilled clerk. The reader will find
a full description of the operations in Chapters 4 and 5, with a dia-
gram for the construction of a scalogram board, which remarkably
facilitates the scaling process.

There can be no doubt that the empirical choice of cuttmg points
on more or less synonymous items in order to achieve a set of cumu-
lative responses is rather crude. It needs to be studied and criti-
cized. But it does supply an ordering of respondents with a high
degree of reliability and the ultimate test will be its utility in com-
parison with other techniques.

Relatively few of the scales described in this volume can be strictly
described as based on near synonymous items of the kind illustrated
above. In Chapter 4, for example, the detailed procedures used in
working out a scale of general attitudes toward the Army are de-
scribed. Twelve items comprise this scale, and some of the items

¢ Two people can check different response categories and still have the same attitude,
because they differ in verbal habits. For example, one person may have a general
tendency toward extreme statements and say ‘“‘all of them"” to a given question, whereas
another person may have the same attitude toward officers but express it on the same
question by answering “most of them.” If these two responses are treated as separate
categories they could exhibit substantial error of reproducibility, which tends to vanish
when the categories are combined (that is, treated as though they were the same re-
sponse). The scalogram analysis shows how best to combine categories in order to
reduce errors of reproducibility.
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BCALING AND BCALE THEORY 17

rather closely resemble each other in format. But they are cer-
tainly not synonymous. Consider four of them:

In general, do you think you yourself have gotten a square deal in the Army?
Yes, in most ways I have

In some ways yes, in other ways, no

No, on the whole I haven’t gotten a square deal

In general, how well do you think the Army is run?
It is run very well

It is run pretty well

It is not run so well

It is run very poorly

Undecided

Do you think the Army has tried its best to look out for the welfare of
enlisted men?
— Yes, it has tried its best
It has tried some, but not enough
It has hardly tried at all

Do you think when you are discharged you will go back to civilian life
with a favorable or unfavorable attitude toward the Army?

Very favorable

——— Fairly favorable

— About 50-50

— Fairly unfavorable

—— Very unfavorable

These items, along with eight other items also of a general charac-
ter but varying in format, were found to cumulate, after the choice
of appropriate cutting points, such that they satisfied the scalogram
criteria. The operations, step by step, are described in Chapter 4.

The greater the variety of questions, of course, the wider the
generalization which can be made about the coverage of a particular
scale, assuming that criteria of scalability are satisfied.

It is recommended in Chapters 3 and 4 that a relatively large
number of items, preferably as many as ten or twelve, be used in
the initial testing of the hypothesis of scalability, and that, if pos-
sible, some of these items be trichotomized rather than dichoto-
mized. This will ordinarily make it quite difficult to achieve high
reproducibility, but protects against spurious results which might
be obtained by chance with only three or four dichotomous items.

Critics of the use of only three or four items seem to have over-
looked an important distinction, namely, that while it is desirable
to use as many as ten or a dozen items in initial testing of scal-
ability, a smaller number of items can be safely selected from the
scalable list for practical research purposes. If a dozen items re-
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18 BCALING AND S8CALE THEORY

veal a scale pattern, then a smaller number selected from these
dozen will show the same pattern (though with fewer ranks). Be-
cause they belong to the same scale, according to scalogram criteria,
a smaller subset of items finally selected for use—possibly com-
prising only three or four—will of necessity correlate very highly
with other subsets of items in the same scale, as is proved in Chap-
ter 8 and illustrated with numerical examples. Items comprising
such a subset will have higher reliability than similar items from
most other types of scales, since each response is a definition of the
respondent’s position on a single continuum and is minimally cor-
rupted with other affective material which correlates with some
items and not with others.

In fact, one of the important consequences of finding an attitude
to be scalable is that one is then justified in selecting three or four
items which can be used to order respondents in a limited number
of ranks. It may be possible eventually to use a pretest for select-
ing a single item for practical use—such as is the staple of much con-
ventional market research or public opinion polling. But now the
item is selected with full knowledge as to its place in the attitude
structure. Intensity analysis in particular, as discussed in the last
section of this chapter, may help determine objectively which item
is unbiased with respect to the attitude as a whole, in the sense of
dividing people into two groups, those favorable and those unfavor-
able on a given issue.

In attitude research of the future, an important desideratum will
be to obtain simultaneous measures on a large number of continua
from a given respondent. Scalable attitudes lend themselves par-
ticularly well to this in practice. Why? Because each attitude can
be represented by only a few items, so that a large complex of atti-
tudes can be observed in a single study. Thus multiple factor anal-
ysis might be employed to construct a typology of these continua,
and we may well be on the road to an analysis of socio-psychological
problems comparable to the road which has led to progress in the
study of human abilities.

When the hypothesis of the scale structure is found not to be borne
out by the observed data, the attitude items may still have an or-
dered structure, as has been sa d, namely, that of the quast scale.
The conditions for existence of a quasi scale need more study than
is provided in this volume. Here we are focusing attention on the
Guttman procedure. There is, of course, the possibility that en-
tirely different models might have fitted the data.
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BCALING AND BCALE THEORY 19

The examination of the properties of quasi scales in particular
and of scalogram analysis in general, which was begun by Paul F.
Lazarsfeld while a consultant in the Research Branch, led to the
development of a fresh approach to the problem of ordering re-
spondents, which will be described in the following section.

2. The Latent Structure Theory

. The conceptual models which the latent structure approach pro-
vides are described in algebraic and numerical detail in Chapters
10 and 11. In the present context we shall merely sketch the out-
lines of the ideas, indicate something of their possible implications

. for the future, and provide a numerical illustration from Research
Branch data. While the development of the latent structure theory
grew directly out of Lazarsfeld’s work as consultant in the Research
Branch, and has benefited from consultation with members of the
Branch, its detailed working out did not come until after the end
of the war.

The latent structure approach is a generalization of Spearman-
Thurstone factor analysis. The basic postulate is that there exists
a set of latent classes, such that the manifest relationship between any
two or more items on a questionnaire can be accounted for by the exist-
ence of these latent classes and by these alone. This implies that any
item has two components—one which is associated with latent
classes and one which is specific to the item. The specific com-
ponent of any item is assumed to be independent of the latent
classes and also independent of the specific component of any other
item.

The theory is quite general as to the number of latent classes.

In order to familiarize the reader with the fundamental idea, let us

first consider the special case where the number of latent classes is
two.

This special case, which is called latent dichotomy analysis, to dis-
tinguish it from the more general concept of latent structure analy-
sis, is quite simple to understand and, as will be shown, has some
interesting properties.

In applying the latent dichotomy model we seek to partition the
sample into two classes of respondents—those who possess the
latent character and those who do not. The latent dichotomy is,
of course, an inference. Whether or not a given set of items can be
fitted by a latent dichotomy has to be determined from the data,
which ideally must satisfy a very rigorous criterion.

Google



20 SCALING AND SCALE THEORY

This criterion requires, as already indicated, that all of the rela-
tionship between any two questionnaire items be accounted for by
the hypothetical latent dichotomy. Suppose that all respondents
had labels which permitted us to sort them into two classes—those
possessing the latent character and those not possessing it. Our
criterion requires that, among those possessing the latent character,
there be no association or correlation between the responses to any
two individual items. Similarly, among those not possessing the
latent character, there be no association or correlation between the
response to any two individual items. We shall make this concrete
with a numerical example presently.

Actually, as we shall see, the ideal criterion conditions for a latent
dichotomy are not likely to be realized. But they may be approz-
imately realized—at least with a close enough approximation to
satisfy us that the model is appropriate for a given set of items. If
80, we can then use the information obtained to order the respond-
ents.

For each response pattern—for example, + — + —, a pattern
in which a person is favorable on item 1, unfavorable on item 2,
favorable on item 3, and unfavorable on item 4—we can estimate
how many possess the latent character and how many do not We
can therefore calculate an estimate of the proportion who possess the
latent character. We can do this for all possible response patterns.
We can then put the response patterns in rank order according to
the rank order of the proportions estimated as possessing the latent
character. Since the individual respondents must fall into response
patterns, we have ordered the individual respondents, except that
all those with the same response pattern are of course tied in rank.

It will be seen at once that the latent dichotomy concept hypothe-
sizes a fundamentally different structure from that of the cumu-
lative scale model.

The scalogram model considers the response to each item as pro-
viding a definition of the respondent’s attitude on the subject of the
particular attitude scale. The latent dichotomy model does not
require us to call a response to a particular item a definition of the
respondent’s attitude. Instead, it requires that we conceive of his
response a8 having two components—one, which is a manifestation
of a latent character and the other, which is specific to the item.
Thus two items endorsed by a person, such as, ‘“The British are
brave fighters”’ and ““The British are unselfish allies” may not serve
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SCALING AND SCALE THEORY 21

as definitions of the same attitude, by scalogram analysis, but may
prove to possess a common latent dichotomy, as well as residual
content which is specific for each item, respectively. But note—
the residual specific content of the two items must be unrelated.
That is, among all men possessing the latent character, those who
say the British are brave must be no more likely to say the British
are unselfish allies than do those who do not say the British are
brave. All the association between these two items must be at-
tributable to the common latent character which they possess.

Now let us look at some numerical data, from a Research Branch
attitude survey, which will help the reader see concretely what goes
on when the latent dichotomy model is approximately realized.

We shall take the same four items on general attitudes toward the
Army which were cited in the previous section of this chapter, using
data from a sample of 1,000 noncoms, studied in October 1945.
Responses are dichotomized, not as in scalogram procedure by
choosing cutting points in such a way as to minimize scalogram
error, but according to what seems, a priori, to be the manifest con-
tent of the response. We have:

1. Do you think the Army has tried its best to look out for the wel-

fare of enlisted men?
Proportion saying, ‘“Yes, it has tried its best” 254
2. In general, do you think you yourself have gotten a square deal in
the Army?
Proportion saying, ‘“Yes, in most ways I have” 300

3. Do you think when you are discharged you will go back to civil-
ian life with a favorable or unfavorable attitude toward the Army?
Proportion saying, ‘“Very favorable’” or “Fairly favorable” .374

4, In general, how well do you think the Army is run?
Proportion saying, “It is run very well” or “It is run pretty
well” 841

Now, after responses to each of these four items are dichotomized,
there will be 2¢ = 16 possible response patterns, determined from
cross tabulation. In Table 1, column 1, the number of cases with
each of the 16 response patterns is shown. For example, there are
75 cases with the response pattern 4+ + + +, favorable on all four
items. There are 55 cases with the response pattern + — + +,
favorable on items 1, 3, and 4 and unfavorable on item 2, etc.
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22 SCALING AND SCALE THEORY
TABLE 1

SoLpiErs wWiTH VARIOUS RESPONSE PATTERNS RANKED ACCORDING TO

PrOPORTIONS P088SESSING LATENT CHARACTER OF FAVORABLE
ATTITUDE TOWARD THE ARMY

ADJUSTED NUMBER OF CABES

Proportion
Response Observed Possessing  Not possess- possessing
pattern number latent ing latent latent
Item of cases Total character character character Rank
[C)]
1254 O ® = o + W ®=g ©
++++ 76 72.2 1.9 03 996 1
++ -+ 42 44.0 4.7 1.3 971 2
+ -4+ + 55 56.8 54.2 2.6 .953 3
-+ 4+ + 69 732.8 68.4 44 .940 4
+ 4+ 4+ - 3 6.3 5.9 0.4 938 5
+--+ 45 43.7 32.2 11.5 736 8
-+ -+ 60 59.7 40.6 19.1 .680 7
+ 4+ - - 10 5.2 3.5 1.7 874 8
--+4++ 98 90.8 51.8 30.2 .568 9
+ -4+ - 8 8.0 4.5 3.5 .561 10
-+ 4+ - 16 11.4 5.6 5.8 494 11
-— - 199 201.0 30.6 170.4 162 12
+ - - - 16 17.8 2.6 15.2 .148 13
-4 - - 25 28.4 3.3 25.1 117 14
- -4 - 52 55.7 42 51.5 .076 15
-—— - 229 226.2 2.5 228.7 .011 16
Total 1,000 1,000.0 4243 676.7

The reader will recognize that only 5 of these 16 response patterns
would constitute perfect scale types in a scalogram analysis free of
error. These, shown in boldface type in Table 1, are:

+4+++
-+ ++
-—++
-——+

Total

75 cases
69 cases
96 cases
199 cases
229 cases

668 cases

The other 332 cases are distributed among the 11 response pat-

terns which would involve error by the scalogram model.

Accord-

ing to the latent dichotomy model, however, these 11 response pat-
terns do not necessarily represent error.’

7 It must be kept in mind that the four items as here used are dichotomized quite dif-
ferently from the way they were dichotomized by the scalogram analysis in which they

served as items belonging to a cumulative scale.
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"The problem is to determine whether or not the respondents can
be partitioned into two classes, those possessing and those not pos-
sessing the latent character. We will skip now the technical details
of how that determination is made and concern ourselves only with
its results. Since the latent dichotomy model ordinarily will not fit
quite perfectly, one can compute for each response pattern an
adjusted frequency which will differ somewhat from the observed
Jrequency. The adjusted frequencies are of such a nature that the
division into latent groups can be performed with precision. The
adjusted frequencies are shown in column 2. A test of the adequacy
of the latent dichotomy model is the agreement between the ob-
served frequencies in column 1 and the adjusted frequencies in col-
umn 2. In the present example, it will be seen that the agreement
is rather close. For example, in response pattern 4+ + -+ + the
observed number is 75, the adjusted number 72.2, an error of 2.8.
The sum of such errors, irrespective of sign, for the 16 response pat-
terns is 43.6 out of a total of 1,000 cases, or less than 5 per cent.?

Now let us focus our attention on the adjusted frequencies for the
various response patterns. By technical operations whose descrip-
tion we shall for the present postpone, we can partition the ad-
justed frequencies into two components, those possessing and those
not possessing the latent character. For example, take the response
patterm — + + 4. The 72.8 adjusted cases are partitioned into
two latent classes, 68.4 who possess the latent character and 4.4
who do not. The numbers estimated as having the latent character
are shown in column 3 of Table 1 and the numbers without it are
shown in column 4. On any line the sum of the numbers in columns
3 and 4 add to the number in column 2.

Next, we can estimate the proportion in each response pattern
who possess the latent character. This is shown in column 5. For
response pattern — 4 4 4, for example, this proportion is
68.4 = 72.8 = .940. Of course, we cannot pick out which particular
individual possesses or does not possess the latent character.

With our estimate for each response pattern of the proportions
possessing the latent character we can now estimate the rank of the
response pattern as is shown in column 6. Our task is completed,
for we now have the respondents ordered in 16 rank groups accord-
ing to the proportion possessing the latent character.

Now let us look again at Table 1 and see empirically what is

8 Appropriate tests of goodness of fit and acceptance standards are still under investi-
gation.

Google



2} SCALING AND SCALE THEORY

meant by saying that there is no association between the items ex-
cept that due to the latent dichotomy. Consider, for example, items
1 and 2 only. For those possessing the latent character, let us pool
the results for all response patterns in which items 1 and 2 are both
positive. We have, from column 3 in Table 1:

++ 4+ + 719
+++ - 5.9
+ 4+ -+ 42.7
++ - - 3.5

Total 124.0

Similarly, pooling the results for all response patterns in which
item 1 is positive and item 2 is negative, we have:

+—++ 542

e 4.5
+-—+ 32.2
4 -—-- 2.6

Total 93.5

For all response patterns in which item 1 is negative and item 2 is
positive we have 117.9 and for all response patterns in which both
item 1 and item 2 are negative we have 88.9. Now let us form the
following fourfold table:

Item 1
- +
+ 117.9 124.0
Ttem 2
- 88.9 93.5

Within the limits of error introduced by rounding, it will be seen
that there is no association. In other words, the ratios of the num-
bers in the first row to the numbers in the second row are nearly
identical. We get 1.3262 and 1.3262, identical to the fifth signifi-
cant figure. Thus, among respondents possessing the latent char-
acter, there is no association between the specific components of
items 1 and 2. Analogously, we can find that the same holds among
respondents not possessing the latent character and it holds for any
pair of items, not merely items 1 and 2.

It must be noted again that the absence of association between
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the specific components of any two items is achieved by basing the
calculations on an adjusted number of frequencies (column 2 in
Table 1). It would no longer quite hold if the percentages in col-
umn 5 were applied to the original observed frequencies in column 1.
That is because the original data do not perfectly satisfy the criterion
for the existence of a latent attribute. But we are making no sertous
error if we assume, say, that all the 75 cases in response pattern
(+ + + +) have the same proportion possessing the latent at-
tribute (.996) as the 72.2 estimated cases after adjustment. For,
as we have seen, over the whole table less than 5 per cent of the
1,000 men wou'd be misclassified thereby.

The reader should study Table 1 and the discussion of it carefully
in order to grasp the basic logic of the latent structure theory as ap-
plied in this simplest of models, namely that of a latent dichotomy.
Some words of caution are now in order. In particular, the reader
may ask, what sort of confidence can one place in column 5 in Table
1—the proportions possessing the latent character among persons
with a given manifest response pattern? It is necessary to issue a
warning here that these proportions may be subject to several dif-
feremt sources of instability or sampling variability; for example:

(a) The kind of variability involved in test-retest, repeating the
same four items on the same population of subjects.

(b) The kind of variability involved in using the same four items
on two different populations of subjects.

(c) The kind of variability involved in substitution of a new
“parallel form” of item for each item initially used.

As the number of questions satisfying the model increases, the
number of scale patterns increases and the proportions for a scale
pattern converge toward zero or unity. The number of persons
with scale patterns such that one cannot be pretty sure that they
do or do not possess the latent character tends to become fewer and
fewer.

1t follows from these considerations that the ordering of persons
into 16 rank groups as in Table 1 is an empirical result which is sub-
ject to several kinds of unreliability. It is possible that the 16
rank orders thus derived would be considerably more stable than the
rank orders derived from, say, four items which do not satisfy the
latent structure criteria. However, a rigorous analytical job on
this remains to be done.

The crucial thing accomplished by the operations exhibited in
Table 1 is that it provides evidence of the degree to which the mani-
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fest items satisfy criteria of unidimensionality. The need for such
criteria we must keep at the forefront of our thinking. This is ac-
complished not perfectly in practice, but quite adequately with the
latent dichotomy model in Table 1 or with more complicated models
to be described presently.

Even if the values, in Table 1, column 5, of the proportions for a
given manifest scale pattern who possess the latent character should
“hop around’”’ somewhat, under the conditions itemized above, it
still seems useful to apply them in a given empirical investigation as
an ordering scheme. In practice, we may wish to combine sixteen
such patterns into two or three broad groups. Thus, if we inspect
Table 1, we will see that the following manifest response patterns
have proportions higher than .90 possessing the latent character:

Response patiern P
++++ .996
++ -+ 971
+ -+ + .953
-+ ++ .940
+++ - 938

From column 1 of Table 1 it will be seen that these five response
patterns include 244 of the 1,000 individuals. Moreover, it will be
seen that 521 of the 1,000 individuals have one of the following re-
sponse patterns with values of p lower than .20:

Response pattern P
-—- -4+ 152
+ - - - 148

- A117
--4+ - 076
- 011

Now if we assume, provisionally, that the 244 with p > .90 are
quite likely to have the latent character—call them group A—and
the 521 cases with p < .20 are quite likely not to have the latent
character—call them group C—we have two fairly pure extreme
groups. The remaining 235 cases are indeterminate—call them
group B.°

* It happens that group A contains all who were positive on at least three items, while
group C contains all who were positive on only one item or less Thus the grouping is
the same as might have been arrived at by conventional item analysis. But we now
know much more about the properties of the items than ordinary item analysis would
have told us. Moreover, it is quite possible that a tabulation of the kind of Table 1
would show that a pattern like — 4+ + + may actually have a smaller proportion pos-
gessing the latent characler than a scale pattern like - — — 4.
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For practical use, either for the purpose of extracting the top or
bottom class for special study or for the purpose of correlating
groups A, B, and C with an outside criterion, such a combination of
manifest scale patterns, guided by the p values, seems quite justi-
fiable. Of course, taking a cutting point like p = .90, as in the
above example, is quite arbitrary. Any other cutting points, like
p = .95 or p = .67, might be chosen, depending on the degree of
“purity”’ desired in the extreme group. Even if we took p = .50
we would misclassify only about an eighth of our respondents.

We must recognize that in the case of the perfect latent dichot-
omy, with an indefinitely large number of manifest items, there are
logically only two rank groups. Later, we shall describe latent
structures which logically postulate more than two ranks. Neverthe-
less, it would be shortsighted, at least in the light of our present
knowledge, not to use information of the type provided by Table 1,
column 5, to order respondents into more than two empirical rank
groups—particularly when our aim is to segregate those persons who
are highly likely to possess the latent character or not to possess it.

The whole subject of the reliability of such groupings needs much
more thorough theoretical and empirical study than it has been pos-
sible to make at the time these volumes go to press. In Chapter 10
Lazarsfeld has outlined the reliability problem and has suggested
certain conditions which may justify expectations that, if the latent
structure model is applicable, a relatively small number of items
may be practically as serviceable as the much larger number of items
conventionally employed in the absence of knowledge of the under-
lying structure.

For the ideal case, we can state analytically what is involved in
the latent dichotomy approach by use of the following scheme for
m items:

Latent class Items
Jrequency 1 2 3 4 e m
nr Pu P12 P13 P PR Pim
nix Pm P Pis P cee Piim

Let the total number of respondents be n. Let the number of re-
spondents favorable on item 1 be n,, on item 2, ns, etc. Let the
number jointly favorable on items 1 and 2 be 72, on items 1 and 3,
713, etc. Let the number jointly favorable on items 1, 2, and 3 be
T3, on items 1, 2, 3, and 4 be ny, ete.

We seek to classify the population into two latent classes, one
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class with frequency n; and one class with frequency 711 = n — n:.
We need a set of 2m parameters pn, P13, ***, Pimand P, P1nz, * -,
Pum- The value of py is the proportion, among all n; respondents,
who are favorable on item 1. The value of pin is the proportion,
among all ni; respondents, who are favorable on item 1, etc.

We must have:

n4+nn=n
apn + fupm = m
n1P12 + NP = N

N1Pim + AP = fim

Now there must be no association between any two items among
respondents belonging to a particular class. We have seen that,
within class I, the proportion positive on item 1 is pn and the cor-
responding proportion positive on item 2 is pr.. Hence, if within
class I, items 1 and 2 are to be independent, the proportion within
class I who are jointly positive on items 1 and 2 must be pn-pn.
Similarly, the proportion within class I who are jointly positive on
items 1 and 3 must be pn-pis, etc. The same type of conditions
must hold within class II—for example, the proportion within
class IT who are jointly positive on items 1 and 2 must be P - prr.
Hence all relationships must be of the type: nippupr + nupmpm
=Ni2.

Similarly, the proportions within class I of joint occurrence of
positive references to items 1, 2, and 3 must be the product of the
proportions within that class with positive responses to items 1, 2,
and 3, that is, pn-pr2-p1s; and analogously for all other joint occur-
rences involving any number of items.

The values of n; and n11 and of the proportions pn, P, etc., must
be calculated from the data. When the latent dichotomy model
does not fit the observed data perfectly as has been indicated, it can
be made to fit an adjusted set of data. For the adjusted set of fre-
quencies illustrated in Table 1, the values of the calculated param-
eters were:

Latent class Items

Srequency 1 2 3 4

n = 424.3 Pn = 5125 P12 = 5704 P = 6276 Py = 9240
nn = 575.7 P = .0635 piy = .1008 pry = 1871 pu = 4324
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With these numerical values known one can compute straight-
forwardly the values shown in columns 3 and 4 of Table 1, by pro-
cedures shown in detail in Chapter 11.%°

This exposition has used a single numerical illustration to help the
reader grasp the basic idea of latent structure analysis, namely, that
all the association between any two items is due to the latent attri-
bute, and that there is no association between the specific com-
ponents of the items. For the formal mathematics the reader is
referred to Chapter 10. For the detailed explanation of how the
adjusted frequencies are obtained when an approximate solution is
necessary, the reader is referred to Chapter 11. In that chapter,
each of the numerical steps in constructing Table 1 is shown in full,
and the student may wish to repeat the operations step by step in
order to appreciate more fully the assumptions and implications.

It should be said that certain of the problems of indeterminacy
which haunt quantitative factor analysis appear in latent attribute
analysis. Work with this new tool is still too young to have de-
veloped a completely standardized set of criteria for determining
when the approximations made are ‘““good enough’’ approximations.
Such standards doubtless will be forthcoming, but they wait upon a
large amount of further empirical and theoretical investigation.
For example, two items which seemed by a priori inspection of con-
tent to be in the same general attitude area as the four items in our
illustrative example were substituted for items 2 and 4. Although
by conventional item analysis techniques these new items should
belong in the scale, they did not satisfy the criteria for the latent
dichotomy model.

As was said at the beginning of this section, the latent dichotomy
model is merely a special case of the more general theory of latent
structure analysis. Instead of two latent classes we may have A
latent classes in the following scheme:

Latent class Items
Jrequency 1 2 3 4 e m
o Pu P12 D1s P e Pim
ni Pin y43¢ y44¢} D114 e Piim
N Pun y 2344 Pias Piiis . Pilim
LOY 12\ Pr2 2% Pa ‘e Pam

1 For example, the number possessing the latent character among those with scale
pattern 4+ 4+ 4 <+ in Table 1 is nipuppPLpn = 71.9.
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For the mathematical proofs one is referred to Chapter 10. The
basic logic is exactly the same as in the latent dichotomy case, ex-
cept that there are now \ latent classes instead of only two. The
values of n1, ni, - - -, n, and pn, P, ete. are so determined that all
the association between the responses to any two of the original
items can be accounted for by the latent classes and by these alone.

It should be noted that unlike the latent dichotomy case, there
is in the most general case no necessary intrinsic cue for ranking
respondents. Only if the data possess certain special characteristics
can a rank order be assigned to n1, n11, -+ and n, and hence a basis
be provided for ultimately ranking respondents.

One of these special cases is of very great interest to us, however,
since it corresponds closely to the scalogram case described in the
first section of this chapter. When A = m + 1, we may find that
the quasi scale in scalogram analysis can be described as follows:

Latent class Items

frequency 1 2 3 4 m
n; l-a: 1—a 1—a 1-a4 1-am
ni a l-a 1—a 1—a ... 1 —anm
T a a l—a 1-a 1—an
Nom ay Gz as ay 1-an,
Mm 41 a Ga as [/ N Qm

Here pnu = 1 — a, where a, is a quite small fraction; p, = 1 — a,,
where a, is also a small fraction; etc.!

As ay, a,, - - -, an tend to zero, we approach the conditions for a
perfect scale in the sense of scalogram analysis, and at the limit we
have:

Latent class Items
Sfrequency 1 2 3 4 m
n 1 1 1 1 1
nu 0 1 1 1 1
i 0 0 1 1 1
T 0 0 0 0 . 1
N 41 0 0 0 0 - 0

The theoretical implications of the fact that scalogram analysis
may be shown to constitute a special case of latent structure theory
need much further study.

1 Tt is not necessary that all a's in & column, for example, be equal. But the special
case in which they can be assumed to be very small and equal lends itself readily to
computation because of the limited number of parameters involved.
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In Chapter 11 a numerical example is worked out in detail ap-
plying latent structure analysis to data which form a quasi scale by
the scalogram model. These are data on psychosomatic complaints
in a sample of 1,000 soldiers. Four items are used in this illustra-
tion:

1. Have you ever been bothered by pressure or pains in the head?

2. Have you ever been bothered by shortness of breath when you were not
exerciging or working hard?

3. Do your hands ever tremble enough to bother you?
4. Do you often have trouble in getting to sleep or staying asleep?

The values of p in the structure, based on response to these four
items, are as follows:

Latent class Items
frequency 1 2 3 4
nx 9640 8703 8473 9326
nn 0360 .8703 8473 9326
nin 0360 1297 8473 9326
nrv 0360 1297 1527 9326
ny 0360 1297 1527 0674

It is shown in Chapter 11 that when these values are used to dis-
tribute among the five latent classes the respondents who have any
given response pattern (such as + + + +) the results are very
satisfactory. An intrinsic basis exists for ranking the response pat-
terns and hence the respondents. Since approximations are in-
volved, further study is needed as in the latent dichotomy case to
set standards of acceptable approximations.

The scalogram model requires, of course, that the items tend to be
cumulative. This restriction is also necessary when the latent struc-
ture analysis is applied to the scalogram picture as a special case.
But there are other special cases of latent structure theory, which
permit ordering of respondents without requiring the items to be
cumulative. Consider the following picture:

Latent class Items
Jfrequency 1 2 3 .. m
n * Pz P1s . Plm
nun Pin Pi2* P ce Plim
nin Pun Pinz prs* ... Pliim
Nm me sz pml e pmm'l
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Here the items and the latent class frequencies are so arranged that
the largest values of the p’s (denoted as p*) are on the diagonal.
It is assumed that the values of pin, Pun, -+ +, Pm diminish rapidly
and monotonically from py,*. Similarly pi < p1s < Pun* > prvs
> «-- Dm, ete. This would appear to represent the type of phe-
nomena present when items have been ordered on a Thurstone-type
equal-appearing interval scale. Because of difficulties involved in
computing the parameters, no numerical example is as yet available.
One approach to the problem would be to cut down the number of
parameters by imposing further symmetrical restrictions.

A particularly interesting special case of latent structure analysis
is one of the cases where there are only three ordered latent classes.
The algebra is such that arithmetic computation is comparatively
simple, if we are willing to restrict the number of parameters in-
volved in p to two per item. At the same time much flexibility in
patterns of p values is possible. A given item could take on any of
the following six patterns of p values:

Latent class Value of p Latent class Value of p
I a+ b I o+ b
(l) II ay (4) II a4 + b4
III ay 111 (1 N}
I az I as + bﬁ
(2) II asz + bz (5) II as
II1 as 111 as + bs
I as I Qs
(3) II as (6) II as + be
II1 as + b; 111 Qg + be

As long as parameters are limited to two per item, computation
difficulties are not substantially increased by increasing the num-
ber of latent classes. The values of @ and b are free to vary from
item to item and we are free to use any particular pattern or combi-
nation of patterns with any number of items. Such a pattern is
illustrated in Chapter 11 with a numerical example from Research
Branch data on job satisfaction.

A pattern such as one of the six above can be thought of as a dis-
crete simplification of a continuous trace line p(z) which is the func-
tion of a latent continuum z with an infinite number of classes. In
introducing the concept of latent structure analysis, in Chapter 10,
Lazarsfeld begins with the continuous case. He develops the theory
for the continuous case and then considers a variety of special cases
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in which there are a finite number of latent classes with varying
patterns of p. Thus the six patterns given just above may be
thought of as discrete approximations to curves of the second degree.

Among the most important contributions of Chapters 10 and 11
are preliminary tests enabling the investigator upon initial inspec-
tion of his data to decide which of various special cases would pro-
vide the more appropriate model for use on these particular data.
These tests involve an examination of the first-order determinants
formed from cross tabulation of each item with each other. The
reader will find it particularly instructive to compare and contrast,
in Chapter 11, the table of these determinants for the four items on
attitude toward the Army which approximately fit a latent dichot-
omy pattern (page 419), with the set of determinants for the four
items on psychosomatic complaints which are part of a quasi scale
by the scalogram model (page 443). Each has its own pattern of
internal consistency and the two patterns are strikingly different.

There are various additional theoretical and practical implica-
tions of latent structure theory, as outlined in Chapters 10 and 11.
Latent dichotomy analysis has an especially interesting application
to the problem of shifts in attitude by the same respondents at two
time points. In Chapter 11 a numerical illustration from Research
Branch data is given to show how the method serves in the analysis
of shifts in attitudes toward officers.

As compared with the eight chapters devoted to scalogram theory
the two chapters on latent structure analysis hardly do justice to
the problems they raise. But the developments there reported are
still too new to have associated with them the relatively large back-
ground of experience which is reported in the other chapters. In
particular, computation techniques are usually much more difficult
than with scalogram analysis and need simplification. Approxi-
mation criteria need further standardization—which is also true of
some aspects of scalogram analysis.

Whether or not the latent structure theory lends itself readily to a
large variety of practical applications, its generality and its sug-
gestiveness as a model for the reduction of qualitative data make it
worthy of much further exploration.

ity
3. Utilizing Indexes of Intensity of Attitude to Locate
a “Zero Point” or “Region of Indifference”’

Thus far in this chapter we have previewed some of the contri-
butions of this volume toward the problem of establishing among
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respondents a rank order with respect to a particular attitude con-
tinuum.

In the last year or so of the Research Branch, progress also was
made on the problem of establishing a ‘‘zero point”’ or ‘“region of
indifference’’ which would provide an objective basis, independent
of particular question wording, for distinguishing relative propor-
tions of pros and cons on an issue.

It developed that one of the most interesting theoretical prop-
erties of scalogram analysis was the fact that, in the ideal case of
perfect scalability, the ranking of people with which we have thus
far been concerned corresponds to but one of a set of principal com-
ponents. In fact, as Louis Guttman proves in Chapter 9, if there
are m response patterns or ranks there are m principal components.
The conditions of perfect scalability, by scalogram analysis, lead to
the result that each component score has a definite relation to the
rank order of the people, and there is a definite law of formation.

The first component is a monotonic increasing function of the
ranks (a straight line in the special case when the frequencies are
the same for each response pattern). It is this first component
with which we have been concerned in the problem of ordering
people on a content scale.

The second component will always be a U-shaped or J-shaped
curve with one bend in it. It need not be symmetrical, though in
the special case where each response pattern has the same frequency
it will be a symmetrical parabola. This second component has
proved especially interesting, since it can be interpreted as a meas-
ure of intensity, leading theoretically, in the ideal case, to the
determination of an objective zero point, at the point where the
curve of intensity is a minimum.

The third principal component has two bends in it, the fourth
three bends, and in general, the tth principal component has 7 — 1
bends. As yet little progress beyond the speculative stage has been
made in investigating the psychological implications of the higher
components, except for the third, which Guttman calls closure. (See
Chapter 9, page 313.)

The first half of Chapter 9, in which Guttman introduces the
theory of principal components, is written quite simply, for the non-
mathematical reader. It is addressed to all psychologists and social
scientists who are concerned with the problems of interpreting the
socio-psychological implications of ordered structures. It will re-
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pay the most careful study, as will, of course, the formal and rather
difficult mathematical treatment in the latter part of the chapter.

The general idea of the first and second component will now be
illustrated with a simple hypothetical example which has been de-
veloped more fully in Chapter 9. Consider the following scalogram,
with all types of persons equally frequent and all types of item re-
sponses equally frequent:

Type of person Type of category
(rank) Says yes to item Says no to ttem
1 2 8 4 6 1 2 8 4 &6

5 X XX XX

4 X XXX X

3 X X X X X

2 X X X X X

1 X X XXX

0 X XX XX
Frequency of response 1 2 3 4 5 5 4 3 2 1

Now we wish to assign a numerical score to each type of person
and a numerical weight to each item response category. In the
above example we want 6 person scores and 10 item weights.

The scores for persons should satisfy the following condition: All
people who fall in one category of an item should have scores as
similar as possible among themselves, and as different as possible
from the scores of people in another category of the item. The
total variance of persons’ scores can be expressed as the sum of two
parts: the variance of the scores within categories and the variance
of scores befween categories. Maximizing the similarities within
categories and differences between categories implies maximizing
the square of the correlation ratio.??

The weights for items should satisfy the following condition: All
categories characterizing one person should have numerical weights
as similar as possible, and as different as possible from the weights
for categories which do not characterize that person. Maximizing
similarities within people and differences between people calls for
determining that set of numerical weights for all the item categor’es
which will have the largest possible correlation ratio with respect to
all the people.

Guttman has found that the maximum possible correlation ratio

13 The correlation ratio is the square root of the ratio that the variance of scores be-
tween categories has to the total variance.
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for scores is identical with the maximum possible correlation ratio
for weights. He shows that the optimum score of a person is pro-
portional to the arithmetic mean of the weights of the item re-
sponse categories by which that person is characterized, and the
optimum weight of a category is proportional to the arithmetic
mean of the scores of the people who are in it.

The problem becomes one of finding a set of scores which ‘“‘go in
a circle”’—that is, scores which yield weights that give back the
same scores, differing from initial scores only by a constant of pro-
portionality. Such a set of scores is called a principal component
of the system. Let us now assign a set of scores to each rank type
of person in the foregoing diagram as follows:*

5 to each response by a person in rank type 5
3 to each response by a person in rank type 4
1 to each response by a person in rank type 3
~1 to each response by a person in rank type 2
—3 to each response by a person in rank type 1
—5 to each response by a person in rank type 0

Then we have the following table:

Type of person Type of category Sum of Average
(rank) Says yes to item Says no lo item weights  score
1 2 38 4 & 1 2 8 4 6
5 5 5 5 5. b6 25 5
4 3 3 3.3 3 15 3
3 1 1- 1 1 1 5 1
2 -1 -1 -1 -1 -1 -5 -1
1 -3 -3 -3 -3 -3 —-15 -3
0 -5 -5 -5 —-5-5 -—25 -5
Sumof weights 56 8 9 8 5 -5 -8 -9 -8 -5
Averageweight 5 4 3 2 1 -1 -2 -3 -4 -5

Now let us use the bottom row of numbers—the average weight for
each item category—to compute a new score for each type of person.
(For example, for a person with rank type 5 the weights 5 + 4 4+ 3
+ 2 4+ 1 = 15 or an average score of 3.) For the whole table we
have:

U These scores are not arbitrary, but are the only set of scores (except for multiples
thereof) which will satisfy the requirements of circularity for the first principal com-

ponent. For details as to how these scores may be derived, the reader is referred to
Chapter 9.
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Type of person Type of category Sum of Average
Says yes to item Says no to item weights  score
1 2 8 4 & 1 2 8 4 &

5 5 4 3 2 1 15 3.0

4 4 3 2 1 -1 9 1.8

3 3 2 1 -1 -2 3 8

2 2 1 -1 -2 -3 -3 -6

1 1 -1 -2 -3 —4 -9 -18

0 -1 -2-83-4-5 -15 -30

Let us now compare the average score just obtained with that ob-
tained in our initial trial:

(z1) )

Type of Average score on Average score on
person nitial trial second trial
(circular score)

5 5 3.0

4 3 1.8

3 1 6

2 -1 -6

1 -3 -1.8

0 -5 -3.0

We see that the new sets of scores for types of persons is a linear
function of the scores on our initial trial, namely ¥, = .6z;. A con-
tinuation of this process will always lead to new scores which are
exactly .6 times the previous scores. The set of z, scores we call
the first principal component.

Now let us postulate and assign a different set of scores which also
will be seen to go in a circle. The scores will be 5, —1, —4, —4,
—1, 5. The ranks of these scores are no longer according to the
scale rank order. Instead the scale rank score is ‘“folded over.”
We have:

Type of person Says yes to item Says no to item Sum of Average
1 2 8 4 6§ 1 2 8 4 & welghlts score
5 5 5 5 5 b 25 5
4 -1-1-1-1 -1 -5 -1
3 —4 —4 —4 -4 —4 —20 -4
2 -4 -4 —4 —4 —4 —20 —4
1 -1 -1 -1-1 -1 -5 -1
0 5 5 5 5 b6 25 5
Sum of weights 5 4 0 —4 —5 -5—-4 0 4 5
Average weight 56 2 0 —1 -1 - -1 0 2 5
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Entering the average weights from the bottom row, we have on our
second trial:

Type of person  Says yes to item Says no to item Sumof Average
2 38 4 6 1 2 8 4 & weights score

5 5 2 0-1-1 5 1.0

4 2 0-1-1 -1 -1 -2

3 0 -1-1 -1 -1 —4 -8

2 -1 -1 -1 -1 0 —4 -8

1 -1 —-1-1 0 2 -1 -2

0 -1-1 0 2 5 5 1.0

Comparing the average scores thus obtained with that which was
obtained in our initial trial, we have:

(x2) (y2)

Type of Average score on Average score on
person initial trial second irial
(circular score)

5 5 1.0

4 -1 -2

3 -4 -8

2 -4 -8

1 -1 -2

0 5 1.0

We see that the new set of scores for the type of persons is a linear
function of the scores on our initial trial, namely, y» = .2z,. A con-
tinuation of the process will always lead to new weights exactly .2
times the previous scores. The z, scores constitute the second
principal component.

What we have been considering are only two of the principal com-
ponents. Further analysis will reveal in the present example five
principal components, that is, five sets of scores which have the
property of circularity exhibited above.

Type of person Principal component scores
I II III v %
5 5 5 5 1 1
4 3 -1 -7 -3 -5
3 1 —4 -4 2 10
2 -1 —4 4 2 -10
1 -3 -1 7 -3 5
0 -5 5 -5 1 -1
Constant of proportionality .6 .2 .1 .06 .04

It will be observed that the constants of proportionality (ob-
tained through each respective circular operation) diminish with
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each component. Since each constant of proportionality is, in fact,
the square of the correlation ratio of a given component on the items,
this means that each successive component accounts for a diminish-
ing amount of the total variance in item categories. It also will be
observed that when we add the five constants of proportionality we
have

6+2+.14+064+.04=1

that is, the sum of the squares of the correlation ratios is unity.

Principal components are, as Guttman observes, important con-
cepts in mathematics and physics. Even though each item in-
volves the same single factor as any other item, it differs in how it
combines the components. ‘“Each item represents,” in Guttman’s
words, “a different variation on the same theme. Another way of
expressing this is that each item represents a different combination
of the tones and overtones of the same basic note.”

In Chapter 9, Guttman presents a detailed mathematical treat-
ment of the problem and derives a number of further interesting
properties of these functions. For example, he shows that though
each principal component, in the ideal case, is a perfect curvilinear
function of the rank order, the linear correlation between the prin-
cipal components is zero.®* He suggests that the comparatively
simple law of formation as to their oscillations may prove to make
the scalogram model of special theoretical importance among all the
various models for ordering qualitative data. For scales which do
not satisfy the scalogram criteria, the principal components, though
always linearly uncorrelated as in the scalable case, have no simple
pattern of dependencies and can, in fact, be completely independent.
In general, there appears to be no thing, such as exists in the scal-
able case, as an inevitable U-shaped or J-shaped second component
which might be identified as intensity, nor a third component which
always has two bends, etc.

How important this theory of principal components will become,
in enhancing the utility of scalogram theory as a tool for future in-
vestigation, it is much too early to say. It must be remembered
that Chapter 9 deals with the ideal case, and perfect scalability by

14 Other names which have been given in the literature to principal components in-
clude principal axes, latent vectors, characteristic functions, characteristic vectors,
eigenfunctions, and eigenvectors.

15 The reader can verify this in our simple numerical example above for any two com-

ponents. For example, for IT and IV we get (5-1) + (~1-—3) + (—4-2) + (—4-2)
+(=1-=3) +(5:1) = 0.
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the scalogram theory or any other theory is not likely to be found
in practice.

Some months passed after Guttman’s discovery of the principal
components mathematically before a psychological interpretation
of the second component was realized. The clue came from a paper
by Daniel C. Katz in Hadley Cantril (editor), Gauging Public Opin-
1on. Practical procedures for studying the intensity function were
devised jointly with Edward A. Suchman, and it was Suchman who
supervised the empirical research.

This empirical work is reviewed in Chapter 7, with several fully
worked-out examples with Research Branch data. A few examples
of intensity analysis were carried out in time to find a place in Re-
search Branch studies which were not merely methodological.
Illustrations appear in Volume I, Chapters 5 and 8 of the present
series of books.

To find the intensity function it is necessary to develop, inde-
pendently of the scale of content, a scale of intensity with which re-
spondents felt about a subject. Two techniques were developed to
arrive at such a scale of intensity. One was to follow each content
item with a second item more or less like the following:

How strongly do you feel about this?
Not at all strongly

Not so strongly

Fairly strongly

Very strongly

Irrespective of the direction, pro or con, of the response on the pre-
ceding attitude item, a given intensity response, along with other
intensity responses which were preceded by other attitude items,
was used to form a scale of intensity. In no instance did the in-
tensity items form a scale satisfying the criteria of scalogram
analysis but they did ordinarily form a gquas? scale.

An alternative method, which is called the fold-over technique,
sought to derive the content and intensity scales from the same set
of questions. For example, consider the item:

Do you think when you are discharged you will go back to civilian life
with a favorable or unfavorable attitude toward the Army?
Very favorable
Fairly favorable
— About 50-50
Fairly unfavorable
Very unfavorable
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Such an item, as one of a set of items in an attitude scale, was now
scored twice. First, it was scored for direction of content, in the
usual scalogram manner. Second, it was scored for intensity—for
example, the respondents who checked either top or bottom cate-
gories might be given a plus score and those who checked any of the
three middle categories might be given a minus score. Intensity
scores from such items were then combined to form a scale—
actually, a quasi scale—of intensity. The fold-over technique was
attractive, because it reduced the length of the questionnaire and
relieved the respondent of a certain tedium. In a few studies it
yielded about the same results as the longer method. But in other
studies, it was less satisfactory. While the shorter procedure needs
further study, the present disposition is to recommend the longer
form wherever it is possible.

In Chapter 7 several numerical examples are provided of the
empirical relationship between curves of intensity and scales of con-
tent for a variety of Army subject matter. In general, as predicted,
a J-shaped or U-shaped curve was obtained with attitude data.

In the ideal case, the minimum point on the curve of intensity
marks the zero point of the content scale. Empirically, however,
there were a number of instances where the base of the U was broad
and nearly flat, extending over several ranks. This phenomenon
would seem to indicate a relatively broad ‘‘zone of indifference’’ and
would make the selection of any single point as a minimum point
somewhat hazardous, since the one point slightly lower than others
might be so by chance. The sampling error of the minimum point
has not been worked out and may not lend itself to a ready solution.
Pending the development of better methods for designating a single
point as a zero point in instances where the ‘“zone of relative indif-
ference’’ is broad, without a sharply defined minimum, one should
treat the ‘‘zero point” with considerable caution. One procedure
which has been suggested is to establish a ‘‘zone of indifference’”
arbitrarily by finding that rank at which each arm of the U-shaped
curve has, say, median intensity. If a larger proportion of people
with greater than median intensity are favorable than are unfavor-
able, this can be reported as a fact, along with the relative propor-
tion favorable or unfavorable on either side of the ““zero point.” ¢

A crucial property of any satisfactory procedure for determining a

16 This procedure could, of course, produce two contradictory conclusions. If so,
and if the “zero point” is not sharply defined, the only safe conclusion may then be that
the “zone of indifference’” is broad, without specification of proportions favorable or
unfavorable.

Google



42 SCALING AND SCALE THEORY

pro and con cutting point must be its independence of particular
item wording.

In Chapter 7 it is reported, with numerical examples, that the
methods there described seemed to have met this test quite satis-
factorily. For example, a sample of six items from a scale of atti-
tudes toward officers was used in which the proportion favorable on
individual questions ranged from 8 to 43 per cent. This was called
an unfavorably biased sample of items. Another sample of six items
from a scale of attitudes toward officers was used in which the pro-
portions favorable on individual questions ranged from 58 to 90 per
cent. This was called a favorably biased sample of items. The re-
spondents were the same on the two sets of items. It should be
noted, parenthetically, that if one conventional public opinion poll-
ing agency had happened to use the first set of questions, whereas a
second agency had happened to use the second set of questions, they
would have come to opposite conclusions about the average propor-
tion of men favorable to their officers. At least, they would have
done so in the absence of some technique, which was independent of
particular item frequency, for determining the proportions pro and
con. For each of the two sets of items an intensity analysis was
carried out. As is shown in detail in Chapter 7, approximately 80
per cent of the men were on the unfavorable side of the minimum in-
tensity point, irrespective of whether the favorably brased or unfavorably
brased items were used.

Further experimental work, to test the independence of the ‘‘zero
point”’ or “region of indifference” from particular question wording,
is needed on a wider variety of problems than the Research Branch
had time to study in this way. If past experience continues to stand
up in practice, there can be hardly any room for doubt about the
utility of this device.

An interesting by-product of the empirical study of intensity func-
tions has been the exploration of a concept of generalized intensity.
This study came about through an effort to account for the rather
wide dispersion of scores observed around intensity curves at all
intervals. A

Can it be, it was asked, that, irrespective of the particular attitude
continuum under investigation, some people habitually are more
vigorous in their responses than others? If so, their intensity of
response to a set of items on a particular attitude continuum might
need to be discounted. That is, the fact that they responded with
apparent intensity to these attitude items might merely reflect gen-
eral verbal habits and not necessarily strong feeling about the atti-
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tude in question. The effect would be to increase the variability of
responses around the intensity function in this or any other attitude
area.

As described in Chapter 7, the problem was studied by construct-
ing a quasi scale of generalized intensity, based on intensity of feel-
ing expressed about a very wide variety of problems. The re-
spondents were then broken into three groups, those with high,
medium, and low generalized intensity, respectively. Selecting, for
example, attitudes of men toward the Women’s Army Corps
(WAC), one computed intensity functions separately for these
three groups of respondents. Each intensity function represented
the relation between the content score of attitude toward the WAC
and the specific intensity score belonging to this specific attitude
area. The three functions had the same shape and very nearly the
same minimum point, but the three functions formed a nest, with
that for the men with high generalized intensity at the top and that
for the men with low generalized intensity at the bottom. (See
Chart I.) Necessarily, the variability around each of these three
functions considered separately was less than around a single func-
tion formed by pooling all the cases irrespective of generalized in-
tensity.

This type of exploration has important implications for attitude
research in general and public opinion polling in particular, for it
‘'shows how responses to items involve mere verbal habits of expres-
sion which can lead to especially misleading results on individual
items, as well as on scales. One person can say he feels very strongly
opposed to something and yet be no more strongly opposed than an-
other person who says that he feels somewhat opposed, the former
being a person given to generally strong verbal habits and the latter
to generally moderate verbal habits. The illustration given in the
preceding paragraph showed why, if generalized intensity is not
controlled, the variability around the specific intensity function will
be rather large. It also gave encouraging intimations—which need
to be tested on a very much wider variety of data—that even if the
variability is considerable, the methods developed in the Research
Branch will tend to yield a consistent ‘“‘zero point” or “region of
indifference” whatever the generalized level of intensity.

The implications of the theory of principal components and its
empirical applications—especially, the second principal component,
which in the ideal case is interpreted as the intensity function—need
much further study. The ideas are not yet widely enough known
to have received the kind of discerning criticism and new explora-~

r-
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tion which is advancing understanding of those aspects of scalogram
theory described in the first section of this chapter.

CHART 1

SeeciFic INTENSITY FuNcCTIONS FOR RESPONDENTS AT THREE LEVELS OF
GENERALIZED INTENSITY
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Concluding Comments

The next ten chapters seek to present, as compactly as possible,
due to present high printing costs, sufficient mathematical proof and
numerical illustration to give the reader a good beginning in the
understanding of the kind of thinking represented in the new ap-
proaches growing out of the work of the Research Branch.

Chapters 2 to 9 describe various aspects of scalogram analysis
and Chapters 10 and 11 describe latent structure analysis. Most
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of the chapters have been written primarily for the nonmathemati-
cian, the exceptions being parts of Chapters 9 and 10. All the
illustrative numerical examples are from Research Branch data.

Each chapter is systematically organized and the attempt has
been made to present the ideas as lucidly as possible consistent with
rigor. Yet the reader is warned that these pages will require study
and in places may be somewhat difficult, even where not primarily
mathematical. Each chapter, of course, represents the point of
view of its author and only a minimum editorial effort has been
made to reconcile differences in terminology and in point of view,
especially as between chapters written by Guttman and by Lazars-
feld, respectively.

In conclusion, it may be well to reiterate the point made at the
beginning of this chapter, namely, that the purpose of this research
is to throw new light on the problem of constructing theoretical models
of ordered structures or scales and testing the applicabrility of a particu-
lar model to a particular set of qualitative data. Once we have found
an appropriate model, we are in a position to operate with a rela-
tively small number of items to describe a particular dimension, if
the area is scalable by one or another rigorous criterion. Such short
scales will be economical to use. When, in a given broad attitude
region, such a set of quite specific short scales has been found, we
should then be in a position to proceed with a multidimensional
study of the area, testing theories as to the interrelationships of the
scales used. This study may require us to try to reduce the num-
ber of these initial dimensions by some form of quantitative factor
analysis. But the first step is to have a set of clean unidimensional
scales and it is toward the attainment of this first step that Research
Branch methodological energies were mainly directed.

As must be apparent from the preview presented in the present
chapter, there is still relatively little which has sufficiently passed
out of the realm of controversy to reach a definitive textbook stage.
In the history of science, only a small fraction of the proposed scien-
tific models, even including many which have certain initial attrac-
tions, find a permanent place. As more and more of the younger
psychologists and social scientists, aware of the central importance
of the problems here investigated, put their minds to investigation
of these problems, we may expect models to take shape which will
hold their place in science. Among those models may be some
whose development has been furthered by the Research Branch
and by the discussion, criticism, and creative inventiveness which
it is hoped these chapters will stimulate.
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CHAPTER 2

THE PROBLEM OF ATTITUDE AND
OPINION MEASUREMENT'

he two problems. Two of the most important problems of all

measurement concern (1) the determination of unidimension-
ality and (2) the determination of a fixed point of reference along
such a single dimension. Measurements to be meaningful should
be along only one dimension at a time. Once a single dimension
has been isolated, it often becomes important to find some fixed
point to which measures along this single continuum can be an-
chored. ‘

The social sciences have long been concerned with both of these
problems. Various techniques have been proposed for the determi-
nation of a single continuum, but, as will be discussed later, most
existing tests for unidimensionality do not appear to be based upon
any clear-cut rationale. With regard to the second problem of a
fixed point of reference, little progress seems to have been made.

Our purpose is to offer a new theory and its concomitant tech-
niques in answer to the two problems. The technique of scalogram
analysis? provides a simple method for testing a series of qualitative
items for unidimensionality, while the technique of the iniensity
function provides a simple method for finding a meaningful, objec-
tive cutting point along a single continuum.

The next chapters will discuss the problem of scalogram analysis,
presenting in detail the basic theoretical foundations for scalogram
analysis, a detailed outline of the scalogram board technique, illus-
trations of the utility of scale analysis in different problems, a dis-
cussion of the problems of reliability and validity for the present
theory of scale analysis, and finally an evaluation of the present

! By Louis Guttman.

? Throughout the remainder of the chapters in this section, the terms scalogram
analysis and scale analysis will be used interchangeably. The phrase “scale analysis”
will refer only to the present technique of scalogram analysis.
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theory of scale analysis as compared to existing methods for testing
data to see if they lie along a single continuum.

After this discussion of scale analysis, the theoretical basis for the
intensity function will be presented, followed by several illustrations
of intensity curves and a demonstration of the independence of this
curve and its cutting point from specific question wordings. Finally,
the general equations of the components of scales will be derived,
which in particular include the intensity component.

Scale analysts is formal. The problems of dimensionality and of
an unbiased cutting point are of crucial importance in attitude and
opinion research. Therefore, the present introductory chapter is
devoted largely to a discussion of the definition and uses of atti-
tude and opinion. The reader who wishes to proceed immediately
to the theory and practice of scale and intensity analysis can omit
the present chapter. The formal requirements for a scale hold re-
gardless of what it is that is being studied, so that the principles of
scale analysis hold in particular for any approach to attitude and
opinion research.

Attitudes versus opinions? The fields of attitudes and opinions
have often been thought of as presenting different problems in
definition and measurement.? Differences in definition have been
characterized by such terms as ‘“controversial”’ (opinions) versus
“noncontroversial”’ (attitudes), or ‘‘expressed’”’ (opinions) versus
“underlying” (attitudes). Differences in measurement have been

3 There are several comprehensive summaries of attitude and opinion research to
which the reader can refer for a more extensive treatment than is given here, especially
in regard to specific surveys. Murphy, Murphy, and Newcomb present an excellent
summary of specific surveys up to 1937; Schmeidler, Allport, and Veltfort summarize
surveys during the war years; Sherif and Cantril present a detailed analysis and sum-
mary of studies on the formation and change of attitudes. Review of methodology
may be found in Riker, Cantril, and especially in McNemar. This latter review and
summary might well serve as an introduction to the problems studied in the present
research.

G. Murphy, L. B. Murphy, and T. M. Newcomb, Ezperimental Social Psychology
(Harper & Bros., New York, 1937).

G. W. Allport and H. R. Veltfort, “Social Psychology and the Civilian War Effort,”
Journal of Social Psychology, S.P.S.8.1. Bulletin, Vol. 18 (1943), pp. 165-233; G. R.
Schmeidler and G. W. Allport, “Social Psychology and the Civilian War Effort: May
1943-May 1944,” ibid., Vol. 20 (1944), pp. 145-180.

Muzafer Sherif and Hadley Cantril, The Psychology of Ego-Involvements (John Wiley
& Sons, Inc.,, New York, 1947). Also, Sherif and Cantril, “The Psychology of ‘Atti-
tudes’: Part 11,” Psychological Review, Vol. 53, No. 1 (1946), pp. 1-25.

B. L. Riker, “A Comparison of Methods Used in Attitude Research,” Journal of
Abnormal and Social Psychology, Vol. 39, No. 1 (January 1944), pp. 24-42.

Hadley Cantril (editor), Gauging Public Opinion (Princeton University Press, Prince-
ton, N.J., 1944).

Quinn McNemar, “Opinion-Attitude Methodology,” Psychological Bulletin, Vol. 43,
No. 4 (July 1946), pp. 289-374.
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described in terms of ‘“polling”’ (opinions) versus ‘‘scaling’ (atti-
tudes), or “dividing’’ (opinions) versus ‘“ranking” (attitudes).

It seems generally agreed that “opinion” should refer only to ver-
bal behavior, whereas an “attitude’” may be either verbal or non-
verbal. If we look at the research carried out on attitudes in the
past, however, we find it is based largely on verbal behavior. There
seems little point, then, in trying to distinguish between attitudes
and opinions on this basis. We shall not attempt to define “opin-
ion’’ as a distinct concept, but rather use the word interchangeably
with “attitude’” when dealing with verbal behavior. We shall use
the word “attitude’ to include “opinions’”’ and also nonverbal be-
havior. When we use the phrase “attitude and opinion,” this will
be only to emphasize that both verbal and nonverbal character-
istics are under consideration.

Polling versus scaling? The historical development of public opin-
ion polls has followed somewhat different lines from what is ordi-
narily considered attitude research. Differences in particular tech-
niques used by polling agencies from those developed for the general
field of attitudes seem to have given rise to the impression in some
quarters that opinion polls have different basic methodological prob-
lems from those of the general field.

Perhaps the outstanding difference is that opinion pollsters ask
but a single question on a given issue, instead of a battery of ques-
tions as used generally in an attitude study. This is because poll-
sters are ordinarily interested in population percentages rather than
in scoring each individual. Opinion polls cast their results into
statements like 75 per cent of the population is favorable,” or ‘“35
per cent of the population prefers this.” A more complete attitude
study would want to say, “Person A is more favorable than Person
B who in turn is more favorable than Person C. . . .”

If several questions are asked, then it is natural to inquire as to
whether or not they are all tapping the same thing. Hence, the
general concern of attitude students with the problem of scalability
or dimensions of the responses. Is there a rank order for the people?

If but a single question is asked, then it is quite easy to succumb
to forgetting about the problem of dimensions, but to worry pri-
marily only about a cutting point. Is the question unbiased in its
division of people into “favorable” and ‘“‘unfavorable?”’

A single question cannot provide any data to test for dimension-
ality, but this should not mislead one into believing that therefore
the problem does not exist. If there is more than one dimension of
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content in the question, what meaning can a cutting point have?
On what is it that the population is ‘“favorable” or ‘“unfavorable?”’

The problem of bias cannot really be tackled until it has been
established whether or not a single dimension is present in the first
place.* Hence, the problem of bias probably cannot be solved by
the use of only a single question. Public opinion polling is subject
to the same basic problem of scalability as is the general field of
attitude research.

In view of the foregoing considerations, it does not seem profitable
methodologically to distinguish between opinion polling and other
attitude research. The need for investigating dimensionality of
responses remains in either case. Let us now turn to a closer view
of the concept of attitude itself.

Definition in terms of observations. In this section is proposed an
approach to a definition of attitude that is intended to promote re-
search. A complete definition 1s not attempted. Only a necessary
condition to be incorporated into a definition is suggested, namely,
that an attitude be defined in terms of a delimited totality of be-
havior. Specifying behavior as a necessary condition can aid useful
research without waiting for a complete definition.

A basic premise accepted here is that a scientific concept must be
defined in terms of observations; it may be defined directly in terms
of the observations, or by operations on the observations. A second
premise is that a definition is scientifically useful only in so far as it
leads to objective research. According to these premises, any
sociological concept must be based on observations of human be-
havior and will be useful only to the extent that the requisite obser-
vations can be made and analyzed rigorously. In particular, these
considerations pertain to the concept ‘“attitude.”

Many authors have proposed approaches to defining an attitude.®
Two notions that seem most common to their discussions are that
(a) an attitude is a predisposition to act in a certain way toward
something (subject-object relationship), and that (b) it is an infer-
ence from previous behavior.

Let us examine these notions in the light of our basic premises.
In order for them to provide a complete definition, the predisposition
and the inference must be pinned down. The behavior to be pre-

4 This undoubtedly accounts for the unrewarding results of the numerous subjective
Bugge:st.ions proposed by many writers on how to word questions so as to make them
‘“‘unbiased.”

$ See summaries in the sources referred to in footnote 3.
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dicted, the behavior from which inferences are to be drawn, and the
process of inferring the predisposition must each be defined.

Prediction not sufficient. Merely to say that an attitude is that
which helps predict certain behavior, of course, is not sufficient to
define the term as conventionally used. It can be predicted that a
person will behave in a certain manner, yet it would be agreed that
the basis for the prediction should not be called attitudinal. For
example, from a knowledge of the amount of education an enlisted
man has had, we can predict to a certain extent how often he will
go AWOL. But we would not say that a man’s education should
be an integral part of a definilion of attitude toward Army regula-
tions; it is a correlate and not a component. Relatively accurate
predictions can be made of human behavior without direct reference
to attitudes, and hence are insufficient to define an attitude.

Useful research on prediction requires that the predictor and the
thing to be predicted must be defined separately and independently.
The research problem is then the empirical one of finding out how
well the predictor actually predicts one or more other variables.

Therefore, although how well an attitude can predict one or more
other things will be of interest, the attitude cannot be defined merely
as something that predicts. Two objections to such an approach
are that (a) nonattitudinal variables also predict; and (b) to regard
empirical correlates of an attitude as part of its definition makes
nonsense of research. Prediction or correlation is not sufficient to
define an attitude.

Similarly, prediction does not seem to be a necessary component
of a formal definition of attitude. It may be that when attitudes
are defined, they will yield useful predictions for some problems and
less useful predictions for others. But if prediction is to be incor-
porated into the formal definition, then it must be stated how ac-
curate it is. Must the prediction be perfect? If not perfect, and if
predictability is measurable by correlation coefficients, is a corre-
lation of .8 sufficient, or is .5, or is .01?

Perhaps even more cruc:a.lly, if prediction is to be part of the
definition, then the thing to be predicted—the criterion—must be
defined. Shall the attitude of a person toward a candidate for elec-
tion have as a criterion the voting behavior of that person on elec-
tion day? Then those who are under-age, illiterate, or cannot vote
for any other reason constitute a problem: do they or do they not
have an attitude toward the candidate?

It seems implicit in conventional discussions of attitude as a pre-
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disposition that behavior depends not only on the attitude but also
on the situation. A person may hate his boss, but smile at him
every day. Conceivably, then, attitudes may fail completely to
predict some criteria.

If a definition of attitude could be made which involved prediction
as a component, and which would facilitate research, this would be
highly desirable. We believe that this has not yet been done, and
that the problems raised in the preceding discussion militate against
its being done. Attempting to define a predictor in terms of criteria
to be predicted seems to lead to ambiguities and circularities. An
alternative approach is to define attitude apart from any one cri-
terion, and to regard prediction as an empirical correlate, rather
than as a component. That is, after an attitude has been defined,
the problem of prediction can then be tackled in a straightforward
manner; the empirical correlations of the attitude with any outside
variable desired can be ascertained. The attitude will be found to
predict some things well in some situations, and some things poorly
in some situations. In this way, many ambiguities are avoided.

We believe that in the long run better predictions will be made on
the basis of research using such an approach. Preliminary evidence
that predictions are facilitated by focusing on defining things in
their own right is afforded by scalogram analysis (which is discussed
in detail in the following chapters). In scalogram analysis, the uni-
verse of content is defined apart from any ideas of predicting outside
variables. Then, if the content is scalable, it turns out that any
ouiside variable whatsoever can have its maximum predictability
determined in a very easy fashion.

The concept of an attitude universe. How can an attitude be de-
fined without explicitly using the notion of prediction? An ap-
proach that seems to have possibilities of yielding a rigorous and
useful definition is to consider an attitude to be a delimited totality
of behavior with respect to something. For example, the attitude of a
person toward Negroes could be said to be the totality of acts that
a person has performed with respect to Negroes. A discussion of
the problem of how to delimit such a totality is reserved for later.

Such an approach conforms to our premise for a definition by
being based on observations. For the example of attitude toward
Negroes, people can be observed with respect to how they behave
toward Negroes in various kinds of situations. A person who votes
against providing educational facilities for Negroes, sneers at
Negroes when he sees them well dressed, speaks of them in deroga-
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tory terms whenever he does talk about them, etc., could be classi-
fied as having one kind of attitude toward Negroes, and a person
doing other things could be classified as having another kind of
attitude toward Negroes.®

The utility of defining an attitude as a delimited totality of be-
havior depends on how complicated are the interrelationships be-
tween the various acts involved. It must be possible in practice to
characterize the entire population whose attitude is being investi-
gated on all the behavior involved in the definition. It should be
possible to accomplish this either by (a) actual observation of each
individual on each act; or (b) by finding that the interrelations between
the acts are such that from only a sample of acts the whole configuration
can be reproduced. If the number of acts is indefinitely large, a
definition of attitude as a totality of acts can be useful only if the
acts have a sufficiently simple pattern of interrelationships which
will enable the whole to be reproduced fairly accurately from but a
part. A scalogram pattern is one example of such a simple pattern
of interrelationships.

One way of arriving at a workable definition in this sense is not to
attempt to bite off too much in one chunk. For example, if a com-
plete study of all behavior toward Negroes could be made, it might
be found that this configuration was far too complex to be manage-
able as a whole, but that on the other hand, parts of the universe
could be defined separately in a manageable form. The behavior
of people toward Negroes when they meet them on the street might
be proved to be a manageable configuration, or the behavior of
people with respect to employing Negroes might be proved to be a
manageable configuration; it would then be useful and profitable to
speak of various attitudes: attitude toward Negroes when meeting
them on the street, attitude toward employing Negroes, etc. The
total attitude toward Negroes would then be the configuration of
these subuniverses. A specific research project would rarely call
for such a totality, but more often only for selected subuniverses.

Classtifications and subclassifications. A totality or universe of
behavior can usually be regarded as a subuniverse of a larger uni-
verse, and can itself often be divided into subuniverses.

A subarea of behavior is itself of interest if the larger area of which
it is a part is of interest. Furthermore, the relationships of a sub-
area to outside variables can be studied and be useful regardless of

¢ Note the avoidance here of saying that one person is ‘‘more’ favorable than another
toward Negroes; it i8 not assumed that attitudes are necessarily scalable.
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the role of the subarea in the total area. In an external prediction
problem, if an adequate prediction can be made from only a sub-
area of an attitude, then that may be all that is needed for practical
purposes; it need not be necessary to study the entire attitude.

By recognizing the different subuniverses that can be in an atti-
tude, one can avoid the temptation of saying that a particular sub-
universe is “really’’ the attitude. For example, it has been found
that Negro soldiers will respond differently to questions put by
Negro interviewers than to the same questions put by white inter-
viewers. Instead of asking which situation elicits the “real” atti-
tude of the respondents, it seems far more profitable to recognize
that here are two distinct, though related, subuniverses. If it is
desired to predict something external from these responses, it may
be found that the responses involving the Negro interviewer will
help predict how a respondent will act in the company of Negroes
with respect to the issue at hand; whereas, the responses elicited by
white interviewers may better predict how the Negro will behave
in a white environment. And most certainly, knowledge of the
behavior in both the white and Negro interview situations will in
general provide better external predictions than will knowledge of
only one of the subuniverses.

The role of questionnaire research. An interesting feature of cur-
rent research is the use of questions in stimulating responses. The
behavior performed by a respondent on a written questionnaire is
either to place a check mark opposite a category of the printed an-
swers to a printed question, or to write out a response by himself.
In an interview situation, this writing is done by the interviewer
himself. If the content of the questions is, for example, expression
of opinion about the respondents’ officers, then the responses are
classifiable as a subuniverse of the men’s attitude toward their offi-
cers.

Such a subuniverse of behavior of responding to a questionnaire
is, of course, not the same as other behavior with respect to officers;
and the relationships it has with other subuniverses of the attitude
is a matter for empirical investigation, as is any question of inter-
relationship between subareas.

Questionnaire responses at present are by far the most manage-
able kind of subuniverse of attitudinal behavior. If the attitudes
of a population are under investigation and if it is not possible to
observe the entire population on the totality of acts, then there are
two kinds of sampling problems involved. One is the sampling of
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acts, and the other is the sampling of people. Although the uni-
verse of verbal behavior observable by the questionnaire technique
is indefinitely large, an adequate sample can probably be incor-
porated into an administrable questionnaire, and a proper sample
of people can also be obtained.” Many items can be included in a
questionnaire and responded to in a very short period of time,
whereas other kinds of subuniverses of behavior may take place
over long periods of time and be difficult to observe systematically
for a satisfactorily large group of people.

Like any other subuniverse, questionnaire responses can be used
to predict outside variables if desired, the amount of predictability
being a matter to be ascertained empirically. If sufficient pre-
dictability can be obtained from such a subuniverse alone, then
there may be no need to investigate the other subuniverses of the
attitude for that particular problem.

The insufficiency of ‘‘known-group validation.”’ Is it true that the
attitude-as-behavior approach can lead to improvement in research?
Let us examine how it bears on two conventional techniques. One
can be called that of known-group validation, and the other that of
the single criterion.

The procedure of “‘known-group validation’ consists of beginning
with an informal judgment of one or more groups of people with
respect to their attitude. The behavior defining the attitude is not
explicitly stated beforehand, but it is agreed to accept comparisons
of the groups with respect to this undefined attitude. An illustra-
tion might be that of “esprit de corps.” The ‘“known-group” ap-
proach for this is to say, for example, “We don’t know exactly what
the term signifies, but we can agree that whatever ‘esprit de corps’
is, the paratroops in the Army have more of it than the Infantry.
Therefore, let us try to find observations that will best discriminate
between paratroopers and infantrymen.”

A patent weakness of such an approach is that it cannot provide a
definition. Many things could be found that would discriminate
between paratroops and Infantry, but would not be called “esprit
de corps.” As an extreme example, the shoes men wore (at least
until late in the war) would discriminate very sharply between para-
troops and Infantry; but a consensus of research workers would un-
doubtedly reject shoes as part of the definition of ‘“‘esprit de corps.”

7 The processes of sampling people and of sampling items are not at all identical; ran-
dom sampling, stratified or not, is used for the first, but is not applicable to item con-
struction.
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This approach cannot distinguish between a definition and its corre-
lates.

A less obvious weakness in this indirect technique is its implicit
assumption that an attitude is necessarily unidimensional, that
individuals or groups can be meaningfully ranked on it from high
to low. If an attitude is composed of several multidimensional ele-
ments, there is no need for each of the separate elements to dis-
criminate between groups even though the composite does discrimi-
nate. It is a commonplace of multiple correlation that zero-order
relationships may have little bearing on higher order relationships.

Such an indirect validation approach is not designed for defining
concepls; it seems intended only to help in the absence of a definition,
and what help it can give is necessarily very limited. Criterion
groups can be useful as a stimulation to intuition in cases where it is
not clear what the problem is. By asking, “What behavior led us
to think of these groups as criterion groups?’’ research workers can
be led to define one or more classes of acts that can be agreed on as
being the behavior the researcher is interested in studying. From
the point of view of attitude-as-behavior, the important thing is
finally to be clear as to the acts that are to be considered intrinsic
to the attitude. In so far as the criterion groups prove to clarify
the universe of interest, they are an effective informal aid; a danger
is to focus so much on the groups as to lose sight of the fact that
possible discrimination between them is only a correlate of the atti-
tude or attitudes to be studied.

Dangers of the regression approach. A related indirect approach
widely used is that of attempting to predict a single criterion. As
an example, consider the notion of job satisfaction. The approach
of the single criterion requires that the attitude of job satisfaction—
when defined—should correlate as highly as possible with actually
leaving or staying on the job when it is a matter of free choice (or
some similar criterion). Things that could help predict whether or
not a person will leave a job, given his free choice, would be as-
sembled into a composite to predict the criterion; and the regression
of the criterion on the composite would be called an ¢ndex of job
satisfaction. The attitude itself is not defined, but the index is
supposed, in some sense, to represent the attitude.

For the purpose of predicting whether or not a man will leave his
job, the procedure of assembling a composite and coming out with
a prediction variable is, of course, the proper procedure. It should
not, however, be inferred that thereby a concept is necessarily de-
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fined. How this would be an improper inference can be seen in
several ways.

One way is to suppose that a composite can be assembled that
would yield a prediction variable that allows perfect prediction.
There is a curious aspect to such a composite, namely, that it is
never unique. If more variables are added to the composite, the
enlarged composite will necessarily also yield perfect prediction, no
matter what the additional vartables are. This is an immediate conse-
quence of the definition of multiple regression; adding variables can
not reduce predictability. Furthermore, in general it should not be
expected that there is a unique smallest subset of variables in the
composite that will yield perfect prediction. It seems plausible that
two or more different subsets of predictors will yield the same per-
fect prediction, if perfect prediction is possible at all.

Similarly, in the case where a composite yields imperfect predic-
tion—which is the usual case in practice—there are in general sev-
eral different subsets (or several other composites) which will yield
equally good predictions.! Furthermore, for this case of imperfect
prediction, there can be negligible correlations between the indexes.?

If it is desired to predict some external variables from the attitude,
and if all that is available is an index which correlates but imper-
fectly with the attitude, it is very unsatisfactory merely to correlate
the external variable with this index. Which of the possible indexes
should be used? Even though the indexes should correlate equally
with the attitude, their correlations with an external variable can
vary considerably, just as the correlations among themselves can
vary considerably. It is possible for an index to predict the outside
variable far better than does the attitude, as well as far worse than does
the attrtude.

And even further, the correlation of an external variable with a
particular index is in general less than the multiple correlation of the
external variable on the observations from which the index was de-
rived. The multiple regression of the attitude on the prediction
composite is in general different from the multiple regression of an
external variable on the same composite, so that the regression for

8 For an analytical discussion of the lack of intrinsic meaning of multiple regressions,
see sections 19, 20 and 21 in Louis Guttman, “An Outline of the Statistical Theory of
Prediction,” in P. Horst, et al., The Prediction of Personal Adjustment (Social Science
Research Council, New York, 1941), pp. 287-292.

* As a numerical example from linear correlation, consider the case where each of two
composites correlate .7 with the criterion. It can be proved that the only restriction
on the correlation between the two indexes is that it be between —.02 and +1.00.
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the one variable is not the most appropriate to be used for the other.

In view of all this, it seems that defining an attitude by resorting
to an index can lead only to ambiguous research.

The characterization of attitude as a delimited totality of be-
havior is intended to de-emphasize the indirect approaches which
characterize so much of current studies. The ambiguities of indi-
rection are almost of necessity irresolvable. A direct approach
such as outlined here seems better designed to clarify and to struc-
turalize research problems into a usable form, and the problems that
attend studying attitude-as-behavior have the possibility of being
solved.

Internal validily and external validittes. Perhaps the major reason
why so much research has been predicated upon indirect and incom-
plete validation procedures has been lack of recognition of the fact
that in general there are two quite distinct kinds of validity. One
kind we shall call “internal’’ and the other kind ‘“‘external.”

“Internal validity’’ is the problem of definition. In defining a
universe of behavior, the test of “internal validity” for each item
in the universe is its content. Does the content of the item belong
in the universe? Only a judgment of the content can answer this,
according to our approach. For example, does the following prob-
lem belong to a universe of knowledge of arithmetic: “How much is
two plus two?”’ Or does the following item belong in a universe of
opinion about the presidential qualities of Mr. Truman: “Do you
think Truman is doing a good or a bad job as President?”’ If one
wishes to study knowledge of arithmetic, then one asks arithmetic
questions. If one wishes to study opinions about the President,
then one asks questions about the President. What questions go
into each of such universes is determined by the content involved.
Each item with the proper content of the universe has ‘“internal
validity” for that universe.

‘“External validity” is the problem of prediction. A universe has
but one “internal validity,”” but <t has many possible ‘“‘external validi-
ties,” since it can be used for many different prediction purposes.
Knowledge of arithmetic may have some validity for predicting
success as an accountant, a different validity for predicting success
as an engineer, etc., etc. Opinion of President Truman may have
some validity in predicting who will vote for him on election day, a
different validity for predicting who will support his program on
price control, etc., etc. A particular “external validity’’ for a uni-
verse cannot be determined except by experiment. The thing to
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be predicted must first be defined, and then observations must be
made to determine the correlation between the predictor and this
particular criterion. Generally, the correlation will not be perfect.
In the social sciences, we rarely find that one variable can be pre-
dicted well from another. Ordinarily, a battery of predictors is
needed to attain a substantial correlation with a criterion. To pre-
dict success as an accountant, it should be helpful to consider not
only knowledge of arithmetic, but other universes as well. To pre-
dict well who will vote for a presidential candidate, other things
besides opinion of that candidate should be taken into account.
Hence, the many ‘“‘external validities”’ of an attitude may be far
from perfect by themselves.

The “‘external validities” of an attitude cannot be studied until
the attitude itself is defined. “Internal validity’”’ must be agreed
on first. After the attitude is defined, then any particular ‘“‘ex-
ternal validities’’ can be explored empirically. Some may be high
and some may be low, but, regardless, it should be clear that “ex-
ternal validities” are empirical correlates of, and not integral cri-
teria for, “internal validity.” ,

Accuracy as an ‘“external validity.” The distinction between ‘“in-
ternal” and ‘“external validity’’ can be illustrated by one kind of
prediction problem, that of accuracy. In a poll or survey, some
questions may be used which attempt to reproduce some external
or objective fact, and some questions may be used to elicit opinion.

If a man is asked to state his age, one “external validity”’ of his
response would be the accuracy with which it corresponds with data
recorded on his birth certificate. This particular external criterion
on the birth certificate is defined apart from the man’s response,
and can be observed without ever asking the man any questions.
The man’s response is a separate variable which belongs to a uni-
verse of all questions that could be asked of the man about his age;
it has “internal validity” for this universe of questions because of
its content.

What a man says about his age is one thing, and what the birth
certificate records is another; the relationship between the two is
something that is to be determined empirically. But, regardless of
this relationship, regardless of this particular ‘“‘external validity’’ of
the man’s response, the response can have high ‘“‘external validity”
for other prediction problems. Even if the response does not ac-
curately represent birth certificate data, it is a statement of the man
about himself, and such a statement can quite often predict other
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things very well. A man’s statement about his age might not be
accurate chronologically, but it might prove to be a good predictor,
say, of his personal adjustment or other areas defined externally to
it. Therefore, to say that a man’s statement about his age is ‘“not
valid” is very incomplete; what is ordinarily meant by this is that
it has little “external validity” for one particular problem.

In opinion questions, there is less danger of losing focus by seizing
upon a particular external criterion, because there ordinarily is no
supposedly factual counterpart to the opinion response which can
be obtained independently of the respondent. To inquire into the
‘““accuracy”’ of opinions does not in general make much sense, then.
Perhaps what is referred to by such an inquiry are problems concern-
ing the sampling of questions and of bias. How well does a par-
ticular opinion question represent the universe from which it was
drawn? Does it divide the population properly into pros and cons?
Such problems are the concern of scale and intensity analysis, and
are tniernal to the universe. They are not problems of ‘‘external
validity.”

The following chapters are devoted to the study of the internal
structure of a universe of attitude and opinion items (or of any other
universe of qualitative data), and show how knowledge of this struc-
ture is essential for an analysis of such qualitative data.
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CHAPTER 3

THE BASIS FOR SCALOGRAM ANALYSIS'

NE of the fundamental problems facing research workers in the

field of attitude and public opinion measurement is to deter-

mine if the questions asked on a given issue have a single meaning

for the respondents. Obviously, if a question means different things

. to different respondents, then there is no way that the respondents

can be ranked in order of favorableness. Questions may appear to

express but a single thought and yet not provide the same kind of

stimulus to different people. The responses even to the simplest
question can differ in kind as well as in degree.

That two people can give the same response to the same question
and yet have different attitudes has long been of primary concern
to public opinion pollsters. This is particularly the case when more
than one question is asked about the same topic, and the replies to
the different questions appear to be inconsistent. Consistency of
response is a problem that plagued attitude research long before
public opinion polling captured the fancy of the public. How can
one tell if there is enough consistency in the responses of a popula-
tion to a series of questions to indicate that only a single factor is
being measured? Are all respondents interpreting the questions to
mean the same things? Are differences in responses due only to
differences in degree of feeling and not to differences in kind? Isit
meaningful to score the people from high to low with respect to a
given set of items?

This problem of consistency underlies a great deal of research in
the social and psychological sciences dealing with large classes of
qualitative observations. For example, research in marriage is con-
cerned with a class of qualitative behavior called marital adjustment
which includes an indefinitely large number of interactions between
husband and wife. Public opinion research is concerned with large

1 By Louis Guttman. A bibliography of published articles on acalogram analysis is
given at the end of this chapter.
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classes of behavior like expressions of opinion by Americans about a
military treaty with the British. Educational psychology deals
with large classes of behavior like achievement tests. Other prob-
lems in social and psychological research where the consistency
underlying a series of items is of fundamental importance include
the study of aptitudes involved in fitting people into jobs, the meas-
urement of human intelligence and abilities, the study of neurotic
behavior and other aspects of personality, the appraisal of social
status—in short, any problem involving the assigning of numerical /
values to qualitative observations in an attempt to evolve a single
rank ordering. It is often desired in such areas to be able to sum-
marize data by saying, for example, that one marital couple is
better adjusted than another marital couple, or that one person has
a better opinion of the British than has another person, or that one
student has a greater knowledge of arithmetic than has another stu-
dent.

While the data to be presented in the present chapter will deal
almost entirely with social attitudes or opinions, the approach is ap-
propriate for all of the types of problems mentioned. This rather.
new approach seems to afford an adequate basis for the quantifi-
cation of many types of qualitative data.

The approach to scale analysis to be presented here has been used
successfully during the war in investigating morale and other prob-
lems in the United States Army. While some interesting mathe-
matics lie in the background, no knowledge of this mathematics is
required in actually analyzing data. Simple routines have been
established which require no knowledge of statistics, which take less
time than the different manipulations now used by various investi-
gators (such as critical ratios, biserial correlations, factor analyses,
etc.), and which give a complete picture of the data not afforded by
any of these other techniques. The word “picture” might be
interpreted here literally, for the results of the analysig are presented
and easily assimilated in the form of a “‘scalogram,”’ which gives the !
configuration of the qualitative data.

Theory of Scale Analysis

A main condition for an attitude scale has often been pointed out
by psychologists. For example, Murphy, Murphy, and Newcomb
say that ‘‘no scale can really be called a scale unless one can tell
from a given attitude that an individual will maintain every atti-

Lo
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tude falling to the right or to the left of that point.” 2 A similar
consideration is the starting point for our theory of scale analysis.
Instead of focusing on the ranking of items, however, we focus on
the ranking of individuals. The ranking of items apparently is re-
stricted to dichotomous items, where a person either endorses or
does not endorse a statement. In such a case, it is possible to con-
sider a ranking of endorsements, so that if a person endorses a more
extreme statement, he should endorse all less extreme statements if
the statements are to be considered a scale. But if the items have
more than two categories, such a consideration breaks down; “agree”
to one item might be equivalent to, or even less “favorable” than,
“undecided” to another item, so that there remains a problem of
how to rank items and response categories.

The ranking of people provides a more general approach to the
problem of scaling, since it turns out to be equivalent to the ranking
of items when all items are dichotomous, and it also includes the
case where items have more than two answer categories. We shall
call a set of items of common content a scale if a person with a higher
rank than another person is just as high or higher on every item
than the other person. This involves no problem of ranking the
categories of one item against those of the other items, but only
needs a ranking of the categories within each item.

An equivalent definition of a scale for our approach is that, within
each item, if one response category is higher than another, then all
people in the higher category must have higher scale ranks than
those in the lower category.

A third equivalent definition of a scale is the one upon which our
practical scalogram analysis procedures are directly based. It re-
quires that each person’s responses should be reproducible from his
rank alone. A more technical statement of the condition is that
each item shall be a simple function of the persons’ ranks. The
meaning of this is expanded below, where it is easily seen that the
three definitions of a scale just given here are all equivalent. This
third definition, while perhaps the least intuitively obvious, has
proved to be the most convenient formulation for practical pro-
cedures. Of course, when it is fulfilled, the first two definitions are
also fulfilled; and when the items are dichotomous, then the psy-
chologists’ condition first mentioned is also fulfilled.

* G. Murphy, L. B. Murphy, and T. M. Newcomb, Ezperimental Social Psychology
(Harper & Bros., New York, 1937), p. 807. We shall use the word “‘item” where they
use ‘“‘attitude.”
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Murphy, Murphy, and Newcomb further note that, “As a matter
of fact there is every reason to believe that none of the rather com-
plex social attitudes which we are primarily discussing will ever con-
form to such rigorous measurement.” * Perhaps such a belief may
account for the fact that the mass of current attitude research pays
little or no attention to this fundamental rationale. The common
tendency has been to plunge into analysis of data without having a
clear idea as to when a single dimension exists and when it does not.
For example, bivariate techniques—like critical ratios and biserial
correlations—are commonly used to find items that ‘‘discriminate’
and to determine ‘“weights,”’ without testing whether or not the
multivariate distribution of the items is actually indicative of a single
dimension.

One of the main purposes of this chapter will be to propose a rigor-
ous definition of a scale. This definition applies not only to the
study of general attitudes, but also to the study of public opinion
on specific issues. Furthermore, specific examples will be given to
show that consistent scales satisfying the rigorous requirements pro-
posed above have been obtained in actual practice. The proposed
method provides a simple analysis of a series of questions which will
enable one to determine quickly whether or not the basic condition for a -
scale 18 satisfied by the data.

T he notions of variable, function, and stmple function. First, a word
about what is meant by a variable, whether qualitative or quanti-
tative. We use the term in its conventional logical or mathematical
sense, as denoting a set of values. These values may be numerical
(quantitative) or nonnumerical (qualitative). We shall use the
term “attribute” interchangeably with ‘“‘qualitative variable.” The
values of an attribute (or of a quantitative variable, too, for that
matter) may be called its subcategories, or simply categories.

A variable y is said to be a single-valued function of a variable z if
to each value of x there corresponds a single value of y.

In particular, suppose y is an attribute, say like the attribute
about expression of liking for the British, and takes on three values.
We may denote by y, the statement, “I like the British"’; by y,, the
statement, “I don’t like the British”; and by s, “I don’t know
whether or not I like the British.” If z is a quantitative variable
which takes on at least three values, and if we can divide the z
values into three intervals which will have a one-to-one correspond-

3 Itnd.
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ence with the values of y, then we shall say the attribute y is a
simple function of z. For example, suppose z takes on the ten
values 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. Then the correspondence table
might be as follows:

z 0 1 2 3 4 5 6 7 8 9

y ) )0 %h Ys Ys 1} Y2 Y Y Y

The three intervals for z are: 0-2, 34, and 5-9, to which correspond
the values y1, ¥s, and y, respectively. Every person who has an
z-value between 0 and 2 has y; as his y-value; every person who has
an z-value of 3 or 4 has y; as his y-value; and every person with an
z-value between 5 and 9 has ¥, as his y-value.

We might show this graphically by plotting the z-values on a
straight line, and cutting it into intervals:

n ] is
r—*———\ f_—J‘ﬁ r A nY
| | I | | | l I | l
0 1 2 3 4 b 6 7 8 9

Figure 1

For statistical variables, another representation is in terms of a bar
chart of frequencies, and this is what is used for convenience below.
The definition of scale. For a given population of objects, the
multivariate frequency distribution of a universe of attributes will
be called a scale if it is possible to derive from the distribution a
quantitative variable with which to characterize the objects such
that each attribute is a simple function of that quantitative variable.
Such a quantitative variable is called a scale variable. 4

Perfect scales are not to be expected in practice. The deviation
from perfection is measured by a coefficient of reproducibility, which
is simply the empirical relative frequency with which the values of
the attributes do correspond to the proper intervals of a quantitative
variable. In practice, 90 per cent perfect scales or better have been
used as efficient approximations to perfect scales.

A value of a scale variable will be called a scale score, or simply a
score. 'The ordering of objects according to the numerical order of
their scale scores will be called their scale order.

Obviously, any quantitative variable that is an increasing (or de-
creasing) function of a scale variable is also a scale variable. For

Google



BASIS FOR BCALOGRAM ANALYSIS 65

example, in the illustration above, consider x to be a scale variable.
Any constant could be subtracted from or added to each of the z
scores, and ¥ would remain a simple function of the transformed z.
Thus, the scores 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 could be replaced by -
respective scores —5, —4, —3, —2, —1, 0,1, 2, 3, 4. Or the =
scores could be multiplied by any constant, or their square roots or
logarithms could be taken—any transformation, continuous or dis-
continuous, could be used, as long as the rank order correlation be-
tween the original z and the transformed variable remained perfect.
All such transformations will yield scale variables, each of which is
equally good at reproducing the attributes.

Therefore, the problem of metric is of no particular importance -
here for scaling. For certain problems like predicting outside vari-
ables from the universe of attributes, it may be convenient to adopt
a particular metric like a least squares metric, which has convenient
properties for helping analyze multiple correlations. However, it
must be stressed that such a choice of metric is a matter of con-
venience; any metric will predict an outside variable as accurately
as will any other.

In practice, the rank order has been used as a scale variable. (It
isin fact a least squares metric for a rectangular distribution of scale
scores.)

While rank order is sufficient for the mechanical aspects of testing
for scalability and of external prediction, it is not adequate for cer-
tain problems of psychological description and generalization. The
equations of scale analysis in Chapter 9 provide a psychologically
meaningful metric, beyond rank order, whose zero point is located
by means of intensity analysis as in Chapter 7.

An Ezample of a Scale of Dichotomies

As may be expected, the universe of attributes must form a rather
specialized configuration if it is to be scalable. Before describing a
more general case, let us give a little example. Suppose that a
statistics test is composed of the following problems:

Consider a population of voters in which 60 per cent are Demo-
crats and 40 per cent are Republicans.

1. What is the probability that one person chosen at random will

be a Democrat?

2. What is the probability that two people chosen at random will

both be Democrats?
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3. What is the probability that out of ten people chosen at ran-

dom, at least three will be Democrats?

If this test were given to the population of members of the Amer-
ican Sociological Society, we would perhaps find it to form a scale
for that population. The responses to each of these questions might
be reported in dichotomous form as “right” or ‘“wrong.” There
are 2 X 2 X 2 = 8 possible types for three dichotomies. Actually,
for this population of sociologists we would probably find only four
of the eight types occurring. There would be (a) the type which
would get all three questions right, (b) the type which would get the
first and second questions right, (¢) the type which would get only
the first question right, and (d) the type which would get none of
the questions right. Let us assume that this is what would actually
happen. That is, we shall assume the other four types, such as the
type getting the first and third questions right but the second ques-
tion wrong, would not occur. In such a case, it is possible to assign
to the population a set of numerical values like 3, 2, 1, 0. Each
member of the population will have one of these values assigned to
him. This numerical value will be called the person’s score. From
a person’s score we would then know precisely to which problems
he knows the answers and to which he does not know the answers.
Thus a score of 2 does not mean simply that the person got two
questions right, but that he got two particular questions right,
namely, the first and second. A person’s behavior on the problems
is reproducible from his score. More specifically, each question is a
stmple function of the score, as will be shown below.

The meaning of ‘“more”’ and ‘‘less.”” Notice that there is a very
definite meaning to saying that one person knows ‘“more’’ statistics
than another with respect to this sample. For example, a score of
3 means more than a score of 2 because the person with a score of 3
knows everything a person with a score of 2 does, and more.

There is also a definite meaning to saying that getting a question
right indicates “more” knowledge than getting the same question
wrong, the importance of which may not be too obvious. People
who get a question right all have higher scale scores than do people
who get the question wrong. As a matter of fact, we need no knowl-
edge of which is a “right” answer and which is a ‘‘wrong’’ answer
beforehand to establish a proper order among the individuals. For
convenience, suppose the questions were given in a ‘‘true-false”
form, with suggested answers (1) .50, (2) .36, (3) .42 for the respec-
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tive questions.! Each person records either a T’ or an F after each
question, according as he believes the suggested answers to be True
or False. If the responses of the population form a scale, then we
do not have to know which are the correct answers in order to rank
the respondents (only we will not know whether we are ranking
them from high to low or from low to high). By the scale analysis,
which essentially is based on sorting out the joint occurrences of the
three items simultaneously, we would find only four types of persons
occurring. One type would be F,T,F,, where the subscripts indi-
cate the questions; that is, this type says F to question 1, T to
question 2, and F to question 3. The other three types would be
F\T,T,, F\F,T,, and T,F,T;. These types can be shown in a chart
(a “scalogram’’) where there is one row for each type of person and
one column for each answer category of each question.

The scale analysis would establish an order among the rows and
among the columns which would finally look like this:

Question
Type score  Fy Ty F, T, Fy T,
3 z z z
2 T z z
1 z z z
0 z T z
Figure 2

Or, alternatively, both rows and columns might be completely re-
versed in order. Each response to a question is indicated by an z.
Each row has three marks because each question is answered (either
correctly or incorrectly). The parallelogram pattern in the chart®

is necessary and sufficient for a set of dichotomous attributes to be

expressible as simple functions of a single quantitative variable.
From this chart we can deduce that F,, T,, and F; are all correct
answers, or are all incorrect answers. That is, if we were now told
that F, is a correct answer, we would immediately know that T,
and F; are also correct answers. This means that we can order the
men according to their knowledge even if we do not know which are
¢ We shall assume that no one gets an answer right by guessing. Scale analysis can

actually help one pick out responses that were correct merely by guessing from an
analysis of the pattern of errors. But for this, much more than three items are neces-

sary.

§ Such a chart, where one column is used for each category of each attribute, we call a
scalogram. The scalogram boards used in practical procedures are simply devices for
shifting rows and columns to find a scale pattern, if it exists, as will be explained in de-
tail in the next chapter.
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the correct answers and which are the incorrect answers, only we do
not know whether we are ordering them from highest to lowest or
from lowest to highest. Except for direction, the ordering is a
purely formal consequence of the configuration of the behavior of
the population with respect to the items. The importance of this
fact will become more apparent in more complicated cases where the
attributes are not dichotomous but have more than two categories.

As will be shown later, the scale analysis automatically decides, for
" example, where an ‘“undecided’”’ response to a public opinion poll
question belongs, whether it is above ‘“yes,” below “no,” in between,
equivalent to “yes,” or equivalent to “no.” A priori judgments of
content order are not essential to scale analysis.

QUESTION
(2) (1))
100 =
(3 Right
o K 40
:: %
2ol
60 = :E:E: Right
PERGENTAGE 3 80
DISTRIBUTION
OF REPLIES 40 f=
Wrong
€0
20 |~
Wrong.
20
ok

The bar chart representation. Another way of picturing the dichot-
omous scale of the sample of three items would be as follows: sup-
pose that 80 per cent of the population got the first question right,
40 per cent got the second question right, and 10 per cent got the
third question right. The univariate distributions of the three re-
spective items could be shown by the bar charts in Figure 3.

The bars show the percentage distributions for the respective
questions. The multivariate distribution for the three questions,
given that they form a scale for the population, can also be indicated
on the same chart, since all those who are included in the group get-
ting a harder question right are also included in the group getting
an easier question right. Thus, we could draw the bar chart over
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again, but connect the bars with dashed lines in the fashion shown
in Figure 4.

Here again we can see how the three questions are simple functions
of the scores. From the marginal frequencies of the separate items,
together with the fact that the items form a scale, we are enabled to
deduce that 10 per cent of the people got a score of 3. The 10 per
cent who got the hardest question right are included in those who
got the easier questions right. This is indicated by the dashed line
on the right, between the scores 2 and 3, which carries the same 10
per cent of the people (those with a score of 3) through the three

QUESTION FREQUENCY SCORE
(3) (2) ()
100 = Right b 0% 3
-------- --lo-- escesshrcvesesascsshescarfurnsecnvecnadracane:
| Right
80 40 } 30 % 3
60 b BB, ... S - .-Right f.o.v.
et i
DISTRI Wrong o5
OF REPLIES Py %0 2 40 % '
Wrong
60
20 - PRI % %% %% % S+ SN e M
LWrong
) : ..2.9.:: } 20 % [+
or— =
Figure 4

bars. The 40 per cent who got the second question right include
the 10 per cent who got the hardest question right and 30 per cent
out of those who got the hardest question wrong, but all 40 per cent
got the easiest question right. This leaves us 30 per cent who got
just the first and second questions right. And so on. Thus we
can think of an ordering of the persons along a vertical continuum,
and each dichotomy can be thought of as resulting in one additional
cut on that continuum. All those above the cutting point get the
question right, and all those below the cutting point get the ques-
tion wrong. Thus, there is a one-to-one correspondence between
the categories of an item and segments of the continuum. Or we
can say that each atiribute is a simple function of the rank order along -
the continuum.

If the “right” and “wrong” answer categories are separated, as in
Figure 2, this bar chart representation assumes the pattern of a
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parallelogram. Two basic steps are involved in this procedure, as
will be described in detail in the next chapter. First, the questions
are ranked in order of “difficulty’’ with the “hardest’”’ question, i.e.,
the one that fewest persons got right, placed first and with the other
questions following in decreasing order of “difficulty.” Second, the
people are ranked in order of “‘knowledge’” with the ‘“most informed”’
persons, i.e., those who got all questions right, placed first, the other
individuals following in decreasing order of ‘knowledge.”” These
two steps are the basic procedure for the scalogram board technique
of scale analysis. The resulting parallelogram, assuming a scale is
present, is shown in Figure 5.

SCORE FREQUENCY CATEGORY ORDER

Question " Right" Question " Wrong"
(3) (2) ({B)] (3) (2) m
g e gRW"'f (’;::%%
. lo . ....%\‘;\ aew

| 40 %

Wrong
20

Zero-order correlations between items. It is because all the items
in the sample can be expressed as simple functions of the same or-
dering of persons that they form a scale. Each item is perfectly
correlated with or reproducible from the ordering along the con-
tinuum. However, the point correlations between the items are
not at all perfect. For example, the fourfold table between the
second and third items is as follows:

Question 2
Right Wrong

Right 10 0 10
Question 3
Wrong 30 60 90

40 60 100
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The point correlation between the two items is .41. As a matter of
fact, the point correlation between two dichotomous items may be
anything from practically zero to unity, and yet they may both be
perfect simple functions of the same quantitative variable.®

An important feature of this fourfold table is the zero frequency
on the upper right hand corner cell. Nobody who got the third
question right got the second question wrong. Such a zero cell
must always occur in a fourfold table between two dichotomous
items which are simple functions of the same quantitative variable.
This zero cell, furthermore, must occur in the column or row which
contains the lowest frequency and in that cell which represents a
“positive’” answer on one question and a ‘“negative’”’ answer on the
other question. Given only the marginal distributions of any two
scale questions, it is possible to compute the frequencies in each cell
of a correlation table of the two questions. In fact, it 8 possible to
construct the multivariate distribution of all the scale questions from a
knowledge of their straight distributions alone.” This can be done
regardless of how many answer categories are retained for each
question. An example of a scale using trichotomous items will be
given later.

This requirement concerning zero-order correlation tables be-
tween items suggests a procedure for scale analysis based on these
tables. However, zero-order relationships do not tell the whole
story about the entire multivariate distribution. Actually, it is
simpler to study the complete distribution by means of the scalo-
gram board technique, or related techniques, than to study all the
bivariate tables. It is helpful, however, to learn what a scale pat-
tern signifies by exploring some of the consequences in terms of bi-
variate tables. While the zero-order correlation tables are not good
to use as a practical technique for testing items for scalability, they
are a good pedagogical device for understanding scales.

Zero cells for dichotomies. The presence of a zero cell in the proper
place is a necessary but not sufficient condition for the existence of a

¢ A tetrachoric coefficient for the fourfold table above, assuming a bivariate normal
distribution, would be unity. However, this is not the correlation between the items.
It does not tell how well one can predict one item from the other. The tetrachoric co-
efficient expresses instead the correlation between two quantitative variables of which
the items are functions, provided the assumptions of normality are true. The reason
the tetrachoric is unity in this case is that the quantitative variables of which the items
are functions are one and the same variable, namely, the scale variable. Notice, how-
ever, that the distribution of the scale variable according to the rank order is not at all
normal. One of the contributions of scaling theory is to do away with untested and
unnecessary hypotheses about normal distributions,

7 The importance of this predictability for correlation analysis of attitude questions
will be discussed later.
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scale. If a correlation table of two attitude questions does not re-
veal this zero cell, then one can be certain that these two questions
are not members of a single attitude continuum, i.e., do not have
but one meaning to the respondents. However, the existence of a
zero cell in itself is insufficient proof of a single variable, even if the
cell is in the proper position. First, the two questions must be
judged to belong to the same content universe by virtue of their
content. Second, a sample of two questions is too subject to sam-
pling error (with respect to the universe of content) to provide an
adequate test; the occurrence of the zero cells in their proper position
should be found in the multivariate distribution of several questions.
The desired pattern for more than two questions will become more
clear to the reader as additional examples are given.

Let us translate this simple example into a problem of public opin-
ion analysis. Suppose the issue to be studied is public opinion
toward the continued maintenance of a large Army now that the
war is won. Three questions dealing with this topie, together with
hypothetical percentage distributions of replies, are given below.

1. In your opinion, is it necessary or unnecessary for the protection of the
United States to have a strong Army?

(a) It is necessary 70%
(b) It is not necessary 30
2. Do you think the United States should or should not increase the
present size of the Army?
(a) It should 50%
(b) It should not 50

3. If all other countries agree to disarm, do you think the United States
should or should not maintain a large Army?
(a) It should 20%
(b) It should not © 80

For the present, we will not deal with the problem of interpreting
which of these percentages—20 per cent, 50 per cent or 70 per cent
—represents the division of public opinion upon the issue of the size
of the Army. This problem will be treated in detail in Chapter 7,
“The Intensity Component in Attitude and Opinion Research.”

Following the procedure outlined in relation to the statistical
knowledge example given previously, we can test the hypothesis
that these three questions form a scale by seeing whether the three
questions are simple functions of the scale scores. One way of do-
inglthis would be to draw the bar chart diagram shown in Figure 5
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and to compare the obtained frequency of the four scale types with
the theoretical or expected frequency.

To draw this diagram of expected frequencies, we first place the
questions in descending order from the question calling for the most
extreme expression of ‘‘favorableness” toward a large Army, i.e.,
that question to which fewest persons reply “in favor of”’ a large
Army, to the question calling for the least extreme expression of
“favorableness” toward a large Army, i.e., that question to which
the largest number of persons reply ‘““in favor of”’ a large Army.®

SCORE EXPECTED QUESTION ORDER
FREQUENCY
Per cent " Favorable " Per cent " Unfavorable "
....... (3) (2) (n (3) (2) (1)
.............................. T R

3 20% Ls,‘['g':}f q R
...................................... 5 ...

2 30 %

| 20 %

0 30 % Unnecessary

l30 %]

This ordering of the questions shows us immediately how many
scale types should occur and what their expected frequencies should
be, if we have a scale. Scoring each of the subjects and placing
them in rank order of ‘“favorableness’’ toward a large Army, i.e.,
the number of questions upon which they express opinions “in
favor of”’ a large Army, should produce the parallelogram shown in
Figure 6.

Thus, in order for these three questions to form a scale, all persons
who felt that the United States should maintain a large Army even
if all other countries disarm must also feel that the United States
should increase the present size of the Army and that it was neces-

8 The terms “favorable’” and ‘‘unfavorable’” are used in the sense of more or less
favorable only. To divide such a continuum into “favorable’” and ‘“‘unfavorable” calls
for the determination of a zero point—a problem which will be discussed in a later chap-
ter.
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sary for the protection of the United States to have a strong Army.
Examination of the fourfold table between any two of the ques-
tions would have to reveal a zero cell in the corner representing the
“favorable’’-“‘unfavorable’” cell of the lowest marginal frequency.
For example, the frequencies of the cells in the cross tabulation be-
tween questions 2 and 3 are completely predictable from the mar-
ginals, as follows:

Question 2
“Favor- ‘‘Unfavor-
able”’ able”
“Favorable” 20 0 20
Question 3
“Unfavorable” 30 50 80
50 50 100

To conform to the scale pattern, there should be no respondents
who feel that the United States should maintain a large Army even
if all other countries disarm, but who think that the United States
should not increase the present size of the Army. On the other
hand, a respondent who feels that the United States should not
maintain a large Army if all other countries disarm, may or may
not favor an increase in the present size of the Army.

Given a scale pattern, the same predictability or reproducibility
of intercorrelations between any questions is possible from a knowl-
edge of the straight distributions. In addition, a knowledge of the
scale score enables one to predict or reproduce the responses of any
individual to each of the questions asked. The main condition for

/ a scale is satisfied: a person with a higher rank than another is just

as high or higher on each item.

Ezample of a scale of trichotomies. The same technique of scale
analysis outlined for dichotomous items applies equally well to items
with any number of answer categories. In fact, this technique
enables one to determine whether the different answer categories
should be treated separately as representing meaningfully different
replies or whether they should be combined. For example, in re-
sponse to a question, “How important is it for the United States to
have a large Army?’’ how should the answer categories ‘“fairly im-
portant” and ‘“‘not so important’” be treated? Should they be left
as separate categories, or should they be combined into a kind of
neutral category, or should “fairly important” be combined with
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“very important’’ while ‘“not so important’’ is combined with “not
at all important?”’ Scale analysis, using the technique outlined,
will tell one quite automatically how these combinations should be
made. This will be shown in several examples to be presented in a
following chapter.

Let us see what a scale composed of trichotomous items would
look like. Suppose three questions from the same attitude universe
were asked, each of which had three answer categories, the answers
to which distributed as follows:

Question
Answer categories 1 2 3
a 25%, 209, 40%
b 20 60 30
c 55 20 30

1009, 1009, 1009,

The number of scale types for these three trichotomous items is
seven, whereas the number of possible types for a nonscalable area
is twenty-seven. This reduction in scale types is indicative of the
highly restrictive nature of the scale pattern. (The number of
scale types equals the sum of all item categories, less the number of
questions, plus one, while the number of all possible types equals the
product of all the item categories.) The characteristics of the scale
types can be determined simply by joining the answer categories of
the different questions, as below in Figure 7.

type score
o aag 20 % 6
[
G e
T ek 8% sl
b bba 15 %
e ey
]
b cbb 25 % 2
R Rt R B o e IR P e e
' c
l ¢ cce 20 % [}
Hem | tem 2 item 3
Figure 7
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Arranging the questions in order of the frequency of “favorable”
responses (for all three answer categories) and arranging the sub-
jects in order of scale scores (assume simple weights of two for a,
one for b, and zero for c), the following bar chart parallelogram
emerges for the ideal scale pattern (Figure 8).

SCALE RESPONSE IDEAL CATEGORY ORDER
SCORE COMBINATION FREQUENCY
. Per cent | JPer cent . Per cent
Favorable Neutral Unfavorable
2a la 3a Ib 2b 3b lc 3¢ 2c
s aini
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R I 7 1 Rl . _} _
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s AR ) TR, Y Ao P ) b i) ) LA
T
2 bbe 25 % b \ {
[ ]
I bee 10 % ! el ] ]
IEiE
(4] cce 20 % | | ¢
Figure 8

This pattern is completely predictable on the basis of the marginal
distribution of answers to each of the questions. From a person’s
scale score it is possible to reproduce exactly how he answered each
of the questions. From the marginal distribution of responses to
any of the questions it is possible to construct any of the internal
correlations between questions. The pattern of intercorrelation for
questions 1 and 3, for example, would have to be as follows:

Question 1
a b c
a 25 15 0 40
Question3 b 0 5 25 30
c 0 0 30 30

25 20 55 100

The basic condition to be satisfied is that persons who answer a
question ‘““favorably” all have higher scale scores than persons who
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answer the same question ‘“unfavorably.”” This constitutes a rigor-

ous definition of a scale. It provides a simple, objective technique ™

for testing the existence of a single variable, that is, for determining
whether the questions have the same meaning for all respondents.

The Measurement of Error®

The amount by which a scale deviates from the ideal scale pattern
is measured by a coefficient of reproductbility. This coefficient is
simply a measure of the relative degree with which the obtained

/

multivariate distribution corresponds to the expected multivariate -

distribution of a perfect scale. It is secured by counting up the

number of responses which would have been predicted wrongly for *

-each person on the basis of his scale score, dividing these errors by
the total number of responses and subtracting the resulting fraction

from 1. As will be seen in the actual examples to be presented, the

occurrence of errors is easily determined by visual inspection of the

scale pattern. An acceptable approximation to a perfect scale has |

been arbitrarily set at 90 per cent reproducibility. Thus, if a scale
consisted of five items tested on 100 people, the total number of re-
sponses would be 5 X 100 = 500. To secure a coefficient of re- '

producibility of at least .90, there could be at most 50 errors for the -

entire sample of 100 respondents on all five questions.

The coefficient of reproducibility of the universe can be observed
only with sampling error if the scale pattern is not perfect. There
may be error due to the sampling of items and error due to the sam-
pling of people. The problem of item sampling is considered later.
With respect to sampling deviations due to people, the following
remarks may be made.

Reproducibility is computed by counting up the errors for each
person on each item. If the sample consists of 100 persons and five
items, the per cent reproducibility is based on 500 observations. If
the errors of reproducibility are random, and if the population re-
producibility is at least .90, then the standard error of a sample
proportion of reproducibility is at most .013, which allows a devi-
ation in the proportion of at most .040 at the three standard error
level of confidence.

Such a calculation of a standard error is, of course, voided if the
errors are not random, which may often be the case. Empirical
experiments on samples of 100 cases each on five items, however,

® For a more detailed discussion of this problem see Chapter 8, “Problems of Reli- 4

ability.”
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have consistently shown less than a variation of .04 when the com-
bined sample reproducibility has been over .90. Occasionally an
item has behaved a little differently for comparable samples of
people. Raising requirements for reproducibility, and using items
with more than two answer categories, reduces the possibility for
such minor variations.

In some cases, a sample of 200 or more people may be necessary
to get a clear picture of the situation.

Reproducibility 18 not a sufficient criterion for scalabrility. Repro-
ducibility by itself is not a sufficient test of scalability. It is the
principal test, but there are at least four other features that should
be taken into account: (a) range of marginal distributions, (b) pat-
tern of errors, (¢) number of items in the scale, (d) number of re-
sponse categories in each item.

(a) Range of marginal distributions: The reproducibility of any
individual item can never be less than the percentage of respondents
falling into a single answer category of that item, regardless of
whether or not a scale exists. For example, if a dichotomous item
has 80 per cent of the people in one category and 20 per cent in the
other, there cannot be less than 80 per cent reproducibility in repro-
ducing that item from a rank order obtained from all the items,
regardless of the scalability of the set of items as a whole. Thus,
if a sample comprises only items with extreme kinds of dichotomi-
zations, reproducibility will be automatically high for that sample,
regardless of the scalability of the universe. Therefore, to test a
universe for scalability, attempts should be made to include in the
sample as wide a range of marginal distributions as possible, and
specifically to attempt to include items with marginals around 50-50.

(b) Pattern of errors: If an area is scalable with but 10 per cent
error (and not artificially so because of extreme marginals), this
implies that there is but one dominant variable in the area along
which to order the persons. The errors of reproducibility may be
caused either (a) by one or two other variables of lesser magnitude
that may be in the area, or (b) by many small variables.

The existence of one or two additional small variables as opposed
to many small variables in the area is indicated by nonscale types
in the scale pattern which occur with sufficient frequency to be
noticed, but not with enough frequency to impair substantially the
reproducibility of the area from only the dominant variable. If
such definite nonscale types exist, then the multiple correlation of
an outside variable with the whole area would not be quite equiv-
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alent to the simple correlation with rank order on the dominant vari-
able, and would be attained only by taking the nonscale types into
account.

On the other hand, if error of reproducibility is random, then the
multiple correlation of any outside variable on the area will be pre-
cisely equal to the simple correlation with the rank order on the area.
This property, it is important to note, holds no matter how low the
reproductbility 1s. Some areas which are not scalable are called
guast scales; their reproducibility may not be high but their errors
occur in a sort of gradient. This means that although they lack
the essential property of a scale—rank order cannot reproduce per-
sons’ characteristics on the items in the area very well—neverthe-
less the rank order is perfectly efficient for relating any outside
variable to the area.

The difference between random errors, nonscale errors, and gradi-
ent errors will be discussed in Chapter 5, “The Utility of Scalogram
Analysis.”

(¢) Number of items: The more items included in a scale, the
greater is the assurance that the entire universe of which these items
are a sample is scalable. If the items are dichotomous (or dichot-
omized from more than two categories as a result of the scale
analysis), it is probably desirable that at least ten items be used,
with perhaps a lesser number being satisfactory if the marginal fre-
quencies of several items are in the range of 30 per cent to 70 per
cent. Just four or five items, with marginal frequencies outside
such a range, would not give much assurance as to how scalable the
universe was, no matter how scalable the sample might be. In
practice, ten or more items can be used on a pretest to determine
whether or not a universe is scalable but fewer items can be used in
the larger study—if the universe is shown to be scalable by the pre-
test—to obtain the number of ranks necessary for the amount of
discrimination between people required by the study.

(d) Number of response categories: The more response categories
for items included in a scale, the greater is the assurance that the
entire universe is scalable. A caution to be observed in combining
response categories to reduce error is to make sure that the reduc-
tion in error is not just a consequence of obtaining new extreme
marginal frequencies (e.g., 90-10) that do not permit much error
(see a above). Equally important is the fact that keeping answer
categories separate, while it will usually increase the amount of
error, decreases the possibility of a scale pattern appearing if in fact
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the universe is nonscalable. For example, four dichotomous items
with high reproducibility do not provide as dependable an inference
concerning the scalability of an area as would four trichotomous
items which were equally as reproducible. It is especially im-
portant to keep as many response categories as possible when the
total number of items is small. The more categories that can
remain uncombined, the more reliable is the inference that the
universe from which they come is scalable.

In many cases, of course, sufficient reproducibility may exist with-
out combining categories. In such a case categories may be com-
bined anyhow for convenience in final scoring. Combining cate-
gories in such a case does not disturb rank order except that two
adjacent ranks are merged.

The Universe of Attribudes'®

A basic concept of the theory of scales is that of the universe of
attributes. In social research, a universe is usually a large class of
behavior such as described in the introduction. The universe is the
concept whose scalability is being investigated, like marital adjust-
ment, opinion of British fighting ability, knowledge of arithmetic,
etc. The universe consists of all the attributes that define the con-|
cept. Another way of describing the universe is to say it consists
of all the attributes of interest to the investigation which have a
common content, so that they are classified under a single heading
which indicates that content.

An important consideration of the present theory of scales be-
comes that of the sampling of items. In studying any attitude or
opinion, there is an unlimited number of questions or question word-
ings which could be used. Any question asked in an attitude or
opinion survey is ordinarily but a single sample of indefinitely many
ways the question could be put. It is well known that changing the
wording of the questions, changing the order of presentation of ques-
tions, changing order of check lists of answers, etc., can yield ap-
parently different results in the responses. Conceivably, one could
ask questions which would secure “favorable” replies ranging from
0 to 100 per cent, depending upon the extremeness of the statement
that the respondents are asked to approve or disapprove. It is,

# The words population and universe are ordinarily used interchangeably in sta;.istical
literature. For scales, it is necessary to refer both to a complete set of objects and to a

complete set of attributes, so it will be convenient to reserve population for the former,
and universe for the latter. In social research, the objects are usually people, so that

population is appropriate for them.
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therefore, essential to inquire into the nature of the universe of all
possible questions of the same content, and to determine what infer-
ences can be made about that universe that will not depend on the
particular sample of questions used.

Scalogram theory shows that if the universe contains but a single ;

variable, that is, if all questions have but a single content ordering,
then the same rank order of the individuals upon this content will

be obtained regardless of which sample of questions is selected from '

the universe. The problem of sampling of items thus has a simple
solution for the case of a scalable universe.
An important property of a scalable universe is that the ordering

of persons based on a sample of items will be essentially the same as

that based on the universe. If the universe is scalable, the addition
of further items merely breaks up each type given by the sample
into more differentiated types. But it would not interchange the
order of the types already in the sample. For example, in Figure 8
above, type 5 would always have a higher rank order than type 4.
People in type 5 might be ordered within the type into more sub-
categories; people within type 4 might be ordered into more sub-
categories; but all subcategories within 5 would remain of higher
rank than all those in type 4. This may be seen in reverse, for ex-
ample, by deleting one of the questions or by combining answer
categories so as to make a trichotomous question dichotomous, and
noticing that all that is accomplished is to collapse the number of
types to a smaller number so that two neighboring types may now
become indistinguishable; but any types two steps apart would still
remain in the same order with respect to each other.

Hence, we are assured that if a person ranks higher than another
person in a sample of items, he will rank higher in the universe of
items. This is an important property of scales, that from a sample
of attributes we can draw tnferences about the universe of atiributes.

One of the criteria for selecting a sample of items is to choose a
sample with enough categories to provide a desired amount of dif-
ferentiation between individuals.®! Thus if individuals are desired
to be differentiated, say, into only ten groups, items should be
chosen which will yield ten types.!* The shape of the distribution

1 The number of possible scale types may be determined as follows: add unity to the
total number of categories in all questions (after combination) and subtract the number
of questions.

13 We are of course not considering problems of reliability in the sense of repeated
observations of the same attributes. For convenience, we are tacitly assuming perfect
reliability. See Chapter 8, “Problems of Reliability.”
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of the rank orders in a sample of items will of course depend upon
the marginal frequencies of the items selected. One sample of
items may yield a distribution of one shape; another sample may
yield a completely different shape. This need not be a matter of
concern, since our primary interest lies in the ordering of people, not
the relative frequency of each position.

It might be asked how one can know the universe forms a scale if
all one knows is a sample from the universe.

At present it seems quite clear that in general the probability of

| finding a sample of items to form a scale by chance for a sample of
individuals is quite negligible, even if there are as few as six dichot-
omous items in the sample and as few as one hundred individuals.!®
It seems quite safe to infer in general that if a sample of items is se-
lected without knowledge of their empirical interrelationships and
is found to form a scale for any sizable random sample of individuals,
then the universe from which the items are selected is scalable for
the entire population of individuals. This problem has already
been discussed under ‘“Measurement of Error.”

The relativity of scales. A universe may form a scale for a popula-
tion at a given time and may not at a later time. Such a change in
time would tend to indicate that the change is one of kind, rather
than degree. A new meaning has been added to the previous single
variable. For example, the items in a scale of expression of desire
of American soldiers to go back to school after the war may not
prove to be scalable if they were asked once more at the close of the
war.

Conversely, a universe may not be scalable at one time, but scal-
able at another. This would indicate a change in the structurali-
zation of the attitude from many dimensions to one dimension, or
that an ‘“unstructured’’ attitude has become ‘‘structured.”

A universe may form a scale for one population of individuals, but
not for another. Or, the items may form scales for two populations
in different manners. For example, a sample of items of satisfac-

18 To work out the complete probability theory would require two things: first, a
definition of a sampling process for selecting items, and, second, a definition of what is
meant by a scale not existing. A definition of the sampling process is difficult because
items are ordinarily developed intuitively. Stating a null hypothesis that a scale does
not exist leads to many possible analytical formulations, for different limiting condi-
tions may be imposed upon the multivariate distribution of the items. For example,
should the marginal frequencies be considered fixed in all samples, should the bivariate
frequencies be considered fixed, ete.? These are questions which may become clearer
a8 the theory of scaling develops, and in return may clarify our conceptions of what ob-
servation of social phenomena implies.
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tion with Army life which formed a scale for combat outfits in the
Air Force did not form a scale for men in the technical schools of the
Air Force. The structure of camp life for these two groups was too
different for the same items to have the same meaning in both situ-
ations.

A universe may not form a scale for the total population, but still
form a scale for subgroups of that population. The essential defi-
nition of a scale is that of ‘‘single-meaning,” and while a series of
questions may contain different meanings to a cross section of the
population, they may contain only a single meaning for some sub-
group of that population. However if a scale is obtained for a cross
section of the population, then that same scale pattern necessarily
holds for all major subgroups.

If a universe is scalable for one population but not for another
population, we cannot compare the two populations in degree and
say that one is higher or lower on the average than another with re-
spect to the universe. They differ in more than one dimension, or
in kind of attitude rather than in degree of ‘““favorableness’” on the
same attitude. It is only if two groups or two individuals fall into
the same scale that they can be ordered from higher to lower. A
similar consideration holds for comparisons in time. An important
contribution of the present theory of scaling is to bring out this em-
phasis quite sharply.

Content alone defines the universe. Before the structure of a uni-
verse can be analyzed, the universe itself must be defined. Let us
take an example from opinion research where it is desired to observe
the population of individuals in a standardized manner by a check
list of questions. The behavior of interest to the investigation is
responses of individuals to such questions. Suppose the universe
of items consists of all possible questions which could be asked in
such a list concerning the fighting ability of the British. Such
questions might be: “Do you think the British Army is as tough as
the German Army?”’ “Do you think the RAF is superior to the
Luftwaffe?’’ etc. (We do not pause here for problems of wording,
interpretation, and the like. The reader is urged rather to focus on
the general outline we are trying to establish.) There may be an
indefinitely large number of such questions which belong in the uni-
verse; and in a particular investigation, ordinarily only a sample of
the universe is used.

An attribute belongs to the universe by virtue of its content.
The investigator indicates the content of interest by the title he
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chooses for the universe, and all attributes with that content belong
in the universe. There will, of course, arise borderline cases in prac-
tice where it will be hard to decide whether or not an item belongs
in the universe. The evaluation of the content thus far remains a
matter that may be decided by consensus of judges or by some
other means. It may well be that the formal analysis for scalability
may help clarify uncertain areas of content. However, we have
found it most useful at present to utilize informal experience and
consensus to the fullest extent in defining the universe.

It should be pomted out that an area of qualitative data which
has been carefully thought through and judged to comprise a homo-
geneous universe of content does not necessarily form a scale. The
concepts of universe and of scale are distinct and separate. If a
universe is not a scale, it cannot be represented by a single rank or-
der. In some cases, scale analysis may suggest that there are two
or more subareas in the universe which might be scalable separately.
Then the universe could be represented by several scale variables,
by giving each person a rank order on each of the scalable subareas.
It may happen that a sample of items is analyzed for a group of
people and is not found to be scalable; but one or more subsets of
the items seem to be scalable separately. Finding scalable subsets
of items may sometimes imply that the original universe of content
can be divided into subuniverses, at least one—or perhaps all—of
which are scalable separately. To test the hypothesis that a scal-
able subset is part of a scalable subuniverse, it is necessary to show
that the content of this subuniverse is ascertainable by inspection,
and is distinguishable by inspection from that of the rest of the uni-
verse. A practical procedure to test this hypothesis might be as
follows: construct new items of two types of content, one type
which should belong in the original universe but should not belong
to the scalable subuniverse. If the new items designed for the ap-
parently scalable subuniverse do scale, and scale together with the
old subset; and if the new items designed not to be in this sub-
universe do not scale with the subscale; then the hypothesis is sus-
tained that a subuniverse has been defined and has been found
scalable. Each hypothesized subuniverse might be tested this
way.

It often happens, when about a dozen questions in an area are
pretested, that all but one or two are found to be scalable. There
are at least two possibilities as to why some items do not scale while
others in the same area do: (a) the universe is not scalable as a whole,
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but contains a scalable subuniverse; (b) the items have been im-
perfectly constructed. This latter reason is so easy and glib that
it is best to avoid it as much as possible. If the vast majority of a
sample of items do scale, then it may be plausible to blame faulty
construction for the nonscalability of one or two items. This
hypothesis can be tested by rebuilding the apparently faulty items
and retesting them. In practice, if the vast majority of a sample
of items do scale, the one or two items that do not may often be ig-
nored. If their construction is faulty, there are sufficient items
without them to establish rank order for the people; and if they
really represent a nonscalable part of the original universe, this part
may be so small as not to be essential to the study.

Scale analysis does not define content. The question may be asked:
to what extent, if any, can scale analysis be used to arbitrate dif-
ferences of opinion with respect to content, that is, as to whether or
not a given item belongs in an area? The answer is quite simple.
Scale analysis as such gives no judgment on content;" it presumes
that the universe of content vs already defined, and merely tests whether
or not the area is representable by a single variable. It might serve
as an auxiliary argument with respect to content in the special case
where there is controversy over but one or two items of a large
sample of items in which the remaining items are scalable. In such
a case, if the items in doubt do scale with the others, this may be
taken as additional evidence supporting the contention that they
belong in the area. It should be emphasized that this kind of
inference is but auziliary—there must be a cogent initial argument
based on content if an item is to be classified in an area. Sheer
scalability is not sufficient; an item may happen to scale with an
area, and yet not have the content defining the area—it may be a
correlate rather than part of the definition.

An important emphasis of our present approach is that a criterion
for an attribute to belong in the universe is not the magnitude of the
correlations of that item with other attributes known to belong in
the universe. Attributes of the same type of content may have
any size of intercorrelations, varying from practically zero to
unity.

14 More generally, no correlation analysis as such determines content; it studies only
formal relationships. If z relates perfectly with y, that does not mean z is identical
with y. If it is known that the correlation between z and y is .6, that alone does not
help to name the content of either z or y.

1 That correlations are no criterion for content has been quite well known. See, for
example, R. F. Bletto, Construction of Personality Scales by the Criterion of Internal Con-
sistency (Sociological Preas, Hanover, N.H., 1937).
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Methods of observation. Let us assume that somehow we have a
universe of attributes and a population of individuals defined.
Next, observations are made as to the behavior of the population
with respect to the universe. (In practice this will often be done
only with samples. A sample of individuals from the population
will have their behavior observed on a sample of attributes from
the universe.) How the observations are to be made is of no theo-
retical concern here. In opinion research and other fields, ques-
tionnaires and schedules have been used. But any technique of
observation which yields the data of interest to the investigation
may be used. Such techniques for the social and psychological
sciences might be case histories, interviews, introspection, and any
other technique from which observations may be recorded. The
important thing is not how the observations were obtained, but
that the observations be of central interest to the investigation.

Use of a questionnaire implies that the investigator is interested
in a certain type of universe of verbal behavior. Participant obser-
vation may imply that the investigator is interested in a certain
type of nonverbal behavior. Such distinet universes may each be
investigated separately. It may often be of interest to see how
well one universe correlates with another, but such a correlation
cannot be investigated until each universe is defined and observed
in its own right.

A good deal of attention has been given by various research work-
ers to the types of observations recorded. Thurstone has ap-
proached the problem of attitude measurement by asking essen-
tially, “What are your opinions?’’ 1* Other research workers have
attempted to get at attitudes by asking different questions. For
example, Bogardus asks, “What social relations are you willing to
tolerate with these people?”’,'” while Pace asks, “What would you
do under these circumstances?”’ ** Ford studied an attitude area
by asking about past behavior and concludes, “One may say
that the scales for estimating . . . experiences are really attitude
scales in disguise.” ¥ And so in the literature of attitude analysis

1 L. L. Thurstone and E. J. Chave, The Measurement of Attitude (University of Chi-
cago Press, Chicago, 1929).

17 See an application of this in Stuart C. Dodd, ““A Social Distance Test in the Near
East,” American Journal of Sociology, Vol. 41, No. 2 (S8eptember 1935), p. 195.

8 C. R. Pace, “A Situations Test to Measure Social-Political-Economic Attitudes,”
Journal of Social Psychology, Vol. 10, No. 3 (August 1939), pp. 331-344.

B R. N. Ford, “Scaling Experience by a Multiple-Response Technique: A Study of
White-Negro Contacts,” American Sociological Review, Vol. 6, No. 1 (February 1941),
p. 21.
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we find much space devoted to the construction of areas by means
of different types of items and check lists. All of these different
question forms represent only differences in techniques of observing
the attitude universe. There is no a priori reason to assume that
if the attitude universe is, say, attitude toward the British, any one
way of securing observations of this universe is better than any
other. In fact, if the universe is scalable, all types of questions
may be used indiscriminately with the same result as far as the
rank order of individuals in that universe is concerned. If, how-
ever, one series of items (for example, questions about past experi-
ences with the British) does not scale with another series of items
concerning the British (for example, behavior in hypothetical situ-
ations), then these two series may be regarded as two scalable sub-
universes of a larger but nonscalable universe.

Observations made in public opinion polls. 1t is with regard to the
manner of observation that public opinion polls have, perhaps, been
most often differentiated from attitude scales. A question concern-
ing public opinion, it is argued, is more specific and controversial
than an attitude question. This specificity has led public opinion
pollsters to place a great deal of stress upon the ‘“unbiased’’ con-
struction of a single meaningful question. Since the validity of the
poll question depends upon its manifest content, a great deal of con-
cern is shown over the ‘“meaning’ of the single question. It is felt
that practically every word must be tested for understandability,
bias, single meaning, etc., while check-list answer categories must be
presented in reverse form or combined in different ways, etc. Actu-
ally, it is this susceptibility of the single poll question to slight
changes in question wording that reinforces the position of the
present approach that attitude questions and opinion gquestions repre-
sent simply different forms of observation.

Any single opinion question is only a sample of one from the whole
universe of questions in the opinion area. With regard to dif-
ferences in “specificity’’ between attitudes and opinions, it is our
position that any area of behavior can usually be regarded as a sub-
universe of some larger area, and can itself often be divided further
into subareas. In other words, there is no means of determining
when an attitude is specific enough to be called an opinion. Our
definition of both involves the determination of verbal or nonverbal
behavior in some area, which may be relatively specific or relatively
general. In either case, of attitudes or of opinions, validity will
depend upon the adequate sampling of the entire universe of ques-
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tions in the area of interest. Scale analysis provides an objective
test of whether or not any particular opinion poll question contains
but a single dimension of meaning that is common to all similar
questions that could have been asked in its place.

The examples of scales to be given later happen to comprise ob-
servations made by means of questionnaires. It should not be in-
ferred, however, that scaling refers only to that technique. Scale
analysis s a formal analysis, and hence applies to any universe of
qualitative data of any science, obtained by any manner of observation.

Summary

1. The need for scale analysis arises out of the fundamental prob-
lem of attitude scaling and opinion polling of how to determine the
dimensions of meaning which the questions asked have for the re-
spondents. Scale analysis affords a rigorous test for the existence
of single-meaning for an area and provides a rank order of indi-
viduals for such areas as are found scalable.

2. Basic to the present scale theory is the concept of sampling
the attitude or opinion universe. An unlimited number of ques-
tions could be asked in any area; the problem is one of selecting a
sample of questions which are representative of all possible questions
that might have been asked. Scale analysis affords a test of this
sampling.

3. Scale analysis applies equally well to the study of attitudes
as to the study of opinions. More generally, any technique of ob-
servation—questionnaires, interviews, participant observation, etc.
—of any form of verbal or nonverbal behavior which is qualitative,
yields data which may be studied by scale analysis.

4. Scale analysis tests the hypothesis that a group of people can
be arranged in an internally meaningful rank order with respect to
an area of qualitative data. A rank order of people is meaningful
if, from the person’s rank order, one knows precisely his responses
to each of the questions or acts included in the scale.

5. More precisely, the multivariate frequency distribution of a
universe of attributes or items for a population of objects or people
is a scale if it is possible to derive from the distribution a quanti-
tative variable with which to characterize the objects such that
each attribute in the universe is a simple function of that quanti-
tative variable.

6. The scalogram board technique for determining the existence
of a scale involves two basic steps: (1) the questions and answer
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categories are ranked in a preliminary order of extremeness with the
“most extreme’ category, i.e., the one which is endorsed by fewest
people, placed first and the other categories following in decreasing
order of ‘“‘extremeness,” and (2) the people are ranked in order of
“favorableness’” with the ‘‘most favorable” persons, i.e., those who
answer all questions ‘“favorably,” placed first and the other indi-
viduals following in decreasing order of ‘‘favorableness.” The re-
sulting pattern, if a scale is present, will be a parallelogram.

7. There is an unambiguous meaning to the order of scale scores
and the order of categories within each item. An object with a
higher score than another object is characterized by higher, or at
least equivalent, values on each attribute. Similarly, one category
of an item is higher than another if it characterizes persons all of
whom are higher on the scale. .

8. From the multivariate distribution of a sample of attributes
for a sample of objects, inferences can be drawn concerning the
complete distribution of the universe for the population.

a. The hypothesis that the complete distribution is scalable can
be adequately tested with a sample distribution.

b. The rank order among objects according to a sample scale is
essentially that in the complete scale.

9. Perfect scales are not found in practice.

a. The degree of approximation to perfection is measured by a
coeffictent of reproducibility, which is the empirical relative frequency
with which values of the attributes do correspond to intervals of a
scale variable.

b. In practice, 90 per cent perfect scales or better have been
used as efficient approximations to perfect scales.

10. The predictability of any outside variable from the scale
scores is the same as the predictability from the multivariate distri-
bution with the attributes. The zero-order correlation with the
scale score is equivalent to the multiple correlation with the universe.
Hence, scale scores provide an tnvariant quantification of the attributes
Jor predicting any outside variable whatsoever.

11. Scales are relative to time and to populations.

a. For a given population of objects, a universe may be scalable
at one time but not at another.

b. A universe may be scalable for one population but not for
another, or it may not be scalable for an entire population, but scal-
able for a subpopulation. However, if a universe is scalable for an
entire population, it will be scalable for all major subpopulations.
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c. Comparisons with respect to degree can be made only if the

same scaling obtains in both cases being compared.
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CHAPTER 4

THE SCALOGRAM BOARD TECHNIQUE
FOR SCALE ANALYSIS'

ROM the previous examples of ideal scales, it is apparent that

techniques to determine whether or not the basic parellelogram
pattern of responses is present in a given set of data can be very
simple. The multivariate frequency distribution of responses should
be such that from the scale score one can tell exactly what responses
were made to each of the questions in the scale. This will be the
case where the responses to each question can be expressed as a
simple function of the scale scores. To determine whether or not a
series of questions forms a scale, it is only necessary to test to what
extent question responses are reproducible from scale scores.

This may be done in several different ways. Four specific tech-
niques which have been used successfully are: (1) the scalogram
board technique, (2) the Cornell trial-scoring and graphic tech-
nique,? (3) the tabulation technique,) and (4) the least squares
method.* All four techniques produce essentially the same results,
since they have the same basic theory. The last three methods
have been presented elsewhere and will not be discussed here. The
first method, the scalogram board technique, has received the most
use to date, being the technique employed by the Research Branch.
This is the method that will be described in detail in the present
chapter.

1 By Edward A. Suchman.

2 Louis Guttman, ‘“The Cornell Technique for Scale and Intensity Analysis,” Edu-
cational and Psychological Measurement, Vol. 7, No. 2 (Summer 1947), pp. 247-280.

$ Ward H. Goodenough, ““A Technique for Scale Analysis,” Educational and Psycho-
logical Measurement, Vol. 4, No. 3 (1944), pp. 179-190.

¢ Louis Guttman, “The Quantification of a Class of Attributes: A Theory and Method
of Scale Construction,” in P. Horst et al., The Prediction of Personal Adjustment (Social
Science Research Council, New York, 1941), pp. 319-348.
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The Scalogram Board®

The scalogram board is simply a device which permits the shift-
ing of the rank order of both respondents and question categories. -
By arranging answer categories in ascending order of frequency of
‘“favorable” responses and by arranging respondents in descending
order of “favorableness,” it is possible to determine visually whether
the required parallelogram pattern exists. This ability to shift
item order and respondent order at will also permits the use of the
scalogram board for many purposes other than scale analysis. Many
problems involving an analysis of multivariate frequency distribu-
tions of qualitative data can be successfully handled visually by
means of the scalogram boards.

Two scalogram boards are used, in order to provide both vertical
(for people) and horizontal (for response category) mobility. The
two boards are identical in construction. Each board serves as a
base upon which 100 removable wooden slats are held in place by a
frame attached to the base. When the frame is off, these strips of
wood can be removed and shifted up or down the length of the board.
Each strip has 100 holes bored equidistant and sufficiently deep to
hold an 118 calibre shot which has been silver-coated. The shots
are used to indicate each individual’s response to each question.
The board and slats are stained black so that the contrast of the
silver balls against the black board enables one to photostat each
piece of work. Since each board consists of 100 movable wooden
strips, each strip containing 100 holes, the board is equipped to
handle the responses of 100 individuals to items with a maximum v
total of 100 categories.

Legend for Figures 1, 2, and 3
A, B, C —— Frames attached to base piece

(hold slats in place)
D —— Removable frame
(When this frame is off, slats can be taken
out and moved up or down.)
E —— Fill-in strip
(used to tighten slats and align them for
transfer to a second board)
—— Alignment strip
(used to align boards 1 and 2 for transfer)
—— Movable slats—numbered 1 to 100
—— Screw and nut
(used to tighten and align slats)
1 —— Base

s The scalogram board was designed by Louis Guttman.

ma =

Google



*(payIys 2q 0} Apsol s}8[s Jul

Moys

)

pasoq weio[Bog

*Z dand g

Google



SCALOGRAM BOARD TECHNIQUE 95

e (16
1r£ ] OI. @ A ? ] j; |ﬁ'0 :
] | strips & pieces
AB,GD=V§ THICK
BASE PHECE =3 THICK
=—|
u’iOﬂSURFAGl—'—'
35 UNDEREAGH 88D 0
o |® 28
Q@
N E 2 .
-he Ticx sTenL
| | , 1 mtwu:r?[ %?”"Mm
inikhs | © ® e ,%2 ¢ %, o cn%;e %
o L L |

Figure 3. Diagram for construction of scalogram board
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Figure 4. Diagram for construction of removable slats.
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Pictures of the board are shown in Figures 1 and 2, while a dia-
gram for the construction of the board is given in Figures 3 and 4.
Although these are not shown in the pictures, it has been found
helpful to attach strips numbered from 1 to 100 across the top of
the board (Frame A) and down the side of the board (Frame B) to
show the rank order of respondents and items.

Top
MAGAZINE
sauS
NECTING ROD
FEEDER ARM ERARM A
\__foarner

Figure 5. Dropper for insertion of balls.

How the Dropper Works: The magagine i8 kept filled with balls, As Feeder Arm A
is preesed in, Feeder Arm B is pushed back and a ball is released. Feeder Arm A in the
meantime prevents other balls in the barrel and magazine from being released. Relax-
ing pressure on Feeder Arm A permits it to spring back into place, closing the barrel
opening by means of Feeder Arm B, and permitting another ball to fall between Feeder
Arms A and B ready for release when Feeder Arm A is pressed in again.

The balls are inserted into the holes by means of a dropper which
expels one ball at a time. The design of such a dropper® is shown
in Figure 5. To remove the balls from the holes, it is only neces-
sary to pass over them with a magnet.

The space between rows of holes is the same as between columns
of holes on each board. This is so the holes of a column of one
board will fit precisely over the holes of a row of the other board.
Balls can be transferred from the holes of one board into the holes
of the second board simply by putting the empty board face down
on the board containing the balls, holding both boards together,

¢ The dropper was designed and constructed by Fred Sheffield.
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and turning them over. The balls will then fall from the holes in
Board 1 into the corresponding holes in Board 2. The balls are
always in only one of the boards.

In setting up a scaling problem, the balls are first put into one
board to arrange the individuals in rank order. The second board
is used afterwards to arrange the categories in rank order. The
removable slats of the first board permit the shifting of individuals,
at the same time holding the order of question categories constant,
while the removable slats of the second board permit the shifting of
categories with the rank order of individuals remaining constant.

In order to change from shifting individuals to shifting categories,
it i8 necessary to superimpose the two boards so that the slats of the
two boards run at right angles to each other, and to turn the boards
over so that the balls fall out of the holes of one board into the holes
of the second board. For example, if Board 1 is used to arrange
individuals, each removable slat represents the responses of one
single individual to all the questions. These slats, let us say, run
horizontally, that is, they can be moved up or down on the board.
(See Figure 6.) The order in which the questions and answer cate-
gories appear is fixed, and the individual respondents can be moved
up or down without disturbing the question order.

To change the category order it is necessary to transfer the balls
to Board 2. This is done by placing Board 2 over Board 1, with the
slats running at right angles. The two boards are then held to-
gether and turned over. In this way the balls are transferred from
Board 1 to Board 2. (See Figure 7.) Again, the presence of a ball
represents the answer of a respondent to a question. But on this
board, the movable slats run in the opposite direction and each
slat represents a question-answer category. The rank order of
respondents is fixed, and the order of the categories can now
be changed without disturbing the respondent order. After rear-
ranging category order, to change back to Board 1 in order to study
the effect of the changed question order upon the scalogram pat-
tern, it is only necessary to place Board 1 on top of Board 2, and
turn the boards over. The change from Board 1 to Board 2, and
back again, is accomplished very quickly and in this way changes in
scalogram pattern can be observed at all stages of the ordering
process. This visual analysis permits one to determine quite easily
just how closely the arrangement of respondents from most to least
“favorable”’ conforms to the desired parallelogram picture.
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An Ezxample of Scalogram Analysts

Before presenting an actual example in detail, let us briefly sum-
marize the main procedures involved in scalogram analysis.

There are four basic steps in an ordinary scalogram analysis.
These are:

ANSWER CATEGORIES

! 2 45 a6
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% 00000000 @00C00000 00000080000 @00C0o

100 OO0®O0CO0000800000
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Figure 6. Board 1: Arrangement of individuals. (The filled-in holes represent re-
sponses.)

1. The initial arrangement. The responses of a sample of 100
individuals to the series of questions to be tested for scalability are
tabulated. An initial rank order of questions is determined from
the frequencies of “positive” and ‘negative’’ responses to each
question. The rank order of ‘‘positive’”’ response categories runs
from the question with the lowest ‘‘positive’” frequency to the
question with the highest “positive’’ frequency. The rank order
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of “negative”’ response categories runs from the question with the
highest ‘‘negative” frequency to the question with the lowest
“negative” frequency. The rank order of “neutral”’ responses is
unimportant. With the order of response categories established,
the answers of the sample of 100 individuals (unordered) are placed
into the board, each individual’s responses being contained on a
single removable slat.
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Figure 7. Board 2: Arrangement of questions.

2. The ranking of respondents. Respondents are scored for ‘“favor-
ableness”’ according to the number of “positive’” replies they give.
The slats are then shifted so that respondents are ranked on the
board from ‘“more favorable”’ to ‘“less favorable.”” We now have
an approximate ranking of respondents from ‘“more” to “less favor-
able,” and an approximate ranking of questions according to fre-
quency of responses to ‘“‘positive’”’ and ‘‘negative” categories. If
the data are scalable, the required parallelogram pattern should be -
apparent at this stage.

3. Combining categories. We now transfer the responses from the
first scalogram board to the second board. This permits us to shift
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100 SCALOGRAM BOARD TECHNIQUE

answer categories without disturbing the rank order of respondents.
The answer categories of each question are shifted so that all cate-
gories of a single question or item are adjacent. Those answer
' categories which overlap each other are combined into a single cate-
‘gory. Each item is tested for ‘‘improvement’’ and “error.” A new
question rank order according to frequency of ‘““positive” and ‘‘nega-
tive”’ responses is determined after categories have been combined
and, if necessary, questions with many ‘“errors” eliminated. The
slats are shifted once more bringing together all “positive’’ responses
and all “negative” responses in proper rank order.

4. Final arrangement. Responses are now transferred back to
the first board to permit a reshifting of individuals while the rank
ordering of questions is held constant. Individuals are once more
ranked as in the second step from “more’’ to ‘less favorable.” The
resulting arrangement represents the final scalogram picture.
Errors are counted and the coefficient of reproducibility computed.

Now let us take an actual example and carry it through these
four stages of scalogram analysis.

Step 1. The Initial Arrangement

A series of questions constituting a sample of an entire universe of
items is chosen and given a title indicative of the subject matter
covered. The twelve questions used in the present example deal
with soldiers’ attitudes toward the Army and are given in List 1.
The working sample usually consists of 100 cases which are obtained
by drawing every ‘“nth’ schedule or card from the total number of
schedules or IBM cards in the survey. By judging its content,

. the response to each question is designated as ‘“positive,” ‘“‘neutral,”
or ‘“negative.” When several middle positions are present, we may
have ‘“positive-neutral,” ‘“neutral-neutral,” or ‘negative-neutral”
responses. ‘‘No answers” are kept distinct from the responses at
first. Always, the apparently most favorable responses to a ques-
tion are designated as ‘“‘positive,” and the least favorable as “nega-
tive.”

List 1
Attitude toward the Army
(Questions are numbered as they were in the questionnaire.)

26. All things considered, do you think the Army is run about as effi-
ciently as possible, or do you think it could be run better? (Check one)
1 It is run about as well as possible, everything considered
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27.

28.

29.

30.

31.

32.

33.

SCALOGRAM BOARD TECHNIQUE

2 It could be run somewhat better
3 It could be run a lot better

Do too many of the things you have to do in the Army seem unneces-
sary? (Check one)

1 No, not too many of them seem unnecessary

2 Yes, too many of them seem unnecessary

In general do you think the Army has tried its best to see that men
get as square a deal as possible? (Check one)

Yes, it has tried its best

2 It has tried some but not hard enough

3 It has hardly tried at all

In general do you feel you yourself have gotten a square deal from the
Army? (Check one)

1 Yes, in most ways I have

2 In some ways, yes, in other ways, no

3 No, on the whole I haven’t gotten a square deal

Do you feel that the Army is trying its best to look out for the welfare
of enlisted men? (Check one)

1 Yes, it is trying its best

2 It is trying some, but not hard enough

3 It is hardly trying at all

In general how interested do you think the Army is in your welfare?
(Check one)

1 Very much
2 Pretty much
3 Not so much
4 Not at all

What do you think of the statement that ‘‘The Army makes a man of
you?”’ (Check one)
1____ There’salot to it

2 There may be something to it, but I’m still doubtful
3 There is not much to it
4 No opinion

In the Army, some jobs are naturally harder and more dangerous than
others and the Army has to put men where it thinks they are needed.

Considering everything, do you think the Army is trying its best to
see that, as far as possible, no man gets more than his fair share of the
hard and dangerous jobs? (Check one)

1 Yes, it is trying its best
2 It is trying some, but not hard enough
3 It is hardly trying at all

. Do you think the Army is trying its best to see that the men who

have the hard and dangerous jobs get the special consideration and
breaks they deserve? (Check one)

1 Yes, it is trying its best
2 It is trying some, but not hard enough
3 It is hardly trying at all
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102 SCALOGRAM BOARD TECHNIQUE

35. On the whole, do you think the Army gives a man a chance to show
what he can do? (Check one)

1 A very good chance

2 A fairly good chance
3 Not much of a chance
4 No chance at all

5 Undecided

36. In general, how well do you think the Army is run? (Check one)

1 It is run very well

2 It is run pretty well
3 It is not run so well
4 It is run very poorly
5 Undecided

37. Do you think when you are discharged you will go back to civilian life
with a favorable or unfavorable attitude toward the Army? (Check one)

1 Very favorable

2 Fairly favorable

3 About 50-50

4 Fairly unfavorable
5 Very unfavorable

The terms used here like ‘““positive,” “negative,” and the like, are
only to indicate a trial ordering of the categories within each item.
They are not meant to imply being on one side or another of a
‘“zero”’ point. Actually, the scale analysis could be performed
“blindly,” without looking at the content of the categories. The
technique is one of successive approximations which will converge
anyhow to the proper scale ordering—if a scale exists. Judging
category order within an item beforehand simply enables the first
approximation to be a very good one, so that not many more itera-
tions are required. Working “blindly”’ would involve many more
iterations ordinarily. The preliminary ranking of categories by
judging their content is not a theoretical necessity; it is only an ex-
tremely helpful labor-saving device. If it is uncertain how to rank
some categories a priori, which may often be the case with the
hyphenated ‘‘neutral” categories and with ‘“no answer,” these can
be given an arbitrary order, which will then be automatically re-
vised in the course of further steps in the analysis.

The pattern of our initial scale setup is determined by the fre-
quencies of the “positive” and “negative’’ categories of each ques-
tion. The scalogram is built from left to right, column by column,
each column containing a single category of response for a single
question. The first column consists of the ‘‘positive” category
with the fewest responses, and so on until all of the “positive” re-
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sponses of the questions in the series are represented. Here a
column is left vacant to set off the ‘“‘positive’’ from the ‘‘neutral”’
responses, which are the next group placed in the board. The
“neutral”’ responses may follow the question, or column, order of
either the “positive’”’ or the “negative”’ responses. If any of the
questions have more than one ‘neutral”’ response, the ‘“positive-
neutral” responses of all the questions are placed first, following the
column order assigned the respective ‘‘positive’”’ categories. Im-
mediately following are the “neutral-neutrals,” and then the ‘“nega-
tive-neutrals,” following the column order assigned the ‘“‘negatives.”
Another vertical column is left vacant and is followed by the ‘‘nega-
tive”’ responses. The ‘“negative’’ category order is determined
again on the basis of frequency of ‘“negative’”’ responses. The
categories in the ‘“‘negative’’ section are placed from left to right in
order of highest frequency to lowest. When ‘‘no answers’” occur,
they are placed a few columns to the right of the scale proper. If
it is desired to test whether a question of different content correlates
with the scale, its responses may be set in further on the right side
of the board, with the columns ranging from ‘““positive” to ‘“nega-
tive.”

Each of the slats holds the answers to every question on the board
for one man. Since each horizontal slat bears a number from 1 to
100, and since each schedule or IBM card is numbered, we can
readily identify any one of the men for further study or reference.

The scalogram picture for Step 1 shows the initial arrangement.
The first column of numbers on the left identifies the rank order of
respondents, while the second column identifies the sample of 100
respondents who have been selected at random for scale analysis.
The numbers across the top of the scalogram refer to the preliminary
order assigned the categories. At the top of the chart the question
number and the code number for the response category is given for
each column. The frequency for each column is given at the bot-
tom of the chart. Since the total number of answer categories for
the twelve questions was 43, only half of the columns of the whole
board are pictured. Columns 1 to 12 represent the most ‘“positive’
answer category for each of the 12 questions used in this scale.
Columns 36 to 47 represent the most ‘“negative”’ answers for these
12 questions. Between these two columns, we have the inter-
mediate answer categories arranged according to ‘‘positive-neutrals”
(columns 14 to 21), “neutrals”’ (columns 23 to 28), and “negative-
neutrals’” (columns 30 to 34). The frequency of “positive” and
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SCALOGRAM BOARD TECHNIQUE 106

““negative’’ responses for each of the questions in the scale has been
tabulated and answer categories have been placed in the board in
ascending order of frequency for “positive” categories, and descend-
ing order of frequency for ‘“negative’’ categories. The ordering of
“neutral” categories may follow the order of either the ‘“‘positive”
or ‘“‘negative”’ categories.

This initial picture, therefore, represents the responses of a ran-
dom sample of one hundred individuals to twelve questions arranged
according to the frequency of “positive’” and ‘‘negative’”’ answers. v
The responses of respondent number 57, for example, can be read
from the scalogram as follows: slat 57 has balls in columns 7, 11,
12, 14, 18, 19, 20, 21, 28, 30, 31, and 36, which represent the follow-
ing replies to each of the twelve questions: 26-1, 30-1, 33-1, 37-2,
29-2, 31-2, 36-2, 28-2, 34-2, 35-3, 32-2, 27-2.7 Similarly, it is
possible to see which individuals answered question 35-1: i.e., per-
sons 1, 21, 54, 58, 64, 69, 71, 73, 74, 88, 95, and 99.

An alternative way of arriving at the scalogram for Step 1 would
be to use Board 2 in which each slat stands for an answer category
and to put one question in the board at a time with all the answer
categories for any one question grouped together. The answer
categories can be shifted from right to left into the desired question
order, and the balls can then be transferred to Board 1 in prep-
aration for Step 2—the ranking of respondents.

Step 2.. The Ranking of Respondents

The initial setup completed, we start moving the slats, or re-
spondents, up and down the board to arrange them in rank order

of “favorableness.” The men who are “favorable” on all twelve

questions will have balls in the first twelve columns; these men are
moved to the top. After these men come those who are ‘“favorable”
on eleven questions, then ten, etc. An approximate method which
has proved useful during this initial ranking is to use simple weights,
e.g., to give “positive’”’ answers a weight of 4, “positive-neutrals’” 3,
‘“neutrals” 2, ‘‘negative-neutrals’ 1, and ‘‘negatives’ 0, and then to
rank individuals according to their scores. An additional aid is to
rank individuals so that as many balls as possible appear in a solid
streak for each of the answer categories. As will be shown in Step
3, the number of errors is computed by marking off these ‘“solid
streaks” with cutting points on the rank order, and then counting
as errors the number of individuals who fall outside these cutting

7 Code numbers will be used throughout to indicate answer categories.
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106 SCALOGRAM BOARD TECHNIQUE

points. The previous chapter has already shown how these “solid
streaks’ are predictable from a knowledge of the marginal frequency
distribution of replies.

Finally, within each of the scale types separately,® individuals are
ranked so that those individuals who are missing balls in the higher
numbered columns among the ‘“positives’” and in the lower num-
bered columns among the ‘“‘negatives’” are placed above those indi-
viduals who are missing balls not so close to the center columns.
The purpose of these arrangements is to secure as many perfect or
near perfect scale types as possible. Since the amount of error is
computed by counting up deviations from the ideal scale pattern,
these criteria of respondent order are aimed at permitting maximum
predictability of responses to all twelve questions from a knowledge
of the scale score. The basic criterion which determines whether
an individual should be shifted up or down is the effect this shift
will have upon the number of errors. How errors are computed
will be shown in Step 3.

The scalogram for Step 2 shows the results of the first ranking of
respondents. Respondents with “more favorable” answers have
been moved to the top of the board, while respondents with “less
favorable” answers have been moved to the bottom. The first
column of numbers on the left shows the rank order of respondents,
while the second column of numbers shows the revised arrangement
of the respondents’ identification numbers which results from the
ranking. Answer categories are once more coded at the top of the
picture. The rank order at this stage of the arrangement need not
be done too scrupulously. The ‘“neutral’”’ replies especially can be
handled relatively unsystematically. With practice, the research
worker will find that the visual pattern is enough to determine a
good initial rank order of individuals. However, let us take sev-
eral specific examples of why certain individuals were ranked above
others to illustrate the general principles involved.

1. “Weighting.” Rank orders 9 versus 10 (respondents 91 versus
80). Respondent 91 is placed above respondent 80 because, al-
though both respondents show 9 “positives,” person 91 has a weight
of 7 in the other 3 categories (two ‘“‘positive-neutrals’’ and one ‘““nega-

% We define “scale type” for the purpose of scalogram analysis as that perfect scale
type which the given individual most closely approaches with the least number of errors.
If there is more than one perfect scale type to which the given individual approaches
most closely, he is classified as belonging to that scale type which best maintains the
“solid streaks.”
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108 SCALOGRAM BOARD TECHNIQUE

tive-neutral’”’) while person 80 has a weight of 5 (one ‘‘positive-
neutral,”’ one ‘“neutral’”’ and one “negative’’ response).

2. “Solid streaks.” Rank orders 52 versus 67 (respondents 45
versus 86). Both respondents 45 and 86 have the same number of
“positives,” and yet, despite the fact that 45 has a lower total
weight (28) than 86 (35), he is placed above person 86. The reason
for this arrangement can be seen by looking at column 11 across the
top. If person 86 were placed above person 45, this would intro-
duce an empty hole into the solid streak of balls in this column.

3. “Errors close to center columns.” Rank orders 7 versus 8 (re-
spondents 95 versus 58). Both respondents have the same number
of “positives” and the same total weights. However, person 95 is
placed above person 58 because the missing ball is in a higher col-
umn (column 6) than for 58 (column 2) and, therefore, closer to the
center columns.

The above examples are intended only to show some of the pro-
cedures by which a parallelogram pattern with fewer errors will be
obtained. For the most part, this ranking of individuals can be
done visually, without scoring. The pattern becomes especially
clear when only dichotomous items are used. It is sometimes pos-
sible to tell at this very early stage that the items will not form a
scale, in which case there is no need to proceed with the next steps.

Step 3. Combining Categories

After a first approximate ranking of individuals, the problem be-
comes one of combining answer categories. As in the case of rank-
ing individuals, the basic criterion for these combinations is the
number of errors or deviations from the ideal or expected scale pat-
tern. Since making these combinations involves shifting the an-
swer categories, the balls are transferred to the second board to
permit the shifting of answer categories while the rank order of
individuals is held constant. Holding the two boards together so
that the slats of one are perpendicular to those of the other, we turn
them over. The balls fall into Board 2, permitting the shifting of
answer categories columns. In order to study each question sep-
arately the slats for each individual question are brought together.
This is the pattern shown in the scalogram picture for Step 3.

Before proceeding with a specific example, let us review what is
meant by the combination of answer categories. Suppose we are
ranking 100 individuals in order of ‘favorableness” based upon
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110 SCALOGRAM BOARD TECHNIQUE

their responses to a single question whose marginal frequency dis-
tribution is as follows:

Answer category Number
Strongly agree  (“Positive’’) 10
Agree (“Positive-Neutral’’) 20
Indifferent (““Neutral”) 20
Disagree (“Negative-Neutral’) 25
Strongly disagree (“Negative”) 25
100

If we assume that this question itself forms a perfect scale,
the first ten ranks would be occupied by the respondents who
checked the ‘‘positive” answer category, the next twenty ranks
(from 11 to 30) by the respondents who checked the ‘‘positive-
neutral” category, and so on. We could mark off these ranks by
“cutting points” along the rank continuum. From these cutting
points along the rank continuum, we can predict the respondent’s
answer to the question. For example, a respondent whose rank
order is anywhere from 11 to 30 would be predicted as checking the
“positive-neutral’”’ category. Now if we hypothesize that this ques-
tion belongs to a scalable universe, we would expect this prediction
of answer category from rank order to be true for each of the single
questions in the series of questions which go to make up the scale.
Each answer category to each question in the scale will serve to de-
fine an additional cutting point. In a perfect scale, all responses to
the answer category will fall between the cutting points of that
category. Any response which falls outside the cutting points will
be called an error of reproductbility; we would predict the wrong
response from knowing that the rank order of the respondent fell
between the prescribed cutting points. This is how we compute
the error for each of the answer categories shown in the scalogram
for Step 3. We mark off the cutting points and then count the
number of responses which fall outside the cutting points. Cutting
points should mark off consecutive ranks; this means that “solid
streaks’’ in adjacent categories should not overlap and should not
omit any ranks. Only one cutting point should separate any two
adjacent categories.

We now come to an important point. The cutting points should
separate answer categories which are distinctly indicative of dif-
ferent degrees of ‘“favorableness” or ‘‘unfavorableness.” Thus the
respondents in the ‘“positive-neutral’”’ category should be distinctly
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less ‘“favorable” on the scale continuum than the respondents in
the “positive” category, if the rank order is to be reproducible.
However, we often find this not to be the case. Instead of the
rank order of individuals who answer ‘“positive’”’ running from 1 to
10, and the rank order of respondents who answer ‘‘positive-neutral”’
running from 11 to 30, we find the two mixed rather indiscriminately.
We could not predict without a large number of errors whether a
person whose rank order was from 1 to 30 answered ‘“positive’”’ or
“positive-neutral.”” However, and this is the important point, we
could predict very well that his answer would be either ‘‘positive’
or “positive-neutral.” Thus by combining the two categories into
one we can set one cutting point between 30 and 31 and predict for
the individuals from 1 to 30 that their answers would be either
“positive” or ‘positive-neutral.” This is what is meant by com-
bination—the bringing together of two or more answer categories
which cannot be reproduced separately into one combined cate-
gory which can be reproduced.

The reason for “positive” and ‘‘positive-neutral” categories fail-
ing to discriminate between meaningful degrees of ‘‘favorableness”
may be due to the verbal habits of people. Some people who are
basically in the same position on the scale continuum will say
“strongly agree’’ where others will say “agree.” This problem of
verbal habits will be discussed in greater detail in a later analysis of
verbal intensity.

Let us look at question 36, for example. The columns 3, 20, 24,
33, and 42 have been brought together so that all the answer cate-
gories to question 36 are juxtaposed. The same thing has been
done for each of the other questions. We are now ready to make
the necessary combinations of answer categories.

Measuring tmprovement. Whether or not the amount of error
indicates that two or more answer categories should be combined
can be determined by examining how much the reproducibility of
responses would be improved by making the combination.

A way of measuring improvement is to count up the number of
errors, both of responses which fall outside the cutting point range
and responses which fail to fall within the cutting point range, and
to compare this to the number of responses falling within the range
(nonerrors). A working rule is that the number of nonerrors should
exceed the number of errors for a category to be kept separate.

First, it is necessary to compute the number of errors which occur
in each column. Error is determined for each column by counting
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up the number of responses in that column which fall outside the
cutting points of that answer category, plus the number of re-
sponses within these cutting points which do not fall in the column
under consideration. Another way of stating this problem would
be to ask how well does the rank order of an individual permit one
to predict whether this individual checked the answer category for
which the error is being computed. For example, we return to the
response categories to question 36 in columns 3, 20, 24, 33, and 42.
In column 3 the “positive’’ responses run from ranks 1 to 19 (the
first column of figures given on the left indicating the rank order of
respondents). This places the cutting point below rank 19, and
we now count as errors for improvement any responses which occur
below rank 19 or any responses which do not occur from 1 to 19 in
column 3. This column, therefore, has four errors occurring in
ranks 30, 31, 34 and 60. Looking at the ‘“positive-neutrals” to
question 36 in column 20, we begin with rank 20 and cont nue to
rank 83 to indicate those individuals who in a perfect scale would
have replied in this category to question 36. This time we find six
errors within this range (in ranks 30, 31, 34, 53, 60, and 75) and
two errors falling outside this range (in ranks 93 and 99). Column
33 (category 3) begins at rank 84 and ends at 91, with three re-
sponses falling outside this range (ranks 53, 75, and 97) and two
errors occurring within it (ranks 85 and 87). Column 24, contain-
ing the “neutral” answer to question 36 appearing in rank 92, may
be considered as beginning and ending at rank 92, thus showing no
errors within this range. It is not necessary that the ‘‘neutral”
answer be placed between the “positive-neutrals” and the ‘“negative-
neutrals,” if other placement will reduce the overall scale error.
Column 42 begins at rank 93 and runs to 100, showing three errors
within (ranks 93, 97, and 99) and two errors outside (ranks 85 and
87) this range. In this manner the errors are computed for all
columns. These errors are given at the bottom of Scalogram 3 in
the row marked ‘“Errors for Improvement—Uncombined.”

We are now ready to see if certain answer categories should be
combined. To tell this we examine each column and decide whether
the category is sufficiently reproducible to stand by itself, or whether
the pattern of errors indicates that it does not permit reproducibility
unless combined with the next more or less ‘‘favorable”’ category.
The criterion to be applied is: to what extent will the combination
of answer categories increase reproducibility from the rank order of
the respondents? The problem is essentially one of finding out
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whether to combine the “neutral’’ categories, ‘“positively”’ or “nega-
tively,” if at all. As was discussed in the previous chapter, there
are certain advantages to keeping as many categories intact as pos-
sible. Additional categories increase the number of scale types be-
tween which the sample of items can discriminate. Furthermore
the possibility that a sample of questions chosen from a nonscalable
universe will apparently form a scale is greatly reduced as the num-
ber of answer categories that can be kept separate increases.

A practical procedure is to count the number of errors in each
category, and if this number is relatively small (e.g., if it is less than
the number of nonerrors) then the category may be kept separate.
If the category has too many errors to stand by itself, then an at-
tempt is made to reduce this error by combination with an adjacent
category. If no combinations will reduce the number of errors be-
low that of the nonerrors, then the conclusion is that the question is
not a simple function of the scale score. This indicates the presence
of one or more additional variables and does not permit a rank order-
ing of individuals on a single continuum.

Once again, let us look at question 36 for a specific example.
Category 1 (column 3) can stand by itself since it makes only 4
errors of reproducibility from the rank order as compared with 19
nonerrors. Similarly, category 2 (column 20) makes only 8 errors
compared to 58 nonerrors and can also stand by itself. Category 5
(column 24) contains only one case and so should be combined.
Combining it with category 2 serves only to increase the amount of
error in 2, whereas it can be combined without increasing errors with
category 3. Category 3 (column 33) has 5 errors, but contains
only 6 nonerrors, and so it just barely satisfies our criterion. Look-
ing at category 4 (column 42) we see that this category could not
stand by itself (five errors and five nonerrors). However, com-
bining categories 3 and 4 and treating responses to these two
categories as if they were a single category produces only 5 errors
compared to 14 nonerrors. Combining category 5 with categories
3 and 4 raises the number of nonerrors to 15 and reduces the num-
ber of errors to 4. The combination of categories 3, 4, and 5, there-
fore, reduces the number of errors from 10 to 4.

By the same process of reasoning, we make combinations for all
the other questions in the scale as shown in the last row of the scalo-
gram picture for Step 3. By visual analysis of the overlapping of
balls within the answer categories of each question, it can be deter-
mined very rapidly how best to combine the categories so as to
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minimize the ratio of errors to nonerrors. To combine columns it
is necessary only to remove the balls from the columns to be com-
bined with a magnet and to transfer them all to a single column.

An especially good example of how scalogram analysis aids in the
determination of how to combine answer categories, and incidentally
indicates the weakness of assuming that each answer category actu-
ally represents a meaningful change in degree, can be seen from
question 37. The balls in the answer categories 2, 3, 4, and 5,
despite the apparently different manifest intensity of the categories,
are so overlapping as to belong together. This would seem to indi-
cate that the respondents are not interpreting the different answer
categories as representing degrees of ‘“favorableness,” as evidenced
by the fact that a person’s answers cannot be reproduced adequately
from his rank order on the whole scale. In the same way it is pos-
sible, for example, to see that the “neutral” category in question 34
should be combined with the ‘“‘negative’”’ category. When the deci-
sion on how to combine answer categories is an important one, it is
often desirable to increase the sample of respondents to about two
hundred, to provide greater stability from the point of view of sam-
pling of people.

Another principle to be observed in making combinations is that
of the differentiation of new scale types. As discussed in the previ-
ous chapter, the number of scale types depends upon the number of
different cutting points on the rank order. . Two questions with the
same marginal frequencies of responses will cut the scale rank order
in approximately the same place and therefore not contribute to the
ability of the scale to discriminate. It may sometimes be worth
while to increase the error slightly in order to secure a combination
of categories which would produce different marginal frequency
distributions. - The goal is to secure a series of questions which per-
mit the widest range of expression from 0 to 100 per cent “favor-
able.”

Combining answer categories results in a change in ‘“positive”
and ‘“‘negative”’ frequencies and therefore the categories or columns
must be reordered. A more rigorous use of the scalogram board
would require that question order and respondent order be checked
after each single combination made. However, it has been found
that completing all combinations at once and then reordering pro-
duces satisfactory results. When the category or column order has
been reordered with the ‘“‘positive’’ categories ranging from low to
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high frequency, and the “negative’’ categories from high to low (as
in Step 1), the balls are ready to be returned to the first board for
the final step.

Step 4. Final Arrangement

The combination and reordering of categories now requires a
change in the rank ordering of individuals. To shift individuals up
and down, it is necessary to return the balls to the first board. The
shifting of respondents is done in exactly the same way as in Step 2.
Respondents with ‘“more favorable” answers are moved to the top
of the board, while respondents with “less favorable” answers are
moved to the bottom. Once again the basic criterion which deter-
mines whether an individual should be shifted up or down is the
number of errors which result from the shift. Due to the decreased
number of answer categories, the effect of any shift upon the num-
ber of errors is much more easily discernible than in Step 2. The
same criteria of “weighting,”’ “solid streaks,” and ‘‘closeness of error
to center columns” serve as aids to the ranking of individuals.

One final check serves to help obtain the least amount of error.
The ideal scale types are marked off by means of the cutting points
for each column and each person is checked to see if moving him to
a lower or higher scale position would reduce the number of errors
by which he deviates from the ideal scale type. In general, if a
respondent can fit equally well into any of several scale types, he is
put into that scale type closest to the middle of the rank order.

The method of determining ideal scale types has been discussed
in the previous chapter. The number of types consists of the num-
ber of answer categories, minus the number of questions, plus one.
In the present example this would be:

2e+2+3+2+2+2+2+24+2+2+2+2)-12+1=14

Perfect scale types would be represented as in Figure 8.

The scalogram for Step 4 shows the obtained pattern after the
individuals have been reordered following the combination and re-
ordering of categories in Step 3. Comparison of the obtained
parallelogram with the ideal parallelogram permits one to see
clearly the errors of reproducibility. Note that the reordering
of individuals changes the number of errors for each category
from that of the scalogram for Step 3.
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Test for Scalability

We are now ready to test the scalogram for the existence of a
satisfactory scale. Four main criteria are used: (1) the coefficient
of reproducibility, (2) the number of items and response categories,
(3) the range of marginal frequencies, and (4) the pattern of error.

1. The coefficient of reproducibility. The coefficient of reproduci-
bility is computed by means of the following formula:

Coefficient of  _ 1— number of errors
Reproducibility number of questions X number of respondents
_ 13
- 12 X 100
= .89

For computing the coefficient of reproducibility, only one response
is counted for each question. A single response to a question is
reproduced from the scale score either correctly or incorrectly. This
means that only responses which occur outside the scale type are
counted as errors. It will be remembered that in computing errors
for improvement (Step 3) the absence of responses within the scale
type and the occurrence of responses ouiside the scale type were
both counted. For reproducibility, errors are counted only once,
and the easiest way to spot these errors is to count the number of
balls outside the cutting points. The number of errors for each
column are shown in the last row of the scalogram for Step 4.

As discussed in the previous chapter, the lower acceptable limit
for the coefficient of reproducibility has been placed at about .90.

The coefficient of reproducibility, while a mecessary test of the
existence of a scale, is not a sufficient one if only a sample of items is
used. These other conditions must be considered: the number of
answer categories left after combination, the item marginal fre-
quencies, and the pattern of error.

2. The number of answer categories. If more than ten items are
used in the sample, as-in-the-present-example, then ordinarity the
final number of categories does not matter; all items might be dichot-
omized. However, the more categories that can remain uncom-
bined, the more credible is the inference that the universe is scal-
able. If less than ten items are used, it may not be too safe to infer
that the universe is scalable if all the items must be dichotomized
in order to obtain high reproducibility; at least some should be
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retainable in trichotomous form to make the inference plausible.
It may well happen that a sample of items from a nonscalable uni-
verse might yield high reproducibility when dichotomized, if the
sample is not very large. Of course, once scalability is established,
then any further combinations can be made to reduce the number
of scale types to be used in practice, if that is desired. In the actual
test for scalability, however, it is best to keep as many answer cate-
gories as possible.

3. Range of marginal frequencies. With respect to the criterion
of item marginals, it is essential to remember that reproducibility
may be artificially high because the items have extreme kinds of
frequencies. To avoid reproducibility being artificially high, some
dichotomies should have marginals close to 50-50. Similarly, for
trichotomies and other multicategoried questions, the great bulk of ;
the respondents should not be in any one category (after combina-j
tion), except possibly for an occasional question. The present ex
ample with its wide range of marginal frequencies, half of which lie
between 40 and 60, satisfies this criterion very well.

4. Pattern of error. The pattern of error should be inspected to‘
see that there are no substantial nonscale types of persons. Solid
segments in a column that fall outside the cutting points indicate
the presence of definite additional major factors in the responses, so
that more than one appreciable dimension is present. Nonscale
types can be recognized from the occurrence of the same kind of
error for a large (i.e., five or more) number of respondents. None
are obvious in the present case.

It is also important to remember that scale analysis should not ]
be depended upon to determine content. An item of differing con-
tent may fit into the scale pattern of an area, while items with
homogeneous content need not scale. Scale analysis can provide
some auxiliary aid in interpreting content especially in pretests, but
it is important to keep in mind the cautions discussed previously.

From the scalogram picture for Step 4 it is now possible to deter-
mine how the entire population should be scored. As discussed
previously, a simple weighting scheme is sufficient. Categories of
dichotomized items are weighted 1 and 0; categories of trichotomized
items are weighted 2, 1, and 0; etc. A more rigorous method would
involve scoring individuals according to the ideal scale type which
fits with the least amount of error, rather than by weighting cate-
gories. For example, individual 69 (rank order 6) would be scored
13 according to closest ideal scale type, but 12 according to weights.
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To score this individual in ideal scale type 13 (positive answers to
all twelve questions) would result in only one error (his negative
response 27-2). However, scoring him as 12 (the number of posi-
tive responses made) results in his deviation from the ideal scale
type 12 on two counts—his positive response 35-1 and his negative
response 27-2 (see Figure 8). A more extreme example would be
individual 20 (rank order 91) who fits into ideal scale type 0 accord-
ing to the least error criterion (two errors of reproducibility, 32-1
and 29-1), but who would receive a weighted score of 2 (increasing
errors of reproducibility from ideal scale type 2 to four errors—
32-1, 29-1, plus 31-3, 4, and 36-3, 4, 5). While scoring according to
closest ideal scale type is desirable, it is a very slow process. The
correlation between the two methods is so high as to indicate the
acceptability of the weighting method for practical purposes.

A simple scoring diagram for a dichotomous scale when IBM
card-sorting equipment is available would take the following form,
as illustrated in Figure 9 for the first five dichotomies from the
present example.

First Sort —col. 35

Second Sort—col. 37 [ 1] 2,345

Third Sort —col. 34

Fourth Sort—col. 28 1 2,341 2, 3+
Fifth Sort —col. 26 | ' i i2,30li iz,aui iz.sui
Scale Score '3 4 3 2 1 0

Figure 9. Scoring diagram for dichotomies.

Scaling with only one board. With experience in recognizing the
parallelogram pattern and errors of reproducibility, the entire
scalogram procedure can be carried out on one board only. This
has an important economic advantage, since the cost of construct-
ing two perfectly matched boards can be eliminated. The con-
struction of one board alone composed simply of one hundred re-
movable slats with one hundred holes® in each slat can be done very

b 9 Less than 100 or more than 100 holes can be used, since the single board need no
longer be square. Also since no transfer of balls from board to board is necessary, the
holes need not be drilled so exactly.
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cheaply. With a grasp of the principles and methods involved i1__
the use of two boards, the one-board method becomes quite feasible.

This method consists of Steps 1 and 2 exactly as outlined. How-
ever, Step 3, requiring the combination of answer categories and
the reordering of questions, is also carried out on Board 1. This
is done by inspection of each question separately as in Step 3, except
that the different answer categories of each question remain in their
original position instead of being juxtaposed. Thus the combina- .
tions for question 36, for example, are decided upon by looking at
columns 3, 20, 24, 33, and 42 in Step 2 and computing the error as
outlined in Step 3. The combination decided upon is written down
for each question, the new frequencies of ‘‘positive’’ and “negative”
are computed, the board is cleared, and Steps 1 and 2 are repeated,
this time using the new question frequency order. Step 4 is then
completed exactly as outlined. Step 3 is the only step involving
the use of a second board. In the case of dichotomous items where
there is no problem of combining answer categories, one board is
equally as satisfactory as two. This method using only one board,
while not as manipulatable as the two-board method, has been used
very satisfactorily in practice.

The amount of work. The scalogram for Step 4 shows the final
multivariate pattern of responses. Some of the various functions
it can serve will be discussed in the following chapter. Other uses
will probably be forthcoming with additional research. It cannot
be emphasized too strongly that this technique is still young, so
that all of its potential weaknesses and strengths are as yet far from
known. Undoubtedly many of the specific procedures outlined
above can and will be improved upon. The best claim that can be
made for the present procedure is that it has worked and proved its
utility over four years of attitude and opinion research in the Army.
In practice it has been found that a clerk can be trained fairly easily
to carry through from Step 1 to Step 4 in about eight hours.
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CHAPTER 5

THE UTILITY OF SCALOGRAM
ANALYSIS!

T 1S important to remember that, in many cases, the present re-
search represents only first approximations to perfect scales.
Once an area was found to have sufficient reproducibility, little
attempt was made to study it more carefully by means of addi-
tional pretesting. In fact, in many cases it was often necessary,
due to the press of wartime conditions, to treat an area as if it were
scalable even though the four criteria of scalability were met only
imperfectly. It was also found necessary in many instances to
omit questions from an area because of low coefficients of improve-
ment, without making an additional pretest to find out what extra
factors were involved in the questions. The following examples
are therefore included as illustrations of a technique rather than
for their specific content value.

The scale pictures, or scalograms, on the following pages present
briefly several actual examples of scale analysis utilizing the scalo-
gram board technique. Each scalogram will list the questions used
and the combinations made in the answer categories. The extent
to which the four criteria of scalability are met will be indicated in
each case. Following each scalogram will be a brief comment on
some of the uses which were made of this scalogram. A detailed
discussion of the utility of scale analysis in general will be given in
the second section of this chapter.

! By Edward A. Suchman.
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SECTION 1

EXAMPLES OF SCALOGRAM ANALYSIS
The following scalograms are presented for discussion:

Scalogram Universe
... Satisfaction with One’s Army Job
2. Attitude toward Officers
3. Attitude toward the WAC
4. ... Attitude toward Postwar Conscription
5. Attitude toward an Army Career
6............... Knowledge of Current Events
T Fear Symptoms

1. Job satisfaction. The content of this scale, as can be seen from
the specific questions asked, concerns the extent to which the soldier
is satisfied with his job in the Army. The sample consists of nine
dichotomized questions and has a coefficient of reproducibility of
92. Errors appear to be largely random, with no sizable nonscale
types. The range of positive frequencies for the different ques-
tions is wide, running from 19 per cent to 78 per cent. One ques-
tion (question 11, columns 6 and 16), “Do you usually feel that
what you are doing in the Army is worthwhile or not?”’ shows al-
most perfect reproducibility (only 1 error in rank 86). Respondents
in ranks from 1 to 59 reply, “I usually feel it is worthwhile,” while
respondents in ranks 60 to 100 reply, “I usually feel it is not worth-
while”’ or “Undecided.” This single question, therefore, can serve
as a good approximation to the entire scale if a simple division of
the population into two ranks is desired with about 60 per cent in
the upper rank and 40 per cent in the lower rank. If it is desired
to split the population into some ratio different from 60 :40, the
question which has the marginal frequency with the desired ratio
is the one to use, even though its reproducibility may not be per-
fect, if a single question is to be used at all. In the case of imperfect
reproducibility it is, of course, desirable to use more than one ques-
tion, even if only a dichotomization of the population is wanted.

2. Attitude toward officers. This scalogram deals with the enlisted
man’s opinion of his officers. The sample of items consists of
eleven questions, all dichotomized. The scalogram has a coeffi-
cient of reproducibility of .90. The range of marginal frequen-
cies runs from 8 per cent favorable to 79 per cent favorable, and
errors are random. In addition to these eleven questions, the re-
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UTILITY OF SCALOGRAM ANALYSIS 126
Scalogram No. 1. Satisfaction with One's Army Job

Questions and Answer Categories

4. How do you feel about the importance of the work you are doing now as compared
with other jobs you might be doing in the Army?

1 It is as important as any other job I could do
2 It is fairly important, but I could do more important work
3 It hardly seems important at all

5. How interested are you in your Army job?

1 Very much interested
2 A little, but not much
3 Not interested at all

6. How satisfied are you about being in your present Army job instead of some other
Army job?

1 Very satisfied
2 __ ___ Satisfied
3 It does not make any difterence to me
4 Dissatisfied
5 Very dissatisfied
7. Would you change to some other Army job if given a chance?
1 Yes
2 No
3 Undecided

8. Do you feel that everything possible has been done to place you in the Army job
where you best fit?

1 Yes
2 No
3 Undecided

9. Do you consider your own present job or duty in the Army an important one in the
war effort?

1 Very important
2 Pretty important
3 Not so important
4 Not important at all
5 Undecided
10. On the whole, do you think the Army is giving you a chance to show what you
can do?
1 A very good chance
2 A fairly good chance
3 Not much of a chance
4 No chance at all
5 Undecided

11. Do you usually feel that what you are doing in the Army is worthwhile or not?

1 I usually feel that st 12 not worthwhile
2 I usually feel it is worthwhile
3 Undecided

12. Which of the following would you say best applies to your job?

1 Time always passes quickly
2 ——— Time passes quickly most of the time
3 Enjoy working part of the time, but it drags at other times
4 Time drags most of the time
5 Time always drags
““No answers” are all coded 0.
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12.

13.

14.

15.
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18.
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Scalogram No. 2. Attitude toward Officers
Questions and Answer Categories

How do you feel about the privileges that officers get compared with those which
enlisted men get?

1 Officers have far oo many privileges

2 Officers have a few too many privileges

3 Officers have about the right number of privileges
4 Officers have too few privileges

Did your officers give you a good chance to ask questions as to the reason why things
were done the way they were?

1 Yes, always

2 Yes, usually

3 Undecided

4 No, not very often

5 No, almost never
How many of your officers took a personal interest in their men?

1 All of them

2 Most of them

3 About half of them

4 Few of them

5 None of them

Do you think that your officers generally did what they could to help you?

1 Yes, all the time

2 Yes, most of the time

3 No, they often did not

4 No, they almost never did

How well do you feel that your officers understood your problems and needs?

1 They were very much aware of my problems and needs
2 They were fairly well aware of my problems and needs
3 They did not know very much about my real problems and needs

Do you feel that your officers recognized your abilities and what you were able to do?

1 Yes, I'm sure they did
2 Yes, I think they did, but I’'m not sure
3 No, I don’t think they did
4 Undecided
In general, how good would you say your officers were?
1 Very good
2 Fairly good
3 About average
4 Pretty poor
5 Very poor
How many of your officers used their rank in ways that seemed unnecessary to you?
1 Almost all of them
2 ____ Most of them
3 ____ Some of them
4 Only a few of them
5 None of them
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128 UTILITY OF SCALOGRAM ANALYSIS

19. When you did a particularly good job did you usually get recognition or praise for
it from your officers?

1 Always
2 Usually
33— Rarely
4 Never

20. How much did you personally like your officers?

1 Very much
2 Pretty much
3 Not so much
4 Not at all

21. How did you feel about the officers that had been selected by the Army?
1 There were the best ones that could have been selected

2 They were as good as any that could have been picked
3 Somewhat better ones could have been picked
4 Much better ones could have been picked
5 Undecided
22. How much did you personally respect your officers?
1 Very much
2 Pretty much
3 Not so much
4 Not at all

23. On the basis of your Army experience, do you think relations between officers and
enlisted men were satisfactory or unsatisfactory?

1 Very satisfactory

2 ______ Fairly satisfactory

3 Undecided

4 Fairly unsatisfactory
5 Very unsatisfactory

24, When you are discharged from the Army, do you think you will go back to civilian
life with a favorable or unfavorable attitude toward the officers in the Army?

1 Very favorable

2 Fairly favorable
3 About 50-50

4 Fairly unfavorable
5 Very unfavorable

sponses to three other questions are given on the side of the scalo-
gram. Two questions, numbers 15 and 16, are offered as examples
of items which did not conform to the scale pattern. They were
originally included as items characterizing a soldier’s attitude
toward his officers, but, as can be seen from the scalogram picture,
contain a large number of errors. One cannot predict well enough
from a knowledge of the respondent’s scale score, based upon his
answers to the other eleven reproducible items, what his responses
to these two questions would be.

The next step in a complete scale analysis would be to pretest
these two questions further in an attempt to find out what addi-
tional variables they contain. By means of such a pretest it may
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be possible to break down the universe of attitude toward officers
into further subuniverses. Or it may be decided that the additional
variables are irrelevant and one can proceed with the eleven items
that were scalable. It should not be surprising that acceptable
scales may not be forthcoming from the first analysis of a series of
items. Most social attitudes are complex and it is to be expected
that they contain more than one variable.

The third question on the side, number 11, was not intended as
part of the universe of attitude toward officers, but was included in
the scalogram picture merely to see how closely it correlated with
the attitude items. If it did happen to conform to the scale pat-
tern, this might mean that the universe to which it belonged had a
close relationship with attitude toward officers. However, the
present scalogram alone is not sufficient to establish the size of the
correlation; additional items similar in content to the one in ques-
tion would have to be constructed and also tested along with the
present series. It should especially be remembered that even if an
item is reproducible perfectly from scale scores, this is not proof
that the item is part of the definition of the universe. No matter
how item 11 correlated with attitude toward officers, we would not
on the basis of this correlation consider it as part of that universe.
Only a judgment of content can determine what belongs in & uni-
verse, and not correlations or reproducibility. This problem of
determining the items of a universe will be discussed in greater de-
tail in the next section.

3. Aititude toward the WAC. The scalogram picture of attitudes
of enlisted men toward the Women’s Army Corps is shown in
Scalogram 3. The sample is composed of nine dichotomized ques-
tions dealing with various aspects of the WAC and has a coeffi-
cient of reproducibility of .89. Marginal frequencies are distributed
evenly over a range from 12 per cent ‘‘favorable” to 64 per cent
“favorable.” Question 35 (columns 3 and 13) is of low reproduci-
bility. Column 3 shows 12 errors and 17 nonerrors. In addition,
there is a sizable number of errors in the ‘““‘positive’”’ answer category
(column 3) which cluster together in the low ranks, indicating that
there is a group of men with relatively ‘“unfavorable” attitudes
toward the WAC who nevertheless answer “favorably’”’ on this
question. This shows that the errors, in addition to being large in
number, are not random. What possible interpretation is there of
this nonscale question?

One hypothesis, which requires further testing before it can be ac-
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UTILITY OF SCALOGRAM ANALYSIS 131

cepted, is that the second variable which this question introduces
into the scale is one of factual information about the WAC, and not
of attitude or opinion. The question asks, “Do you agree or dis-
agree with the following statement, ‘WAC’s get ratings a lot easier
than men do?” ”’ In general men who are relatively favorable to

27.

28.

31.

32.

33.

34.

Scalogram No. 8. Attitude toward the WAC
Questions and Answer Categories

In your opinion, how necessary is it for the war effort to have WAC's in the Army?
1 Very necessary

2 Pretty necessary

3 Not so necessary

4 Not necessary at all
5 Undecided

Suppose a girl friend of yours was considering joining the WAC. Would you ad-
vise her to join or not to join?

1 I would advise her to join

2 T would advise her not to join

3 Undecided

. In your opinion are the jobs which women in the WAC do more important or less

important than the jobs which are done by men in the Army who are not on combat
duty? Or are they equally important?

1___ The WAC does more important jobs

2 The WAC does less important jobs
3 The jobs are equally important
. A woman does more for her country in the WAC than she can do by working in a

war industry.
1____ Agree
2 :
3 Undecided

The training & woman gets in the WAC will be useful in civilian life.
1 Agree
2 Disagree
3 Undecided

Being a WAC is bad for a girl’s reputation.
1 Agree
2 Disagree

The WAC is no place for a girl.
1 Agree
2 Disagree

WAC officers deserve a salute just the same as men officers.
1 Agree
2 Disagree

. WAC’s get ratings a lot easier than men do.

1 Agree
2 Disagree

“No answers” are all coded 0.
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the WAC on other questions are inclined to disagree with this state-
ment, showing that this item, to a certain extent, does involve the
variable “attitude toward the WAC.” However, many men who
in general are among the least favorable to the WAC are also in-
clined to disagree with this statement despite their generally ‘“un-
favorable” attitude. It may be that these men are answering the
question based on their knowledge that, as a matter of fact, WAC’s
do not get ratings a lot easier than men do. This hypothesis can
only be checked by additional pretesting.

Another interesting example of the use of scalogram analysis in
pretesting the meaning of questions is also given by this scale. In
a pretest form, question 27 originally read, “In your opinion how
necessary is it for the war effort to have women in the Army?”’
as compared to the present wording which substitutes the word
“WAC’s” for “women.” It was found, upon testing responses
for scalability, that this question as originally worded contained a
great deal of error. Many individuals who occupied low ranks on
the scale answered that it was necessary to have ‘“women” in the
Army. Further pretesting revealed the reason for this discrepancy.
These individuals were interpreting the ‘‘women” to include nurses
rather than only WAC’s. Substituting the word “WAC’s” for
‘“‘women,”’ removed this source of error as can be seen from column
4 of the present scalogram picture.

4. Attitude toward postwar conscription. This is only a five-ques-
tion scale, but it contains two trichotomies, which help to reduce the
possibility that this sample of five questions could produce the scale
pattern and yet not belong to a scalable universe. Reproducibility
is .94, errors are random, and the range of marginals is diverse.

The two trichotomies in this scale illustrate quite clearly what is
implied by a separate middle response category. For example, the
first trichotomy, based on question 60, divides the population into
three ranks with only seven errors of reproducibility. In 93 cases
out of 100, we could predict correctly how the respondent answered
this question on the basis of the respondent’s rank order. This
single question could be used alone to divide the population into
three rank groups with regard to the issue of universal military
training. The fact that this question was selected from the scalo-
gram pattern gives one increased assurance that, even if a different
question were asked from the indefinite number of opinion ques-
tions that could be asked on this issue, the rank ordering of indi-
viduals would be essentially the same as on this question.
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It is also instructive to note what these two trichotomies con-
tribute to the scale continuum in the way of differentiating scale
types. These scale types can be marked off according to the pro-
cedure previously outlined. The number of scale types would be
decreased from eight to six if these trichotomies were to be dichot-
omized; combining the middle category of question 60 with the top
category (column 6 with column 2) would combine scale types 5
and 6, while combining the middle category with the bottom cate-
gory (column 6 with column 11) would eliminate the distinction
between scale types 1 and 2. In a similar way for question 61,
combining columns 3 and 7 would combine scale types 4 and 5,
while combining columns 7 and 12 would combine scale types 0
and 1. As has been pointed out, combining answer categories does
not affect the rank order of individuals, but it does cut down on the
number of ranks between which the scale discriminates. The num-
ber of ranks into which the scale continuum can be divided is a
direct function of the diversity of marginal frequencies of the items
used.

It is worth noting that the combination of answer categories may
be quite different from that expected on the basis of manifest con-
tent. In both of the present examples of trichotomized items, the
following combinations were indicated:

“Positive” ......... ““Strongly agree”
“Neutral” ......... “Agree’” and ‘“Undecided”
“Negative” ......... “Disagree,” “Strongly disagree,”

and “No answer.”

It should be remembered that to a certain degree these combi-
nations are arbitrary, and that where it is desired to base the com-
binations solely upon the scale pattern, it is advisable to increase
the working sample of respondents from 100 to 200 cases, using two
boards.

5. Attitude toward an Army career. This scale on the desire of
enlisted men to remain in the Army after the war, while based on
only six dichotomized items, seems almost perfect; the sample shows
the extremely high reproducibility coefficient of .98. The six items
have marginal frequencies ranging from 12 per cent ‘“favorable’’ to
59 per cent “favorable.” This scale was used in a problem of pre-
dicting which men would be most likely to want to stay in the
Regular Army after the war. While the prediction of how many
requires more than just the scale data, the presence of a scale pat-
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UTILITY OF SCALOGRAM ANALYSIS 136

tern enables the research worker to know that a single variable
underlies the series of predictive questions asked. To a certain
extent, the high reproducibility of this scale is probably due to the
emphasis each of the questions places upon the conditions under
which the respondent could be induced to remain in the Army. Since
these conditions may be thought of as cumulatively more favorable
to reenlistment, the resultant scale pattern is a logical conclusion.
In this connection it is worth noting that the single question, ‘“Re-
gardless of what you want to do, do you think you will actually

Scalogram No. 4. Attitude toward Postwar Conscription
Questions and Answer Categories

57. After the war, do you think the United States could or could not have an Army
sufficient for the country’s needs by taking volunteers only?

6 Yes, I’m almost sure it could

7 Yes, I think it could, but I’m not sure
8 No, it probably could not

9 No, I’m sure it could not

58. After the war, do you think the United States should draft all young men for a cer-
tain amount of Army training or should we go back to the regular Army system of
volunteers only?

6 Draft all young men for a certain amount of training
7 Go back to taking volunteers only
8 Undecided

59. If you had a son, would you want him to have a certain amount of Army training
during peacetime, after this war, or not?

6 Yes, I’m almost sure I would
7 Yes, I think I would, but I’m not sure
8 No, I probably would not
9 No, I'm sure I would not
11 Undecided

60. Do you agree or disagree with the statement?
“Even if all other countries agree not to have large armies, the United States should
still draft all young men for military training.”

6 Strongly agree
7 Agree
8 Undecided
9 Disagree
11 Strongly disagree

61. Do you agree or disagree with the statement?
“The best way to protect the United States against another war is to make her so
strong militarily that no one would dare to attack her.”

6 Strongly agree
7 Agree
8 Undecided
9 Disagree
11 Strongly disagree

“No answers’’ are all coded 12.
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UTILITY OF SCALOGRAM ANALYSIS 137

stay in the Army after the war?”’ fell out of the scale pattern (ques-
tion 37—column 30, with ten errors and eight nonerrors). This
suggests that while the universe being studied is one of desire
to stay in the Army (which was the content used in the construc-

31.

32.

33.

34.

35.

36.

37.

Scalogram No. 5. Attitude toward an Army Career (Enlisted Men)
Questions and Answer Categories
Are there any conditions you can think of under which you might consider staying

in the Army after the war?
1 I will probably stay in the Army after the war
2 Under certain conditions I might consider staying in the Army
3 I wouldn’t consider it under any condition
Do you think that you might want to stay in the Army for a career after the war?
1 Yes, I would want to very much

2 Yes, I might want to, but I’m not sure
3 No, I don’t think I’d want to
4______No, I would not want to at all

5 Undecided

Do you think that you might want to stay in the Army for a year or two after the
war?

1 Yes, I would want to very much

2 Yes, I might want to, but I’m not sure
3 No, I don’t think I'd want to

4 No, I would not want to at all

5 Undecided

If we have a large Army after the war (say 2,000,000 men) do you think you might
want to stay?

1 Yes, I'd like to stay on if we have a large Army

2 I might want to stay if we have a large Army, but I’m not sure about it
3 A large Army would make no difference. I wouldn’t stay on anyway
4 Undecided

If civilian jobs are hard to get after the war, do you think you might want to stay
in the Army?

1 I would want to stay in the Army

2 I would want to get out to look for a job, but I might want to come back
to the Army

3 I would rather take any kind of job outside than stay in the Army

4 Undecided

Do you think you might want to stay in the Army after the war if you could change
your Army job?

1 I would want to stay, whether I could change my job or not

2 I might want to stay if I could change my Army job
3 I wouldn’t want to stay, no matter what Army job was offered me
4 Undecided

Regardless of what you want to do, do you think you will actually stay in the Army
after the war?

1 Yes

2 No

3 Undecided

““No answers’’ are all coded 0.
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UTILITY OF SCALOGRAM ANALYSIS 139

tion of the sample of items), there are individuals who planned to
stay in although they wanted to get out, and vice versa. The ‘“de-
sire’’ to stay in the Army and the “plan” to stay in represent two
separate, although related, areas. The present scale represents a
ranking of enlisted men according to their desire to stay in the
Army; how this desire relates to actual reenlistment is a separate,
although extremely interesting, problem. The internal validity of
a scale which purports only to rank men on a continuum of desire to

Scalogram No. 6. Knowledge of Current Events
Questions and Answer Categories
40. Who is the Chief of Staff of the U.S. Army?

6 General MacArthur
7 General Eisenhower
8 General Arnold
9 General Marshall
41. Which of the following countries is at war against the Axis?
6 Argentina
7 Sweden
8 Brazil
9 Turkey
42. Where was the first major beach head established by the Allies in their invasion of
Europe?
6 Southern France
7 Normandy
8 Holland
9 Belgium
43. Who is the recently appointed Secretary of State?
6 Welles
7 Stettinius
8 Nelson
9 Byrnes
44, The man who said we would have “peace in our time” was
6 Churchill
7 Mussolini
8 Chamberlain
9 Tanaka

45. The ““Co-Prosperity Sphere” was a scheme of

6 The Germans

7 The Spanish

8 The Italians

9 The Japanese
46. ‘“‘Fascism” began in

6 Ireland

7 Russia

8 Ttaly

9 . Germany

“No answers”’ are all coded 12.
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UTILITY OF SCALOGRAM ANALYSIS 141

do something cannot be judged by an external criterion of behavior
which reflects many other variables besides the desire.

6. Knowledge of current events. Information items can also form
scales. When they do, a score on such a scale has a definite mean-
ing. If answers are scored as ‘“right”’ or “wrong,” a person with a
higher score must know everything that a person with a lower score
knows and something additional. Ranking individuals in order of
knowledge can be done with the assurance that additional questions -
of knowledge on the same topic will always produce essentially the
same rank order for the people.

The present example is presented for illustrative purposes only.
The fact that only seven items were used, each of which was dichot-
omized, plus the concentration of four of these items at 70 per
cent correct or above, does not indicate high reliability.

Scalogram 6 shows the pattern obtained from seven questions
dealing with current events. All items are dichotomized into
“right”” or “wrong,” and the coefficient of reproducibility is .93.
From this sample we see that, within the limits of error, if a person
knows that ‘“‘the ‘Co-Prosperity Sphere’ was a scheme of the Japa-
nese,” he will know the answers to all the other questions. The
scalogram can help one decide whether an information question is
really getting at attitudes rather than information—or, stated an-
other way, how much affective tone is involved in what appears to

Scalogram No.?. Fear Symptoms
Questions and Answer Categories

Soldiers who have been under fire report different physical reactions to the dangers of
battle. Some of these are given in the following list. How often have you had these
reactions when you were under fire? Check one answer afler each of the reactions listed
to show how often you had the reaction. Please do it carefully.

24 Violent pounding of the heart
25 Sinking feeling of the stomach
26 Feeling of weakness or feeling faint
27 Feeling sick at the stomach
29 Cold sweat
30 Vomiting
31 Shaking or trembling all over
32 Urinating in pants
34 Losing control of the bowels
35 Feeling of stiffness
The answer categories for each of the above were:
5 Often
6 Sometimes
7 Once
8 Never
12 No answer
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be a factual statement. It is to be expected that if an attitude item
were included in this series of information questions, individuals
with a “favorable” attitude would occur frequently enough among
both the well and badly informed so as not to satisfy the rather rig-
orous requirements of reproducibility. The same would be true of
an information item included in a series of attitude items.

7. Fear symptoms. An interesting application of scale analysis
is given by the scalogram of the reports of combat veterans on ten
different physiological fear symptoms. All but one of the symp-
toms, “Cold sweat” (columns 41, 42, 43) fit into a scale pattern.
In almost all cases the answer categories “Often” and ‘“Sometimes’
are combined to signify a “positive’’ report on the occurrence of the
symptoms, while “‘Once”’ and ‘“Never’’ are “negative.”” Nine dichot-
omized items result in a coefficient of reproducibility of .92, and the
frequencies range from 9 per cent who reported “urinating in pants’
to 84 per cent who experienced ‘‘violent pounding of heart.” The
rank order of the dichotomized symptoms permits one to predict,
for example, that if a man experienced ‘“shaking or trembling all
over’’ (column 7) he must also have experienced ‘“sinking feeling of
the stomach” (column 8) and ‘“violent pounding of the heart”
(column 9).

In other words, the symptoms come from a single universe and
permit a rank ordering of respondents along a single continuum.
There is an intrinsic interdependence among the different fear symp-
toms which permits them to be ordered from more to less severe.
In this case the underlying continuum is probably physiological; in
the case of attitudes, the ability to rank items from more to less
severe is probably due to the similarity of cultural influences for the
population studied.

* * * * *

Many different methodological uses of scalogram analysis have
been illustrated in the above discussion of actual scale pictures.
Many more examples could be given for each of the applications
discussed; other examples could be given to show additional appli-
cations. It can be expected that further research will serve to dis-
cover even more applications.

The following section will now present a general summary of the
utility of the scalogram as a means of scale analysis and point out
some of the advantages and ramifications of scale analysis.
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SECTION I1

THE UTILITY AND RAMIFICATIONS OF SCALOGRAM ANALYSIS

The previous section has presented several examples of scale
analyses made by means of the scalogram board. These examples
were discussed from two points of view: (1) how did the scalogram
board help to determine whether or not a scale existed, and (2) how
did the knowledge of whether or not the area being studied was
scalable help in the analysis of the problem. The first aspect deals
with the research advantages of the visual multicorrelational anal-
ysis permitted by the mechanical device called the scalogram board,
while the second aspect deals with the much broader problem of the
research advantages of knowing that an area is scalable, this is, that
the series of items composing the scale permit a rank order of indi-
viduals along a single continuum.

It is important to keep clearly in mind the distinction between the
advantages of a test for scalability of items, such as the scalogram
board affords, and the subsequent advantages of the use of scales
for research, if the test shows that a scale exists. The question,
“How does a scale analysis as carried out on the scalogram board
(or by the Cornell technique or by some other equivalent procedure)
help the research worker in his analysis of a series of items?’’ is quite
different from the question, “How does the fact that a series of items
forms a scale help the research worker in the use he makes of such a
series of items?”’ In this section we shall first present an answer
to the first question, while an answer to the second question will be
given in a later part. The final section of this chapter will present
some of the further ramifications which the problem of scaling holds
for future attitude research.

Utility of the Scalogram Board

Eie scalogram board derives its utility from the fact that the basic
theory of the present concept of scale analysis calls for a simple,
although highly restrigtive, pattern of interrelationship between the
items being tested.\/This pattern, as was discussed in detail in
Chapter 3, requires that only one possible combination of item
responses characterize each scale rank, and furthermore that each
scale rank differ from the scale rank above and below it by only
one item response. | Thus the number of types observed in a scal-
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able area is greatly reduced from the total number of possible types.
For example, a scalable area of ten dichotomous questions would
call for only eleven scale types out of a possible 1,024 types. Et‘ is
this highly restrictive nature of scalogram analysis which permits
the visual analysis of the multivariate frequency distribution of re-
sponses of a large number of items for the scale patten_ﬂ

The parallelogram pattern described in Chapter 3 is one means of
representing the item interrelationships in a scalable area. By ar-
ranging individuals in descending order of ‘“‘favorableness’ and by
arranging item responses in ascending order of frequency of “favor-
able’’ responses, a scalable series of items will result in a parallelo-
gram pattern. If a device could be constructed which permitted
both the ordering of individuals and the ordering of items, then it
should be possible to test a series of items very quickly for the re-
quired parallelogram pattern of a scale. The scalogram boards are
just such a device.

The scalogram boards permit the research worker to shift the
rank order of individuals while the order of the items remains con-
stant, and vice versa, enabling him to determine visually whether
or not the desired parallelogram pattern is forthcomin@ Without
such a visual aid, the number of multiple correlations that would
have to be computed would be staggering. By means of the scalo-
- gram board, the research worker can see just how the various items
relate to each other and to the pattern as a whole.

The Cornell technique and other equivalent procedures referred
to at the beginning of Chapter 4 provide the same picture without
using actual boards. Although less flexible, the alternative tech-
niques also result in the visual scalogram desired.

The helpfulness of a scalogram analysis lies in two directions:
(1) the type of general pattern that is observed can help in the fur-
ther definition of the problem, while (2) the specific picture of the
individual item and its answer categories can help in the construc-
tion of itemsD Examples of these two uses of scalogram analysis
are given below.

1. Scalogram Analysis and the Definition of the Problem

It is often found during a preliminary scalogram analysis that a
series of questions that were thought to contain only a single vari-
able actually do not scale, but that if the series is broken down into
subseries, these subseries do form scales. The researcher can now
reexamine his original hypothesis and perhaps reformulate his prob-
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lem in terms of multiple variables instead of a single common vari-
able. Once he has redefined his problem in terms of subuniverses
of items, he is in a position to construct new items characterizing
the new subuniverses and to test his revised hypothesis. It is im-
portant to remember that scalogram analysis itself cannot define
one’s problem; it can only serve to suggest alternative definitions ,/
which then must be tested in their own right.

A second use of scalogram analysis during the definition stage of a
problem is to indicate the existence of nonscale types. Many re-
search problems involve comparisons of different types of groups,
groups which differ in kind, rather than degree. The preliminary
scalogram can often show quite clearly when the problem is one of
differences in kind rather than degree. Furthermore, it can often
point out just what the main types are, their characteristics and
relative frequency. On the basis of this information, the researcher
may decide whether or not he has to rethink his problem in terms
of a typological analysis rather than one involving rank orders.

The following two examples will illustrate the utility of a scalo-
gram analysis for the definition of a problem.

a. Attitudes toward “sweating out a jump’’: monscale types. Scalo-
gram 8 shows a great deal of error (coefficient of reproducibility
= .77); therefore we cannot conclude that there is a single variable
in the area of ‘“‘worries in anticipation of a parachute jump.” The
differences among individuals appear to be differences in kind of
worry, rather than degree of worry. Soldiers may be characterized
by the kinds of things they are afraid of in making a parachute
jump, rather than the degree to which they are afraid. A further
analysis of this problem might take the form of a typological com-
parison.

Contrast this result with that obtained previously with the uni-
verse of fear symptoms among combat soldiers (Scalogram 7). In
that example, symptoms were found to scale and we could speak of
the degree of fear present. In the present series of items we cannot
speak of the relative amount of fear shown by paratroopers, but of
the different kinds of fears they exhibited.

b. Attitude toward combat. This example, showing how the exist-
ence of a nonscale type serves to indicate a possible second variable,
will illustrate the way in which scalogram analysis may help to break
down a nonscalable area into scalable subareas. A series of six ques-
tions dealing with “readiness for combat” appears to form a scale
whose coefficient of reproducibility is .94 (Scalogram 9). However,
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Scalogram No. 8. Attitude toward ‘‘Sweating Out a Jump”’
Questions and Answer Categories

Different men say that they sweat out different parts of the jump. Check each one
of the following list of items to show how much you sweat out each part of the jump.

During the jump today did you sweal out:

9. Whether you would get a rough landing?

1 I sweat out the idea of a rough landing a lot
2 I sweat out the idea of a rough landing some, but not too much
3 I did not sweat out the idea of a rough landing much at all

10. Waiting around in the sweat-shed?

1 I sweat out waiting around a lot
2 I sweat out waiting around some, but not too much
3 I did not sweat out waiting around much at all

11. Whether you would get a hard opening shock?

1 I sweat out the idea of a hard opening shock a lot
2 I sweat out the idea of a hard opening shock some, but not too much
3 I did not sweat out the idea of a hard opening shock much at all

12. Whether you would freese in the door?

1 I sweat out the idea of freezing in the door a lot
2 1 sweat out the idea of freezing in the door some, but not too much
3 I did not sweat out the idea of freezing in the door much at all

13. Whether the chute might fail to open or malfunction?

1 I sweat out the idea of the chute failing to open a lot
2 I sweat out the idea of the chute failing to open some, but not too much
3 I did not sweat out the idea of the chute failing to open much at all

14. Riding in the airplane?

1 _____ I sweat out the ride in the plane a lot
2 I sweat out the ride in the plane some, but not too much
3 I did not sweat out the ride in the plane much at all

15. The free-fall in the air before the chute opens?

1 I sweat out the idea of the free-fall a lot
2 I sweat out the idea of the free-fall some, but not too much
3 I did not sweat out the idea of the free-fall much at all

16. Whether you might get tangled up with another man on the way down?

1 I sweat out the idea of getting tangled up a lot
2 I sweat out the idea of getting tangled up some, but not too much
3 I did not sweat out the idea of getting tangled up much at all
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two nonscale types of five cases each appear in ranks 19 to 23 and
69 to 73. The errors producing these nonscale types occur in col-
umns 3 and 10, which contain the answers to questions 15 and 16.
A cross tabulation of these two questions alone seems to indicate

16.

17.

21.

22.

23.

Scalogram No. 9. Attitude toward Combat
Questions and Answer Categories

. Which of the following best tells the way you feel about getting into the actual

battle zone?
1

I want very much to get into it just as soon as possible

I'm ready to go anytime

———I'd like to go before it's over, but I don’t think I'm ready yet

I hope I won’t have to go, but if I do I think I'll do all right

I hope I won’t have to go because I don’t think I would do very well
No opinion

2
3
4
5
6

Do you feel that you are now trained and ready for combat or do you need more
training?

1

2
3

I’m ready for combat now
I need a little more of some kinds of training
1 need a lot more of some kinds of training

If and when you get into combat how well do you think you will stand up under
battle conditions?

1 Very well

2 Fairly well

3 Not very well

4 Not well at all

Do you think that you are in good physical condition?
1 I feel that way nearly all of the time

2 I feel that way fairly often
3 I feel that way only once in a while
4 I almost never feel that way
Do you think that you are in tough enough physical condition for going into combat?
1 Yes
2 No
3 Undecided

Which of the following best describe your own feeling about getting into combat
against the Germans?

1 I'd like to get into the fight as soon as I can
2 I'm ready to go when my turn comes

3 ____ TI'd just as soon stay out of combat if possible
4 I don’t want to get into combat at all
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that more than one variable is involved, as can be seen from the fol-
lowing table:
Question 15: “Which of the following best

tells the way you feel about getting into the
Question 16: “Do you  actual battle zone?”

feel you are now trained

and ready for combat ‘I want very much to

or do you need more  get into it just as soon Other
training?”’ as possible” and “I'm replies Total

ready to go anytime”

“I’'m ready for combat
now”’ 33 14 47

“I need a little more”
and “I need a lot more
of some kinds of train-
ing” 14 39 53

Total 47 53 100

The fact that we have substantial frequencies in all four cells
indicates the presence of more than one variable. These two ques-
tions cannot be scored together if one wishes to rank individuals on
readiness for combat. Analysis of the content of these two ques-
tions suggests that we have four types of individuals: (a) those who
desire combat, and who feel they have had enough training; (b) those
who desire combat, but who feel they need more training; (c) those
who do not desire combat, although they feel they have had enough
training; and (d) those who do not desire combat and who feel they
need more trainng. The hypothesis for further testing would be
that the desire for combat and the attitude toward adequacy of
training are two separate areas each of which may be scalable sep-
arately. To test this hypothesis, one would have to construct addi-
tional questions in both areas and test them for scalability.

2. Scalogram Analysis and Question or Item Wording

Scalogram analysis provides a powerful test of the internal struc-
ture of a series of items. In the field of attitude analysis and public
opinion polling, the selection of items and the determination of their
relationship to each other is a problem of primary importance.
Scalogram analysis offers a complete picture of such interrelation-
ships between items.

In public opinion polling in particular, the problem of the formu-
lation of a ‘“valid’’ opinion question has revolved around the prob-
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lem of the meaning of questions. One of the basic concerns of all
public opinion analysts is the interpretation which the respondent
places upon the question asked. Rules have been suggested by
many people on how to word questions. The pitfalls are well
known, but even the experts are often in disagreement about the
proper solution. Scalogram analysis does appear to offer some
help on this problem. Applied during the pretest stages of an opin-
ion study, scalogram analysis can contribute greatly to the inter-
pretation of the meaning of an opinion question.

Some of the many contributions of scalogram analysis to the prob-
lem of question wording are discussed below. They all concern the
basic question, “How did the respondent interpret the meaning of
this question?”” This applies to both the question wording and the
answer alternatives. The important theoretical point involved is
that any single question asked is but a representative of all other
questions that might have been asked instead. To determine the
relation a particular question has to the universe of all opinion ques-
tions on the same topic, it is necessary to pretest a series of questions
characterizing the universe. On the basis of the scalogram pattern,
one can then select the final question to be used. If it is desired to
divide the population into but two or three groups with respect to
their attitude, then the one or two questions that have the proper
marginal frequencies could be used. If the population is to be
divided into an upper half and lower half, then one or two items
can suffice to provide this 50-50 split. Or, if it is desired to divide
the population into thirds, the one or two items that will yield three
ranks with 33X per cent of the population in each are the ones to be
selected. Thus, only one or two items can be selected from among
all characterizing items to be used in the final study to answer ques-
tions like: How does the more favorable half of the population differ
from the less favorable half with respect to their age, political party
affiliation, ete., etc.? It is quite another matter, it should be clear,
to answer the question: What per cent of the population is “favor-
able?”’ For this, an objective zero point is needed, a problem which
is studied by the intensity function discussed in Chapter 7.

Once a question is selected for the final study, the researcher has
the important assurance that this question has a single meaning to
all respondents, and that it will rank respondents in the same rela-
tive order of “favorableness” as any other questions that one might
choose to ask on the same issue.

a. Problems of interpretation. Scalogram analysis will help an-
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swer such problems as: Did different people interpret the question
differently? Was it double-barreled? Was the subject matter too
complex or technical to be understood? Did the question contain
some unforeseen implication? Was the question wording simple
enough to be understood? Did the interviewer change the original
meaning of the question? Did the context in which the question
was asked affect its meaning? etc. All these problems involve the
determination of how well the question fits into the parallelogram
pattern, that is, of how many errors of reproducibility there are.
If a question turns out to be but a simple function of the rank order
on the entire scale, then we know that this question has a dominant
single meaning which has not been destroyed by any of the compli-
cations listed above. The amount of error gives us an objective
test of the singleness of meaning which the questions have for the
respondent. To be sure, scalogram analysis will not tell us why a
question has errors of reproducibility, but it will tell us that there
is more than a single interpretation present in the responses to the
question.

Any change in wording, or in the way the question is asked, which
changes the meaning of the question by introducing a new and dif-
ferent variable or factor, can be detected by its effect upon the
scalogram. The introduction of a stereotype or overtone into a
question which has the effect of changing the meaning of the ques-
tion by bringing in some extraneous consideration would be indi-
cated by an increase in the amount of error. If a question changed
from a point of opinion to one of information or vice versa, this
could also be determined. In this way it is possible to test the
effect of changes in question wording or administration upon the
meaning which the question has for the respondent.

b. Problems of answer alternatives. An inseparable part of the
question asked is the form of the answer categories.? In this re-
spect we have such problems as: How many alternatives should be
given? What order should they take? Should they be treated as
separate categories or combined? If combined, which categories
should be thrown together? etc. Scalogram analysis will indicate
very clearly which answer alternatives have similar meanings and
which differ and by how much. Scalogram analysis will show how
the answer categories differ in degree. It will show which categories
should be combined and what the effect of this combination will be

2 The discussion is restricted here to the check-list type of answers. Scale analysis,
of course, applies to free answers as well, and indeed to any form of collecting data.
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upon the ability of the question to discriminate between scale types.

The scale pattern of a question shows how the different answer
alternatives differentiate between the rank order of individuals
based upon the entire series of questions. If an answer category
does not differ in degree from the answer category above or below it,
this will be seen by the inability of this category to select a different
group of individuals on the rank order from the adjacent categories.
Similarly “no answer”’ and “undecided’’ categories can be combined
with other answer categories on the basis of the general rank order
of the respondents who give these answers. Actual illustrations of
the use of scalogram analysis in the combination of answer cate-
gories were given in the previous chapter. In this way it is possible
to pretest the meaning of answer categories and to secure the best
combination of alternatives.

Advantages of Working with Scales

The above section has pointed out some of the many ways in
which a scalogram analysis can help in the study of a series of items.
We have seen how the search for a parallelogram pattern can aid
the research worker in the task of defining his problem and con-
structing his items. Now we come to a more basic question, “Of
what use is it to look for scales?”’ Stated another way, this ques-
tion could read, ‘“What are the advantages of working with a series
of items which can be shown to belong to a scalable universe?”’

The answer to be presented in this section deals with{two types _ -

of advantages, mathematical and conceptual. These advantages
spring from the basic fact that a scalable series of items permits
the determination of a rank order which is independent of the par-
ticular sample of items used. The conceptual advantages will be
discussed below in relation to the problems of description and inter-
pretation, while the mathematical advantages will be most obvious
in relation to the problem of prediction.

In order to show the important analytical advantages of working
with a series of items which form a scale, as opposed to a series of
items which may not be scalable, let us look at these three types of
problems: (1) problems in description, (2) problems in interpreta-
tion, and (3) problems in prediction. Most research studies usu-
ally involve at least one of these problems. Analysis by means of
scales is helpful in each case.

1. Problems in description. If the problem is one of describing
an attitude or an opinion, the presence of the scale pattern permits
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the following conclusions. A person’s score tells what his responses
were to each question. Persons with the same score show the same
scale characteristics. A person with a higher score is “favorable”
on all questions that a person with a lower score answers ‘“favor-
ably,” and on at least one more in addition. This rank order, fur-
thermore, exists not only for the given series of questions, but is the
same as the rank order that would be obtained with any other series
of questions in the same area.

These properties are especially important in the case of a single
opinion question analysis.® An opinion question selected from a scale
will be known to divide people into the same relative rank order
as any other question in that area. Knowing that a respondent
“favored”’ a statement which few people “favored” enables one to
know that he would also favor all other statements in the same area
“favored” by a larger number of people.

Thus, one important advantage of a scale lies in the rationale it
offers for the definition of a single continuum as discussed in detail
in Chapter 3. The concept of a single continuum, while widely
used in social research, lacks a clear-cut definition. Our definition
of a single continuum as a series of items each of which is a simple
function of the scale scores permits a clear-cut statement of what is
meant by a rank order based on a single variable. The properties
described above are a result of working with unidimensional uni-
verses thus defined. While it is possible to get a rank order in non-
scalable areas by assigning arbitrary weights to the items, this rank
order does not possess the important invariant properties of a rank
order where the problem of how much to weight each item does not
come up.

2. Problems in interpretation. Knowing that questions of similar
content scale together shows them to be measuring a single attitude
or opinion variable and warns one against attempting to interpret
them as measuring different (albeit related) variables on the basis
of their manifest content. This warning is particularly appropriate

$ For example, Cantril concludes in a chapter on ‘“The Use of Breakdowns”: “For
most members of the population, any refined attitude scale or rank-ordering is much
too complicated to use in the usual interviewing situation. . . . If several relatively
simple questions can be devised to tap the same variable, then the answers of a single
individual on these several questions can be pooled to place him on the scale with re-
spect to the total population.” Scale analysis satisfies perfectly the condition of the
latter sentence—several relatively simple questions can be used and tested for scal-
ability.

Hadley Cantril (editor), Gauging Public Opinion (Princeton University Press, Prince-
ton, N.J., 1944), p. 191.
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when one is tempted to infer some “‘causal’”’ connection from a cross
tabulation. The public opinion literature is full of such “causal”
explanations. Two opinion questions are cross tabulated to show,
for example, that individuals who do not want OPA continued are
among those more likely to object to government subsidies to keep
prices down. A hypothetical cross tabulation might look as follows:

Question: Do you approve or disapprove
Question: Do you approve of the continuation of OPA?

or disapprove of the govern-

ment paying money to farm-

ers in order to keep prices

down? Approve  Disapprove Total
Approve 50 0 50
Disapprove 30 20 50
Total 80 20 100

An inference that might be made from this table would be that
approval of a policy of subsidies ‘“leads’ one to approve also of the
OPA. Theoretically one can never infer ‘“‘cause’ from the cross
tabulation of two attitudes or opinions gathered at the same time.*
However, opinion analysts make this inference quite often. Doubt-
ful as such an inference is at all times, it is even more doubtful when
the scalogram pattern showing a zero frequency in the positive-
negative cell is obtained.® Such a pattern strongly indicates the
presence of but a single variable, i.e., attitude toward governmental
control, with the possible interpretation that both questions are
simply different aspects of the same one thing. The interpretation
of such a pattern can best be made in terms of rankings on a single
opinion continuum, rather than in terms of a relationship between
two different variables.

3. Problems in prediction. If an area is scalable, then it can be
used very simply as either the criterion or predictor in a prediction
problem.

If the scale items are to be predicted from outside variables, the
researcher knows that any result based upon the cross tabulation of
one of the scale questions with some other variable (e.g., a back-
ground characteristic such as age or sex) will be essentially the same
as the result obtained from any of the other questions in the series.
It is therefore often unnecessary in making ‘“breakdowns” to tabu-

¢ A good discussion of this problem is given in E. Greenwood, Ezperimental Sociology

(King’s Crown Press, New York, 1945).
$ See Chapter 3 for a complete description of this pattern.
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late more than one of the questions in the series. For example, if
a series of questions is known to scale, then all questions in the scale
will show men more “favorable’” than women, if such is the case.
Of course, the most sensitive differentiation will be obtained by use
of the scale scores themselves. The single scale question which will
show the highest relationship will be that question whose marginal
frequency most closely approximates the marginal frequency of the
outside variable.

If an outside variable is to be predicted from the scale items, the
multiple correlation on the scalable area is equivalent to the zero-
order correlation with the scale score. Only the simple correlation
with the scale scores need be computed, yet the full predictive power
of the area is realized thereby. The multiple correlation must al-
ways be equal to the simple correlation of the outside variable with
the scale ordering of persons.

The importance of this property for the problem of prediction
weights is obvious. In a scalable series of items, the same predic-
tion weights (namely, the scale weights) may be given to the items
regardless of what the outside variable may be. This is not the
case for a nonscalable area. If a series of items do not scale, then a
new set of weights must be computed for each new prediction prob-
lem. In this way scale scores provide a quantification of the attri-
butes or responses that is invariably most efficient for predicting
any outside variable whatsoever.

Furthermore, it is known that adding more items or questions
from the same area will not increase the multiple correlation. The
maximum predictability in the area can be determined simply by
means of the selected sample of items or questions. Since much of
public opinion analysis implicitly involves predictions on the basis
of only one or two questions in an area, this feature of scale analysis
is of utmost importance. One can assign simple weights to a small
number of questions from the scalable area with the assurance that
the prediction result would be the same as that based upon all the
possible questions from the same area. Adding more questions to
a sample from a scalable universe will not increase predictive power
substantially, so that relatively few items are highly efficient in
practice for retaining all the predictive power the universe has for
the criterion.

Scale Analysis and the Measurement of Intensity

Finally, scale analysis provides the basis for the further study of
a component present in scalable areas—intensity of feeling. With
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the rank order of individuals along a scale continuum from more to
less “favorable,” there is implied a related rank order of individuals
along an intensity continuum from more to less ‘““intense.”” The
measurement of this intensity component and its application to atti-
tude and opinion analysis will be discussed in detail in Chapter 7.

To summarize the utility of scalogram analysis, we find that this
utility springs on the one hand from the use of the scalogram anal-
ysis for the detection of scales, and on the other hand from the
use of scales in the analysis of one’s data. In relation to the de-
tection of scales, scalogram analysis helps to define one’s prob-
lems in terms of smaller subareas or in terms of typological analyses.
Scalogram analysis also aids in the construction of items by en-
abling one to test these items for meaning or “bias’” and by indi-
cating how response categories can be combined. In relation to
the advantages of working with scales, we find that problems of
definition, interpretation, and prediction are greatly simplified if
the items can be shown to come from a scalable universe.

SECTION II1

FURTHER RAMIFICATIONS OF BCALE ANALYSIS

Work on the present theory of scale analysis has been limited
almost entirely to the field of attitudes and opinions. While scale
analysis is formal and applies to any type of social science data, the
empirical applicability of scale analysis to these other groups of
data remains to be investigated.® It may be helpful for future re-
search to report some of the experiences which have been encoun-
tered in studying scales in the field of attitude and opinion research.

The Occurrence of Scales

A question which is often asked is, “How often do you find scales
in practice?”” Quite obviously, if the rigid parallelogram pattern
required of a scale did not occur empirically, then the theory would
have very little practicality. There is a real question, then, as to
whether scales occur frequently enough to be applicable to the
study of social attitudes.

As has been indicated earlier,El_me bulk of social phenomena is too
complex for one to expect many aspects to be scalablfz.] It would

¢ Since this was written there has appeared the interesting example of scalability of
institutionalized discrimination. See Gilbert Shapiro, ‘“Myrdal’s Definitions of the
‘South’: A Methodological Note,”” American Sociological Review, Vol. 13, No. § (October
1948), pp. 619-621.
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be interesting if we could, on the basis of the experience of the
Research Branch, estimate to what extent and in what kinds of data
scalability occurs. Unfortunately such an estimate is not war-
ranted at the present time. The work of the Research Branch was
of such a nature due to the immediate problems of wartime research
that, in many cases, where a series of items proved to be nonscalable,
no further attempt was made to see if the conceptual universe could
be redefined into subuniverses which might prove to be scalable.
The thorough application of the present theory of scale analysis
would call for many pretests and revisions of both the content uni-
verse and the sample of items. - For example, if a small proportion
of items from a sample does not conform to the scale pattern that
seems to be indicated by the rest, the discrepancies would have to
be studied further, perhaps by detailed interviews, to see what the
disturbances might be due to. In some cases, it may be found that
a subuniverse is indicated that must be treated apart from the rest
of the universe; in other cases it may be found that there have been
mistakes in wording or presentation of the questions. :Thus @any
cases which were classified as nonscalable upon firs§ examination
may have proved, upon additional research, to be scala.ble, or to be
divisible into scalable subuniverses. '

However, while it was a much more frequent. expprlence not to
find a series of items scalable according to the four criteria set forth,
there were certainly enough instances of scalable areas to .warrant
further research with the present theory of scale analysis.. . It might
be helpful for future research to list some of the areas which upon
first approximation did not prove scalable. Several of these non-
scalable areas were attitude toward ‘“sweating out a jump” (pre-
sented in the previous section), attitude toward the Russians, atti-
tude toward internationalism (postwar foreign policy), attitude
toward obeying Army rules and regulations, attitude toward the
Army Score Card Plan (later broken down into two scalable areas,
attitude toward the idea of the Score Card Plan and attitude toward
the administration of the Score Card Plan—see Chapter 7 for de-
tails), attitude toward future results of the war, attitude toward
mail censorship, attitude toward veteran preference for government
jobs, attitude toward civilian support of the war effort, attitude to-
ward the Army’s concern with personal welfare, attitude toward use
of athletes and- entertainers in the Army (later broken down into
two scalable dreas—attitude toward athletes and attitude toward
entertainers). Examples of several scalable areas were given in
detail in the previous chapter.
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A promising avenue for future research might consist of a classifi-
cation and examination of those areas in social science which prove
scalable or nonscalable. It would be particularly helpful to have
some systematic analysis of how certain areas, and even individual
items which proved nonscalable upon first approximations, were
later modified to form scalable areas or items. The present data
must be taken almost entirely as tllustrative of the present theory of
scale analysis—especially in relation to the intensity component to
be presented in Chapter 7. A great deal of work has yet to be done
upon the empirical occurrence of scales.

It is quite obvious from the results obtained by the Research
Branch that many attitudinal areas are so complex as to be non-
scalable. The possible existence of other systems of order than
that of the perfect scale is a problem which must be studied further.
Another type of structure which permits of a rank ordering of the
people—albeit with a different meaning from that of the perfect
scale—is that called a quast scale, as is discussed next.

Quasi Scales

[Ema.y happen that a series of items appears to measure a strong
common variable, but that there are too many errors of reproduci-
bility, rmit adequate reproducibility of responses from scale
scores] e errors of reproducibility may be caused either (a) by
one or two other important variables that may be in the area, or
(b) by many small variablea The existence of one or two addi-
tional variables in the area is indicated by nonscale fypes in the scale
pattern. If such definite nonscale types exist, then the multiple
correlation of an outside variable with the whole area would not be
quite equivalent to the simple correlation with rank order on the
dominant variable, and would be attained only by taking the non-
scale types into account. On the other hand)if errors of reproduci-
bility are random, then the multiple correlation of any outside vari-
able on the area will be precisely equal to the simple correlation with
the rank order on the area. This property, it is important to note,
holds no matter how low the reproducitnlity @

gme areas which are not scalable in terms of reproducibility are
called quast scales; their reproducibility may not be high but their
errors occur in a sort of gradienﬂ This gradient pattern of errors
indicates that, while there is not a single factor operating as in the
case of a scale, nevertheless there is a single dominant factor and
indefinitely many small random factors, so that prediction of any
external variable must rest essentially on the dominant factor. El‘he
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dominant factor is measured by the quasi-scale scoregl_ﬁs means
that although quasi scales lack an essential property of a scale-rank
order, i.e., they cannot reproduce the respondent’s characteristics
on the items in the area very well—nevertheless, the rank order is
perfectly efficient for relating any outside variable to the are-gﬂ
Therefore, if examination of the errors of reproducibility shows
them to conform to a certain gradient pattern, and not to be grouped
together to form nonscale types, then we have what may be called a
quasi scale. The pattern of responses indicates that there is a single
dominant factor measured by the quasi-scale scores.

The diagram on the next page will serve to illustrate the difference
between random scale errors, grouped nonscale errors, and gradient
quasi-scale errors.

The error pattern of the “true’’ scale question is recognizable from
the random nature of the few errors of reproducibility that do occur.
The cutting point between “positive’” and ‘“‘negative’’ categories
would fall between respondent 18 and 19. Predicting all respond-
ents from 1 to 18 to have given “positive’” answers would result in
two errors (respondents number 11 and 16); predicting all respond-
ents from 19 to 50 to have given ‘“‘negative’’ answers would result
in three errors (respondents number 22, 25, and 31). Reproduci-
bility of this item would therefore be high—5 errors out of 50 pre-
dictions.

The error pattern of the nonscale question is recognizable from
the way in which the errors are grouped together. Again locating
the cutting point between ‘“‘positive” and ‘“negative” categories be-
tween respondents 18 and 19, we find that predicting all respondents
from 1 to 18 to have ‘“positive’’ answers would result in five errors,
and furthermore that these five errors were grouped together among
respondents 8, 9, 10, 11, and 12. Similarly predicting respondents
19 to 50 to have given ‘“‘negative” answers, also results in a grouping
of six errors among respondents 39, 40, 41, 42, 43, and 44. Repro-
ducibility of this item would therefore be low—11 errors out of 50
predictions—and, more important, these errors would be grouped
together to form nonscale types. The grouping of errors into non-
scale types indicates that more than one strong variable is present.
We cannot find any single rank order of respondents that would
successfully represent the attitudes of respondents to both variables.

The error pattern of the quasi-scale question is recognizable from
the manner in which the fairly large number of errors that occur
gradually decrease in number as one moves further and further
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away from the cutting point. These errors are much more frequent
than ‘““true” scale errors, but do not group together like nonscale
errors. Again locating the cutting point between respondents 18
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and 19, we find that predicting ‘“‘positive’’ responses for respondents
1 to 18 would lead to six errors, and that these errors would occur in
groups of three (respondents 13, 14, and 15), then two (respondents
8 and 9) and finally one (respondent 5) in a sort of gradient as one
moved away from the cutting point. A similar gradient of errors
would occur in the ‘“‘negative’ response predictions for respondents
19 to 50; three errors among respondents 30, 31, and 32, two errors
among respondents 37 and 38, one error for respondents 42 and 48
respectively. Reproducibility of this item would be low—13 errors
out of 50 predictions—but more important, these errors would not
be grouped together into nonscale types, but would consist of small
groups of errors gradually decreasing in size as one moved away
from the cutting point.

The Research Branch has found evidence of the quasi-scale pat-
tern in the case of personality inventories, information tests, and
measures of intensity of feeling. An example of such a quasi scale
is given by the scalogram on page 164 based upon an aggregate of
fifteen items symptomatic of psychoneurotic tendencies (Scalogram
10). Most items have a large number of errors, although there is
enough nonerror to permit the appearance of a fairly definite paral-
lelogram pattern. The coefficient of reproducibility is .73 (this
could be raised somewhat by dichotomizing the response categories).
In general,[the errors for each category conform to a gradient, errors
decreasing gradually as the ranks depart from the region of highest
density of response for the categorﬁ

The importance of a quasi scale lies in how it is used for external
prediction problems. While we cannot derive a person’s responses
from his quasi-scale score,@g score does yield a zero-order corre-
lation with any outside variable which is eqyivalent to the multiple
correlation on all the items in the quasi scale. E[‘he prediction of the
external variable rests essentially on the dominant factor that is
being measured by the quasi-scale scoreg.j Thus a quasi scale has
the full mathematical advantages of a scalable area.

the case of a quasi scale, it is ordinarily necessary to use a
much larger sample of items than in a scale in order to obtain the
proper rank order of individua@

What implications does the quasi scale hold for scale measure-
ment? Quasi scales seem to enable one to take a large number of
items which have some strong common content and to derive from
their intercorrelations a score which permits a rank order inde-
pendent of item weights. It would thus appear that quasi scales

Google



UTILITY OF SCALOGRAM ANALYSIS 163

offer a promising avenue of research into some complex areas which
are neither scalable nor divisible into scalable subareas. While
the single dominant variable of a quasi scale cannot be represented
by means of a small number of items due to the amount of error in-
volved, increasing the number of items which contain this dominant
variable makes this error assume a gradient pattern, and permits
an invariant rank order.

One interesting way in which quasi scales can be seen to arise is
as follows. Suppose an attitude universe can be broken down into
many subuniverses, each of which is scalable. Suppose further,
that when the scores on the subuniverses (which can now be treated
as quantitative variables) are intercorrelated, they are found to
correspond to Spearman’s single common factor structure. Then
it must follow that if an item is selected from each of the subuni-
verses, and a scalogram formed of these items, the scalogram will
reveal a quasi scale; and furthermore, the quasi-scale score will be
essentially the score on the Spearman common factor.

The Research Branch did have a nonscalable universe—morale
—for which it found several subuniverses to be scalable, such as
pride in one’s outfit, satisfaction with one’s job, confidence in one’s
leaders, etc. However, the intercorrelations of scale scores were
found not to conform to the Spearman structure, but rather to
indicate more than one common factor. This explains why morale
was not found to be even a quasi scale, and shows that no single
ordering of men is possible for morale as a whole.

Sampling the Universe of Items

% basic assumption of the proposed theory of scale analysis is

that a sample of items which were found to be scalable can ade-
quately represent the unlimited universe of similar items. JAn im-
portant property of a scalable universe is that the ordering of per-
sons based on a sample of items will be essentially that based on the
universe. Theoretically, then, if a series of ten items were found to
be scalable, then all items of the same content would also be scal-
able.

@he process whereby the initial ten items are constructed is an
intuitive ofe.y One turns over in one’s mind many possible items
which characterize the universe in which one is interested. Ten of
these are selected as a sample of all possible items that might occur
to the h worker, and these ten are then subjected to a scale
analysis. these ten items scale, the assumption is made that all
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UTILITY OF SCALOGRAM ANALYSIS
Scalogram No. 10. Psychoneurotic Inventory
Questions and Answer Categories
38. Do you have any particular physical or health problem?

6 Yes
7 No
8 Undecided
39. Have you ever been bothered by shortness of bre: th when you were not exercising
or working hard?
(] Yes, often
7 ——_ Yes, sometimes
8 No, never
40. Are you ever troubled by your hands sweating so that they feel damp and clammy?
6 Yes, often
7 Yes, sometimes
8 No, never
41, Are you ever bothered by having nightmares (dreams that frighten or upset you
very much)?
6 Yes, many times
7 Yes, a few times
8 No, never
42. How often are you bothered by having an upset stomach?
6 Nearly all the time
7 Pretty often
8 Not very often
9 Never
43. Have you ever been troubled by “cold sweats’’?
6 Yes, often
7 Yes, a few times
8 No, never

44. Have you ever had any fainting spells?

6 Yes, several times
7 Yes, a few times
8 Never had any
45. Have you ever been bothered by your heart beating hard?
6 Yes, often
7 Yes, a few times
8 No, never
46. Have you ever been bothered by pressure or pains in the head?
- 6 Yes, often
7 Yes, sometimes
8 No, never

47. Have you ever had spells of dizziness?

6 Yes, many times
7 Yes, a few times
8 No, never
48. Do you often have trouble in getting to sleep or staying asleep?
6 Very often
7 Sometimes
8 Almost never

.
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166 UTILITY OF SCALOGRAM ANALYSIS
49. Do your hands ever tremble enough to bother you?

8 Yes, often
7 Yes, sometimes
8 No, never
50. Do you ever bite your fingernails now?
(] Yes, often
7 ——— Yes, sometimes
9 No, never
51. Are you ever troubled by sick headaches?
(] Yes, often
7 — Yes, sometimes
8 No, never
52, Are you ever bothered by nervousness?
6 Yes, often
7 Yes, sometimes
8 No, never

the items that come to one’s mind on the same topic would also
scale \\If these ten items do nof scale, by the same token the as-
sumption is made that all the items also would not scale. \ This is
an important assumption, since upon its truthfulness rests the whole
concept of inferences about the universe based upon a sample from
that universe. How can such an assumption be subjected to em-

irical verification?

pE)Ql)viously no fixed universe exists from which qne could select
random samples and test their representativeness. | However, the
following suggestion is made for the construction of an ‘‘opera-
tional” universe which would serve as an important test of the as-
sumption of sampling representativeness. A universe is named
and then the research worker compiles a series of perhaps 300 items
which characterizes that universe. These 300 items then can be
thought of as an “operational” universe. The assumption of sam-
pling could then be tested by selecting at random subseries of 10
items each and testing these for scalability. How many of these
subseries scale or do not scale? This result could be compared with
the scalability of the entire aggregate of 300 items. In this way,
the assumption of representativeness could be tested. The as-
sumption of the invariance of the rank order of scale types could
also be tested by means of the correlations between subseries and
the total series for scalable areas. See Chapter 8 for a more de-
tailed discussion of this problem, and also for numerical examples of
comparisons between subsamples of items.
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The Determination of Characterizing Items

The above test could also be expanded to include an experiment
in the determination of characterizing items. | At present the defi-
nition of content is entirely subjective. There is no way to decide
whether or not an item belongs to the universe, except through a
decision on the part of the investigator or a group of judges.
Thus it is possible for one investigator studying an area, such as
attitude toward war, to construct a series of items, to test these
items for scalability, and to find that they are nonscalable, whereas
another investigator studying the same area by means of a dif-
ferent series of items might find them scalable. The answer of
course would have to be that since the content of the items them-
selves defines the area, these two investigators were studying dif-
ferent areas despite the fact that the areas bear the same con-
ceptual title.

The unsatisfactory nature of this answer is obvious. @me less
subjective method for defining the characterizing item would help
in the selection of sample seri@ Additional research is greatly
needed on this problem. One possible approach might include the
use of a group of judges to select the characterizing items whose
scalability is to be tested. A combination of the Thurstone tech-
nique of evaluating the content of items and the present technique
of scale analysis might prove very instructive.” While it is prob-
ably impossible to remove the element of subjectivity from the
process of constructing characterizing items, it should be possible
to decrease the danger of individual bias by means of groups of
judges.

The Halo Effect

An interesting ramification of scale analysis which deserves fur-
ther study is the relation between scale analysis andithe psycho-
logical phenomenon observed in the field of rating ““scales” called
the “halo” effecﬂ Enlisted men who are asked to evaluate their
officers on a series of eleven questions dealing with apparently dif-
ferent aspects of leadership appear to ‘‘carry-over” a generally
“favorable’’ or ‘“unfavorable” attitude, instead of answering each

7 An example of this approach is given by A. L. Edwards and F. P. Kilpatrick, “A
Technique for the Construction of Attitude Scales,” Journal of Applied Psychology,
Vol. 32, No. 4 (August 1948), pp. 374-384.
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question as though it dealt with a different aspect of the officer’s
behavior (see Scalogram 2 in the first section). } It has often been
found that questions asking for the evaluation of different groups
of people on different traits, including rating schemes for single
individuals, are usually so closely related that the researcher is
forced to conclude that his subjects are rating some general trait
rather than the specific traits_jnherent in the manifest content of
the items in his rating scheme.? | This phenomenon has often been
called a “halo” effect. How does this ‘“halo’’ effect relate to the
present theory of scale analysis?

ESE:a.le analysis appears to afford a method for studying ‘‘halo”
effect in the form of a test of the hypothesis that there ig some single
variable upon which the different evaluations are based.] It carries
the “halo” concept into the entire field of attitude or opinion re-
search and shows how only a single variable may underlie the re-
sponses to what the analyst believes to be a series of opinion ques-
tions on quite different aspects of a problem. And just as the
interpretation of separate trait names must be treated with caution
once the existence of “halo” has been found, so it would seem the
individual interpretation of separate opinion questions must be
treated with caution once they have been found to belong to a
single scalable universe. ‘“Halo” in this sense may be studied by
a test for single meaning. Scale analysis thus may be able to pro-
vide an interesting rationale of how individuals can be ranked upon
a single rating continuum based upon a sample of items.

The “Relativity” of Scales

Another important ramification of scale analysis concerns the ap-
plication of scales to different populations or at different periods in
time. ESgales are relative both to time and to populations,) A series
of items or questions may form a scale for one population and yet
fail to form a scale for another population. Or a series of questions
may fail to form a scale for a total population, and yet scale for a
subgroup of that population. [E_ would therefore be possible that a
nonscalable series of items could be found to form a scale when
limited to a subgroup of the population.\ If such were the case, one
could make an analysis of the structure of a content area in terms

¢ As stated by Thorndike, “Ratings were apparently affected by a marked tendency
to think of the person in general as rather good or rather inferior and to color the judg-
ments of his qualities by this general feeling.” Edward L. Thorndike, ‘‘Constant

Error in Psychological Ratings,” Journal of Applied Psychology, Vol. 4, No. 1 (March
1920), p. 25.
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of the different meanings involved for different subpopulations. A
useful technique for the determination of ‘‘deviant” subgroups
would be to sort out those individuals who were responsible for
scale errors and to study their composition to see if they came from
any particular subgroup. Scales based upon one population can-
not be transferred to the study of some other population without
first testing to see if the items still scale for the new population.
There may be a great fallacy in many cases of applying scales which
have been ‘“‘standardized’’ on one population to the study of new
populations.

One suggested hypothesis for the relativity of scales is that the
difference between the two populations is not one of degree, but of
kind. One group is not simply more or less favorable than the
other group, but actually defines the issue in a completely different
waﬂ The items do not characterize the same universe to the dif-
f populations.

When this is the case, when a series of questions scales for one
population but not for another, then comparisons among the popu-
lations involving statements that one group is ‘“more” or “less”
favorable on the e universe than another group must be made
with great caution.® ) This is an additional reason for studying atti-
tudes and opinions by means of a series of questions rather than
only a single question. In comparisons between groups based upon
a single question, one cannot be certain that the different groups at-
tach the same interpretation to the question asked. One cannot
predict on the basis of a single question analysis that, if another
question were asked on what was conceived to be the same issue,
the rank order of ‘“favorableness” among different groups might
not change. For example, even if a single question were used only
to compare different educational levels on degree of ‘“favorableness”
toward an issue, it would first have to be shown that the question
had the same meaning, i.e., belonged to the same scalable universe
for the different educational groupings, before any comparisons of
degree of favorableness could be made.

The above discussion of the relativity of scales according to the
population studied applies equally well to the relativity of scales for

* The test for scalability requires that the same question be asked of the different
populations and that an attempt be made to combine answer categories in the same
way, even though these combinations produce slightly more error than they would if
each population were scaled separately. If a question scales for two populations, but
with different combinations of answer categories, the conclusion would be that the ques-

tion means the same thing to both populations, but that the answer categories do not
represent the same degree of “favorableness.”
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the same population when two different time periods are studied.
A series of items may form a scale at one time for a given popula-
tion and yet fail to form a scale at another time. Again, the sug-
gested explanation is that the change in the population’s attitude
or opinion with time is one of kind, rather than degree. People have
not simply become “more’’ or “less” favorable; they have changed
their definition of the issue. To measure a change in degree of
“favorableness,” it would appear to be ne that the attitude
remain in the same continuum both times. is hypothesis, if cor-
rect, indicates a basic weakness in much of the present trend anal-
ysis based upon repeating a single questi_@ Unless it is known
that the meaning of this question has not changed with time, the
statement that a group has_become ‘“more” or “less’”’ favorable is
a doubtful interpretation. @a/le analysis affords a way to test
whether or not the content of the questign has retained its original
meanin@

An especially important example of this problem in trend anal-
ysis applies to experiinental studies of induced change, i.e., the
effectiveness of propaganda by means of before and after group
tests. Unless the same scale is obtained before and after exposure,
one should speak of changes in “degree” of favorableness with great
caution. This is especially evident when, for example, an item
such as “All Russians are Communists,” which before the exposure
scaled with other attitude-toward-Russia items, shows a great change
but no longer scales. One hypothesis could be that this item has
changed fromn an attitude universe to an information universe, due
perhaps to the stress of the propaganda exposure on the facts of the
case. A test of this hypothesis might be to include other infor-
mational items, before and after, and see if those items which ap-
pear to shift from attitudinal to informational, no longer scale with
the attitudinal items but do scale with the informational items.

* * * * *

The ramifications of scale analysis discussed above constitute a
bare minimum of all the problems of scale analysis which remain to
be fully investigated. The present research represents only an ini-
tial attempt to formulate the foundations for the present theory of
scale analysis and to develop a workable technique for the determi-
nation of scales by means of this theory. As has been stated previ-
ously, the present research is based upon data gathered in the course
of the war and is limited almost entirely to the attitudes of soldiers.
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The further testing of the present theory with other types of social
data is an important avenue for future research. It can be ex-
pected that future research will serve to show more clearly than is

presently possible both the disadvantages and advantages of the
present theory and method.
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CHAPTER 6

RELATION OF SCALOGRAM ANALYSIS
TO OTHER TECHNIQUES"

ARIOUS approaches to the study of attitudes and opinions have

been made in the past. These approaches differ occasionally
in objectives. In order to obtain a further perspective on the pur-
pose and techniques of scalogram analysis, it may be helpful to com-
pare this approach with previous ones. Emphasis will be placed
primarily on similarities or differences in purpose and usefulness.
We begin with a discussion of the distinction between scale and
nonscale approaches to the study of problems. We then compare
scale analysis with several other means of analyzing universes of
data, e.g., the use of arbitrary indexes, item analysis, equal-appear-
ing intervals, paired comparisons and factor analysis.

Scale and Nonscale Approaches

In order to understand better what types of problems are best
studied by means of scales, it may be helpful to have a clear idea as
to what types are probably not profitable for scale analysis. In the
analysis of qualitative data, a vast number of problems definitely
do not involve the notion of a scale. A great many nonattitudinal
problems involving qualitative variables, like sex, religion, etc., usu-
ally deal with each attribute as a complete variable in itself, and not
as representing a universe of similar items. Such cases are not
scale problems. On the other hand, many problems in social psy-
chology regard a qualitative item, like an opinion or attitude state-
ment, as but a sample from a universe of similar items. Here is
where a scale analysis is helpful. It tells whether or not the uni-
verse is scalable by using only a small sample of the items. Social
phenomena are usually complex. However, if a scale is found to
exist for a universe of phenomena, that means that a certain sim-
plicity attends those phenomena. The theory of scales tells how

1 By Louis Guttman.
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to recognize and take advantage of that simplicity. If the phe-
nomena do not follow a simple pattern, then scale analysis shows
that a more complicated technique is needed to handle the data
properly.

A problem involving a universe of data, therefore, should first be
subjected to a scale analysis. The analysis will show either that
scales are involved or are not involved. A problem may be thought
a priori to involve a scalable universe, but analysis of the data may
show that a scale does not exist. The existence or nonexistence of
a scale is not a criterion of the worth of a problem. If a problem
turns out to involve nonscalable data, they should be treated, not
as scales, but in whatever manner will yield a proper answer.

To summarize briefly, problems which do not involve samples
from a universe of items are not in general scale problems. Prob-
lems which do involve such sampling—including almost all of atti-
tude and public opinion work—will profitably be studied first by
means of a scale analysis. If the universe is scalable, or can be
broken down into scalable subuniverses, then it can be handled very
easily by simple scale scores. How best to handle nonscalable uni-
verses remains a far more complicated, and as yet unsolved, prob-
lem.

The distinction between scale and nonscale data may perhaps be-
come even more clear when we consider the different roles that a
factor or variable can play in a given research project. Research
usually has either or both of two purposes: description and predic-
tion. Let us start with prediction.

Two roles for variables in prediction studies. Each variable in a
prediction study plays one of two possible roles. It can serve either
as something to be predicted—in which case it is often called techni-
cally a criterion—or it can serve as a predictor. There are many
possible ways in which each of these two roles can be assumed, such
as in multiple and in partial correlation, but this should not be
allowed to obscure the fundamental nature of the roles.

Each of these two roles can be filled by qualitative variables (at-
tributes) or by quantitative variables. Conventional statistical
textbooks concern themselves largely with the prediction of quanti-
tative variables. If the predictors are also quantitative, then
linear or curvilinear regression equations are derived for testing
predictability. If the predictors are qualitative, then the approach
of analysis of variance is used.

Relatively little attention has been given in the past to the case
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where qualitative variables are the thing to be predicted; and very
little attention has been given to the notion of a universe of qualita-
tive variables, either as a criterion or as a predictor. Qualitative
criteria need techniques different from those of quantitative vari-
ables. Least squares and analysis of variance do not apply. Fur-
thermore, the study of untverses of variables requires a special ap-
proach. Scale analysis studies a universe of qualitative data in a
method appropriate to such data. It proves that, if the universe
is scalable, it can be handled very easily in either role, whether as
criterion or as predictor, by a simple scoring scheme. On the other
hand, if the universe is not a scale (nor a quasi scale), then use of an
arbitrary scoring scheme will not in general permit the universe to
fill either role properly.

The problem for analysis, then, is to ascertain the complete multi-
variate distribution of an indefinitely large universe of attributes.
This means finding out how each respondent stands on each of the
possible items. Here is where scale analysis comes in. If the uni-
verse of items is a scale, then each respondent’s pattern of responses
can be represented by his scale rank among all respondents. From
the point of view of description, an important feature of a scale is
that a man with a higher scale score than another will be just as
high or higher on every item in the universe (within scale error).
He is known (within scale error) to be in the one answer category of
each question that covers his scale rank. From the point of view
of prediction as well as description, a crucial feature is that the dis-
tribution of scale ranks based on only a sample of ttems is known to
represent the complete multivariate distribution of the universe of
items. A relatively few items can be used from a scale to represent
the universe accurately either as a criterion or as a predictor.

The Use of Arbitrary Indexes

Although techniques for scale analysis are very simple, the ques-
tion may be raised as to whether or not they can be dispensed with
entirely. If a set of items is agreed to have a homogeneous content,
to belong to the same universe, of what advantage is scale analysis?
Why bother with determining the reproducibility of the area? Why
not simply assign arbitrary weights to the responses to each ques-
tion, add up these weights to obtain a total score which can be called
an tndez of the area in question? Cannot such an index be adequate
for relating this attitude area to other behavior? This is often the
solution reached by public opinion analysts who ask a ‘“battery’’ or

Google



RELATION TO OTHER TECHNIQUES 176

series of opinion questions on what appears to be the same issue and
then proceed to count up the number of “favorable’ replies.?

It is true that if an area is scalable, then the resulting scale scores
will correlate very highly with any index obtained by arbitrary
weights, provided the weights are in the right direction. Scale
theory proves that there is no harm in obtaining an apparently
arbitrary index from a scalable area, either for descriptive or pre-
dictive purposes. That is why only very simple weights and scores
are used in scale analysis in practice. But if the area is not a scale
(or quasi scale), then we have an entirely different story.

If an area is not a scale, then it may often be possible to break it
down into subareas of content that are scalable separately. In
such a case, each person should receive several scale scores, one on
each subarea. The entire area can then be properly described by
use of these several sets of scores. These scores can serve as the
criteria if it is desired to predict the area from other variables; it is
the profile of scale scores that is to be predicted in such a case.
Similarly, if it is desired to use the items in the area as predictors of
an outside variable, it is necessary only to determine the multiple
correlation of that outside variable on the scale scores (which is
very little work compared to computing directly the multiple corre-
lation on all the items themselves).

Omitting a scale analysis and just going ahead with a single arbi-
trary index can completely obfuscate the purpose of the research,
whether for descriptive or predictive purposes, if in reality several
scores are required and not just one. There are at least five basic
defects to using an arbitrary index if the area is not actually a scale
(or quasi scale). These are: (1) Lack of descriptive meaning.
(2) No criterion for weights. (3) Sampling of items and descrip-
tion. (4) Improper weights for prediction. (5) Sampling of items
and prediction. Each of these will now be discussed in turn.

1. Lack of descriptive meaning. A first defect concerns the de-
scriptive meaning of the index. In a scale, each score has a definite
meaning with respect to the actual items. From a person’s score
can be reproduced his response to each and every question (within
scale error). As a consequence, it is meaningful to say that a per-
son with a higher score than another has a more favorable attitude
than the other person; this is true because a higher score means an

3 See, for example, F. Mosteller and H. Cantril, “The Use and Value of a Battery of
Questions,” in H. Cantril (editor), Gauging Public Opinion (Princeton University Press,
Princeton, N.J., 1844), pp. 67-73.
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equivalent or higher response to each and every item (within scale
error). This simple and direct meaning for scores does not at all
obtain for nonscalable areas. No single index can reproduce a per-
son’s responses to the items in such a case, so that no single index
can be said to be an adequate representation of the area. Two per-
sons can have the same score from quite different behavior. Fur-
thermore, the fact that one person has a higher index score than an-
other person has no particular meaning with respect to the content
involved; the first person may be more favorable on some items but
less favorable on other items than the second person. There is no
clear meaning as to what a ‘“higher” attitude is, nor even as to what
“equality’’ on the attitude signifies.

For example, one person might say, ‘‘I think Negroes should have
a right to vote, but I don’t think they should be given skilled jobs.”
Another might say, “I don’t think Negroes should have a right to
vote, but I do think they should be given skilled jobs.”” Which per-
son has the more favorable expression of attitude toward Negroes?
Finding these two kinds of people implies that the area is not scal-
able. As a consequence, no index score based on arbitrary weights
will provide a meaningful ranking of attitudes of the population.
As more and more items are added to these two on voting and jobs,
and if the additional items continue to depart from a scale pattern
so that many nonscale types of persons are found, any index score
will have less and less content meaning; it will be less and less able
to reproduce the responses to the items.?

2. No criterion for weights. The lack of meaning of “equality’ or
“more favorable’’ and “‘less favorable” attitudes becomes even more
evident when it is recalled that the weights in obtaining an index
are arbitrary, which leads to a second basic descriptive defect of
such an index for a nonscalable area. By changing the weights,
persons who are ‘“equal” according to one set will no longer be
‘“equal” according to the other. Persons who were ‘higher” than
others according to one set of weights may turn out to be “lower”

3 A good example of the distinction between arbitrary scoring and scale analysis comes
from some unpublished data of Paul Wallin. He was studying adjustment in engage-
ment. The items in the questionnaire were all judged to be homogeneous in general
content, each item expressing some relevant aspect of adjustment in engagement. Yet
scale analysis showed that the items should be divided into two subareas of content, one
of which was a scale and the other a quasi scale. It was most striking to find that the
scores on these two subareas correlated zero with each other! This proves that it is
rather meaningless to speak of general adjustment in engagement as a single variable,
which an arbitrary scoring of the original questionnaire would have implied; an arbi-
trary index based on the combined areas would represent neither area. '
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on the other set. Which set of weights are the ones to be used?
Shall the “right to vote’’ obtain a higher or lower weight than the
“right to a skilled job” in attitude toward Negroes? There is an
infinite variety of weights which can be chosen arbitrarily for an
index, each of which may seem ‘‘reasonable.” If the area is not a
scale, index scores obtained from different weights can have rela-
tively low correlations among themselves. This is especially true
where two subareas correlate zero with each other. What should
the research worker do when confronted with several sets of weights
in such a case? Without a frame of reference, such as provided by
scale analysis, there can be no solution to the problem of what is
best to do.

3. Sampling of ttems and descriptron. A third defect to omitting
a scale analysis before obtaining descriptive ranks or scores for
people arises from the problem of selection of items. Just as index
scores can change in nonscalable areas when different arbitrary
weights are used, in the saine way they can change if different items
from a nonscalable area are used. If fifty items are selected from
the area, then an index score on the first twenty-five can correlate
very slightly with an index score on the second twenty-five if the
area is not a scale, and the index score on the whole fifty can differ
widely from the index scores that would have been obtained if a dif-
ferent fifty questions had been used. This is especially true in the
case of public opinion questions which consist usually of a series of
less than ten questions. The correlation between indexes can be
zero. There is no rationale for defining what is meant by ideal
scores on the indefinitely large universe of items from which the
sample of items were taken in such a case.

One of the important features of scales is that this problem of
sampling of items is minimized. If an area is a scale, then any
sample of items from the area will yield essentially the same rank
order for the people as any other set of items. Respondents to a
public opinion poll will be ranked the same regardless of the specific
questions asked. There is an ideal rank order defined for the infi-
nite universe of items, and any sample of items from that universe
will yield ranks that closely approximate the universe ideal. Know-
ing that an area is a scale means that there need be no great concern
about the sampling of items; but knowing the area is not a scale
means that there must be great concern about the sampling of items.
Remaining in ignorance as to the scalability of an area means re-
maining in ignorance of whether or not to be concerned about the
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sampling of items, and leaves the description open to serious criti-
cism.

4. Improper weights for prediction. The problem of sampling of
items and the problem of weights are both felt with full force simul-
taneously when it comes to problems of prediction. A fourth im-
portant defect of the suggestion that a scale analysis is unnecessary
concerns the use of the items in the role of predictors. If it is de-
sired to predict an outside variable from a given set of items, then
the best technique for doing this takes into account all the joint
relationships within the items and between the items and the thing
to be predicted. The best possible prediction, based on this com-
plete information, is called multiple correlation or the discriminant
function technique, depending on whether the thing to be predicted
is quantitative or qualitative.* Let us restrict our discussion here
to the linear case where the best prediction can be obtained by
weighting the items and obtaining simple sums as prediction scores.
If the set of items does not belong to a scale, then a new set of weights
must in general be used to predict each different outside variable. The
items must be weighted one way to predict one criterion and an-
other way to predict another criterion if the best prediction in each
case is to be obtained. The use of arbitrary weights to obtain an
index score necessarily means, then, that the predictive power of
items is not being realized. An arbitrary index in general will
underesttmate the predictability of any criterion from the items.
The index can correlate practically zero with a given criterion,
whereas, if the actual multiple correlation or discriminant function
were worked out, the items could be found to correlate very highly
with the criterion.

Suppose a set of items on the role the United States should play
in international relations proved not to be scalable. Suppose fur-
ther that arbitrary weights were assigned to the items anyhow, and
the respondents were scored according to the resulting arbitrary
index. And suppose further that this index was found to have a
correlation coefficient of .3 with, say, attitude toward England,
where the latter attitude was scalable. It would be quite fallacious
to say that attitude toward England is predictable from attitude
toward international relations only to the extent permitted by a

4 For a brief outline of multiple correlation and the discriminant function, see Louis
Guttman, “An Outline of the Statistical Theory of Prediction,” in P. Horst, et al.,
The Prediction of Personal Adjustment (Social Science Research Council, New York,
1941), pp. 253-312.
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correlation of .3. The arbitrary weights used for the index are al-
most certainly not the best for the purpose of predicting attitude
toward England. If the best weights for this particular prediction
purpose were computed by the technique of multiple correlation, the
coefficient of multiple correlation could be much higher than .3.
Instead of being negligibly predictable, attitude toward England
might be highly predictable from the items in the area on inter-
national relations. The arbitrary index scores can be completely
misleading concerning the extent of this predictability.

In the case of a scalable area, the multiple correlation or discrimi-
nant function must always be given very approximately by the scale
scores, regardless of what i3 being predicted. If a correlation with the
scale scores is .3, then the multiple correlation coefficient with the
separate items is necessarily very close to .3. Whether predict-
ability is high or low will, of course, depend on what is being pre-
dicted from the items; but regardless of what is being predicted,
maximum predictability from the items is given by the scale scores.
Knowing that the set of items is scalable means that it is known that
the full predictive power of the items is being used in any situation.
Knowing that the items are not from a scale means that it is known
that the items must in general be reweighted for each new prediction
problem. Not knowing whether or not the area is a scale, but just
using arbitrary weights to obtain index scores means knowing that
in many cases much of the predictive power of the items is being
thrown away by the index.

5. Sampling of ttems and prediction. A fifth drawback to not
finding out the scalability or reproducibility of an area concerns the
relationship of multiple correlation to the sampling of items. If the
area is scalable, then it is known that not only the multiple correla-
tion of the thing being predicted with the set of items is essentially
the correlation of that thing with the scale scores, but also it is
known that adding more items to the sample from the same scalable
universe will not increase the multiple correlation. That is why
relatively few items can be used from a scalable area for prediction
purposes, yet the predictive power of the infinite number of items
from which this sample was drawn is being fully realized. For ex-
ample, only five or six items from each of fifteen areas were used in a
study of psychoneurotics in the Army. Using five or six hundred
items in each of these areas instead of just the five or six would not
have increased the multiple correlation.
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This feature of scale analysis is of utmost importance in public
opinion polling, where the problem of prediction from as small a
number of questions as possible is of major practical importance.

On the other hand, if an area is not a scale, then adding more items
will in general increase the multiple correlation. There is no way
of knowing when the maximum correlation has been reached. The
possibility remains that more items in the same area can still help
in a given prediction problem. There is as yet no way of deter-
mining what the multiple correlation would be on the infinite uni-
verse of items from only a sample of items if the area is not a scale
(or a quasi scale). That means that one cannot speak of the pre-
dictability of an outside variable from the items except as an under-
statement. The multiple correlation on the universe of items is
certainly as big as that obtained in the sample but may be much
bigger. A sample of items may yield just a small multiple corre-
lation whereas in fact the universe may yield a very high correlation.

Knowing that an area is scalable means that the problem of sam-
pling of items for prediction purposes can be simply handled; the
maximum predictability in the area can be determined just by
means of a sample of items. For nonscalable universes, there is the
ever-present possibility that the predictive power of the whole area
is far greater than the predictive power of the sample of items used;
and multiple correlation based on a sample of items from a nonscal-
able universe can be very misleading. It follows that a correlation
based on an arbitrary index derived from the sample will be even
more misleading, because this correlation will underestimate in turn
even the sample multiple correlation.

The successive shrinkage in predictability due to the sampling of
items and to the use of an arbitrary index for nonscalable areas can
be visualized as follows:

. . Correlation
. . Multiple correlation N .
Multiple correlation ona ple of it with arbi-
on a nonscalable > > | trary index
. . from the nonscalable
universe of items ive of gample
universe of items

The retention of the full predictive power of a scalable universe by
a sample of questions, on the other hand, can be visualized as fol-
lows:
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. . Multiple correlation .
. from the scalable p
verse of items universe scale scores
Item Analysis

Similarity of purpose. The purpose of scale analysis is to test the
hypothesis that a universe of items comprises but a single factor in
the sense that from but a single set of scores (on this factor) the re-
sponses to each of the items can be reproduced. The widely used
technique of item analysis often has a similar descriptive motivation
in that it is desired to test whether or not a set of items is related to
but a single factor. However, important distinctions exist between
the scaling and the item analysis approaches in at least two basic
respects: one is the manner in which the objective is defined, and
the other is the resulting difference in techniques.

If both approaches are regarded as being directed toward the
same problem of describing internal consistency, then it will be
found in the following discussion that at times item analysis may
entirely miss the mark. This may seem like a radical criticism of
item analysis in view of the fact that the technique is so widely used
in the literature. The criticism will not seem so radical,® however,
when item analysis is viewed in its historical perspective. Item
analysis, with respect to attitudes, seems to have originated in a
different context from that of exploring the structure of a set of
items. It wasin the field of predicting an outside variable that item
analysis was initiated and it is in this field that it is actually helpful
and proper to a large extent. When the newer field of attitude
analysis was developed, item analysis was borrowed rather uncriti-
cally in order to describe the internal consistency of attitude items.

The present theory provides a coherent approach to scale analysis
from the point of view of internal consistency. We will attempt to
show that the borrowing of the item analysis technique is no longer
advisable.

Proper use for a single prediction problem. Item analysis is often
useful in a situation where it is desired to use the items as predictors
of a given outside variable. The best way to accomplish this pre-

8 This criticism is actually not original here. It was made many years ago in the

mental testing field, where much more attention has been given to the rationale of
analyses than in the attitude testing field.
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diction is by means of multiple correlation or the discriminant func-
tion. But to do the complete multivariate analysis required by
these techniques is a laborious, time-consuming, and often prohibi-
tive undertaking when many items are involved. Item analysis
has been shown empirically to be able to provide a short cut in se-
lecting a relatively small subset of items that will predict the cri-
terion with substantial accuracy even though it is known that pre-
dictive efficiency from the whole composite is lost thereby. Item
analysis is carried out in practice by various techniques; but they
all consist of relating each item individually to the external variable,
and then selecting and weighting each item according to its separate
correlation. The prediction variable arrived at by means of item
analysis will not be as good in general as the one arrived at by the
complete multivariate analysis required by multiple correlation or
the discriminant function, but it may sometimes be adequate for
the investigator’s purpose.® It must be remembered, though, that
if the same items are to be used to predict some other criterion in a
new problem, then a completely new item analysis must be per-
formed on all the original items. A new selection and weighting
must be made in general for each new prediction problem.
Improper use for studying internal consistency. The use of item
analysis for saving work in a prediction study can be quite proper
and helpful. It is quite another matter, however, to use item anal-
ysis as a technique for studying the internal consistency of a set of
items. The problem of describing internal consistency can eventu-
ally tie in with the problem of prediction, but it must do so without
reference to any particular outside criterion. A scalable area, for
example, because of its pattern of consistency, can be used in a very
simple fashion to predict any outside variable whatsoever; the simple
scale scores are invariant quantifications of the items for predicting
any external criterion. But the problem of describing internal con-
sistency itself must not be confused with the problem of external
predictions. According to scale theory, the problem of internal
consistency is stated to be: Can each item inside the area be repro-
duced from scale scores? The amount of reproducibility is com-
puted directly by a simple counting up of errors; this is a proper

¢ Throughout this paragraph, it is assumed that a large sample of persons is used for
the computations. If a relatively small sample of persons is used, item analysis may
be better than multiple correlation when it comes to predictions for & new sample of per-
sons. This has been shown theoretically in Louis Guttman, #bzd., and it has been shown
empirically in Louis Guttman, “Two Studies in Weighting Techniques,” op. cit., pp.
349-364.
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way to measure the correlation of a qualitative variable with any
other variable.

Item analysis, as employed now for the study of internal con-
sistency of a set of items, does not seem to have such a clear ra-
tionale in mind. The reasoning seems to be, instead, somewhat as
follows. The items are all thought to be indicators or measure-
ments of some central variable. The problem is to obtain persons’
scores on this variable. If this central variable could be observed
by some external means, then of course a good way of estimating
persons’ scores through the items would be to work out the multiple
correlation of this variable on the items; and in order to save the
labor of multiple correlation, item analysis might be employed to
select and score the items to obtain total estimates of the central
variable. If there really were such a variable which could be de-
fined apart from the items, this statement of the problem resolves
again into prediction of an outside variable. But unfortunately,
research workers do not observe a central variable external to the
items; and now reasoning seems to be of the following nature. Since
there is no external variable with which to perform an item analysis,
why not obtain a variable from the items themselves? This can
then be used in lieu of an external variable, and an item analysis can
then be performed.

To obtain a variable from the items themselves as a starting point,
arbitrary weights are assigned to the items, and a total score is ob-
tained by summing the weights for each person. These total scores
are used as though they were external to the items, and then the
relationship of the total score to each item is examined by any of
several item analysis techniques.

It would, of course, be foolish to work out the complete multiple
correlation of the total score on the items, since it is known in ad-
vance that it must be perfect; the total score is a perfect function of
the items, being an exact sum of them. What sense, then, does
item analysis have in this context of internal consistency? It can-
not be regarded as an approximation to multiple correlation because
there is no need for such an approximation in this case where the
multiple corre'ation is known (to be perfect). Does the item anal-
ysis accurately describe the internal consistency of the data then?
The answer again must be in the negative, if by internal consistency
is meant the reproducibility of the items from the total score.”

7'This has also been recognized earlier in the field of mental testing. In criticizing
the use of various critical ratios (which are typical techniques in attitude item analysis)
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Item analysis does not attempt to see how well items can be repro-
duced from the total score, but rather it attempts to do just the op-
postte; item analysis investigates how well the total score can be
estimated from each item separately. This is a crucial distinction.
Scale analysis regards the score as a representation of the items;
the score is to be a means of representing the items in any situation,
which will be possible if each of the items is perfectly related to the
score. The converse is done by item analysis; here, the item is sup-
posed to represent the score.

Being reproduced versus discriminating. It can easily be seen that
even though the items form a scale, so that each item is a perfect
function of the score, nevertheless the score can be negligibly corre-
lated with any one item. For example, consider a dichotomous
question from a scalable universe in which 60 per cent of the people
said “Yes”’ and 40 per cent said “No,” and where ‘“Yes” is more
favorable than ‘“No.” Then it must be that everybody in the top
60 per cent of rank order on the entire scale said ‘“Yes”’ to the ques-
tion and everybody in the bottom 40 per cent said “No.” Each
person at a given rank has the same response to the question. The
converse is not true. To each response to the question correspond
many ranks. If a person said “Yes” to the question, we cannot
know his rank very closely from this information alone; it can be
anything between the fortieth and one hundredth percentile. If
he said “No” his rank could be anything between the zero and
fortieth percentile. This is not a very high correlation of the rank
with the response, whereas the correlation of the response with the
rank is perfect. Item analysis would discover that the mean rank
of those who said “Yes” is different from the mean rank of those
who said “No’”’ (or some equivalent relationship if ranks are not
used). Finding such a mean difference says little about the reproduci-
bility of the item from the rank. A large mean difference between
ranks can be found for nonscalable items, as well as for scalable
items. Testing to see whether an item will discriminate between
total scores has little to do with testing to see whether an item can
be reproduced from a total score. Item analysis will find that items
“discriminate’’ regardless of scalability. All that is required is sig-

in intelligence item analysis, Guilford states that ‘‘the amount of overlapping of high
and low groups . . . gives a truer picture of discriminatory power.” J. P. Guilford,
Psychometric Methods (McGraw-Hill Book Co., Inc., New York, 1936), p. 434. He
uses the word “validity” in this context where we would use the word *scalability.”
Studying the overlapping of high and low groups is tantamount to studying reproduci-
bility
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nificant correlation ratios of scores on items, which says nothing at
all about reproduction of items from scores.

It seems clear, then, that if it is intended to study the internal
structure of a set of items, item analysis is quite beside the point.
Item analysis should be used only in a situation involving an ex-
ternal criterion, where the items are intended to be only aids in this
one prediction problem. It is misplaced when used in connection
with internal analyses.

Equal-Appearing Intervals and ““Cafeteria’ Questions

The procedure of equal-appearing intervals. One of the most widely
used approaches at present for the descriptive analysis of attitude
items is the method of equal-appearing intervals as developed largely
by Thurstone.® This approach differs considerably in its rationale
from that of scale analysis. Indeed, the two theories can be con-
gidered as each being devoted to a distinct and separate problem,
and each is appropriate for its own purpose.

Briefly, the procedure for equal-appearing intervals is to have a
group of judges rank a set of statements in the way they think will
best fit the population of individuals to be studied. The items are
always in a dichotomous form. A declarative statement like ‘“The
British are fine people’” is made, and the response of each subject
to whom the questionnaire will eventually be administered is to be
either an endorsement or lack of endorsement of such a proposition.
The task assigned the judges is to determine weights for the en-
dorsements of a series of such statements. This is usually done by
having the judges rank the statements into eleven piles. If a judge
believes that endorsing a statement means a very favorable response,
then he will place it in a pile with a high rank. If he believes an
endorsement means a very unfavorable response, he will place it in
a pile with a low rank.

This ranking into piles is done by a group of judges. The con-
sistency of the ranking of the judges is then analyzed from two
points of view. One is to reject items which are deemed to be
ambiguous or otherwise faulty because of wide disagreements in the
rankings of the judges. The other is to assign weights to the state-
ments. The weight given to a particular statement is usually the
median of the rankings assigned to it by the judges.

The judges assign the weights, not according to how they them-

$8ee L. L. Thurstone and E. J. Chave, The Measurement of Attitude (University of
Chicago Press, Chicago, 1929).
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selves would respond to the questions, but rather in terms of how
strong an opinion or attitude they believe endorsement of the state-
ments would imply for the subjects who are to take the question-
naire. The selection of items and weights, therefore, is intended to
reflect the judgments of the judges as to the role that endorsement
of each proposition plays in the attitude of the subjects.

The final selection of items is then administered to a sample from
a population of individuals. The statements that each individual
endorses have their weights added up, and the average represents
the individual’s score on the attitude represented by the items. A
person with a higher score is said to have a higher attitude, and a
person with a lower score is said to have a lower attitude.

Difference in rationale. In so far as the consistency of judgments
of the judges is being studied, the problem of equal-appearing inter-
vals is quite different from that of scale analysis. In scale analysis,
there is no concern with the behavior of judges. The entire con-
cern is with the behavior of the ultimate respondents. It is the
consistency of the respondents that is studied by scale analysis and
not the consistency of judges’ judgments. It has been found in at
least several studies that there is no necessary relationship between
the weights assigned by judges and the pattern of behavior of the
respondents.” From a person’s score obtained by the method of
equal-appearing intervals, one cannot in general reproduce his re-
sponse to each of the questions. Two people with the same score
can have quite different patterns of responses. In other words,
selection and weighting of items according to equal-appearing inter-
vals does not at all necessarily yield a scale in the sense of reproduci-
bility from scale scores.

Difference in utility. As a corollary to the fact that treating items
by the method of equal-appearing intervals does not necessarily
yield a scale of respondents’ behavior, all the problems concerning
nonscalable areas also can attend these items. If it is desired to
predict an outside variable from the items, then using the weights
given by judges will in general underestimate the correlation that
would have been obtained if the specific multiple correlation weights
were used instead. The scores obtained from judges’ weights, in
so far as they reflect the behavior of the judges and not of the re-
spondents, do not represent the responses of the respondents and

? See, for example, references in Hugh Carter, “Recent American Studies in Attitudes
Toward War: A Summary and Evaluation,” American Sociological Review, Vol. 10,
No. 3 (June 1945), pp. 343-352.
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hence are not an invariant quantification of the respondents’ an-
swers for external purposes. Predictive power of the items will in
general be lost by the use of judges’ weights.

The method of equal-appearing intervals is helpful in studying
the judgments of people in comparing various things. It can be
regarded as a variation on paired comparisons (which is the next
technique to be discussed below). It does not seem very appro-
priate for studying the internal consistency of the actual responses
of respondents. Consistency of judges and consistency of re-
spondents are two distinct and separate problems.

“Cafeteria’ questions. The lack of correspondence between judg-
ments of responses and scalability of responses can also be found
in a technique related to that of equal-appearing intervals. A com-
mon device used in opinion polls is the “cafeteria” type of question.
Here, several statements are prepared which are often judged to
represent different degrees of favorableness on an issue, and the
respondent is asked to indicate which statement comes closest to
expressing his opinion. For example, one such question used re-
cently in national public opinion polls is the following:

With which one of these statements concerning postwar relations with
Russia do you come closest to agreeing?

1. It is very important to keep on friendly terms with Russia, and we
should make every possible effort to do so

2. It is important for the U.S. to be on friendly terms with Russia, but
not 8o important that we should make too many concessions to her

3. If Russia wants to keep on friendly terms with us, we shouldn’t dis-
courage her, but there is no reason why we should make any special effort
to be friendly

4. We shall be better off if we have just as little as possible to do with
Russia

The polling agencies using this question apparently judged that en-
dorsing the first statement implied a more favorable attitude than
endorsing the second, etc. The ‘“‘cafeteria” question differs from
the more complete treatment by equal-appearing intervals in that
only a rank order of categories is attempted, and not a more precise
metric.!

In order to test the hypothesis that the four statements actually
indicate degrees of favorableness, the Research Branch asked the

¥ In a study reported by Cantril, judges were used to rate the various statements in a
‘“‘cafeteria” question with the purpose of securing measurable distances between the

different alternatives. See Hadley Cantril, “The Intensity of an Attitude,” Journal of
Abnormal and Social Psychology, Vol. 41, No. 2 (April 1946), pp. 120-135.
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question on Russia of a sample of 3,000 enlisted men in the following
form:

Do you agree or disagree with this statement?

It is very important to keep on friendly terms with Russia, and we should
make every possible effort to do so.

Agree

—— Disagree

Undecided

Similarly, each man was asked if he agreed or disagreed with each
of the remaining three statements in the original ‘“cafeteria’” ques-
tion. Thus the original question was broken up into four questions
which could then be tested for scalability. A scalogram analysis
showed that these four questions did not form a scale. This would
indicate that more than one dimension was involved in the cafeteria
answer alternatives and consequently the question could not be
used to rank respondents according to degree of favorableness
toward Russia.

A further comparison was made by asking the ‘‘cafeteria’” ques-
tion as originally worded following the rewording into four ‘“agree-
disagree” questions. Of all men who checked statement 4 (the
most extremely anti-Russian statement) when asked in the cafeteria
form, 49 per cent also ‘“agreed” with statemnent 1 (the most ex-
tremely pro-Russian statement) when presented as a separate ques-
tion. Again, of all men who checked statement 4 in the cafeteria
form, more (77 per cent) ‘““agree’’ with statement 2 than with state-
ment 3 (59 per cent) when presented as separate questions, which
would indicate that statement 3 is less extreme than statement 2.
These results confirm what was proved by the scale analysis, namely,
that more than one dimension of response is being tapped by the
cafeteria question.

Judgment of the dimensionality of a ‘“‘cafeteria” question with
respect to the actual responses seems to have the same basic weak-
ness as judgments in the more complete equal-appearing intervals
technique. A study of the interrelationships of the responses them-
selves seems essential to determine whether or not a meaningful
rank order is present.

Since a “cafeteria’” question obtains but one response from each
person, it permits for no check on dimensionality. It seems ad-
visable in general, then, to ask a series of ‘“‘agree-disagree’’ questions
(or some similar form), rather than to combine them into a single
question. This provides several answers for each respondent, so

Google



RELATION TO OTHER TECHNIQUES 189

that a scale analysis can then be performed to test the hypothesis
that but a single dimension is present.

Paired Comparisons

Difference in purpose. The purpose of scalogram analysis is to
find out whether or not the attitude of people toward one thing (one
universe of items) can be represented by a single rank ordering of
people. Paired comparisons has a related but different purpose; it
attempts to determine average differences between the population’s
attitudes toward several things. Scale analysis tests the hypothesis
that it is meaningful to say that one person has a higher attitude
than another toward some one object. Paired comparisons tries to
find out if the average attitude of a population toward one object is
higher than its average attitude toward another object. Hence the
goals of scale analysis and of paired comparisons are quite distinct.

An important use of paired comparisons made by the Research
Branch, for example, was with respect to the point system for de-
mobilization."* The problem was to assign weights to the four fac-
tors considered important by the soldiers with respect to determin-
ing who should be released from the Army first: length of time in the
Army, length of time overseas, amount of combat, and number of
children. Should a battle receive less weight or more weight than
a baby? Should a month of service overseas count the same as a
month of service in continental United States? These were the
kinds of questions to be resolved in the light of the attitudes of the
enlisted men.

No single set of weights for these categories would be able to
reproduce each man’s judgments, because people would be found
who would give opposing judgments. Men in continental United
States would tend to discount overseas service and combat; men
overseas would tend to discount anything involving United States
duty. Family men would tend to emphasize children; nonfamily
combat men would tend to emphasize battle credit and discount
children.

If we wished, we could make a separate study of each of the four
factors. A series of questions could be asked concerning, say, chil-
dren alone. A scale analysis would test the hypothesis that atti-
tude toward children, with respect to demobilization, was a scale.
Similarly, attitude toward each of the remaining three factors could

1 8ee Louis Guttman, “An Approach to Quantifying Paired Comparisons and Rank
Order,” Annals of Mathematical Statistics, Vol. 17 (1946), pp. 144-163.
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be tested separately for scalability. Studying attitudes toward
each of the separate factors would be a scale problem, so that four
distinct scale analyses could have been made.

Paired comparisons, however, is not directly concerned with how
people are ranked on each of the separate factors. It is not con-
cerned with saying that one person has a more favorable attitude
than another with respect to credit for children. Instead, it is inter-
ested in an average comparison of the attitudes on the factors; e.g.,
on the average, are men more favorable toward credit for children
than toward credit for battle?

No single factor, or no single system of weights, will account for
all the judgments of the men on the four demobilization factors.
The problem of paired comparisons is usually a multifactor problem
with respect to individual responses. People offer different systems
of judgments according to their different attitudes toward each of
the things being judged.

If each of the four attitudes in the score card problem were scal-
able, and if these four scales were not perfectly intercorrelated
(which undoubtedly would be the case for these data), then it would
be necessary to give each man four scores in order to reproduce his
judgments, one score on each attitude. The final weights assigned
by paired comparisons to an object would represent an average of
the scores of the population on that object. If one object receives
a higher weight than another, that means that on the average the
population’s attitude toward the first object was higher than on the
second.

Paired comparisons inquires directly into the average differences
between attitudes toward the things being compared, without any
analysis of the internal structure of the separate attitudes (which is
the problem of scale analysis). An average difference, like any
other average, must be considered in the light of the dispersion about
the average. The less correlated the attitudes are, the more dis-
persion there will be in the comparisons, and the less reproducible
are the judgments of each person from knowledge of only the group
averages. The system of weights finally adopted for the score card
is approximately that which would best help reproduce the set of
judgments of each of the individual soldiers. It will contradict
many of the judgments, but on the whole it is the best fitting single
system of weights. Any different set of weights will contradict
even more judgments than the weights used.

From paired comparisons, then, one attempts to reproduce the
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judgments of the people from the weights of the objects. In contra-
distinction, scale analysis assigns each person a rank and from that
reproduces his responses.

A perfect scale would have one and only one factor, so that repro-
ducibility would be perfect. Paired comparisons is usually not
a single factor problem; all people rarely rank the objects in the
same way, because their attitudes toward the things being compared
are generally not perfectly intercorrelated. At best, paired com-
parisons can reproduce the proportion of people who say one object
should be higher than the other. The method of paired compari-
sons, as developed by Thurstone and others,!? focuses entirely on
reproducing proportions of judgments. It introduces an assump-
tion of a normal distribution for the attitudes, and then proceeds to
see if, by using this assumption, weights can be devised for the ob-
jects being judged which will reproduce the table of proportions of
judgments of each kind. The newer approach to paired compari-
sons, as used in the score card problem, does not make any assump-
tions about normal distributions or any other kind of distributions,
but focuses rather on reproducing each individual’s judgment, not
just the group proportions of judgments. In either case, it is the
objects whose ranking is analyzed (in terms of average attitudes),
and not the people. In scale analysis, it is the people who are
ranked and not the objects. In paired comparisons, the weights for
objects are averages which usually cannot reproduce individual
judgments very closely. In a scale, from a person’s rank one can
reproduce his responses to each item almost perfectly.

Factor Analysis

Factor analysis designed only for quantitative variables. In the
field of mental testing, there has been developed over a number of
years an approach to analyzing the structure of a system of many
quantitative variables. Originated as a single factor theory by
Spearman, and developed into a multifactor theory by Thurstone
and others, this approach is now being widely used in analyzing
intercorrelations of many kinds of sets of variables apart from
mental tests. If we are concerned with a universe of qualitative
items, i.e., a large set of qualitative variables, could not factor anal-
ysis serve as well to analyze the structure of this universe? What
relationship would there be between results obtained from a Spear-

13 For a discussion of the work of psychologists on paired comparisons see J. P. Guil-
ford, op. cit., especially Chapter 7.
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man-Thurstone factor analysis of a set of qualitative items and
results obtained by a scale analysis of those items?

Briefly, the answer to this question can be stated as follows: a
factor analysis in the Spearman-Thurstone sense will fail to test
adequately the scalability of qualitative data, because it was not
designed for that problem. Scale analysis is designed as a single-
factor theory for qualitative data. From a scale analysis it can be
known what a factor analysis will show. The converse is not true;
from a factor analysis it will usually be difficult, if not impossible,
to know what a scale analysis will show. Scale analysis, as outlined
previously, makes a complete analysis of qualitative data, using no
extraneous assumptions, and using only techniques appropriate to
qualitative data. A factor analysis in the sense of Spearman and
Thurstone was not designed for qualitative data and will not make
a complete analysis of qualitative data; it will ordinarily use ex-
traneous and often misleading assumptions, will not use techniques
appropriate for qualitative data, and can lead to quite erroneous
interpretations.

The need for distingurshing qualitative from quantitative variables.
Factor analysis in the Spearman-Thurstone sense was devised for
the study of quantitative variables. When variables are quantitative
they can often have linear regressions, in fact can have normal dis-
tributions, and can have their interrelations measured by product-
moment correlation coefficients. It is well known that in a normal
multivariate distribution, all multiple and partial correlations be-
tween any subsets of variables can be completely expressed in terms
of zero-order correlations. Therefore, in studying quantitative vari-
ables, especially those which have a normal distribution, it is suffi-
cient usually to consider only the correlations between the variables
two at a time. That is why, in factor analysis, only the matrix of
zero-order correlations is analyzed. Higher order relationships are
implicitly analyzed if the zero-order structure is known. If r,, s,
and r,, are known, then immediately the following correlations are
also known: 7.y, Tzeyy Tys.z) Tz.ysy Ty.zs, 80d 74 zy.  Similarly, for the
case of more than three variables, all partials and multiples are
known from just the zero-order correlation coefficients.

When it comes to qualitative data, two of the basic features are
lacking which can be present in the quantitative case. There are,
in general, no simple analytical expressions like linear equations and
their associated product-moment correlation coefficients for ex-
pressing relationships between items. Secondly, from zero-order
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relationships, one cannot in general deduce higher order relation-
ships very closely. The problems of prediction and correlation for
qualitative data are quite different from that of quantitative data.'

The distinction between a variable and its frequency function. Con-
fusion may arise as to what is a quantitative variable because when
one is dealing with a statistical variable, one is always dealing with
not one variable but with fwo variables simultaneously.

One variable is the content of interest; it is called variate, statis-
tical variable, random variable, or stochastic variable. The other vari-
able is the frequency function. The frequency function is always
quantitative as it arises from a counting process. The variate itself
may be either quantitative or qualitative; the fact that the fre-
quency function is quantitative has nothing to do with the nature
of the variate. Just because males and females can be counted does
not imply that the variable sex is quantitative. It is this confusion
between a variate and its frequency function that leads to improper
phrases concerning ‘‘quantifying data.” Votes for president are
not put in a quantitative form when frequencies are recorded. Vot~
ing remains a qualitative act, even though it possesses a frequency
function for a population.

It is undoubtedly such attempts to speak of a variate and its fre-
quency function both in the same breath that has led to many verbal
misunderstandings. (The presence from the very beginning of two
variables is also the cause for difficulty in learning the logic of un-
certain inference. The simplest problem in this field must involve
at least two variables.)

The habit of least squares. Another of the difficulties in dealing
with qualitative variates is a prevalent belief that qualitative classi-
fications are in some sense ‘“‘inferior”’ to quantitative classifications.
This kind of belief will be found expressed even in the most recent
textbooks. Attention has been paid, therefore, almost exclusively
to the analysis of quantitative variates. Most of the work in ele-
mentary statistics can be said to be devoted to elementary aspects
of least squares. The arithinetic mean is used extensively since it
minimizes squares of deviations; the standard deviation is used to

1 In his classical textbook, An Introduction to the Theory of Statistics, Yule devoted
the first five chapters to studying the multivariate distribution of qualitative variables.
It may be regarded as quite strange that statistical textbooks in the social sciences,
where qualitative data are so important, have not followed suit, but instead fail to dis~
cuss material of this kind at all. A study of qualitative data as qualitative data could
do much to help avoid the pitfalls of mechanically assuming that all data are quanti-

tative and of mechanically using techniques and formulas developed and appropriate
for only quantitative variables.
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express dispersion; correlation indexes are defined in terms of ratios
of variances; and so on. When qualitative variates do occur, they
are examined ordinarily only from the point of view of how well
they help predict quantitative variables, so that the focus again is
on error in quantitative variates, measured in terms of squares of
deviations. This is exemplified by the correlation ratio and the
analysis of variance (including the ¢-test and related developments).
Very little rigorous work has been done on the reverse problem of
predicting qualitative variates.

The history of the prediction of qualitative variates, especially by
sociologists, psychologists, and educational psychologists, reflects a
habit of trying to cast everything into least squares, thereby losing
sight of the data being dealt with. It has not been clearly recog-
nized that the definition of deviation or error for qualitative variates
must rest on its own feet and not be a mere analogy.

It has been pointed out elsewhere'* that a principle appropriate
for predicting qualitative variates is that of maximum probability,
namely, minimizing the number of deviations. We cannot speak
of how far off one qualitative value is from another when there is no
metric to begin with, but we can always speak of the number of
times we are off.

The habit of least squares must be abandoned if straightforward
analysis of qualitative variates is to be made. Least squares may
be useful as a mechanical tool later in the analysis—indeed some
equations of scale analysis discussed in later chapters emerge from
certain least squares considerations—but it is not the starting point
nor guiding principle.

Since qualitative variates, like responses to attitude questions,
are by definition not numerical, any technique which involves add-
ing numbers does not apply to the variate values. Qualitative
variates do not have arithmetic means, standard deviations, nor
product-moment correlation coefficients. Qualitative variates do
have frequency distributions, but the distributions cannot be anal-
yzed in terms of most of the statistics used for quantitative variates.
A qualitative variate does have a mode, namely, the variate value
with the highest frequency. If a qualitative variable is to be pre-
dicted, the value used would be the modal value, because it mini-
mizes the number of errors of prediction.’® A prediction is either

1 Louis Guttman, loc. cit., especially pp. 258-263, 271-275. For an adaptation of
this material, see J. P. Guilford, Fundamental Statistics in Psychology and Education

(McGraw-Hill Book Co., Inc., New York, 1942), especially Chapter 10, pp. 176-197.
U See Guttman, tbid., or Guilford, tbid,
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right or wrong, so that predictability is measured simply by count-
ing up the number of right and the number of wrong predictions.
In quantitative variables, there is a numerical meaning to the size
of error, which therefore permits computing things like averages and
standard deviations; this is not the case for qualitative variables.
The danger of tetrachoric correlation coefficients. A widely used
practice with respect to relating two dichotomies is the use of tetra-
choric correlation coefficients. This is a very convenient method
of estimating the product-moment correlation coefficient between
two quantitative variates which are known to have a normal bi-
variate distribution. If there were no sampling error of people, the
tetrachoric coefficient would be precisely equal to the product-
moment coefficient for the population, and that is the only purpose
in using the tetrachoric coefficient. It has no meaning apart from
the product-moment coefficient it estimates. ‘
If data are qualitative and are not obtained by dichotomizations
of quantitative variables, the use of tetrachoric coefficients can be
very dangerous and misleading. It is all too easy to take the posi-
tion that if a question has two possible responses like “Yes” and
“No,” then these two responses should be regarded as artificial
representations of some underlying quantitative variable which has
a normal distribution. The important task the research worker
should undertake is to test this assumption, instead of just accepting
it uncritically. What is the variable of which this dichotomization
is supposed to be a partition? How would one prove that such a
variable exists? If the research worker cannot answer this question
of how he would ever test such a hypothesis about an underlying
variable, it would certainly not be safe to use the assumption.
Actually, scale analysis is a technique for testing the assumption
that such a question is a dichotomy which can be regarded as a
slicing of a quantitative variable. Instead of making assumptions
and proceeding from there, scale analysis has as its aim the proof or
disproof of the hypothesis. The specification of any particular type
of distribution, like the normal distribution, is completely absent,
however, from scale analysis. The existence of a single variable un-
derlying a set of qualitative variables can be established or disproved
without any reference to the nature of its frequency distribution.
Only rank order is needed, and rank order does not depend upon
the shape of the distribution.
Inconsistencies due to tetrachoric correlation coefficients. To illus-
trate the importance of testing the hypothesis that there is an under-
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lying quantitative variable instead of merely accepting it, let us
consider the following distribution of three dichotomies. Suppose
we have three questions to which the possible answers are “Yes”
and “No,” and that for each question “Yes”’ indicates a ‘“more
favorable” attitude than “No.” Let us suppose that these three
questions are asked of a population and that only four kinds of
people are found, with frequencies according to the following table:

Question
Type of person 1 2 3 Frequency
I Yes Yes Yes 10
II Yes No Yes 30
III Yes No No 40
IV No No Yes 20

100

Out of 100 people, 10 said ‘“Yes” to all three questions, 30 said
“Yes” to the first and third questions but “No’’ to the second, etc.

If tetrachoric coefficients were to be computed between each of
the possible pairs of these three variables, they will be found to be
completely contradictory. There are three zero-order correlations
possible: 7y, 713 and 7.  The table for ;. can be obtained from the
preceding table as follows. The number of people who said “Yes”
to both questions 1 and 2 is 10, namely all the people of type I. The
number who said “Yes”’ to question 1 and “No’’ to question 2 is 70,
the frequencies of both types II and III. 20 people, those of type
IV, said “No” to both of the first two questions. No people at all
said “No” to the first question and ““Yes” to the second. The four-
fold table of frequencies for questions 1 and 2 therefore looks as fol-
lows:

Question 1
Yes No
Yes 10 0
Question 2
No 70 20

The tetrachoric coefficient for this table is +1, since there is a zero
cell in the upper righthand corner. If these two dichotomies actu-
ally are slices of two quantitative variables which have a normal bi-
variate distribution, then those two quantitative variables must
have a perfect, positive, product-moment correlation coefficient.
Let us now look also at the correlation between questions 1 and 3
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and 2 and 3, respectively. The fourfold tables are computed from
the trivariate table above and are as follows:

Question 1 Question 2
Yes No Yes No
Yes 40 20 Yes 10 50
Question 8 Question 3
No 40 0 No 0 40

The tetrachoric correlation between questions 1 and 3 is —1, while
between 2 and 3 itis +1. But these two correlations are impossible
if 13 is +1 according to our first fourfold table. If two variables
are perfectly correlated, the correlation of the first variable with a
third variable must be exactly the same as the correlation of the
second variable with the third variable. But here we have the
paradox that the first two variables are perfectly correlated but
have completely opposite relations with a third variable.

What the above example shows is that these three questions can-
not be slicings of quantitative variables which have bivariate nor-
mal distributions with each other. The assumptions behind the
use of the tetrachoric correlation coefficient cannot possibly hold
here.

While the example just given is very extreme, it should serve to
point out the possibility of inconsistencies creeping into analyses if
tetrachoric correlation coefficients are used without any test being
made that the assumptions behind them are satisfied by the data.
More generally, it can be proved that inconsistencies can arise when
the correlations are more moderate in size than 41 or —1. It is
well known that the matrix of zero-order product-moment correla-
tion coefficients between any quantitative variables must be Gram-
ian. This is one of the basic conditions which make factor analysis
in the sense of Spearman and Thurstone possible. However, if
tetrachoric correlation coefficients are computed between dichot-
omies, then the resulting correlation matrix need not at all be
Gramian. This is true even though the tetrachoric coefficients
may be of the size ordinarily found for product-moment correlations
in factor analysis problems. The reason is that zero-order relation-
ships in general do not determine higher order relationships, and
use of the tetrachoric involves only zero-order relationships.

In studying a multivariate distribution, which is the problem of
scale analysis, all relationships must be studied if a proper descrip-
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tion is to be obtained. Scale analysis studies all relationships
simultaneously, not just zero-order relationships.

The measurement of error. Apart from algebraic inconsistencies
that can arise from use of tetrachoric coefficients, perhaps an even
more basic consideration is how to measure error of prediction or
reproducibility. It so happens that in a perfect scale of dichot-
omous items all the fourfold tables will have a zero cell in the proper
place so that all tetrachoric correlation coefficients are always equal
to +1. In this sense, tetrachoric coefficients could be used to test
the hypothesis that a perfect scale was present. If all the coeffi-
cients are not -1, then either the area is only approximately scal-
able, or is not scalable at all. But to test for a perfect scale, it is
even easier to forget about any correlation coefficients at all and
just to look and see if the proper cells have exactly zero frequencies.

The hypothesis of a perfect scale, it is safe to say, will almost in-
evitably be rejected in practice. There will almost inevitably be
various kinds of errors present in empirical data. The practical
problem is not to test whether a perfect scale is present, but rather
whether an approximately perfect scale is present. What kind of
error does an imperfect tetrachoric correlation imply?

Since the tetrachoric coefficient is equivalent to a product-moment
coefficient when the underlying assumptions are fulfilled, this means
that error is implicitly measured in terms of least squares. If the
assumption of normality is fulfilled, then an imperfect tetrachoric
coefficient implies that the squares of the errors of prediction of one
quantitative variable from the other are greater than zero, and the
coefficient deviates from perfection according as the squares of
errors increase. Thus, the coefficient is concerned not with the
predictability of one dichotomy from the other, but of one quanti-
tative variable from another. The prediction of the actual dichot-
omies is more properly done by counting the errors of prediction,
which is quite different from the least-squares prediction of the
quantitative variable. For example, consider the following four-
fold table between two ‘“Yes”-“No’’ questions:

Question 1
Yes No
Yes 30 10
Question 2
No 40 20
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How would we actually predict question 2 from question 1 in prac-
tice? For this we must use the qualitative technique of modal
probability.’* If a person says ‘“Yes” to question 1, we would pre-
dict him to say “No” to question 2; we would be right 40 times out
of 70. If a person says “No” to question 1, we would again predict
him to say “No” to question 2, being right 20 times out of 30. All
told, we would be right 60 times out of 100. A similar process
would be used to predict question 1 from question 2, with the total
correct predictions being 70 out of 100.

In scale analysis, the problem, however, is not how well the items
can be predicted from each other, but how well they can be pre-
dicted from the scale score. If the above two questions are from a
scalable area, then they should ordinarily be highly reproducible
from the scale scores, with at least 90 per cent reproducibility.
There is only one nonscale type, that in the upper right-hand cor-
ner; and this has 10 per cent of the people. Scoring this type with
either the “Yes-Yes” or “No-No” type will yield one error for each
of these people. Hence there are ten errors out of two hundred
responses, or 95 per cent reproducibility of the two items from them-
selves.

Of course, this reproducibility may be spuriously high; it will not
necessarily hold up when more questions are added. Reproduci-
bility is not to be determined in practice from only two questions.
We use this little example here only to highlight the point that there
i8 no necessary relationship between an indirect least-squares treat-
ment of hypothetical quantitative variables, and a direct test of the
reproducibility of the qualitative items themselves, when error is
present. Scale analysis treats qualitative data qua qualitative data,
and measures error accordingly. Tetrachoric coefficients do not
deal with the items themselves, but bring in unnecessary (and un-
tested) hypotheses which have no clear relationship to the problem
of reproducing the qualitative data.

Buserial correlation coeffictents. A correlation coefficient that
comes closer than the tetrachoric to suiting the purpose of scale
analysis is the biserial correlation coefficient. This coefficient can
test the hypothesis that each item is perfectly reproducible from the
scale score. In a perfect scale, the biserial coefficient of each item
with the scale score is +1. But again, in the case of a perfect scale,
there is no point to worrying about correlation coefficients at all.

18 See Louis Guttman, tbid.
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Just looking to see if the proper zero cells are present is all that is
necessary.

The biserial coefficient falls down on two of the same counts that
does the tetrachoric: its assumptions and its treatment of error.
The biserial coefficient is used to relate a dichotomy to a given (con-
tinuous) quantitative variable. It assumes that the dichotomy is
in reality but a slicing of another quantitative variable, and that the
two quantitative variables—the given one and the hypothetical one
—have a bivariate normal distribution. If these assumptions really
hold, then the biserial coefficient is equal to the product-moment
coefficient of correlation between the two quantitative variables.

Thus, like the tetrachoric coefficient, hypotheses about under-
lying quantitative variables and normal distributions are intro-
duced. Since such hypotheses may or may not be true, they could
be tested if the biserial correlations are to be used. But testing the
hypotheses requires determining the hypothetical variables empiri-
cally. So we are back to the problem of scale analysis, of testing
the hypothesis that all the items are slices of the same quantitative
variable.

The biserial correlations will do this if the scale is perfect. Their
interpretations become obscure if there is scale error, since they do
not treat the items as qualitative data. There is no exact relation-
ship in general between a biserial correlation and a coefficient of
reproducibility. Treating the data on their own merits, as in scale
analysis, is simpler and more direct, besides avoiding assumptions
of normality and the like.

What correlation coefficients should be factored? If one desires to
proceed mechanically to factor a set of qualitative items by using
techniques that were designed instead for quantitative variables, it
is necessary first to compute correlations between the items. What
correlation coefficients shall be used? Several research workers
have proceeded by using tetrachoric correlation coefficients. This
tacitly means that the ilems themselves are not being factored but,
rather, the hypothetical quantitative variables are. In order to
prove that this procedure is proper even for hypothetical variables,
it is necessary to prove that the assumptions underlying the use of
the tetrachoric coefficients are justified. It is possible to disprove
this assumption in some cases by proving that the matrix of tetra-
choric intercorrelations is not Gramian. It is not possible to do the
converse, however, to prove that the assumptions are correct by
showing that the matrix is Gramian. The matrix can be Gramian
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and the assumption still be false. The only way really to prove the
assumption is to exhibit empirically the underlying quantitative
variable for each of the items. If the research worker has not done
this, then his use of tetrachoric correlation coefficients must be held
in doubt.

If the assumptions underlying the tetrachoric correlation coeffi-
cients are erroneous, then of course a Spearman-Thurstone factor
analysis will be misleading even with respect to hypothetical quan-
titative variables. From a scale analysis, it can be predicted quite
well what the factor analysis will show. If the items themselves
have high reproducibility, then a factor analysis of tetrachorics will
show, not one common factor, but several common factors. The
tetrachorics will ordinarily not follow the single factor pattern be-
cause they are not affected uniformly by scale error. Scale error
in a dichotomy with a 90-10 split will ordinarily reflect differently,
in a tetrachoric, from scale error in a 50-50 split. Items with similar
marginals will tend to have higher intercorrelations than items with
dissimilar marginals. Hence, if the sample of items happens to have
several items in one range of marginals, and several items in another
range, it might be expected that scale error will cause the tetra-
chorics to reveal two common factors algebraically in the Spear-
man-Thurstone sense. The tetrachorics will reflect not just the
single scale factor, but all sorts of artifacts, since such coefficients
are quite sensitive to scale error and to extraneous considerations like
marginal frequencies.

Other research workers have avoided the use of tetrachoric co-
efficients and instead have used point correlation coefficients as a
basis for a factor analysis. The point correlation coefficient is a
product-moment coefficient so that the matrix of zero-order point
correlation coefficients is always Gramian. It still does not follow,
however, that a factor analysis of point intercorrelations will prop-
erly describe the multivariate distribution of the attributes. In-
deed, we shall now show that if the items form a perfect scale, so
that each item is a simple function or cut of the same quantitative
variable, then the point intercorrelations will be completely mis-
leading. If there is but a single factor in the sense of scale analysis
—that is, if each of the items can be reproduced from but a single
quantitative variable—then a Spearman-Thurstone factor analysis
of point correlations will never show this to be the case, but will in-
stead exhibit apparently many factors. For convenience, let us
consider four dichotomous questions. This time we consider the
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four questions to form a scale so that there are five perfect scale
types as shown in the following table:

Question
Type of person 1 2 3 4 Frequency

)| Yes Yes Yes Yes 10
I Yes Yes Yes No 20
III Yes Yes No No 40
v Yes No No No 20
' No No No No 10

100

The multivariate distribution of the questions as shown in the table
follows that of a scale pattern. The fourfold tables for the zero-
order correlations can be determined as indicated in the previous
example. The point correlation coefficients computed from the
fourfold tables are as follows:

POINT INTERCORRELATIONS OF FOUR SCALE DICHOTOMIES

Question Question
1 2 ] 4
1 — .51 22 A1
2 S5l — 43 22
3 22 43 — 51
4 A1 22 51 —

In order for there to be a single common factor in the sense of
Spearman, the tetrads must vanish. This vanishing occurs for
only one kind of tetrad in the above table, but not for another. A
vanishing tetrad is in the upper right-hand corner, consisting of
the elements in rows 1 and 2, and columns 3 and 4: (.22)(.22) —
(.43)(.11) = 0. A nonvanishing tetrad consists of the four elements
in rows 2 and 3 and columns 1 and 4: (.51)(.51) — (.22)(.22) = .21.
In general, the following is true for the matrix of point intercorre-
lations of scalable dichotomies, where the questions are arranged in
order of their marginals: all tetrads involving elements on only one
side of the diagonal will vanish, but all tetrads involving elements
from opposite sides of the diagonal will not vanish. Since there
must be nonvanishing tetrads in general, Spearman’s criterion is not
satisfied by a scale.

This can be shown for the general case as follows. From the fact
that there is a zero cell in each fourfold table from a scale, the for-
mula for the point correlation simplifies as follows. If p; is the
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proportion of people who give a “favorable’”’ answer to the jth item
and p, is the proportion who give a “favorable”’ answer to the kth
item, and if p;, is less than p,, then the point correlation between the

two items is
T'h‘_'\/ B P PSP
; 1-p;/\ m p=

Ps and bk, = 1

— - D

J
Tik='J§i by < be

It will be recalled that in Spearman’s single factor theory, if a;and
a; are the respective correlations of the jth and kth quantitative
variables with the common factor, then the correlation between the
two variables is

P , then the formula for the point

Ifweletd; = 7

correlation becomes

Tik = Q0% (J s k)

Comparing these two formulas for the correlation coefficient, it is
clear that they are contradictory. If there is a single factor in the
sense of scale analysis for qualitative data, there cannot in general
be a single common factor in the Spearman sense, so that more than
one apparent common factor will emerge from a Spearman-Thur-
stone analysis.

The components in a scale. If a set of dichotomies forms a scale,
it is clear then that the Spearman-Thurstone factor analysis will not
detect this fact. On the other hand, a scale analysis can tell us
what to expect from a factor analysis and shows us in what respects
the factor analysis will be misleading. The equations of scale anal-
ysis as analyzed in Chapter 9 show further why a factor analysis
using point correlations apparently discovers more than one factor,
whereas in fact there is but a single variable present in the sense of
scale analysis. These equations show that a scale of dichotomies
can be resolved into many components. Each item can be regarded
as having two quantitative values, zero and unity, which can be ex-
pressed as a linear function of these components. In a certain sense,
the first component is essentially the scale scores; the second com-
ponent has been identified as the intensity function; the third and
remaining functions have not yet been named, but it is known that
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they are of an oscillatory character. The important feature of these
functions is that they are all perfectly related, albeit in a curvilinear
fashion, with the scale scores. The linear correlations of these func-
tions with each other, including their correlations with the scale
score, are all zero, yet they all are perfect curvilinear functions of
the scale score. It is this paradox of having perfect curvilinear
functions which are, nevertheless, linearly uncorrelated that throws
factor analysis off. The Spearman-Thurstone approach to factor
analysis is a completely linear one and is not adequate for analyzing
the curvilinearities which are inherent in the scale pattern. The
fact that a scale has a single factor but nevertheless many com-
ponents which are perfect functions of that factor makes a Spear-
man-Thurstone factor analysis inappropriate here.

One of the interesting features of scale analysis is that, while it
has the implications of these oscillatory components, nevertheless
there is no need to worry about them in testing the hypothesis of
scalability. The innocent-looking scale pattern is all that has to be
analyzed by any of the several simple scale analysis techniques now
available. In doing this, the mathematics of scale analysis are im-
plicitly employed, but there is no need for the clerk to know any-
thing about them. Factor analysis with its heavy computations is
a vastly more tedious and expensive kind of procedure. Its com-
plexity, however, does not mean therefore that it is appropriate for
qualitative data. Factor analysis may be a proper approach for
some problems involving quantitative variables. As for qualita-
tive data, it is theoretically more desirable and in practice far simpler
to analyze qualitative data qua qualitative data.

Communalities and reproducibility. It may be worth pointing out
some further differences between factor analysis and scale analysis
with respect to how they intend to study the structure of their re-
spective kinds of variables. Scale analysis tests a single factor
hypothesis for qualitative data: can a single quantitative variable
suffice to reproduce the response of each individual to each ques-
tion? The efficiency of this reproducibility is measured by the
simple per cent of correct estimates of persons’ responses from their
scale scores.

In the Spearman-Thurstone approach to factor analysis, even in
the single factor theory it is not attempted to reproduce each
person’s score on each quantitative variable from his score on
the common factor. Actually, there is no single factor theory in
the Spearman-Thurstone approach because of the distinction made
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between common factors and unique factors. Each variable in a
set is thought to be composed of not just the common factors, but
also of a unique factor (which may be a composite of several specific
and error factors). In order to reproduce a person’s score, then, on
one of the original variables, one would have to know not only his
common factor score but also his unique factor score. Since each
variable has a unique factor, in general there are n 4+ 1 or more
factors implicit in a factor analysis of n variables, and not just one
factor. The common factor does not account for the whole vari-
ance of each variable, but only for part of the variance, which is
called the communality. The purpose of the analysis is to find out
if common factors can be found which will reproduce the correlation
coefficients between the variables. The number of common factors
does not depend upon the size of the communalities to any appreci-
able extent. The communalities can be very low, yet one common
factor may be found or many common factors may be found; or the
communalities may be high, yet either one common factor may be
found or many common factors. The correlations can be repro-
duced perfectly even though the individual scores can be reproduced
only very inaccurately from the common factors. Thus, a single
common factor in the sense of Spearman and Thurstone for quanti-
tative variables does not imply the same kind of reproducibility for
its variables as the single common factor of scale analysis implies
for its qualitative items.

As a final comment, it might be pointed out that in the mental
test field, where factor analysis originated and has been most widely
used, the quantitative variables employed are themselves scores ob-
tained from sets of qualitative items. An achievement test is a
sample from a universe of qualitative data. It might be suggested,
therefore, that before a factor analysis is applied to scores derived
from sets of items, each test separately be first subjected to a scale
analysis. If the test is not a scale (or quasi scale), then it should
not be represented by only a single score in the factor analysis but
perhaps should be broken down into subareas, each of which might
prove to be scales or quasi scales. If tests used in a factor analysis
are neither scales nor quasi scales, then it is hard to see how a factor
analysis can show any clear-cut results. Perhaps one reason for
low communalities is the fact that the tests used are not scales or
quasi scales, so that the scores on them do not have much internal
meaning.

Generalized factor analysis: latent structure theory. The develop-
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ment of the theory of latent structure for qualitative data by
Lazarsfeld, which was also an outgrowth of the work of the Research
Branch, enables us now to view factor analysis in a broader setting.

The generalized theory of common factors—or of latency—as
developed by Lazarsfeld, can be stated as follows. Consider a set of
n manifest variables z,, 3, - - - , £» whose structure is to be analyzed
for a given population. These variables may be all qualitative,
partly qualitative and partly quantitative, or all quantitative.
That is, we are not at all limiting the forms of the variables. Some
may be dichotomies, some trichotomies, some may have ten cate-
gories with no particular order to them, some may have many or-
dered categories, some may be discrete quantitative variables, some
may be continuous quantitative variables.

The basic hypothesis of the generalized theory is that the popu-
lation can be divided into a number of subpopulations, such that
within each subpopulation the n manifest variables are statistically
independent. Each subpopulation can be called a latent category.
The set of latent categories can be called the latent set. The latent
set may be an attribute—that is, consist of nonnumerical and even
nonordered categories; if in addition the manifest variables are also
attributes, then we have Lazarsfeld’s theory of latent structure.
The latent set may be a single quantitative variable; if in addition
the manifest variables are quantitative (and if zero correlations also
imply complete statistical independence), then we have Spearman’s
case of a single common factor. The latent set may comprise more
than a single quantitative variable—that is, be a vector variable;
if in addition the manifest variables are quantitative (and if zero
correlations also imply complete statistical independence), then we
have Thurstone’s case of multiple common factors.

All this can be stated analytically in terms of the frequency dis-
tributions involved. Denote the latent set by N\. If there are m
subpopulations involved all told, then A\ has m categories or values.
The multiple frequency function of the n manifest variables for a
given value of A can be denoted by the usual notation for conditional
frequency functions: f(z1, 23, ---, za|N). If none of the mani-
fest variables involved is continuous, then each value of f is an actual
probability—such as in Lazarsfeld’s case. Otherwise, f represents
probability density as is usual for continuous variates.

Similarly, we can denote the distribution of each manifest variable
separately for a given value of A by the notation of conditional dis-
tributions. The n conditional frequency functions are: fi(z: | N),
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fa(@2 | N), -+, fa(za | N). Again, an f; denotes either an actual prob-
ability or a probability density, according as the distribution is
discrete or continuous.

The basic hypothesis of statistical independence within subpopu-
lations is then equivalent to the statement that the multiple con-
ditional distribution is equal to the product of all the first order
conditional distributions:"

(l) f(zl: Tgy ° ,xﬂl)‘) =fl(xlik)f2(xilx) "'fﬂ(xnl)‘)

Equation 1 contains both the Spearman-Thurstone structures and
the Lazarsfeld structures as well as possible mixtures of the two.
As an algebraically degenerate case, it also contains the perfect
scale. It is the basis of what Lazarsfeld calls ‘“accounting equa-
tions.”

For the perfect scale, the latent set A is simply the scale ranks or
scores. The conditional frequency distributions are all degenerate
in that they have only two probability values possible: unity and
zero. All people with the same rank have the same response on each
manifest variable; they are all in but one category of each z;, for
which f; is then unity, and the remaining categories have their f;'s
vanish. Furthermore, the nonvanishing f; form the parallelogram
pattern of the scalogram. The scale types are defined in the left
member of equation 1 by those values of the manifest variables for
which f is unity. The nonscale types do not occur; for them f is
zero.

As Lazarsfeld has shown, the quasi-scale pattern may also be
viewed as a special case of equation 1. The set X is the ranks or
scores on the quasi scale. This time, however, the conditional dis-
tributions are not degenerate; they have probabilities between zero
and unity. Furthermore, the categories of the manifest attributes
can be arranged in such an order that the conditional probabilities
form a gradient within each manifest attribute. Thus, a person in
a higher category of A has a higher probability of being in a higher
category of z; than a person in a lower category of A, and this is true
for all z;.

The perfect scale requires the discrete probabilities of zero and
unity; it therefore implies that the manifest variables are discrete.
Indeed, the practical work to date has been with attributes which
are discrete manifestations. On the other hand, although quasi

17 This is equation 1.1 in Chapter 10.

Google



208 RELATION TO OTHER TECHNIQUES

scales are also discussed in these chapters from the point of view of
qualitative data, the concept holds even for continuous quantitative
variables, including Spearman’s single common factor.

If each of the manifest z; and also the latent A are continuous
quantitative variables, and if they have a normal multivariate fre-
quency distribution, then the condition of independence of equa-
tion 1 is equivalent to Spearman’s relationships between correlation
coefficients:

(2) Tz = 0 (.7 # k)

Equation 2 states that the correlation between any two manifest
variables is zero within each subpopulation. This leads to Spear-
man’s tetrad equations and the related algebra. Thus, for this
quantitative case, an algebra of correlation coefficients suffices to
study equation 1.

That Spearman’s single common factor pattern is also a quasi
scale can be seen from the regressions of the manifest variables on
the latent variable or factor. The regressions are linear, so that a
person with a higher value of \ is more likely to have a higher score
on z; than a person with a lower value of A, and this is true for all
the manifest z;, (The case of negative regression coefficients can
always be taken care of by rearranging the appropriate manifest
values, which in this case means simply reversing the signs of the z;
that require it.)

Generalized factor analysis and latent structures. In Chapters 10
and 11 below, Lazarsfeld develops the theory of latent structure
where both the manifest variables and the latent set are qualitative.
The structure of the latent dichotomy is the case where N has only
two categories, and more generally A may have m categories with
no particular order among themselves. The subpopulations may
differ in kind rather than in degree as in the case of the perfect scale
or quasi scale. No assumptions of rank order of any kind are re-
quired for the population.

For Lazarsfeld’s qualitative structures, the probabilities are all
discrete. Each member of equation 1 consists of actual probabili-
ties. Chapters 10 and 11 show how to study these probabilities by
means of an algebra of matrices of frequency distributions. These
matrices do not exist when the manifest variables are continuous,
for then we have probability densities or ordinates, rather than
actual discrete probabilities, in equation 1. An appropriate algebra
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for the continuous case—if the multivariate distribution is normal
—is that of Thurstone’s multiple common factors.

We have already seen how Spearman’s structure is a quasi scale
for continuous variates. If Spearman’s hypothesis is not satisfied,
then the categories of A do not form a single quantitative variable.
Thurstone’s techniques are concerned with equation 2 where A is a
set of quantitative variables. This leads to a study of the matrix
of correlation coefficients—not to be confused with Lazarsfeld’s
matrices of probabilities—which is equivalent to a study of equa-
tion 1 when the multivariate distribution is normal (so that zero
correlations imply statistical independence).

Thus we see again how the algebra required for qualitative data
differs from that for quantitative (especially continuous) variables.

On the other hand, from equation 1 we can see that it is possible
always to apply the qualitative techniques to quantitative data!l
It is always possible to divide quantitative manifest variables into
class intervals, even into dichotomies, without disturbing the struc-
ture of equation 1. Or, for qualitative manifest data, it is possible
to combine categories in any way one pleases without disturbing
the form of equation 1. This theorem follows immediately by ob-
serving that summation (for discrete categories) or integration (for
continuous categories) over values of an z; on the right of equation
1 merely replaces the f;’s of those values by the conditional prob-
ability of the combined categories or of the interval of integration.
The multiplication of probabilities on the right of equation 1 is
undisturbed—so that ezactly the same latent set holds for the combined
data as for the original data.

It is interesting that the property of invariance of structure under
combination of categories holds not only for scales and quasi scales
but for all latent and common factor structures.

Dividing continuous manifest variables into intervals yields dis-
crete probabilities, and these can be studied by Lazarsfeld’s algebra.
Of course, no different latent categories can emerge that were not
present in the original data. On the other hand, latent categories
can be lost (through implicit combination) by the combination of
manifest data. In the case of scales, we know that scale types are
lost by combining categories. In the case of quantitative variables,
it may be that whole common factors can be lost. In any event, it
may well be worth exploring to what extent it is worth while to use
qualitative techniques on quantitative data. At present, there is
no method for nonnormally distributed quantitative variables; the
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Spearman-Thurstone “factors” do not actually satisfy equation 1
unless zero correlations imply full statistical independence. The
nonmetric technique of, say, dichotomizing the variables and then
using Lazarsfeld’s algebra does provide a method for such a case.
Since common factors may be lost by dichotomization, it may be
that a series of analyses, based on different kinds of dichotomiza-
tions of the manifest variables, could tease out all the latent
categories—if a latent structure holds at all.

Justificatvon for the combination of categories. One of the inter-
esting and important consequences of equation 1 is the justification
which it provides for a practical procedure used in scalogram
analysis. If manifest items have three or more categories, it has
very often been found necessary in practice to combine some of these
categories to reduce scale error. The theorem of the previous see-
tion shows what the effect of such an operation is if the uncombined
data have a latent structure. The scale defined by the combined
data must be part of the original latent structure; no latent types
are lost. Each scale type that emerges is also a latent category.

What is lost by combining manifest categories is some possible
latent categories that reflect factors additional to the scale variable.
Such factors can be nonessential to the study and hence ignored,
such as a factor of verbal habit described before.

On the other hand, all that may be lost is but a difference between
two quasi-scale types when two adjacent categories are combined
and then found to fit a perfect scale. The categories may each sep-
arately be found to satisfy equation 1, but to have scale error,
whereas their combination (which then must also satisfy the equa-
tion by our theorem) will have no scale error. This may imply a
“quasi-scalish” relationship between particular categories, though
the perfect scale pattern holds for the data as a whole.

Other possible structure theories. We now wish to point out three
things which are not necessarily to be inferred from the foregoing
discussion. First, the case of the perfect scale is not necessarily to
be regarded as only a part of the theory of latent structure. Second,
latent structure is not to be regarded as the only kind of structure
theory possible for a universe of content. And third, the quasi-scale
pattern as seen from the point of view of latent structure may not
be the only type of quasi scale.

That the perfect scale satisfies equation 1 is not surprising. In
fact this is mathematically trivial. This triviality is not just a conse-
quence of the degenerate probabilities involved, but of an obvious
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corollary of equation 1. It is obvious that, if the set of manifest
types is used for A, then equation 1 is satisfied no matter what the
original frequency distribution is. That is, equation 1 is always
satisfied mathematically if the manifest set is used for the latent
set.

In the perfect scale, there is a one-to-one correspondence between
scale types and ranks, so that using ranks for A is equivalent to
using the manifest types. This is trivial as far as equation 1 is.con-
cerned. In the same way, for example, nonscalable data might
have any values assigned each type, and these values used for A;
this will always satisfy equation 1, no matter what the structure of
the data. Or again, for quantitative variables, any nonsingular
linear transformation of the n manifest variables can be used for A
(including the original z; themselves), and equation 1 will always be
formally satisfied no matter what the manifest variables are.

Therefore, the importance of the scale pattern does not lie in that
it satisfies equation 1. Its importance and its properties lie in the
internal pattern of the scale itself, which has nothing whatsoever to do
with satisfying equation 1. Equation 1 says nothing about rank-
ing individuals or similar problems. It merely gives a definition of
latency, and of latent categories. It so happens that for the per-
fect scale, the latent categories are always manifest, so that the no-
tion of latency adds nothing at all; it actually contributes nothing
to the mathematics of scale theory (as, for example, developed in
Chapter 9). The theory of order of scale analysis is thus quite inde-
pendent of latent structure theory. The relationship between the
two is mathematically trivial. Indeed, scale theory has a mathe-
matical relationship to another theory of structure that is radically
different from that of equation 1.

On the other hand, the fact that quast scales can be viewed from
the perspective of equation 1 is far from trivial. Here, the latent
types and the manifest types do not coincide. Indeed, latent struc-
ture theory is important only for those cases where the number of
latent types is less than the number of manifest types. This condi-
tion is satisfied by quasi scales, whereas it is not by perfect scales.
1t is true that the problem of order within quasi scales is not touched
on by equation 1, but requires additional considerations; however,
equation 1 introduces the latent categories upon which to base the
additional considerations.

There is a different theory of structure from that of Spearman-
Thurstone-Lazarsfeld for which the perfect scale is a special case,
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and nontrivially so. This theory does not require any notion of
latency or common factors, but is entirely in terms of manifest vari-
ables. It may be called a theory of conditional order. 1Its basic
hypothesis is that the manifest variables can be arranged in such an
order that, if one variable is held constant, then the immediately
preceding and succeeding ones are statistically independent. This
hypothesis is expressed by the formula:

3) J@i, 7 | 25) = fij(x: | 2;) fui(ma | z5) (t<j<k)

It is not intended to enlarge on this theory here but only to point
out that the scale parallelogram satisfies equation 3 nontrivially
(albeit degenerately). Furthermore, if the z; are all quantitative
and satisfy equation 3, then their correlation matrix can be proved
to have principal components that satisfy the difference equations
for scale weights of Chapter 9. Thus, the weight equations of
Chapter 9 apply also to a general case of equation 3. The scale of
dichotomies is the special case where the score equations also have
the oscillatory properties proved in Chapter 9.

The structural equation 3 in general is mutually exclusive of equa-
tion 1, and it has a general mathematics of order that applies in par-
ticular to the perfect scale.

It remains to be seen whether other general structural equations
besides those of equations 1 and 3 can be found that will also lead to
alternative useful theories of quasi scales. There is still a great
amount of work to be done on the general theory of gradient in
responses. Latent structure theory deals with the gradient in
terms of a gradient within latent categories. But there may still
be an obvious gradient in manifest responses and yet the hypothesis
of latent distance need not be satisfied. That is, subpopulations
may be defined and ordered so that a manifest gradient exists, and
yet statistical independence need not hold within these subpopula-
tions. This is a problem that needs further research.
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CHAPTER 7

THE INTENSITY COMPONENT IN
ATTITUDE AND OPINION RESEARCH'

CALE analysis provides an answer to the problem of how to rank
people from high to low with respect to the particular area be-
ing studied. From the rank order of a person it is possible to repro-
duce his answers to all the questions. In the case of dichotomies,
it is possible to predict that a person who endorses a more extreme
statement must endorse all less extreme statements. More gen-
erally, persons who endorse one statement must all have higher ranks
than persons who do not endorse the same statement. Scale anal-
ysis thus provides a rigorous definition of a unidimensional scale
continuum.

Given such a rank order, we can say that A is more favorable than
B who is more favorable than C and so forth. But what can we say
about 4, B, and C with regard to whether or not they have a ‘“favor-
able’’ or an “unfavorable” attitude? One person can be more favor-
able than another, yet both may in some sense be ‘‘unfavorable.”
Can we fix any cutting point along the scale continuum which would
permit the division of the population into “favorable” and ‘‘un-
favorable,” rather than only a relative ranking in terms of degrees
of favorableness? Are the two ends of a scale continuum oppostte
in any sense?

This problem of the meaning of the different extremes of a scale
continuum is clearly recognized by McNemar, who states, ‘“Another
aspect of the single continuum problem is the meaning of the two
extremes of a scale. If one end indicates a favorable attitude, does
the other end represent unfavorableness or something else? For
instance, is Fascism the opposite of Communism? . . . Are we deal-
ing here with one or two dimensions? To interpret the extremes as
being real opposites or to interpret the extremes as on different con-

1 By Edward A. Suchman,
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21} THE INTENSITY COMPONENT

tinua is precarious in the absence of knowledge concerning the real
meaning of the extremes.” ?

The Problem of a Cutting Point

The need for an objective definition of a cutting point is especially
vital for public opinion polls. Public opinion analysts and other
workers in the field of attitude measurement have long been aware
of the problem of question ‘bias.” There are numerous cases on
record in which differently worded questions dealing with the same
issue have produced different percentages of the population ap-
parently “opposed to” or “in favor of”’ the issue being studied.
Slight changes in the question wording, in the order of presentation
of the answer categories, in the position of the question in the ques-
tionnaire, and many other factors known to all pollsters may affect
the findings of one’s poll. As a result of this variation in polling
results, a great deal of attention has been given to the determination
of criteria to be used in constructing an ‘“‘unbiased’”’ question. For
the most part the criteria suggested in the past have been subjective,
being based upon ‘“‘expert opinion.”

How can we account for this variation in poll results depending
upon the question asked? As was discussed at length in the previ-
ous chapters, the answer we propose involves the concept of an at-
titude or opinion universe. Any single question asked on an issue is
but one sample of all possible questions that could be asked on that
same issue, and the proportion saying ‘“Agree” or ‘“Yes” to these
questions can theoretically range from 0 to 100 per cent.? For ex-
ample, a survey of soldiers’ attitudes toward the British asked, “Do
you agree or disagree with the following statements about the
British?”

—— The British are doing as good a job as possible of fighting the
war, everything considered.

—— The British always try to get other countries to do their fighting
for them.

We find 80 per cent of the soldiers agreeing to the first statement, but
only 48 per cent disagreeing to the second statement. Which of

#Quinn McNemar, “Opinion-Attitude Methodology,”” Psychological Bulletin, Vol.
43, No. 4 (July 1946), p. 299.

3 Compare the “tree’” of public opinion in Hadley Cantril (editor), Gauging Public
Opinion (Princeton University Press, Princeton, N.J., 1944), pp. 26-27. ‘Interven-
tionist” sentiment was found to vary from 8 per cent to 78 per cent depending upon the
particular question asked.
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THE INTENSITY COMPONENT 215

these questions is an ‘“‘unbiased’’ question with respect to the entire
issue? How many soldiers are “favorable’’ toward the British?

It should be clear, then, that it is difficult to conceive of a mar-
ginal frequency distribution which can adequately represent the
whole universe when obtained from but a single question. There
are innumerable nuances that can be put into questions by different
shades of wording, different check lists, different ordering of ques-
tions in the questionnaire, different atmospheres of answering a
questionnaire, and the like. Each question used in a survey is but
a sample of all the variations of it that could have been used instead.

From these variations in polling results depending upon question
wording, and from lack of “expert”’ agreement as to what is “biased”’
or ‘“‘unbiased,” it appears quite clear that what is greatly needed is
some objective method of dividing the respondents into the same
proportions pro and con regardless of gquesiion wording. With such
a method different opinion pollsters would come out with the same
results, even though they should ask different questions concerning the
same topic. These results would be independent of many of the
various ‘‘biases” to which public opinion polling today is subject.

Is such a method possible? Can there be an objective method for
determining an tnvariant dichotomization of the population with re-
gard to an opinion or attitude area?

The Intensity Function

An answer to the above question must involve the determination
of a cutting point that is ‘“meaningful’”’ with respect to a whole scale
continuum. A suggested method for doing this is proposed in the
following sections. This method utilizes what we call the intensity
Sfunction. It is based upon the concept of a scalable area in which
individuals are ranked from high to low and for which it is possible
to measure the intensity of feeling with which people at different
scale positions hold their attitudes or opinions. Intensity of feeling
is conceived to be strongest at both ends of the scale continuum and
to decrease as one moves toward the middle. The scale position
with lowest intensity serves to mark off a point of “neutrality”
which provides a division of the population into two groups, one
positive and the other negative. Furthermore, as a consequence of
the scalability of the area, this division does not depend upon the
particular sample of questions used. The cutting point is deter-
mined objectively and is invariant with respect to wording of ques-
tions.
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216 THE INTENSITY COMPONENT

In the following sections we will first discuss in detail the theo-
retical foundations for the intensity function. Then we will report
upon various techniques used in practice to measure the intensity
function and show several examples of the actual determination of
cutting points by means of the intensity function. Finally, we will
present two examples of the independence of the intensity function
and the cutting point from the ‘“biases’ involved in any specific
questions asked.

The Basis of the Intensity Function

We conceive of a content scale which ranks people from high to
low on a single content continuum. We furthermore conceive of
an intensity scale which ranks people from strong to weak on a
single intensity continuum. Correlation of these two scales—con-
tent and intensity—produces a J- or U-shaped curve. As one
moves from one end of the content scale, intensity of feeling de-
creases until a point is reached at which intensity of feeling begins
to increase again. This point represents the content position of
persons with lowest intensity. It may be thought of as a point of
indifference or neutrality.

We shall call this point the zero point. This zero point appears
to offer us an invariant cutting point on a scale running from favor-
able to unfavorable which permits us to divide the population into
two groups which can be meaningfully labeled as “positive’”’ and
“negative.” Since the rank order of people on both content and
intensity is independent of any particular sample of questions asked,
the shape of the U curve and the location of the lowest point on this
curve also remains independent of any particular sample of ques-
tions asked. The intensity curve is fixed for any single attitude
universe—any sample of questions from that attitude universe will
produce the same results.

The Ideal Curve

An example of an ideal intensity curve with a perfect correlation
between content scores and intensity scores is given in Table 1la,
assuming a sample of content consisting of ten equally frequent

4 The results of several previous studies on intensity of feeling seem to bear out this
rational explanation for the existence of a U-shaped intensity curve. For example,
Kats shows that the more “extreme’” an attitude is, the more intensely it is likely to be
held. D. Kats, “The Measurement of Intensity,” in Cantril, tbid., Chapter 3. This
chapter deals with several different methods of measuring intensity of feeling in opinion
surveys.
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THE INTENSITY COMPONENT 217

ranks and a sample of intensity consisting of six ranks. Along the
horizontal axis is plotted the percentile order of respondents accord-
ing to their content scale scores, while along the vertical axis is
plotted the percentile order of individuals according to their in-
tensity scores. Theoretically, the intensity scores must have a per-
fect curvilinear relation with the content scale scores. All persons
in any one rank or content must have the same rank on intensity.

TABLE 1a
Perrecr CoRRELATION TABLE oF CONTENT Scomres BY INTENSITY
Sconms
Content rank
Intensity Total Cum.
rank (Neg.) (Pos.)  freq.  freq.
0 1 & 8 4 6 6 7 8 9
6 (High) 10 10 100
10 10 20 90
10 10 20 70
10 10 20 50
10 10 20 30
) 10 10 10

10 10 10 10 10 10 10 10 10 10 100

fige

10 20 30 40 50 60 70 80 90 100

At least one of the extreme content ranks must correspond to the
highest intensity rank, while the arms of the J or U must come
down to the lowest intensity rank.

In the intensity curve there are usually two content ranks for
each intensity rank, except for the lowest intensity rank. The con-
tent percentile of the persons with the lowest intensity rank there-
fore corresponds to the zero point. Were it not for the presence of
errors in the empirical measurement of the intensity function—a
problem which will be discussed later—it would be possible to deter-
mine the zero point along an attitude continuum simply by deter-
mining the content rank for persons with the lowest intensity scores.
This means locating a point along the content continuum which con-
tains the persons who are most “indifferent’’ or “neutral.”

The zero point thus established has a definite meaning with re-
spect to the attitude universe. It separates those whose intensity
of feeling goes up as their attitude is more favorable, from those
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218 THE INTENSITY COMPONENT

whose intensity of feeling goes up as their attitude is less favorable.
A further important property is the invariance of the zero point.
The intensity curve for one sample of items is essentially the same
as the intensity curve for any other sample of items, and is, in fact,
essentially the intensity curve for the entire scalable universe. The
basic importance of the concept of testing a sample of items to
determine if they belong to a scalable universe has been discussed in
the previous chapters on scale analysis. It is because two different
samples belong to the same scalable universe that they produce the
same rank orders of individuals on both content and intensity, and
therefore result in the same intensity curve and zero point. Two
investigators would have to come out with the same percentages of
the population on either side of the zero point regardless of the
questions asked, provided only that they dealt with the same scal-
able issue. An empirical demonstration of this property will be
given later.

The Problem of Error

The research problem is to measure intensity empirically. If this
can be done, the zero point can be determined by plotting intensity
of feeling against degree of favorableness. The ideal curve is prob-
ably impossible of attainment in practice. Present techniques for
the measurement of intensity all contain so much error that in all
cases intensity has been measured as a ‘“‘quasi scale.” * One essen-
tial difference between a scale and a quasi scale is that from scale
scores one can reproduce the response of each individual to each
item (within the margin of error provided by the coefficient of
reproducibility of the scale), while in a quasi scale this internal
reproducibility is not possible. However, the rank order of respond-
ents on a sample of items from a quasi-scale area would still be essen-
tially the same rank order as that in the universe of all items that
could have been used. Therefore, the ordering of the persons on
content and on intensity is essentially invariant with respect to the
particular sample of questions used.

The fact that intensity forms a quasi scale shows that there is
one dominant factor in the sample of intensity questions asked,
which we call intensity of feeling, and many other smaller factors.
It is the presence of this dominant factor which permits the appear-

$ For a more complete discussion of a *“quasi scale’’ see Chapters 5 and 6.
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THE INTENSITY COMPONENT 219

ance of the desired U curve. Because of the error in our present
techniques of measuring intensity, it is necessary to use some aver-
age measurement of the intensity scores. The regression medians
of intensity on content do yield a J- or U-shaped regression curve
and seem to afford an adequate working picture of the intensity
function. It is necessary to use the entire population sample for
the determination of the intensity component. Proportions of the
population at any given rank or on one side of the zero point are
subject to ordinary sampling error.

1t is also advisable in an intensity analysis to have as many scale
ranks as possible for both content and intensity scales. The more
points one has to plot, the more detailed will the intensity curve
become. In particular, the close determination of a zero point re-
quires questions whose cutting points are in the region of the bend-
ing of the curve, as contrasted to the determination of rank order
alone which requires only the number of questions needed for the
desired number of rank orders.

It is to be expected that as further research develops better tech-
niques for the measurement of intensity of feeling, the obtained in-
tensity curve will more closely approximate the ideal curve.

A Technigque for Observing Intensity

A simple approximation of the intensity function has been suc-
cessfully attained by asking a question about intensity of feeling
after each content question. One form used for an intensity ques-
tion is simply: ‘“How strongly do you feel about this?”” with answer
categories of ‘Very strongly,” “Fairly strongly,” and ‘“Not so
strongly.” Repeating such a question after each content question
yields a series of intensity answers. Using the same procedure as
was outlined previously for the content answers, these are scored
and each respondent is given an intensity score. The intensity
scores are then cross tabulated with the content scores.

This method of measuring intensity of feeling corresponds to the
technique of securing a judgment of a “whole” by asking for judg-
ments of different ‘“‘parts’”’ of the “whole.” ¢ It is often very diffi-
cult to determine judgments of a complex object, but breaking that
object down into several simpler components which can be judged

¢ This approach is developed in greater detail in P. Lazarsfeld and W. Robinson,
“The Quantification of Case Studies,” Journal of Applied Psychology, Vol. 24, No. 6
(December 1940), pp. 817-825.

Google



220 THE INTENSITY COMPONENT

may permit one to determine a judgment of the complex object by
combining the judgments of its component parts. Thus, for ex-
ample, one could determine people’s judgments of a horse not by
agking the person whether he liked the horse as a whole, but by
asking for simple ‘“‘yes”-“no” judgments about different parts of the
horse, such as his head, his neck, his feet and his tail, and then com-
bining these separate judginents. In a similar way, while it might
be difficult to determine how strongly people felt about some broad
area, such as their attitude toward their officers, asking them how
strongly they felt about various specific aspects of their officers’
behavior permits one to combine these “smaller” judgments into a
general judgment of intensity of feeling on the area as a whole.

The cross tabulation of intensity scores by content scores should
produce, in an ideal case, a table similar to Table 1a in the previous
section. However, due to the presence of error, we find that per-
sons with the same content score may have different intensity scores.
We therefore compute the median intensity for each content rank
and use the curve of medians as an approximation of the true
intensity function. To locate each median we determine for each
content rank the individual who occupies the median position on
intensity for that content rank and then find out what his intensity
percentile is in the entire population. This is done by the ordinary
formula for interpolation for the median of a continuous distribution
when only class intervals are given. Medians are used, rather than
arithmetic means or similar averages, because medians are inde-
pendent of any metric apart from rank order.

A proper graphic presentation of the curve of medians is to express
the data not in the crude ranks observed, but in estimates of what
the rank on the whole attitude universe would be if indefinitely many
questions had been asked. The percentile metric offers a way of do-
ing this. The cumulative frequencies for the row (content) and col-
umn (intensity) marginals are computed at the bottom and to the
right of the correlation table respectively. The last row of the
table indicates the estimated median intensity percentile of each
content column. The percentile metric is used for both content and
intensity so that the people are considered to be arranged from 0 to
100 per cent according to their rank on intensity. Each plotted
point on the graph corresponds to the midpoint of the content inter-
val and to the intensity percentile of the median case for each con-
tent interval.
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In practice, the values for the plotted points are determined quite
simply. The cumulative percentages are computed for the total
frequencies of both content and intensity, cumulating from negative
to positive on content and from low to high on intensity. To deter-
mine the content value to be plotted we compute the midpoint of
the interval of percentiles for each content rank. The intensity
value to be plotted is the median intensity percentile for the content
rank, as just discussed.

The procedure for studying the intensity function, thus, is very
simple. It consists of (1) asking a series of questions with the con-
tent of interest; (2) testing these questions to determine whether
they all ask the respondents about the same single issue (this is
done very simply by means of scalogram boards or any of the other
techniques for carrying out a scalogram analysis that have come
out of the work of the Research Branch); (8) obtaining for each re-
spondent a content score based upon his rank order on the content
scale (if the area is scalable; otherwise there is no point to the fur-
ther steps); (4) asking a simple intensity question such as, “How
strongly do you feel about this?’’ after each content question in or-
der to obtain an intensity score for each respondent; and (5) plot-
ting content scores by intensity scores to obtain a U- or J-shaped
curve, the lowest point of which serves to divide the population into
the desired objective and invariant “favorable” and ‘“unfavorable’”
groups.

This technique can best be illustrated by means of the actual ex-
amples in the next section.

Illustrations of the Intensity Function

For the most part the following examples will deal with the same
attitude areas used to illustrate the scalogram board technique of
scale analysis. It will therefore not be necessary to repeat the con-
tent scale pictures presented previously. For these pictures and
for the complete wording of the questions asked, the reader can re-
fer to Chapter 5. The present section will give only the wording of
the content question itself without listing the answer categories.
However, the complete wording of the intensity questions and their
scalograms will be given. These intensity scalograms are con-
structed and analyzed in exactly the same manner as the content
scalograms and so no additional explanation need be given. The
following are the areas of content to be used as illustrations here:
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Table Universe

1b. ... Attitude toward Officers

2. Attitude toward the Army

3 Knowledge of Current Events

4. ... Attitude toward Administration of
the Army Score Card Plan

5. .. Attitude toward Idea of the Army
Score Card Plan

6. ... Attitude toward the WAC

N Attitude toward Postwar Conscrip-
tion

8 .. Satisfaction with One’s Army Job

These illustrations will serve to show that a U curve can be deter-
mined empirically from content and intensity scores. However a
great deal more work must be done on eliminating some of the error
from these curves. The present research is only a first approach
toward the measurement of the intensity function.

Attitude toward officers. Using the technique outlined above, an
intensity analysis was made for the attitude area of “Enlisted Men’s
Attitudes toward Their Officers.”” A scalogram of this area show-
ing the questions asked and the scale pattern of responses was given
in Chapter 5 (Scalogram 2). Each content question was followed
by a question asking about the intensity of feeling. Scalogram 11
shows the intensity questions that were asked after each content
question and the scalogram pattern which resulted. The scale anal-
ysis and rank order of individuals is determined independently for
content and intensity, and consequently there is no reason for the
number of scale types to be the same for the content and intensity
scales. Since the sensitivity of the intensity curve is a function of
the number of content and intensity scale scores that can be corre-
lated, it is advisable in an intensity analysis to keep separate as
many answer categories as possible so that the number of scale types
is increased.

From Scalogram 11 it can be seen that the responses to the in-
tensity questions form a quasi scale. The meaning of a quasi scale
has already been discussed in some detail. Since the reproducibility
of responses from scale scores does not apply to quasi scales, we do
not compute the coefficient of reproducibility.

Each of the content and intensity questions were dichotomized
in the present example. Since there were eleven content questions,
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and nine of these were followed by intensity questions, we have
twelve content ranks and ten intensity ranks. Each soldier re-
ceives two scores: a content score ranging from 0 to 11 depending
upon the number of questions upon which he holds “positive’ atti-
tudes toward officers, and an intensity score ranging from O to 9
depending upon the number of answers about which he feels
“strongly.” Tabulating intensity score against content score for
all soldiers in the entire sample of 2,827 men yields the joint fre-
quency distribution shown in Table 1b.

TABLE 1b

ENuisTED MEN’S ATTITUDES TOWARD THEIR OFFICERS
(Content Scores by Intensity Scores)

Content rank Cum.
Intensity Total per
rank (Neg.) (Pos.) freq. cent
0o 1 £ 8 4L 6 6 7 8 9 10 11
9 (High) 63 76 64 48 35 30 17 21 20 15 65 17 401 100
8 81 8 40 29 37 20 28 16 16 1217 &6 275 86
7 16 27 44 35 32 20 22 17 18 13 6 4 253 76
6 10 16 43 35 29 33 30 24 18 1212 6 268 a7
b 10 20 30 &5 36 35 26 17 156 1110 1 236 58
4 6 10 32 39 43 39 41 21 23 14 § 1 274 49
3 1 9 31 34 29 34 29 87 8% 11 &6 2 255 40
2 1 4 12 17 47 652 28 32 381 13 6 1 244 31
1 2 — 8 26 32 32 52 37 32 20 4 3 248 22
0 (Low) 2 8 6 33 32 56 62 66 59 40 9 1 373 13
Total frequency 121 206 310 321 352 351 335 287 264 161 79 41 2,827
Cumulative per
cent 4 12 22 34 46 59 71 81 90 96 99 100
Midpoint of con-
tent percentiles 2 8 17 28 40 53 65 76 85 93 97 99
Median of inten-

sity percentiles 82 78 66 53 48 40 39 33 33 3758 79

If the pure intrinsic intensity function were being measured by
the present technique, then Table 1b should show intensity as a
perfect U- or J-shaped function of content. Table 1b shows that
this is not the case, that there is much error in the technique; but
despite the considerable amount of error, the essential shape of the
intensity function is apparent. The italicized frequency in each
column of Table 1b corresponds to the intensity rank in which the
intensity of the median case lies for each content interval.
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The last two rows of Table 1b give the percentiles of the midpoints
of content and the percentiles of the medians of intensity, which are
the values plotted in Figure 1. The method of computing these
two points was described in the previous section. For example,’

Scalogram No. 11. Intensily of Atiitude loward Officers
Questions and Answer Categories

12a. Did your officers give you a good chance to ask questions as to the reason why
things were done the way they were?
b. How strongly do you feel about this?
1 Not at all strongly

2 Not so strongly
3 Fairly strongly
4 Very strongly
0 No answer

13a. How many of your officers took a personal interest in their men?
b. S8ame as 12b.

14a. Do you think that your officers generally did what they could to help you?
b. Same as 12b.

15a. How well do you feel that your officers understood your problems and needs?

16a. Do you feel that your officers recognised your abilities and what you were able to
do?

17a. In general, how good would you say your officers were?
b. Same as 12b.

18a. How many of your officers used their rank in ways that seemed unnecessary to
you?
b. S8ame as 12b.

19a. When you did a particularly good job did you usually get recognition or praise for
it from your officers?

. Same as 12b.

. How much did you personally like your officers?
. Same as 12b.

. Same as 12b.

. How much did you personally respect your officers?

b
20a.
b
21a. How did you feel about the officers that had been selected by the Army?
b
22a
b. Same as 12b.

7 Rounded numbers only are used in this example; for the actual computations, all
percentages, including cumulative ones, were carried to three or four significant digits.
Of course, there are other equivalent ways of arranging the arithmetic than that pre-
sented here.
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the midpoint of content percentile for content rank 7 is 76, arrived
at as follows:

Cum. % of )_( Cum. % of )

Cum. %, of Content Rank 6 + (Content Rank 7 Content Rank 6

or,

71+81_2-71=76

The median of intensity percentile for content rank 7 is 33, arrived
at as follows:

Cumulative %, of Intensity Rank 2 +

otal
onten ntensity . .
ien ( ){(Cum 5 - (Bab)

Intensit; Intensit
2 Content Rank 7 Iﬁmﬂs ;l:;y I{lanﬂmzy
Frequency of Intensity Rank 3
for Content Rank 7
287
- — 134
or, 31 + ( 2 ) (40 — 31)
37

10

=31+ (3—7) 9

= 33

The lowest plotted points fall at 76 and 85 per cent, and the
bottom of the curve is fairly flat. The exact location of the zero
point in the case of a flat curve is difficult to determine. However,
the fact that a large range of ‘“‘neutrality’’ exists is in itself an im-
portant finding. In particular, the region in which the zero point lies
18 invariant. While it may not be possible to ascertain exactly
where the zero point is, we can say that according to this sample of
soldiers, 53 per cent of the enlisted men had an unfavorable atti-
tude toward officers; 7 per cent had a favorable attitude toward
officers; and the remaining 40 per cent were in between. As more
and more questions are added to the scale, the size of the zero range
will become more narrow and the location of the zero point can be
determined with greater accuracy.

The fact that the curve in Figure 1 is suspended in mid-air and
does not reach the bottom percentile of intensity is due to the pres-
ence of error in the technique for ascertaining intensity. The col-
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umn medians are being plotted; since there is error, the medians
are away from where they would be if there were no error. The
essential shape of the intensity curve that would be obtained if
there were no error seems rather apparent from Figure 1, and it
seems safe to assume that the pure curve would actually touch bot-
tom in a region within the zero interval obtained from the observed
curve.

100 100
(High)

80 90
=
|-—
&
O 60 60
ac
w
(ol
>
= 4 -{40
(92}
Z
L’E = -
=

20 -1 20
(Low) i

0 1 I T L I 1 ! L 0

CONTENT PERCENTILE
Figure 1. Enlisted men’s attitudes toward their officers.

A technique for obtaining a stngle point approximation for the zero
point is to use the median content percentile of the people lowest on in-
tensity. In the perfect curve, the lowest person on intensity would
be at the zero point on content. Since we have error present in
practice, we can take an average of the content positions of the
people lowest on intensity as an approximation to the ideal zero
point. Assmall a percentage as possible should be used in order to
avoid distortion, but the sample number of people included must
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THE INTENSITY COMPONENT 229

be large enough to be reliable. If we consider only the bottom row
in Table 1b (intensity rank 0) the median content percentile of the
373 men therein is, by interpolation, 68 per cent, and we can use
this as an estimate of the true zero point. This estimate does fall
in the zero interval just previously obtained from the U curve.

28a.
b.
20a.
b.
30a.

34a.
35a.

36a.

37a.

Scalogram No. 18. Intensily of Attitudes toward the Army
Questions and Answer Categories

All things considered, do you think the Army is run about as efficiently as poesible,
or do you think it could be run better?

. How strongly do you feel about this?

1 Not at all strongly
2 Not so strongly

3 ______ Fairly strongly

4 Very strongly

0 No answer

In general do you think the Army has tried its best to see that men get as square a
deal as possible?

Same as 26b.

In general, do you feel you yourself have gotten a square deal from the Army?
Same as 26b.

Do you feel that the Army is trying its best to look out for the welfare of enlisted
men?

. Same as 26b.

. In general, how interested do you think the Army is in your welfare?

. Same as 26b. :

. In the Army, some jobs are naturally harder and more dangerous than others and

the Army has to put men where it thinks they are needed.

Considering everything, do you think the Army is trying its best to see that, as
far as possible, no man gets more than his fair share of the hard and dangerous
jobs?

. How strongly do you feel about this?

6 Not at all strongly
7 Not so strongly
8 _____ Fairly strongly
9 Very strongly
12 No answer

Do you think the Army is trying its best to see that the men who have the hard
and dangerous jobs get the special consideration and breaks they deserve?

. Same as 33b.

On the whole, do you think the Army gives & man a chance to show what he can
do?

. Same as 33b.

In general, how well do you think the Army is run?

. Same as 33b.

Do you think when you are discharged you will go back to civilian life with a
favorable or unfavorable attitude toward the Army?

. Same as 33b.
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THE INTENSITY COMPONENT 231

Attitudes toward the Army. A second illustration of the intensity
function concerns the area of enlisted men’s attitudes toward the
Army. The scale analysis of the content questions in this area was
presented in detail in Chapter 4, “The Scalogram Board Technique
for Scale Analysis.” The scale pattern of the intensity questions
which followed each of the content questions can be seen from
Scalogram 12.
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Figure 2. Enlisted men’s attitude toward the Army.

1
(Pos)

Once again we find the familiar quasi-scale pattern of intensity.
Each of the ten intensity questions was dichotomized, producing
eleven intensity ranks. Several of the content questions were left
as trichotomies making it possible to differentiate between seven-
teen meaningful content types. The tabulation of intensity scores
against content scores is given in Table 2. Figure 2 shows the in-
tensity curve resulting from the plotting of median intensities.
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THE INTENSITY COMPONENT 233

As in the case of attitudes toward officers, this curve is definitely
skewed. The lowest obtained point falls at 69 per cent, but once
again the zero range is fairly broad. We can safely say that 37 per
cent are negative as compared to 11 per cent positive, while 52 per
cent are in between.

Knowledge of current events. Scale analysis is useful not only for
the investigation of attitudes, but for any universe of content which
is observed as qualitative data. Information tests are important
sets of qualitative data which require scale analysis if they are to
be scored meaningfully.

How are the intensity function and zero point related to infor-
mation tests? Our customary verbalizations about information
tests do not seem to consider “positive’’ and “negative’’ knowledge.
Knowledge seems usually to be thought of as nonnegative. That
this may often be justified is illustrated by the following example.

The universe of content used was knowledge of facts associated
with the war. The scalogram for this area is given in Chapter 5,
Scalogram 6. Intensity was asked by following each content ques-
tion with a question inquiring as to degree of certainty of the answer.
Scalogram 13 shows the scale pattern obtained by the responses to
these intensity questions.

Scalogram No. 13. Inlensity of Knowledge of Current Events
Questions and Answer Categories

40a. Who is the Chief of Staff of the U.8. Army?
b

. How sure are you of your answer?
6_____ Very sure
7 Fairly sure
8
12

. Which of the following countries is at war against the Axis?

Same as 40b.

‘Where was the first major beach head established by the Allies in their invasion of
Europe?

Same as 40b.

Who is the recently appointed Secretary of State?
Same as 40b.

The man who said we would have ‘“peace in our time” was _____ ?
Same as 40b.

The “Co-Prosperity Sphere” was a schemeof ________?
Same as 40b.

“Fascism” beganin 7

Same as 40b.

Not sure
No answer

?§?§?§r§? P oF
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234 THE INTENSITY COMPONENT

The tabulation of content scores by intensity scores is given in
Table 3, while the intensity curve is shown in Figure 3. This curve
has an interesting shape. It consists of but one arm of the U, and
every content score may be said to be on the positive side of zero.
Certainty increases as knowledge increases, while the less one knows,
the less certain one is of one’s answers. This is in sharp contrast to
attitudes where both positive and negative answers can be held with
strong intensity. It would seem that if a person gives the wrong
answer to an apparently factual question and yet is firmly convinced
that his answer is right, there is a strong possibility that the question
is not tapping an informational area but an attitudinal area.

Additional examples. The shape of the intensity curve can vary
considerably from area to area. This will be seen in the remainder
of the examples to be given. However since the reader by now
should be well acquainted with the scale pictures for the intensity
function, we will not present the separate scalograms for the remain-
ing examples. Suffice it to say that in each case content formed a
scale and intensity proved to be a quasi scale. The tabulation of
intensity scores by content scores will be presented, together with
the intensity curves.

Attitude toward administration of Army score card plan. An inter-
esting example of intensity analysis is afforded by a study of sol-
diers’ opinions of the Army’s demobilization score card plan. Two
areas were to be studied. One was opinion of the idea of the score
card as a demobilization plan and the other was opinion of how the
plan was being carried out in practice. Let us consider this second
area first. Six questions were asked as a sample of the universe of
content. As in the previous examples, each question was actually
in two parts; the first part concerned the content, and the second
part elicited intensity of feeling. One of the questions was, for ex-
ample:

(a) In general, do you think the Army is trying its best to carry out the
Army score card plan as it should be carried out?

Yes, it is trying its best

It is trying some, but not hard enough

It is hardly trying at all

(b) How strongly do you feel about this?
Not at all strongly

Not so strongly

— Fairly strongly

Very strongly
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TABLE 3

KNowrLEDGE OoF CURRENT EVENTS
(Content Scores by Intensity Scores)

Contend rank
Intensity Total  Cum.
rank (Neg.) (Pos.) Jreg. %
0 1 2 3 4 1 6 7
7 (High) - - - 4 2 6 5 15 32 100
6 —_- - 1 2 2 5 12 7 29 89
5 — 1 2 4 4 156 238 9 58 79
4 1 — 1 4 10 10 8 2 36 60
3 - — 6 8 9 7 3 4 37 47
2 1 4 5 7 8 7 3 1 36 35
1 1 8 4 3 5 1 — 1 23 23
0 (Low) 16 8 6 7 5 3 — — 44 15
Total frequency 18 21 25 39 45 54 54 39 295
Cumulative per cent 6 13 22 35 50 68 87 100
Midpoint of content
percentiles 3 10 17 28 43 59 78 93
Median of intensity
percentiles 9 17 29 39 41 58 71 83
100 100
(wigh)
8o -~ 80
w
-
= -
Z
wi
O 6 - 60
(ad
a
-
>
= 40l —40
2
o L -
-
Z
20— —20
(Low)
0 1 I 1 1 | 1 | | i (o)
o 20 40 60 o} 0
(Neg) ® (Pos) °

CONTENT PERCENTILE
Figure 3. Knowledge of current events.
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236 THE INTENSITY COMPONENT

Each part a of the remaining five questions asked a different opinion
question about how the plan was being carried out; each part b was
identical with the above for all the questions.

The joint distribution of content and intensity ranks for the atti-
tude of soldiers on how the score card plan was being carried out is
given in Table 4, and the approximate intensity function is plotted
in Figure 4. The expected U curve of intensity on content results
with the low point of the curve, the zero point, falling between per-
centiles 28 and 67 of the content scale. This indicates a split among
the soldiers in their attitude toward the way in which the score card
plan was being administered, with about half the soldiers having a
favorable attitude and half having an unfavorable attitude. In
general, the curve has a rather flat bottom indicating a wide zero
range or area of indifference. The shape of this curve is quite dif-
ferent from the positively skewed curves of attitude toward officers
and attitude toward the Army. .

Attitude toward idea of Army score card plan. The other aspect
of the problem, the soldier’s attitude toward the idea of the score
card plan, produced an altogether differently shaped intensity curve.
Eight questions, containing the content in part a and the intensity
in part b, were asked as a sample of all questions that could have
been asked in this area.

The joint distribution of content and intensity ranks for soldiers’
attitudes toward the idea of the score card plan is given in Table 5,
and the approximate intensity function is plotted in Figure 5. The
zero point seems to be indefinitely far to the left. This indicates
that there was little or no unfavorable opinion about the idea of the
score card plan—practically everybody was favorable. Such a con-
clusion could not be ascertained by looking at the marginal fre-
quencies of the individual questions asked in this area. For ex-
ample, one of the questions was: “In general, what do you think of
the Army score card plan (the point system)?”’ The responses
were as follows:

1t is very good 23%
1t is fairly good 49
It is not so good 16
It is not good atall 7
Undecided b

100%

It is important to notice that the technique of single point esti-
mation of the zero point by using the content median of only the
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TABLE 4

SoLpixrR OPINION OF THE ADMINISTRATION OF THB SCORE CARD

(Content Scores by Intensity Scores)
Content rank Cum.
Intensity 7 Total per
rank (Neg.) (Pos.) freq. cent
(/] 1 S ' 8
9 (High) 65 50 42 22 30 33 81 323 100
8 44 68 70 40 45 52 &7 374 90
7 39 55 84 60 59 63 44 404 79
6 16 67 98 8 84 8 25 460 66
5 17 42 98 114 112 91 28 497 52
4 12 34 130 128 157 157 11 629 37
3 10 21 64 8 70 19 1 267 17
2 — 8 4 4 28 9 1 138 9
1 4 8 19 28 13 @6 1 79 5
0 (Low) 4 18 23 16 7 4 — 71 2
Total frequency 211 369 669 620 605 519 249 3,242
Cumulative per cent 7 18 3 88 76 92 100
Midpoint of content
percentiles 3 12 28 48 67 84 96
Median of intensity
percentiles 79 63 45 38 40 47 81
100 100
(wigh)
80 - 80
wl
=
w
Q oo - 60
[ad
w
Qa — -
>
= 40 40
2}
&
E | il
Z
20 <20
(Low)
0 1 1 1 1 | 1 1 1 0
o 20 40 60 80 100
(Neg)

CONTENT PERCENTILE

Figure 4. Boldier opinion of the administration of the score card.
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TABLE 5

SoLpizr OPINION OF THE IDEA OF THE ScorE CarD

(Content Scores by Intensity Scores)

Content rank
Intensily Total Cum.
rank (Neg.) (Pos.) freg. %
0 1 2 3 4 5 6 7 8
8 (High) 26 58 75 26 17 30 46 54 104 436 100
7 15 62 60 27 16 28 34 45 12 299 87
6 18 46 73 32 19 30 84 19 8 279 77
5 13 54 102 32 36 81 10 10 4 292 69
4 19 55 113 67 88 28 18 5 — 343 60
3 20 91 14 84 42 23 11 3 2 420 49
2 16 80 157 66 20 22 7 3 3 382 36
1 32 119 177 70 27 8 6 2 — 441 24
0 (Low) 69 134 8 37 15 10 3 2 — 350 11
Total frequency 227 699 981 441 239 210 169 143 133 3,242
Cumulative per cent 7 29 59 72 80 8 91 96 100
Midpoint of content
percentiles 4 18 44 66 76 83 83 94 98
Median of intensity
percentiles 34 39 43 4 51 64 76 83 91
100 100
(uigh)
oot
il
=
-
&
Q ©
o d
w
Q
£
(2]
z '
w - -
-
<
eof- -120
(Low)
oo ) 1 1 1 1 I 1 1 1 )
) ‘20 0 €0 80 100
(N°5) (Pos)

CONTENT PERCENTILE

Figure 5. Soldier opinion of the idea of the score card.

Google



THE INTENSITY COMPONENT 239

lowest intensity group breaks down in this instance. Using the
technique of lowest intensity is not safe if the intensity function is
too asymmetric.

Attitude toward the WAC. An example of a very sharp intensity
curve is afforded by the universe of soldiers’ attitudes toward the
WAC. The content scalogram and the sample of questions used
are given in Chapter 5, Scalogram 3. The tabulation of intensity
scores against content scores is given in Table 6, while the intensity
curve is presented in Figure 6.

From this curve we see that there is a very definite zero point at
75 per cent. The sharpness of this curve would indicate that there
are few soldiers who are ‘“neutral’” in their attitudes toward the
WAC, and that the ratio of approval to disapproval is approxi-
mately 1 to 3. Very sharp U curves indicate a clear distinction
between being positive and being negative.

Attitude toward postwar conscription. Another example of a fairly
sharp U curve is found in the area of soldiers’ attitudes toward post-
war conscription. The content of this area can be seen from Scalo-
gram 4, Chapter 5. Table 7 and Figure 7 give the tabulation and
graph of content scores by intensity scores.

The low point of this intensity curve is in the negative region of
the content continuum, showing more soldiers in favor of postwar
universal military training than opposed to such training.

Satisfaction with one’s job. A final example of an extremely flat-
bottomed intensity curve is that of soldiers’ attitudes toward their
jobs. The content scalogram and questions asked in this area are
given in Chapter 5, Scalogram 1. The tabulation of content by in-
tensity scores is given in Table 8, while the intensity curve is drawn
in Figure 8.

There is a wide range of indifference running from the 34th per-
centile to the 77th percentile. One conclusion from this curve
would be that soldiers are not sharply divided in regard to satisfac-
tion with their jobs. There is an appreciably large group that can
be labeled as neither satisfied nor dissatisfied.

Relativity of the Intensity Function

As in the case of content scale analysis, the intensity function is
relative to the population and the time of the study. This is to be
expected since the intensity function is as intrinsic a part of the atti-
tude universe as the content scale. For a detailed discussion of the
relativity of an attitude universe, the reader is referred to Chapter 5.
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TABLE 6

ENLisTED MEN’S8 ATTITUDE TOWARD THE WAC
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos.) Jreq. %
0 1 2 S 4 '
6 (High) 92 78 41 21 21 13 20 202 100
5 37 50 34 21 21 6 9 178 83
4 17 60 46 22 28 11 10 184 73
3 26 27 65 39 36 13 15 221 62
2 4 22 65 60 60 27 18 256 49
1 4 20 48 45 123 34 10 284 35
0 (Low) 3 12 61 59 146 30 4 315 18
Total frequency 183 259 368 267 435 134 86 1,730
Cumulative per cent 11 26 47 62 87 95 100
Midpoint of content .
percentiles 5 18 36 5654 75 91 98
Median of intensity
percentiles 8 73 51 42 28 36 59
1 100
(igh)
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4
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Zz
w
[}
(o4
w
a
P
o
Z
w
-
Z
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Figure 6. Enlisted men’s attitude toward the WAC.



TABLE 7
ATTITUDE TOWARD PoeTWAR CONBCRIPTION

(Content Scores by Intensity Scores)
Content rank Cum.
Intensity Total per
rank (Neg.) (Pos.) Jreg. cend
0 1 2 S 4 ' 8
6 (High) 60 42 23 19 34 55 174 407 100
4 42 39 17 17 37 658 64 274 7
3 24 39 28 35 64 53 26 259 61
2 20 47 3 46 60 37 12 262 47
1 4 57 61 62 61 22 5 252 33
0 (Low) 12 60 69 121 49 9 2 322 18
Total frequency 162 284 218 290 295 234 283 1,768
Cumulative per cent 9 26 3 54 71 84 100
Midpoint of content
percentiles 5 17 81 46 62 77 92
Median of intensity
percentiles 69 40 29 25 41 60 81
100 — . 100
(wigh) |
ool -1 80
w
2 L
= -
&
QO oo -~ 60
[a d
w
(o = -
>
E 4o 1%
w)
&
E P~ —
20~ - 20|
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o 20 40 €0 80 100
(Neg) " (Pos)

CONTENT PERCENTILE
Figure 7. Attitude toward postwar conscription.
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TABLE 8

SaTisracTiON WiTH ONE'S ABRMY JoB
(Content Scores by Intensity Scores)

Content rank
Intenstly Total Cum.
rank (Neg.) (Pos.) freg. %
0o 1 & 8 4L 6 6 7 8 810 11
8 (High) 23 46 27 33 22 19 24 20 9 2523 24 2985 100
7 7 24 31 26 33 31 22 13 20 2116 5 248 84
6 1 7 29 17 30 24 35 17 23 1611 — 209 70
5 6 14 14 29 20 34 27 13 17 910 — 193 &8
4 2 3 15 17 32 8 36 19 20 10 1 — 190 47
3 — 1 17 19 22 27 33 18 7 11 1 — 156 37
2 1 4 9 19 25 34 31 25 14 1 4 1 168 28
1 — 2 2 12 3 39 38 23 13 8— 1 173 19
0 (Low) — 3 7 12 290 43 33 21 15 3 1 — 167 9
Total frequency 40 104 151 184 248 286 279 169 138 103 66 31 1,799
Cumulative percent 2 8 16 27 40 56 72 81 89 95 98 100
Midpoint of content
percentiles 1 5 12 22 34 48 64 77 856 92 96 99
Median of intensity
percentiles 86 80 63 52 41 37 38 36 47 66 74 89
100 : 100
(vigh)
w
=
-
Z
8
(a4
w
Q
(7]
f
z
20|~ -120
(ow)
oo [l 1 1 | I | 1 | | 1 o
20 )
(N e 9.) 40 60 80 100

| (Pos)
CONTENT  PERCENTILE

Figure 8. Satisfaction with one’s Army job.
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In regard to subpopulations of the total population, the intensity
function can serve the useful purpose of permitting comparisons be-
tween groups as to absolute percentages of various groups that are
positive or negative. For example, with the aid of an intensity
analysis one can say not only that privates are relatively less satis-
fied with their jobs than noncoms, but also that there are more pri-
vates than noncoms who are dissatisfied. This type of absolute
comparison adds important information to our understanding of
how groups differ.

The comparison of percentages of a population who are positive
and negative can also be made between different attitude or opinion
areas. Thus, for example, with an intensity analysis one could
compare the number of men who have favorable attitudes toward
the British with the number of men who have favorable attitudes
toward the Russians.

Several examples of an intensity analysis for subgroups of a popu-
lation are given below. From Figures 9 and 10, based on Tables 9
and 10, it is possible to conclude that more noncoms than privates
have negative attitudes toward the WAC. Both the zero range
and the zero point of the noncoms are more to the right than those
of the privates.

Figures 11 and 12, based on Tables 11 and 12, compare privates
and noncoms in regard to satisfaction with their job. It is quite
clear from these curves that more privates than noncoms are dis-
satisfied with their jobs. While one could conclude from a com-
parison of content scale scores alone that privates are less satisfied
than noncoms, the present comparison permits a direct statement
of the absolute percentages dissatisfied in both groups. A striking
comparison is given by the intensity function computed separately
for men who have completed high school as civilians but who are
only privates in rank. The zero point score falls at 89 per cent,
showing a high degree of dissatisfaction. These results are shown
in Table 13 and Figure 13.

An interesting illustration of the ability of the intensity function
to discriminate between groups is shown in Figures 14 and 15,
based on Tables 14 and 15. The group of men who do not believe
that the Army Score Card Plan would be carried out in practice the
way it was supposed to be is seen to contain many more men with
negative attitudes toward the Army in general, than the group of
men who believe that the Army Score Card Plan would be carried
out as.promised.
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TABLE 9: ATTITUDE TOWARD THR WAC—PRIVATES

(Content Scores by Intensity Soores)
Content rank
Intensity Total Cum.
rank (Neg.) (Pos.) freg. %
0 1 2 S 4 5 8 7
15 (High) 5 2 — —= = - - 1 1 9 100
14 _ 6 4 — — 1 ~ 1 - 12 28
13 1 4 8 2 1 1 3 1 — 21 96
12 1 5 10 7 3 2 3 4 — 35 91
11 _— 2 10 2 4 4 4 2 - 28 84
10 — 4 11 5 8 7 3 6 1 4 78
9 — — 1 13 7 3 8 &8 — 4 68
8 —_ 1 6 18 10 8 5 8 — 49 59
7 — - 1 10 11 12 6 4 — 4 49
6 — 1 2 8 8 16 8 3 1 47 39
5 — 1 — 9 6 & 6 1 — 47 30
4 — — — 4 5 30 6 — — 4 20
3 _ —_- - 3 4 17 1 — — 26 10
2 _ —_- - 1 3 7 3 — - 14 b
1 —_—— = - 2 3 1 — - (] 2
0 (Low) e T 1 — — 38 1
Total frequency 7 20 62 77 72 137 83 37 38 414
Cumulative per cent 1 7 20 3 51 80 92 99 100
Midpoint of content
percentiles 1 4 14 28 4 8 95 100
Median of intensity
percentiles 90 78 52 46 24 40 64 73
100
(righ)
80
E
E
Q 6o
o
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= <0
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Figure 9. Attitude toward the WAC—privates
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TABLE 10: ATTrTupB TOWARD THR WAC—NoNcoMs
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos.) freq. %
0 1 2 S 4 & 8 7 8
15 (High) 8§ 838 — — — — — — 3 14 100
14 3 10 4 — — 1 — - 1 19 97
13 —_ 5§ 18 1 - - - 1 1 24 92
12 1 7 9 8 3 1 1 2 1 31 87
11 —_ 4 16 15 4 2 - - 1 41 80
10 — 2 5 13 5 4 2 2 1 34 70
9 — 2 7 18 5 2 1 é — 39 62
8 - 2 6 11 11 8 6 — — 4 53
7 —_ - - 8 98 7 2 3 1 30 43
6 — — 2 16 7 19 4 - — 48 36
5 —_ - 2 10 6 19 3 — — 40 25
4 —_ - 1 7 6 22 56 — — 41 16
3 _— - - 2 3 1] 2 - - 12 7
2 — 1 1 1 4 7 1 - - 15 4
1 —_ em = e = - — —
0 (Low) —_— - 1 — — 1T - — — 2 -
Total frequency 12 36 69 108 63 98 27 12 9 434
Cumulative per cent 8 11 27 52 66 8 95 98 100
Midpoint of content
percentiles 1 7 19 39 59 78 92 96 99
Median of intensity
percentiles 98 87 76 6563 41 28 32 60 90
100
(High)
80
w
=
§ e
w
Q
>
= %
(7))
prd
=
Z
20
(Low)
[} 1 1 | 1 1 1 1 1

1
CONTENT PERCENTILE

Figure 10. Attitude toward the WAC—noncoms.
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TABLE 11

SaTisracrioN wWiTH ONE’S8 JOB—PRIVATES
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos.) freg. %
0-1 2 S 4 6 6 7 8 09-12
8 (High) 3 10 13 11 10 13 (] 3 19 124 100
7 21 12 11 23 20 9 4 9 8 118 86
6 6 16 13 18 15 25 8 8 7 116 72
5 10 8 17 9 20 18 7 4 b 98 59
4 2 6 8 19 81 18 (] 6 4 90 47
3 1 13 7 13 15 18 8 2 3 80 37
2 1 8 9 13 22 16 12 3 — 84 28
1 1 1 5 20 20 18 12 5 2 84 18
0 (Low) 3 3 6 10 22 12 7 (] 2 71 8
Total frequency 8 77 89 136 165 147 70 46 51 866
Cumulativepercent 10 19 20 45 64 81 89 94 100
Midpoint of content
percentiles 5 14 24 37 b4 72 8 91 97
Median of intensity
percentiles 84 58 54 43 39 42 32 50 76
100, 100
(nigh)
8o~ -eo
w
J4 L
o -
&
O 6o 60
©x
T
a o .
>
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Z
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29 - g ao
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Figure 11. Satisfaction with one’s job—privates.

Google



TABLE 12

SaTisractioN wiTH ONE'Ss JoB—NoONCoOMS
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos.) fre. %
o-1 2 3 4 b 6 7 8 9-12
8 (High) s 17 20 11 9 11 14 6 53 171 100
7 10 19 15 10 11 13 9 11 32 130 82
6 2 18 4 12 9 10 9 15 19 93 68
5 10 6 12 11 14 9 6 13 14 95 58
4 3 9 9 13 14 18 13 14 7 100 48
3 — 4 12 9 12 15 10 5 9 76 37
2 4 1 10 12 12 15 13 1 6 84 29
1 1 1 7 15 19 20 11 8 7 89 20
0 (Low) — 4 6 19 21 21 14 9 2 96 10
Total frequency 60 74 95 112 121 132 99 92 149 934
Cumulative per cent 6 14 25 37 49 64 74 84 100
Midpoint of content
percentiles 3 10 19 31 43 57 69 79 92
Median of intensity
percentiles 8 67 51 38 35 34 38 47 72
I 10¢
(High)
8o~ -160
w
Q 6o - 60
cc
[T
(a ¥ - -
>
E o 1%
()
4
E_J - -
Z
20~ =120
0 1 1 1 | | 1 I 1 i o
(] 20 40 €0 80 100
(Neg) (Pos)
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Figure 12. Satisfaction with one’s job—noncoms.

Google



TABLE 13

SaTisracTiON WiTH ONE’S8 JOB—EDUCATED PRIVATES
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos.) freq. %
0-1 s 4 5 6 7-8 9-12
8 (High) 12 6 3 3 3 — 2 3 32 100
7 7 3 3 6 4 3 4 s 33 87
6 3 6 6 8 7T b5 4 2 38 74
b 2 2 6 2 4 9 5 1 31 59
4 — 4 4 3 9 3 1 - 26 46
3 —_— 1 2 2 4 4 S 1 17 36
2 1 3 3 4 7 3 6 — 27 29
1 1 1 1 3 6 7 5 — 24 18
0 (Low) - — 2 3 6 b & — 21 8
Total frequency 26 26 30 31 50 41 35 10 249
Cumulative per cent 10 21 33 45 65 82 96 100
Midpoint of content
percentiles 5 16 27 39 56 74 89 968
Median of intensity
percentiles 8 64 52 49 38 39 32 78
100, 100
(high)
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=
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P
w
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Figure 13. Satisfaction with ome's job—educated privates.
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THE INTENSITY COMPONENT 249

The validity of the intensity function for analytical problems re-
mains a field for future research. How much more the zero point
can contribute to our knowledge of attitudes and opinions and how
useful it can be for purposes of analysis has yet to be investigated.
Briefly, we can say that flatbottom U-shaped curves indicate that
there is not much difference between pros and cons; except for those
relatively few people who are very extreme on either side, most of
the people are relatively indifferent. Very sharp V curves indicate
a clear distinction between being positive and being negative.

The intensity function does appear to offer a promising solution
to the problem of obtaining a meaningful cutting point in a universe
of content, such that those persons whose rank order is on one side
of the cutting point can be said to be positive in their expression of
attitude and people on the other side negative. It requires no a
priori judgment, is independent of the sample of questions used, of
the way they are worded and the like, and is completely objective.

Procedure for Intensity Measurement

A great deal of experimentation with different methods of asking
intensity of feeling has indicated that intensity can be measured by
asking after each attitude question about strength of feeling (i.e.,
“How strongly do you feel about this?”’) or degree of certainty
(i.e., “How sure are you of your answer?’’) or difficulty of choice
(i.e., “How hard was it for you to answer this question?”), or by
mixing all three forms of the intensity question. Matched groups,
answering the same content questions but different intensity ques-
tions, show no significant differences in the intensity curve or the
zero range. All forms of the intensity question produce quasi scales
of intensity.

Determining Both Content and Intensity by the Same Question

The method of using two parts to a question to determine content
and intensity involves almost doubling the part of the questionnaire
devoted to a particular area. It would be desirable, if possible, to
devise a means of determining an intensity function without in-
creasing the length of the questionnaire. It so happens that other
research workers have often combined the intensity with the content
without distinguishing between the two. In the Likert form of
phrasing questions, for example, a declarative statement is followed
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ATTITUDE TOWARD THE ARMY

TABLE 14

QuesTION: “When the Army score card plan gets going, do you think it will

really be carried out in the way it is supposed to be?”

For those men who answer ‘“Yes"”
(Content Scores by Intensity Scores)

Content rank
Intensity Total  Cum.
rank (Neg.) (Pos.) freq. %
0 1 2 S 4 6 6 7
7 (High) 33 4 42 60 39 43 37 82 380 100
(] 12 80 33 31 29 37 37 33 242 76
5 9 15 20 40 20 21 36 20 181 60
4 5 12 23 36 25 28 28 6 158 48
3 2 11 156 28 25 26 17 12 136 38
2 1 10 17 26 26 24 20 8 132 30
1 2 5 13 31 26 28 17 b 127 21
0 (Low) 3 13 21 41 30 38 46 10 202 13
Total frequency 67 140 184 293 220 245 233 176 1,558
Cumulative per cent 4 13 25 4 58 74 89 100
Midpoint of content
percentiles 2 9 19 34 51 66 81 94
Median of intensity
percentiles 7% 62 50 44 40 41 46 73
100 100
(wigh)
eor- ~80
w
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—
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O ol {60
o
wi
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>
= 40 —~ 40
)
Z
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Z
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Figure 14. Attitude toward the Army (those who answered “yes” to the question).



TABLE 15

ATTITUDE TOWARD THE ARMY
QuzstioN: “When the Army score card plan gets going, do you think it will
really be carried out in the way it is supposed to be?”’
For those men who answer “No”
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos.)  freq. %
0 1 2 3 4 13 (] 7
7 (High) 126 124 72 49 34 13 16 12 446 100
6 42 51 4 35 18 9 7 9 215 67
5 13 30 3 20 19 11 3 — 132 51
4 12 30 36 88 17 9 9 7 153 41
3 10 25 25 27 12 11 7 2 119 29
2 3 14 156 13 26 7 5 1 84 21
1 2 13 21 12 14 9 6 1 78 14
0 (Low) 8 19 156 26 23 15 6 1 113 8
Total frequency 216 306 264 215 163 84 59 33 1,340
Cumulative per cent 16 39 69 75 87 93 98 100
Midpoint of content
percentiles 8 28 49 67 81 90 95 99
Median of intensity
percentiles 71 58 46 40 34 29 36 59
100 100
(High)
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w
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Figure 15. Attitude toward the Army (those who answered “no” to the question).
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262 THE INTENSITY COMPONENT

by an intensity check list. According to this, an attitude question
would be put as follows:

Do you agree or disagree with the following statement:

Being a WAC is bad for a girl’s reputation.

(Check one)
Strongly agree
-}
Undecided
——— Disagree
— Strongly disagree

Such a form contains both the content and intensity aspect simul-
taneously. If these can now be separated empirically, keeping the
question in the same form, we could obtain the desired two scores—
content and intensity—without lengthening the questionnaire.®

Using the universe of attitude toward the WAC, a series of ques-
tions containing five-part answer categories was asked. These
questions were also followed by the intensity question, ‘“How sure
are you of your answer?”’ in order to permit a direct comparison of
the two different methods of measuring intensity.® To obtain the
content score, the questions were scaled in the ordinary fashion,
using all five categories of the question. To obtain an intensity
score, the answer categories were ‘‘folded over,” that is, the most
extreme ‘““positive”’ category was combined with the most extreme
“negative’”’ category to denote strong intensity. The middle three
categories were combined to signify mild intensity. In this way
the respondent could be given an intensity score for each item.

In addition to this intensity score determined by ‘“‘folding over”
a single question, the respondent was given an intensity score based
upon the separate intensity questions. Finally he was given a third
intensity score based upon both his “fold-over”’ score and his in-
tensity score from the separate intensity question. These three

$ An immediate objection to such an attempt is, of course, that obtaining two scores
from the same question implies that the scores are not expenment.ally mdependent
Using the same data twice may introduce some form of spuriousness, because experi-
mental errors will be correlated in the two scores.

? The question might be asked, “What effect does the following up of each content
question with an intensity question have upon the responses to the content question?”’
To investigate this problem, the area of attitude toward officers was studied. In one
questionnaire the content questions were asked, as previously described, with a part b
of intensity following each content question. In the second questionnaire only the con-
tent questions were asked. The reproducibility of the content scales in both cases was
about .87. The scalogram pictures of both were very similar. The marginals on the
questions were then, of course, also quite aimilar, indicating that the inclusion of the
part b on intensity did not affect the men’s answers to the part a on content.
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THE INTENSITY COMPONENT 253

intensity scores were then cross tabulated with his content scale
score.

Figures 16, 17, and 18 (based on Tables 16, 17, and 18) show the
results obtained by these three methods. The intensity curves and
the zero points coincide alnost perfectly. According to all three
techniques the ratio of unfavorable to favorable opinion about the
WACis3tol.

From this result it would appear that it is possible to measure
iniensily of feeling along with direction of content in a single question.
However, additional experiments in the universes of attitude toward
officers and satisfaction with one’s job failed to produce the desired
intensity curves by means of the ‘“fold-over” technique, although
these curves were obtained by means of a separate infensity question.
While further research may serve to improve the measurement of
content and intensity by means of a single question, for the present
it would seem safer to use separate intensity questions. This latter
method has the advantage of calling for two distinct decisions from
the respondent in regard to content and intensity separately and
thus permitting the correlation of two independently determined
scores.

Generalized Intensity

The technique of asking ‘“How strongly do you feel about this?”’
after each question is admittedly a crude one and accounts for much
of the error in the observed relationship between intensity and con-
tent. If the intrinsic intensity could be ascertained, the relation-
ship should be perfect. How error is introduced by the technique
just described can be shown in several ways. Some men would say
‘“‘undecided” to a question. When asked part b about strength of
feeling, they would say they felt “very strongly.” When they were
asked why they said “very strongly’’ to part b when they were unde-
cided on part a, they would answer to the effect that by “very
strongly’’ they meant that the problem was very important, or else
that they were very sure that they were undecided, or some such
thing. Thus, many of the responses were out of context and con-
tributed to error in the frequency distribution.

Even if all the responses were in context, there is still a contri-
bution to error from the fact that the degrees of meaning of the
words vary from subgroup to subgroup of the population. Verbal
habits of people are considerably different. Some people will say
“‘strongly agree” to almost anything when they are in favor of it,
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TABLE 16

ATTITUDE TOWARD THE WAC

Content and Intensity Measured by Two Separate Questions
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos.) freq. %
0o 1 2 8 4 & 6 7 8
6 (High) 29 63 78 47 21 21 13 12 & 202 100
5 8 29 50 34 21 21 6 7 £ 178 83
4 — 17 60 46 22 28 11 7 3 184 73
3 3 23 27 65 39 36 13 16 — 221 62
2 2 2 22 65 60 60 g 17 1 258 49
1 — 4 20 48 45 128 34 9 1 284 35
0 (Low) — 3 12 61 59 146 30 3 1 316 18
Total frequency 42 141 259 366 267 435 134 70 16 1,730
Cumulative per cent 2 11 26 47 62 87 95 99 100
Midpoint of content
percentiles 1 7 18 36 54 75 91 97 100
Median of intensity
. bercentiles 8 8 73 51 42 28 36 55 83
100 100
(High)
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Figure 16. Attitude toward the WAC (content and intensity measured by two

separate questions).
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TABLE 17

ATTITUDE TOWARD THE WAC

Content and Intensity Measured by the S8ame Question
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos) freg. %
0 1 2 3 4 13 6 7 8
6 (High) 27 138 — — 1 2 1 — 2 46 100
5 11 67 19 1 2 3 1 5 4 113 97
4 1 48 94 26 10 7 9 15 6 216 91
3 1 10 110 104 33 12 29 22 2 323 78
2 — 1 29 157 76 64 32 20 2 381 60
1 2 1 4 72 94 177 28 8 — 386 38
0 (Low) — 1 3 6 561 170 34 — — 265 15
Total frequency 42 141 259 366 267 435 13¢ 70 16 1,730
Cumulative per cent 2 11 26 47 62 87 95 99 100
Midpoint of content
percentiles 1 7 18 36 54 75 91 97 100
Median of intensity
percentiles 98 92 76 52 35 21 41 66 87
100, 100
(high)
80 80
e
&
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Figure 17. Attitude toward the WAC (content and intensity measured by the same
question).
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266 THE INTENSITY COMPONENT

where other people would say ‘“‘agree” under the same circum-
stances. Especially with respect to the intensity questions, there
are people who say ‘“very strongly’’ to every question. This tend-
ency to use or not to use strong adjectives we shall call “generalized
verbal intensity.” That such a concept exists as a quasi scale for
the Army population has been shown in several surveys.

TABLE 18

ATTTTODE TOWARD THE WAC
Intensity Measured by Both 8ingle and Separate Questions
(Content Scores by Intensity Scores)

Content rank
Intensity Total Cum.
rank (Neg.) (Pos.) freq. %
0 1 2 s 4 5 6 7 8
15 (High) 28 18 — — — — 1 1 4 41 100
14 3 38 168 1 1 2 - 1 2 64 97
13 1 81 4 1 2 3 5 4 2 103 94
12 § 20 3 28 10 5§ 7 10 & 121 88
1 — 13 48 38 14 10 6 6 2 137 81
10 3 10 3 28 16 21 9 9 2 128 73
9 1 6 23 49 20 13 7 15 — 1338 @65
8 — 4 29 48 40 32 19 8 — 180 58
7 — 2 12 3 88 41 15 9 1 151 47
6 — 2 10 48 31 57 18 5 1 172 38
5 — 1 4 40 39 20 16 2 — 111 29
4 1 - 3 18 21 8 14 — — 142 19
3 —_— - 1 13 15 680 9 - - 88 10
2 — 1 2 5 156 29 6 — — 58 5
1 — — 2 1 8 11 2 - - 24 2
0 (Low) — 1 1 - 2 6 1 - - 11 1
Total frequency 42 141 259 366 267 435 134 70 16 1,730
Cumulative percent